
/^\ Commonwealth Edison
) One First N: tion <t Plna. Chicgo, Ithnois

O Address Reply to: Post Offico Box 767
Chicago, Illinois 60690

"November 4, 1981 @

|tl&Qh
t NOVI 8198tJIt !Mr. A. Schwencer, . Chief - u.s, %% -

-Licensing Branch #2 Nisso's , C9Division of Licensing /2U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 'm

Subject: LaSalle County Station Units 1 and 2
Containment Purge / Vent Valve Operation
Closure Response to NUREG-0519.
Supplement No. 1 (Task II-E.4.2)
NRC Docket Nos. 50-373/374

Reference (a): L. O. De1 George letter to A. Schwencer
dated May 13, 1981.

Dear Mr. Schwencer:

The purpose of this submittal is to transmit the material
required to meet the requirements of NUREG-0519, Supplement 1, Task
II-E.4.2, Containment Isolation Dependability. Specifically, before
licensing for operat_on, LaSalle County Station shall provide the
basis for the limitation on the containment purge valve opening
position. _

This report demonstrates that if the butterfly valves are
limited to a maximum opening position of 600 or less, these valves
will close against the ascending differential pressure and the
resulting dynamic loading of a LOCA condition.

m
~,

It is judged that the submittal of this report satisfies
the requirements of NUREG-0519, Supplement 1, Task II-E.4.2.
Accordingly, nine (9) copies of the report are provided.

If there are any questions in this regard, please contact
this office.

Very truly yours

b bs
C. E. Sargent

Nuclear Licensing Administrator

cc: NRC Resident Inspector - LSCS (w/o att.)

Enclosure b" f,1,e,I
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ENGINEERING RESPONSE /NRC QUESTI0flS

For LaSalle County Station,
Units 1 and 2 -

..

Commonwealth Edison Co.
Sargent and Lundy Engineers
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ADDENDUM TO ENGINEERING RESPONSE /NRC QUESTIONS
for LaSalle County Station, Units 1 and 2 'c/ , ENT & LU.MDY

Commonwealth Edison Co. I N ,'s */ -- noo .-
p Sargent and Lundy Engineers -

v
'
.

This addendum addresses questions raised during telephone convttsations.with
S. L. Herndon, Sargent and Lundy. i

,

i
1. Clarification of Response 5, page 4: -

-- _ - . ._

On page 6, paragraph 1, we state, "The 26" valves are limited to 60*
travel by strength considerations and 40' travel due to actuatoVTei-

,

quirements. Therefore, stops should be set to constrain the 26* subject - j
valves to 40' travel". b'e can clarify this rituation by breaking the

problem into several parts; r. ..

h- .:

!. A. The strength ' limitation of the valve does limit operation to 60* or- ---

| less for a 45 psi AP as stated and as shown by page 2 of Attachment 1.
The subject valves should not be allowed to open beyond 60* in any

,

case where they could experience a 45 psig AP.
:

B. The rated maximum actuator output for these valves is 15,600 in-lb
(Attachment 1, page 3). If the net required torque at any angle is
greater than 15,600 in-lb , then the actuator will not operate the
valve. Ifthenetrequirkdtorqueissufficientlylarge, damage
could occur to the actuator. Limitorque allows actuators to be sized

~for stall torques less than or equal to 2 x the HBC unit rating.*

/^\ Therefore, the maximum torque this actuator can see without danger.
'

hV of damage is 31,200 in-lb. .-

C. The net required torque at any angle is a combination of frictional,
seating and dynamic torques. These torques combine in various ways
to produce a torque which the actuator must overcome to open or close
the valve.

For open angles of 60* or less, the net required closing torque is,

less than t.he maximum actuator output of 15,600 in-lb for the sub-
ject valves with a 45 psi AP. That is, the actuator is properly
sized to close the subject valves from open angles less than or
equal to 60*.

For open angles of 60* or less, the net required opening torque is
Inot always less than the maximum actuator output. The required

opening torque drops below 15,600 in-lb for angles of 40* or less.
The actuator will provide sufficient torque to open the valve up to

j 40* but is not sized correctly to open the valve beyond 40*, with a
i 45 psi AP.

For open angles of 60* and less, the maximum torque the actuator
could ever ser- is 23,808 in-lb which is well below the maximum torque
rating of 31,200 in-lb. Therefore, there is no danger of actuator
damage for angles less than 60* with a 45 psi AP.

.
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In summary, the subject valv::s must b2 li2ited to op:n engles ef
60* or less due to strength considerations. The valves may be
limited to 40" if the actuator is required to provide complete normal
operation (i.e., open the valve as well as close it). If there is

8 no requirement to open the valves beyond 40* with a 45 psi AP, then
actuator limitations are not - problem and the valve should be limited
to open angles of 60* or less.

2. Clarification or Response 12, page 7:

To limit the angle of opening on the subject 26" valves, two adjustments
must be made.

1. The limit switch must be set to indicate the correct open angle.

2. Actuator travel stops must be set to stop the actuator and actuate
the torque switches at the proper angle.

i
*

Instructions for setting the limit switch and travel stops can be found in'

the Limitnrque Instruction Manual and HBC bulletin.
,

1

fMPrepared by / ep Reviewed by a

Lee Waite John Dresser [/
Nuclear Qualification Engineer Nuclear Qualification Engineer
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FISHER CONTROLS COMIMNY
MARSILul. TOWN IOWA 50158

automatic coarnot souwus=r

. 3 . . . .

v

. August 19, 1981

S. L. Herndon
Sargent and Lundy
55 E. Monroe St. -

Chicago, IL 60603

Subject: LaSalle County Station - Units 1 and 2
Containment Purge and Vent Valve Operability

Feference: S & L letter dated 3/25/81: S. L. Herndon to John Marks

Mr. Herndon:

Attached is our response to the NRC letter of September 27, 1979 and subsequent
clarification of that letter (Attachment 8). See Attachments 7 and 11 for valve
construction details.

1. Request:p
i /
'"' The AP across the valve is in part predicated on the containment pressure

and gas density conditions. What were the containment conditions used to
determine the AP's across the valve at the incremental angle positions
during the closure cycle?

Response:

Peak containment pressure and temperature (45 psig, 340*F) was used in
determining the fluid conditions across the valve at all angles of rotation.
AP across the valve was considered equal to peak containment pressure

,

| (psig). Material properties were selected (during stress calculations) at
j peak containment temperatures. The effect of compressible flow in sizing

| Fisher butterfly valves is best explained by the following:
1

AIR VS. WATER SERVICE
|
| Whenever a Fisher butterfly valve is in a gas flow application the

effects due to compressible flow are taken into conside. ration while
determining the dynamic torque effects for each individual valve selec-
tion. This consideration is built into our valve selection procedures

( and requires a conscious liquid or gas decision in <alculating the
effective pressure drop of which the dynamic torque is a function.

; Fisher's philosophy concerning the effects of compressible flow on
butterfly valves is presented in ISA Transactions, Vol. 8, No. 4,
entitled "Effect of Fluid Compressibility on Torque in Butterfly

M39D1
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Valves", written by Floyd P. Harthun (Manager, Product Evaluation, ,

[,) Fisher Controls Co.). A copy of this document is included as

V Attachment 2 to this letter.

2. Request:
.

Were the dynamic torque coefficient. used for the determination of torques
developed based on data resulting from actual flow tests conducted on the !

particular disc shape / design / size? What was the basis used to predict '

torques developed in valve sizes different (especially larger valves) than
the sizes known to have undergone flow tests?

Response:
,

In determining allowable pressure drops across a particular butterfly valve
at various angles of the disc, Fisher Controls uses classical " mechanics
of materials" type equations to calculate stress levels at various worst-
case locations in the valve assembly (specifically, various locations

,

along the valve shaft). The approach to the analysis, the equations used, !

and the combination of the calculated stresses all make up a portion of
Fisher's design philosophy for butterfly valves. This analysis approach ;

addresses all of the different states of shear and tensile stress which
are applicable to the loading conditions defined. ;

,

Establishing the loads that actually exist makes up the remaining portion !

of our design philosophy for butterfly valves. These loads range from ,

' p) easily calculated loads, such as bending due to pressure differential across ;

( the disc, to loads such as packing and dynamic torques which require a cer- '

tain amount of testing combined with scaling in order to analyze all valve i
sizes. It is the factor of dynamic torque that produces different stresses !
at different disc rotations and disc geometries. Through testing and scal- !
ing Fisher has produced dynamic torque factors for incremental disc rotations.

The model tests used to establish the dynamic torque values used in sizing
were conducted using 4" and 6" test valves with various aspect ratios rang- I

ing from 2:1 to 14:1 (such as 3:1, 4:1, 5:1, 8:1, 11:1 and 14:1). The "
,

dimensionless aspect ratio (defined as the ratio of the disc diameter to
the hub diameter) was judged to be a significant parameter for evaluation
of dynamic torques at various open angles.

Capacity and Torque curves obtained from a typical test are enclosed
(Attachment 3) to illustrate the method and general shape of the curves !' for Type 9200 butterfly valves. |

3. Request:
i

Were installation effects accounted for in the determination of dynamic i,

( torques developed? Dynamic torques are known to be affected for example,
by flow direction through valves with off-set discs, by downstream piping,

backpressure, by shaf t orientation relative to elbows , etc. What was the
basis (test data or other) used to predict dynamic torques for the partic- '

ular valve installation? *

O,1

M39D2
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+ Response:
I
'

All Ficher sizing data is based on dynamic torque determination testst

which were performed with uniform flow profiles end on valve discs with
representative geometries. The effects of a nor-uniform flow profile,
due to piping elbows, "T"-connections, etc. , u; m :;eam, are discussed below.

PIPING SYSTEM EFFECTS

The concern over geometrical piping system effects is relevant since
Fisher typically sizes butterfly valves assuming a uniform flow pro-
file while various piping configurations directly upstream could
produce a non-uniform flow as illustrated by Figures A & B of Attach-
ment 4. The two configurations are differentiated by a 90* rotation
of the valve shaft with respect to the flow profile.

a. Valve / Flow Orientation, Figure A

If it has been determined that the plant layout is such that the
valve is oriented to the flow as depicted in Fig. A (Attachment 4),
the non-uniform fluid profile will not produce an additional torque
on the valve disc since both " wings" of the disc (as split by the
shaft) will be subjected to the same flow with respect to time.

i

b. Valve / Flow Orientation, Figure B

O If it has been determined that plant layout is such that the
valve is oriented to the flow as depicted in Fig. B (Attach-
ment 4), the non-uniform flow will effect the performance of
the valve. The fltw ,rofile shown will produce some amount
of torque, Tp, in the direction.shown in Fig. B; obviously,
if the torque rotational direction is coincident with valve
closure, the non-uniform flow profile will assist the safety-
mode function of the valve, however, if the torque direction is
coincident with valve opening, the profile will be detrimental
to the safety-mode function.

The above argument must be coupled with exact installation
details by the utility to determine how the safety-mode
function of the valve will be affected.

l

.*

Fisher does not possess quantitative details regarding the
effect of non-uniform fluid flow.

All Fisher sizing procedures are based on a pressure drop across the
: valve that is supplied by our customer; if downstream piping produces

a backpressure, and the customer wants to take credit for this effect,
the existence of the backpressure should be reflected in the sizing AP
Provided. As stated previously, for the subject accident conditions,
the sizing aP across the valve is taken to be equal to the peak acci-
dent containment pressure; this approach is conservative if back-
pressure actually does exist.O

M39D3
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. Request:4

When comparing the containment pressure response profile against the valve
position at a given instant of time, was the valve closure rate vs. time
(i.e. constant or other) taken into account? For air operated valves e-
quipped with spring return operators, has the lag time from the time the
valve rece.ives a signal to the time the valve starts to stroke been ac-
counted for?

NOTE: Where a butterfly valve assembly is equipped with spring-to-close
air operators (cylinder, diaphragm, etc.), there typically is a lag time
from the time the isolation signal is received (solenoid valve usually de-
energized) to the time the operator starts to move the valve. In the case

of an air cylinder, the pilot air on the opening side of the cylinder is
approximately 90 psig when the valve is open, and the spring force avail-
able may not start to move the piston until the air on this opening side
is vented (solenoid valve de-energizes) below about 65 psig, thus the lag
time.

Response:

When calculations were performed to determine the maximum allowable open
angle (provided in Attach =ent 1) the assumption was made that the valve
had to close against peak containment pressure. Since this (conservative)
approach was taken, a time history study was not made, and therefore,
valve closure rates and response lags did not have to be considered.

,

(( ,\. ) 5. Request:

Provide the necessary information for the table shown below for valve po-
sitions from the initial open position to the seated position (10* incre-
ments if practical).

Valve Position
Min. Degress - 90* Predicted AP Maximum AP

(full open) (across valve) (capability)

Response:

In determining allowable AP vs. angle of opening for the subject valves,
there are several considerations to take into account.

1) Allowable AP based on the strength of the valve.
2) Allowable AP based on available torque from actuator.
3) Allowable AP based on the strength of the actuator.

The allowable AP based on valve strength is determined by a computer program.
The computer program can be described as follows.

For a given valve at some angle of opening, the program begins by calculating
the loading. This includes a hydrostatic load on the disc, seating torque,
bushi nd packing torque and dynamic torque.

ti39D4
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After the loading is determined, the program calculates stresses in the

D shaft, key, pin and bushing for a specific AP and compares these stresses to
'( a material strength. This strength is based on 1.5 x "S". "S" is the allow-

able stress figure found in Section VIII of the ASME Boiler and Pressure Vessel
Code. S is equal to 1/4 of the minimum tensile strength or 2/3 of the minimum
yield strength, whichever is less. For shear stresses 0.75 S is used.

The program calculates stress and changes AP iteratively until the allowable
strength matches the stress. This determines the maximum allowable pressure
drop for that angle of opening based on the stress at a single point.
Therefore, this process is done for cases 1, 2, 3, 4 and 5 (as defined be-
low) for each angle of opening.

Case 1 - stress in the shaft at the disc hub due to bending and torsion

Case 2 - stress in the shaft at the disc hub due to torsion and trans-
verse shear

Case 3 - stress at the pinned disc-shaft connection

Case 4 - stress at the keyed actuator-shaft connection

Case 5 - stress at the shaft bushing

The program output shows a AP which is calculated at each point for each!

angle of opening, including two AP for case 1 (one based on maximum shear
stress, one based on maximum tensile stress) for a total of 6 AP's. The
smallest AP of these 6 is then repeated as allowable AP at the bottom of
the column. The actuator torque for the lowest AP (allowable AP) is also

O listed.

For the 26" subject valves beyond 60* open, the allowable AP's (based on
.

valve streng'th) drop below the accident criterion of 45 psig as shown in
; Attachment 1. For the 8" subject valves the allowable AP is above 45 psig

for all open angles.

The required actuator torque vs angle.of opening for a 45 psig pressure
[ drop (Pg = 45 psig, P2 = ambient) is shown in Attachment 1 for the 8" and

26" valves. The torque at 0* is the torque required to close the valve.
This shutoff torque is 12,847 in-lb for the 26" valves and 762 in-lb

| for the 8" valves. ThetorqueswitbhsettingontheLimitorqueactuakors
| corresponds to a 14,616 in-lb output for the 26" valve and a 2556 in-lb
j output for the 8" valves. Therefore, the Limitorque actuators provide
' adequate torque for shutoff against a 45 psig pressure drop.

Attachment I shows required torques at open angles for the subject valves.
j For the 8" valves the maximum required torque is 2390 i,-lb . The Limi-g

torque actuator will provide 2556 in-lb, before the torque switch will,

trip. For the 26" valve the maximum required operating torque at anglesi

less than or equal to 40* is 13026 in-lb. The Limitorque actuator on
the 26" valves will output 14,616 in-lb before tripping out the torque

fswitch.

O
M39D5
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'

The 26" valves are limited to 60* travel by strength considerations and

O 40* travel due to actuator requirements. Therefore, stops should be set j

; \ to constrain the 26" subject valves to 40* travel.
;

r

It is not necessary to make any'__ vel constraints on the 8" subject i

valves.

As stated in the response to request #4, no time-history study has been
'

performed and therefore no " Predicted AP" values are provided; the re- i
maining information requested is presented in Attachment 1 to this document.

*

i

6. Request: i
t

What Code, standards or other criteria, was the valve designed to? What
are the stress allowables (tension, shear, torsion-, etc.) used for critical
elements such as disc, pins, shaft yoke, etc., in the valve assembly? What

i load combinations were used?

Response:

' The subject butterfly valves were designed according to the ASME Boiler
and Pressure Vessel Code, Sections III and VIII. Allowable stresses were,

' also taken from the ASME B & PV Code. Loads considered in the design ot
these valves includes all typical pressure and flow induced loads. Worst
case load combinations are used. Pressur'e and temperature ratings for
these valves can be found in Fisher bulletin 51.4:9200 (Attachment #5).

NOTE: Due to a NRC clerical error in the numbering of requests, there are no
items 7 or 8. See pages 1 and 2 of the " clarification of Sept. 27 letter
to licensees regarding demonstration of operability of purge and vent

valves" (Attachment 8).

9. Request:

For those valve assemblies (with air operators) inside containment, has
the containment pressure rise (backpressure) been considered as to its
effect on torque margins available (to close and seat the valve) from the
actuator? During the closure period, air must be vented from the actuators

; opening side through the solenoid valve into this backpressure. Discuss
the installed actuator bleed configuration and provide basis for not con-I

. sidering this backpressure effect a problem on torque margin. Valve assem-
| blies using 4-way solenoid valve should especially be reviewed.
|
: Response:

This request is not applicable to LaSalle County Station Units 1 and 21

since none of the subject valves are equipped with air operators.

10. Request:

Where air operated valve assemblies use accumulators as the fail-safe
feature, describe the accumulator air system configuration and its opera-
tion. Provide necessary information to show the adequacy of the accumulator

M39D6
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to stroke the valve, i.e. sizing and operation starting from lower limits of

' (] initial air pressure charge. Discuss active electrical components'in the

id' accumulator system, and the basis used to determine their qualification
for the environmental conditions experienced. Is the accumulator system
seismically designed?

- Response:,

This request is not applicable to LaSalle County Station Units 1 and 2,
since none of the subject valves are equipped with accumulators as a -

fail-safe feature.
.

11. Request:

For valve assemblies requiring a seal pressurization system (inflatable main
seal), describe the air pressurization system configuration and operation,
including means used to determine that valve closure and seal pressuriza-
tion have taken place. Discuss active electrical components in this system,
and the basis used to determine their qualification for the environmental
condition experienced. Is this system seismically designed?

For this type valve, has it been determined that the " valve travel stops"
(closed position) are capable of withstanding the loads imposed at closure
during the DBA-LOCA conditions.

Response _:

O') This request is not applicable to LaSalle County Station Units 1 and 2,'(" since none of the subject valves are equipped with inflatable seal rings.

12. Request:

Describe the modification made to the valve assembly to limit the opening
angle. With this modification, is there sufficient torque margin available
from the operator to overcome any dynamic torques developed that tend to
oppose valve closure, starting from the valve's initial open position? Is

there sufficient torque margin available from the operator to fully seat
the valve? Consider seating torques required with seats that have been at
low ambient temperatures.

Response:

Specific questions concerning methods of making appropriate modifications
to the Limitorque SMB-000-2/H1BC actuator (to limit the maximum valve
Opening to 40') for the subject 26" valves should be addressed directly to
Limitorque Corporation, Lynchburg, Virginia.

Attachment 1 and Response #5 should adequately address the subject of
appropriate torques for the Limitorque operator.

The effect of temperature on seating torques is not considered signifi-
cant in our standard actuator sizing technique. If specific data concern-
ing temperature-seating torque relationships is needed, then testing would
be required.

M39D7
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13. Request:

( ) Does the maximum torque developed by the valve during closure exceed the
maximum torque rating of the operators? Could this affect operability?

Response:
.

The response to Request #12 and #5, above, in conjunction with the informa-
tion provided in Attachment 1, should adequately address this subject.

-

14. Request:

Has the maximum torque value determined in #13 been found to be compatible
with torque limiting settings where applicable?

Response:

Response 5 and Attachment I adequately address torque switch settings
compared to required valve closure torque.

15 . Request:

Where electric motor operators are used, has the minimum available voltage
to the electric operator under both normal or emergency modes been deter-
mined and specified to the operator manufacturer, to assure the adequacy
of the operator to stroke the valve at DBA conditions with these lower limit
voltages available. Does this reduced voltage operation result in any sig-ps)(_, nificant change in stroke timing? Describe the emergency mode power source
used. ,

Response:

Limitorque actuators are designed to operate within 10% of the nominal
voltage without changing the available torque or stroking time rating of
the actuator. Since the voltage specification, for LaSalle County Sta-
tion, Units 1 and 2, is 10%, no minimum voltage consideration needs to
be made.

.

16. Request:

Where electric operator units are equipped with handwheels, does their de-
sign provide for automatic re-engagement of the motor operator following
the handwheel mode of operation? If not, what steps are taken to preclude
the possibility of the valve being left in the handwheel mode following
some maintenance, test, etc., type operation?

Response:

Limitorque electric actuators with handwheels are designed to provide
for automatic re-engagement of the motor operater following the handwheel
mode of operation. If specific information concerning this design is
needed, please consult Limitorque.

M39D8
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17. Request:
s

Describe the tests and/or analysis performed to establish the qualifications,

of the valve to perform its intended function under the environmental con-
.

ditions exposed to, during and after the DBA following its long term erposure
to the normal plant environment.

.

Response:

No actuator qualification has been done by Fisher Controls. For all
questions concerning qualification of Limitorque actuators, contact
Limitorque Corporation, Lynchburg, Virginia. -

A. Environmental

No analyses or tests were done to environmentally qualify the subject
valves.

1) Pressure-Temperature - the temperature pressure environmental
conditions of 145'F and -0.25 psig fall within the design rating
of the valve. (See Attachment 13 for environmental conditions.)

2) Aging - No test or analyses have been done to verify "40 year -
end of life" accident capabilities of the subject valves. Fisher
recommends that all elastomeric parts be replaced every four years.

3) Radiation - No tests or analyses have been done to qualify theg, ss
d' subject valves for a 40 year normal, plus maximum hypothetical

accident, integrated radiation dose of 2 x 10s rads. Fisher
7normally qualifies valves with EPDM seats to 1 x 10 rads. At

this level some material degradation may occur, but the effects
are considered insignificant. If exposed to 2 x 10s rads, the
elastomeric parts of the subject valves may experience signifi-
cant degradation causing some leakage. Again, Fisher recommends
replacement of all elastomeric parts every four years and this
will decrease the cumulative radiation exposure for the elasto-

, meric parts being used. If more detailed information is required -

'

concerning the effects of radiation on the subject valves, test-
| ing may be required.

l
|
; B. Seismic
'

:

1) The seismic analyses done to qualify the subject valves are
described in Attachment #6: " Seismic Analyses of 26" Butter- ;

; fly Valve Assemblies for Commonwealth Edison", and " Seismic
i Analyses of 8", 20" and 24" Butterfly Valve Assemblies for

Commonwealth Edison Company". |

18. Request:

What basis is used to establish the qualification of the valve, operators,
solenoids, valves? How was the valve assembly (valve / operators) seismic-

,( f ally qualified (test, analysis, etc.)?

| M39D9
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Response:

The customer design specification is the basis of qualification. The
valve assembly was seismically qualified by analysis Coee Response 17
and Attachment 6).

19. Request: .

Where testing was accomplished, describe the type tests performed, con-
ditions used, etc. Tests (where applicable) such as flow tests, aging
simulation (thermal, radiation, wear, vibration endurance, seismic)
LOCA-DBA environment (radiation, steam chemicals) should be pointed out.

Response:

No type testing was done'on the subject valves.

20. Request:

Where analysis was used, provide the rationale used to reach the de-
cision that analysis could be used in lieu of testing. Discuss con-
ditions, assumptions, other test data, handbook data, and classical
problems as they may apply.

Response:

('')N
Attachment 10: " Seismic 4 Verification Program for Commonwealth Edison

\s. Company" includes an explanation and verification of Fisher Controls
analysis procedure which was used to seismically analyze the LaSalle
valves.

21. Request:

Have the preventive maintenance instructions (part replacement, lubri-
cation, periodic cycling, etc.) established by the manufacturer been
reviewed, and are they being followed? Consideration should especially
be given to elastomeric components in valve body, operators, solenoids,
etc., where this hardware is installed inside containment.

Response:

Fisher furnishes instruction manuals for each valve assembly component
when it is shipped. Instruction sheets are provided for buyout com-
ponents if available. Attachment 9 to this document is a Type 9200
instruction manual.

Again, Fisher recommends' replacement rf elastomeric parts at 4 year
inte rvals . The manufacturer's recommendations should be followed on
buyout items which include: Limitorque actuators.

The EPDM T-ring is made from extruded sulfur-cured EPDM compound
No. 9074, obtained from Ashtabula Rubber Company (70 durometer + 5,
ASTM D 2000-AA-725). Documents listing characteristics and properties

M39D10
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of this material are enclosed in Attachment 12. (Note that NORDEL is
p- DuPont's tradename for EPDM material). The DuPont data shows that the

wd upper temperature limit for continuous service is 145*C (293*F). Since
the stated DBE temperature spike of 340*F is a relatively short-time,
one-time event the 340*F temperature environment is acceptable. (There-
may be some loss of scaling capability upon return to room temperature,
due to compression set, but the post-DBE pressure differential will be low
by that time.

This completes our response to the NRC questions as requested by Fisher Order
No. 014-62496-Z In the event. there are further inquiries, please contact:

Scott McLagan
Assistant Sales Manager - Power
Fisher Controls Company
205 South Center St.
Marshalltown, IA 50158

Reviewed by: Prepared by:

W JM 21 0
Jfhn Dressdr Ilee Waite
Nuclear Qualification Engineer Nuclear Qualification Engineer

/ew

cc Don Woollard
(General Meter and Controls)

Ralph Duff
(Commonwealth Edison)

.

@

M39D11

- _ , _ _=_._._._,__s- .



-12- i

'

Enclosures:

% Attachment 1 - Allowable AP vs. Angle of Opening, Required Torque vs Angle
of Opening, and Available Actuator Torques.

Attachment 2 - ISA Transactions, Vol. 8, No. 4; " Effects of Fluid Compres-
sibility on Torque in Butterfly Valves".

Attachment 3 - Capacity and Dynamic Torque Curves Determined in Fisher
Lab. Tests for 6" Type 9220 Butterfly Valve.

Attachment 4 - Piping System Sketches

Attachment 5 - Fisher Bulletin 41.4:9200, July 1976; "9200 Series Butterfly
Control Valve Bodies for Nuclear Service".

Attachment 6 - " Seismic Analyses of 26" Butterfly Valve Assemblies for
Commonwealth Edison" and " Seismic Analyses at 8", 20" and
24" Butterfly Valve Assemblies for Commonwealth Edison."

Attachment 7 - Bill of Material Drawings

Attachment 8 - " Guidelines for Demonstration of Operability of Purge and
Vent Valves" and later clarification.

Attachment 9 - 9200 Butterfly Valve Instruction Manual

[$'} Attachment 10 " Seismic 4 Verification Program for Commonwealth Edison Co."
't,)

Attachment 11 - Continental Shop Orders 5A094 -01 thru -09; -32; -33 and
SA095 -01 thru -09

Attachment 12 - Material Properties Data for Ethylene-Propylene
Elastomers

Attachmec - Environmental Conditions
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Attachment 1 - Allowable AP vs. Angle of Opening, Required
Torque vs. Angle of Opening and Available Atwator Torques.
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| REQUIRED TORQUE VS. ANGLE OF OPENING
' AND

AVAILABLE ACTUATOR TORQUES
.

LA SALLE 26" 9220 with Limitorque L''B-000/2-H1BC

MAXIMUM
FRICTION * SEAT * DYNAMIC * NET REQUIRED NET REQUIRED ACTUATOR TORQUE ACTUATOR

ANGLE TORQUE TORQUE TORQUE CLOSING TORQUE OPENING TORQUE SWITCH SETTING OUTPUT

0' 6902 5945 0 12,847 12,847 14,616 15,600
2,650 4,252 9,552 - 14,616 15,60010 6902 -

20 6902 6,124 778 13,026 14,616 15,600-

6,124 778 13,026 14,616 15,60030 6902 -

40 6902 6,124 778 13,026 14,616 15,600-

50 6902 17,034 14,616 15,60010,132- ---

60 6902 16,906 23,808 14,616 15,600- ---

70 6902 26,268 33,170 33,170 14,616 15,600-

80 6902 28,080 34,982 34,982 14,616 15,600-

90 6902 28,080 34,982 34,982 14,616 15,600-

LA SALII 8" 9220 with Limitorque SMB-000/2-HOBC
MAXIMLH

FRICTION * SEAT * DYNAMIC * NET REQUIRED NET REQUIRED ACTUATOR TORQUE ACTUATOR
LE TORQUE TORQUE TORQUE CLOSING TORQUE OPENING TORQUE SWITCH SETTING OUTPUT

'0 336 426 0 762 762 2,556 5,340
10 336 142 194 478 2,556 5,340-

20 336 193 143 721 2,556 5,340-

30 336 -

_156 180 192 2,556 5,340
40 336 335 1 671 2,556 5,340-

50 336 482 818 2,556 5,340- ---

60 336 1,246 2,556 5,340910- ---

70 336 1,298 1,334 1,334 2,556 5,340-

80 336 2,054 2,390 2,390 2,556 5,340-

90 336 - 2,054 2,390 2,390 2,556 5,340

0 Friction and seating torque oppose opening and closing.
** Dynamic torque opposes opening (tends to close) for angles up to 60'.

Above 60* this torque may tend to open or close.

All torques are in in-lbs.
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Attachment 2 - ISA Transactions, Vol. 8,
No. 4; " Effects of Fluid

Cot::pressibility on Torque
in Butterfly Valves".
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isA TRANSACTIONS a Cat- aen lese

.

Effect of Fluid
Compressibility on

Torque in Butterfly

Valves * FLOYD P. HARTHUNt
Fisher Gorernor Computy
Marshalltown, Iowa

> A technique is presented by which t!'e shaft torque resulting from fluid f!ow thrcugh
butterfly valves can be determined with reasonable accuracy fer botn compressibie and,..

D inccmpressible flow. First, the general torque relationship for incompressreie flow is
k k established. Then. an effective pressure differential is defir'ed to extend this relationshio
V to include * * effect cf fluid compressibdity. The apohcation of this technique shcwed

very good agreement with expenmental test results.

INTRO DUCTION DEVELOPMENT OF GENERAL TORQUE
THE APPt.! CATION of buticidy valves in v3rious automatic RE LATIONS HIP
control systems requires proper actuator sizing for The total shaft torque required to operate buttertly
ef5cient control Thus, a thorough knowledge of the valves can be separated into two major components:
Suid reaction forces acting on the vahe disc is required.
Extensive exper: mental work"' has been performed in 1. Dynamic torque-that portion of the total
the past to establish a relationship to determine these operating torque attnbutable to the duid reaction
forces and thus determine the resultant shaft torque. The force of the dowing medium acting on the valve
general form of this relationship has been established and disc.
confirmed. However, by using the classical fluid momen- 2. Friction torque-that portion of the total
tum approach, a similar relationship can be obtained in operating torque attributable to friction in the

| which the torque is shown to be directly proportional to packing and bushings.
the measured valve pressure differential for a given disc
position. This relationship along with most of the Since each of these components is mdependent of the

..

previously published torque information is adequate for other, a separate evaluation of each component atiords
incompressible tiow. Although the e.Tect of fluid com- the best approach to this problem. This investigation is
pressibility on torque has been recognized. no useful limited to an evaluation of the dynntnic torque com-

,

relationship has been developed. The pnmary ob- p nent. If the friction on the valve shaft is assumed to be
jective of this investigation is to extend the established !ndependent of direction of rotation, it can be readily
torque relationship to include the erTect of duid com- is lated. The torque required to rotate the valve d:sc is

' ,

pressibility. measured m a clockwise and a counterclockwise direc.
tion through full travel. Since friction always opposes

n * Presented at the 196 ISA Annual Conference;rensed August 1969. : notion the difference between these values will be twice
g j titesearch Eng:neer. the actual shaft friction.

t v
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i ( The dynamic torque for butterfly valves is a function Combining Equations (7),(S), and 6,

of the fluid reaction forces actmg on the valve disc. It
2 B B B,nD'APwould be difficu!t to deternune these forces by purely To = Bi2 3 (10)analytical techmques. Expenmental determination of the 4

pressures and velocity pro 6!es in the immediate area of or
the disc would also be quite di6 cult. However,if a control
volume is selected so the boundaries are points of known To " K D 3a P (10-A)i
pressure and velocity, an analysis of these forces can be

wheremade from the change in duid mo'nentum through this
control volume.

K = 3,2B B B,n To2 2

INCOMPRESSIBLE FLOW 4 =g (10-B)i

An expression for dynamic torque is developed Equation (10-8) is dedned as the dimensionless torque
assuming incompressible dow. This torque is a function coedicient which can be determined experimentally from
of the fluid reaction force, F, and a moment arm, D,which tests conducted with incompressible dow,
is a characteristic dimension of the valve disc. i

To = f(F, D) (1) COMPRESSIBLE FLOW

Using the fluid momentum approach, the force E, is The dynamic torque for butterdy valves is proportional
given by: to the mass How rate and velocity change through a

selected control volume for both compressible and
F= MaV (2) incompressible dow (ie To x MAV). Therefore, the

where approach used to obtain an expression for this torque
assuming incompressible dow can be extended to

E = sum of external forces acting on fluid compressible flow by re-dedning these two variables.
M = rnass flow rate First, assume that the velocity at the valve dise, V,,aV = fluid velocity change through the control is proportional to the velocity change through the control

volume volume. Then. the dynamic torque can be expressed as
The mass How rate, M,is given by To x M V, (11) |Q M = pA V (3) The velocity at the valve disc is given by
By using a proportionality constant, B , the mass flow

i M |rate can also be dedned as V "p (I2)4

M = B A(pap) iz (4)i

Equations (3) and (4) are combined to obtam the follow- By combining Equations (11) ad (12) the dynamic.

ing expression for fluid velocity: torque is shown to vary directiv as .ne square of the mass
flow rate and inversely with th'e duid density at the valve

V = B (AP/p)$'2 (5) disc.
i

The velocity change through the control volume, AV,
m Equation (2) can be expressed m terms of the velocity To x (13)

-

.p,
at the valve disc by use of a proportionality constant, B2 Nd% & b m M n geh M

F = BsMV (6) through a control valve by analytical techniques is quite
;

By substituting the expressions for mass flow rate difficult because of valve geometry. The major problem
Equation (4) and fluid velocity Equation (5)into Equa. s to establish the pressure ditTerential between the valve
tion (6) the force on the valve disc is mier and the vena contracta. However, by dennm, g the

physical system m which the valve is installed to conform
,

F=B2B AAP (7) with specifications given by the Fluid Controls Institutei 2

For a riven valve size, the flow area, A, for any angle of (FCI),i2' empirical relationships developed specifically~

dise rotation,6 can be written as for determmmg flow rate for control valves can be
considered. Several such empirical relationships have

A = B,xD2 been developed; however, only one, the Universal Gas
7 (8) Sizing Equation,(35 has been shown to accurately define

the flow rate for any valve configuration. This equation
The force.E, acts upon a moment arm w hich is a function is given by
of the disc diameter, D. Now, the dynamic torque can be
written as 5f0 59.64

/ @-Q= - P C C C,sm. (14)i i2
To = B FD (9) GT _ C C \ P , ,,,i2 i3
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.

f[] Equation (14) can be rewritten to obtain an equivalent incompressible flow.

('s.-}' g*2
expression for mass How rate.

2To - K D P sin:6 (24)
'59.64 $Af = 1.06dp P C C:C, sin (15)

-59.64 -

i For convenience the form of Equation C4)it si.., lined.
2To = K D aP, (25)The sine function in Equations (14) and (15) is used to

where
de6ne the transition between incompressible How occur- -

ring at low pressure ratios (AP/P ) and critical dow. 3p, . p, C C5 2
i sin 6 (26)Let _59.64

59.64 @ Equation (26) is denned as the pressure differential
-C'C g' "*

(16) contributing to the dynamic torque on butterdy valves6=
2

with conditions of compressible dow.

Rewriting Equation (15)in the following manner:
~

EXPERIMENTAL RESULTS
Af = 1.06/p P C C C.F (17)i 2

De factor, E,is bounded by the following: The first step in the experimental esaluation was to
establish the dimenstonless torque coe5cient. K , as a

t
. E = sin 6 for 6 < n/2 function of valve disc rotation as denned by Equation

(18) (10-Bk A test was conducted on a 4-in. valve under theF = 1.0 for 6 ;t n/2 following controlled conditions:
By substituting Equation (17) for the mass flow rate in

1. The valve was installed in a 4-in. test line with aEquation (13), the dynamic torque for a given valve ts
given by minimum of 12 pipe diameters of straight pipe.

upstream.
pi i(C C sin 6): 2. The pressure taps were located according to FCIP i 2

To cc (19) specineations and attached to the test line
#8

according to specifications in the AS3fE Power
A The only parameter in Equation (10) that cannot be and Test Code.W

[ )\ readily obtained is the density at the valve disc, pa. 3. Water at ambient temperature was used as the
( Assuming that the change in the ratio of Huid density at flowing medium.

the valve inlet to Suid density at the valve disc with 4. The inlet pressure and outlet pressure were held
increasing pressure ratio is small relative to the total constant.
change in mass flow rate. the torque expression can be 5. The test was conducted at a low pressure ratio
simpliSed in the following manner: (AP/P = 0.088) to ensure incompressible flow.

To cc P (C C sin 6): (20)2
36

Therefore, for compressible flow:
32To = K P (C C sin 6)2 (21)2 2

For small values of pressure ratio (AP/Pa) Equation (21) 28
reduces to the incompressible torque relationship given | | | |by Equation (10-Al 24

As AP/P. ~ 0 | |*20
sin 6 = 6 (radians) "o | k

*To = K:(59.64)2aP (22) "[ |J $12 -

The expression in Equation (22) is equivalent to the g
| |expression in Equation (10-A): a g

K (59.64):3p , g,ps3p i | |2

K= (23)
9 2 0"

0 10 20 30 40 50 60 70 80 90
By substituting the expression in Equation C31 for the
coefEcient K in Equation C11, a general expression for ANGl.E OF ROTATION 0EGREES_-

2

dynamic torque for compressible dow is obtained using p;,u,. i. oim.n.ioni... to,au. co.trici.nt,4.;n, nuts.r,iy
the dimensionless torque coe$cient established for v.sv. incomp,.ssibt flow: p, = 100 psig, P = 210 psi.
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Figure 2. Dynamic torque vs. angle of disc rotation,4.in. Figure 4. Dynamic torque es. angle of disc rotation. 8.in.
butterfly velve, comparison of emperimental results with butterfly valve, comparison of enrerimental results with

calculated torque, incompresanble flow P, = 10o peig, calculated torque, incompressible flow: P, = 10o paig,

.ip = 5 pai. AP = 5 psi.

Torque measurements were made at selected incre. ment between measured terque and the torque calculated
ments of disc rotation (0-90*). A transducer. consisting using this coe5c:ent.
cf a steel bar with strain gages attached. was fixed to the The next step was to ver:fy that the torque coe5cient
valve shaft and used in conjunction with an oscillograph is indeed applicable to oder valve sizes provided geo-
to measure and record the shaft torque. The data from metric similarity is reasonably well maintained. TI e
this test were used to determine the dimensionless torque results on Figures 3 and 4 again show very good agree-

*

coefficient plotted as a function of disc rotation on Figure ment between measured torque and calculated torque
1. The curves plotted on Figure 2 show excellent agree. fer two S-in. valves.
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ANGLE OF ROTATION. DEGREES VALVE PRESSURE ORCP AP . PSI

Figure 3. Dynamic torque vs. angle of disc rotation,8 in. Figure 5. Dynamic torque vs. velve pressure drop. 4 in.
butterfly valve. comparison of experrmental results with butterfly valve, 60* disc rotation. comparison of emperi.
calculated torque, incompressible flow. P = 10o psig, mental results with calculated torque. compressible flow:i
aP = 5 psi. P, = 214.4 psia flowing mes. tium = air.
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0 10 20 30 40 50 60 70 80 90e.vure 6. Dynamic torque vs. angle of disc rotation,4-in.
butterfly valve, comparison of experimental results with ANGLE OF ROTATION.0EGREES
calculated torque, compressible flow: P, = 114.4 psia,
AP = 5 pai (AP/P, = 0.o444), flowing medium = sir.

Figure 8. Dynamic torque vs. engle of disc rotation,4-in.
butterfly valve, comparison of test results with calcuisted

I should be noted that discs in the two 8-in. valves torqu*, compressible fiow: P, = e4.4 psia. AP = so psi

were of substantially diferent geometric shape. Using IA#l#' Q'* (*'iticas flow) flowine medium = air.the ratio of disc diameter to hub diameter as an indicator.
these ratios were 4.56:1 and 3.55:I for the valves used to similar to the disc in the 4-in. test valve used to establish

/a obtain the data for Figures 3 and 4. respectively. The the torque coedicient. K ."
i

( ) diference in torque marnitude for these valves with a The extension of the dynamic torque relationship to
f psi pressure differential shown in Ficures 3 and 4 is include the erTect of auid compressibility is accomplished"

tae result of this diference in geometry. The disc in the by de5ning an effective pressure diferential as shown in
~

8-in. valve used for the test in Figure 3 was geometrically Equation (25). The curves on Figure 5 show the transition
"

from incornpressible How to entical How with increasing
pressure ratio for a 4-in. valve set at 60* disc rotation.

18 0 Here again there is very good agreement between the
torque calculated using Equation (24) and the experi-

16 0 mental results. The incompressible torque curve is also
shown on Figure 5 to emphasize the effect of Suid

140 -

compressibility.a- T = K,D'a PJo ,

aj120 I I The curves on Figures 6 through 8 are presented to'
s

E o-| TEST'CATj | | f.
compare experimental results with torque calculated

t i using E. pati n (24) f r full 90* disc rotation. At low
10 0

uj j | | | | { pressure ratios, the torque using air as the dowing
O : m medium is essentially equal to the torque for incom-

80
o pressible How (Figure 6). As the pressure ratio is increased.

C 60 -

the effect of fluid compressibility becomes more pro-
- nounced as shown in Figure 7. Once critical dow has

40 been attained no further increase in torque is realized

g | |
b in easing the valve pressure diferential as shown on

- | |# '0# CONCLUSIONS
O 10 20 30 40 50 60 70 80 90

ANGLE OF ROTATION.DPREES A technique is presented which can te used to determine

Figure 7. Dynamic torque vs. angle of oisc rotation. 4-in.
butterfly volve, comparison of emperimental results with y. sic torque relationship de. eloped for

$ calculated torque. compressible flow: P, = 64.4 psia, incompressible dow is extended to include the eTect of
.

d|7 AP = to psi (sp/P, = A14), flowing medium = air. duid compressibility. The method presented is developed
k -) c. 6 5
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using the Universal Gas Sizing Equation to define an 17. = Pressure diferential afecting dy namic torqueN) erTective pressure dirTerential for the transition from G - Ro* tate incompresuble duid, scch~

incompressible tiow to entical !!ow. Application of this C' * R** '*'' ' *P""'ble durd. icth
method shows excellent agreement with experimental $nNictoq$i5' '# * "

7test results. V = Ruid te!octy. in..s,

p, = Ruad density at upstream pressure tap. lb,irL 3

NOTATION p, = Ruid density at valve disc. tb ir.*

A = Row area, us.3
B, . Bs.
3 .3, = Constants of jroporuonahty REFERENCES3

C, = C, C,
Cs - Correcuen factor for varsanon in spec 5c heat rauo
C, = Gas sizzag coefficent L. Keller. t. C and Salzmann. l. F. January 19M. Aerodynamic

Model Tests on Butterdy Vahes." Ercher Wyss Ne=r. 9.C, = Ro0 oe: Scent
C = Nonunal wahe diameter,in. 2. )tecommended Voluntary Standardsfor Measurement Procedurefor

Determuwer Control Vake Row C.roacity. 1958. Fluid ControlsF = Ferce.Ib Insuture. Inc. paper FCI 58-2.
G = Specine gravity

K - Dimensionless torque coe:5 cent 3. Buresh. J. F, and Schuder. C. B. October 1964. T.e Development

M = Mass Sow rate !b.s of a Universal Gas Sizing Equauon for Control Yabes.~ /SA Trans.
3:3:2 ):3.

P, .e talet pressure. psta
4. Row Measurement: Instruments and Apparatus. Suppie-tent to the

AP = Valve pressure duYerentaal, psa ASME P.wer Te s Codes. ASME report PTC 19.5:41959.
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Attach =ent 3 - Capacity and Dynamic Torque
Curves Determined in Fisher
Lab. Tests for 6" Type 9220
Butterfly Valve.
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9200 Series Butterfly

fh 3 Control Valve Bodies
Contwd for Nuclear Service

- r
^

- . g-gg j - ,, - 7]g.p;,e ny 2 - r.. ,, -- - , , - , ,- ; ; 7, . , ~ , ,.
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Fisher 9200 Senes valves are offset-disc butterfly valves
with an adjustable elastomer T-nng seat suitable for
extremely sinngent shutoff requirements. These valves are ,

often used as nuclear service valves for on'off apphcations

h{such as containment isolation and for throttling or on/off
flow control of component coohng water or aunihary

,service fluids.
- , r

3IN *IDesign critena for pressure-retaining compor ents of 9200 N /

4 [. !Senes valves meet the requirements of the ASME
- * '

X ,,y, ,go,
--

(Amencan Society of Mechanical Engineers) Boiler and actuaron avaitast, wiru -Ad,.

.svE
-

Pressure Vessel Code. Sections ill and Vill, and the vane i 3 g0

\body assemblies can be furnished with the ASME rasnicarro b,f"\;A /uousriso
"N"-stamp symbol. sRACurr

' 12 ''

The standard plate steel or cast steel 9200 Senes wafer-
style valve is installed between pipeline flanges. An optional k \ [ ' 4

\ g , ,/ *[
ww

steel single-flange sty'e body is available with a pipehne
I[flange on one end and a buttweiding connection on the

T [ >(
-

''

other end or with a buttwelding connection on both ends. ,

This optional construction can be welded directly to a U N uG E ,- ,,.

.~ (h( * s , ."#
Containment vessel wa'l.

C' M'~~
These valves are available :n 4dncn through 96 inch '

*

sizes for process tempe*atures to 4002F and, dapending
upon size, pressure drops to 150 psi. -

figure 1. 9200 Senes Specification 8-1 Valve

Features Body with Type 656 Actuator

| e Compliance with Nuclear Code and Other
|

Requirements-Fisher Controls Company hoids the ASME
l Certificate of Authonzation to use the "N" stamp symbol

on these valse body assembhes. All ASME requirements for e Excellent Shutoff without Excessive Seating Torque-

Class 1,2, and 3 nuctear-service valves, as well as special Offset disc design allows disc /T-nng contact around 360
customer assembly, cleaning, painting, and packaging degrees of disc circumference. Elastomer T-nng is field
requirements, can be rret. In addition, compiiance of valve adjustable so that shutoff can be mmntained without
and actuator assemblies with specified seismic and environ- excessive disc /T-nng interference and associated high
mental critena can be documented with seismic analysis seating torque. Reduced int yrference also min.mizes T-ring

| calculations and/or actual test results wear to prolong T-nng hfe

e Economical-Standard p ate steel construction

( requires less extensoe nondastroctive examinations than
cast construction. reducing cost and dehvery time.

| S tandardized va!voactuator size combinations ensure e Reduced Leak Off Piping Requirements-Sizes
7

sufficient actuator power whne reducing actuator selection through 24 inches use valve shaft packing on one seoe of
time and documentation cost and delay valve only; only one leak off connection to pipe

-
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CALLABLE CONFIGURA- 9200 Series Specification B-1: CONSTRUCTION Body 2 Disc.8 and Retaining

T10NS AllD BODY SIZES Offset-disc butterfly contro! valve MATERIALS Ring : a Steelplate(ASME SA5153
>

body with adjustable elastomer GR 70) or e other materials avail-
T-ring seat contained between the able upon request
retaining ring and valve body as Shaft: 17-4PH stainless steel
shown in figure 2. Valve shaft (ASME SA564 GR630 H1075)
sealed with packing on actuator side Taper Pins: Same material as shaft
and with a blank-off plate on the Blank Off Platu' (Through 24-inch
other side. Available in a 4, a 6 Size Only): 316 stainless steel
a8,a10.e12.m'4,a16.e18, (ASME SA240 GR316)
a 20, and a 24-inch sizes Blank-Off Plate Bolting (Through
9200 Series Specification C-1: 24 inch Size Only)
Offset-disc butterfly con *rol valve Stses:2 Steel (ASME SA193 GR
body with adjustable elastomer 88M)
T-ring seat contained between the Nets 2 Steel (AbME SA194 GR 8M)
retaining ring and the valve disc T-Ring: a EPDM (ethylene-
face as shown in figure 3 Valve propylene) or a nitnle: e Viton' is
shaft sealed with packing on both also available for non-nuclear appli-
sides. Available in a 30 through cations
a 96-inch sizes in 6-inch Retaining Ring 0 Ring (Through
increments 24 Inch Size Only): EPDM

(ethylene propylene)
Blank Off Plate Gasket (Through

BODY STYLE Flangeless (wafer type) body with 24 Inch Size Only): Spiral-woundfour flange bolt holes (see figures
gasket of 304 stainless steel and1 and 4) for installation between
asbestos) two pipeline flanges s

,
Packing: Alternated nngs of Crane
187-1 and laminated-graphite

END C0hNECT10N 4 Through 24-inch Sizes: Mate (Grafoi! ) packing8

STYLES with ANSI Class 150 (B16.5) Bushings: m Graphite-impregnated
raised-face flanges bronze (bushing 2) or a alloy 6
30 Through 96-inch Sizes: Mate (bushing 3)
with e ANSI Class 125 (B16.1) Bushing Retainers and Retainer
flat-face flanges (through 72-inch Tube: 316 stainless steel
size only), a AWWA C207 flanges, Packing Follower: Steel
or a MSS SP-44 flanges Packing Lantern Rings and,

| Washers: 316 stainless steet

NAI!MUMINLET 4 Through 24-inch Sizes: Compat- Packing Box Studs and Nuts:
Steel

PRESSURE' ible with ANSI Class 150 pressure /
Thrust Collarstemperature ratings for tempera-
Shaft Diaineters to 1-1/2 laches Whrough( tures from +20 to +400*F

! 30 Through 96-inch Sizes: m 7 5' ##~l"'A E'/"' #I28): Cadmium-plated
steel clamp-type collars with brasspsig for temperatures from +20 to
washers between collars and

! +400*F (in accordance with ASME
| Code Case 1678, approved bearing surfaces

Shaft Diameters over 11/2 Inches:December 16, 1974) or a higher
Br nze collars pinned to vaive shaftpressures upon request
Actuator Mounting Bracket:
Fabricated Steel

MAllMUM PRESSURE Shutoff (O Degrees of Disc j

DROP' Rotation) OPERATIVE With EPDM T-Ring: +20 to
'

4 Through 14-/nch Slies: 150 psi TEMPERATURE' ' + 300* F
.7# Through SS-Inch Sizes: 75 psi With Nitrile T- Rir+ g : +20 to

Flowing: See table 1 + 2OO* F

O ,
=,,.we es,a.n,au g , ===_ . _ _ . _ . , . _ . _ .

3p 6. Traowere of Umon C4,*se Core I
[
| 3 Peewe meesong were on 4.ncn throug% 24 ence m.,e esey 7 Th.s seem se desness in SAM A Standare PMC 20 1 1973

|
>

-w-
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h Specifications (Continued) |
1

With Viton T-Ring: +20 to ACTUATOR / VAL)E a Push-down-to-open (extending
+400*F (Do not use - th wa:er ACTION actuator stem opens valve) or

over 180*F or steam) e Push-down-to-close (extending ;

actuator stem closes valve) {
ACTUATOR TORQUE See table 1 i

fREQUIRED MATING FLANCE Compatible with welding-neck and
CAPABILTIES shp-on flanges

FLOW DIRECTION Flow is permissible in either direc-
tion, but valve is normally installed
with T-ring retaining ring facing CODE CLASSIFICATICNS Valve body, disc, and shaft com-
downstream ponents designed in accordance

with allowable stress levels as f

FLOW COEFFICIENTS See Fisher Catalog 10 specified in ASME Boiler and )
Pressure Vessel Code. Sections ill

SHUT 0FF Fisher Class VI (less than one bubble and Vlli i
CLASSIFICATION per minute using air at a pressure

drop of 150 psi for 4 through Valve body assemblies available as
3

24-inch sizes and 75 psi for 30 nuc! ear code Class 1. 2, or 3 valve !
through 96-inch sizes) with ASME "N"-stamp symbol I

1

'

DISC ROTATION a Clockwise to open or a counter-

clockwise to open (when viewed TESTING REQUIRED A!! nondestructive examinations
from actuator side of valve) through (NDE) required for Class 1,2, and 3

,

90 degrees of disc rotation. nuclear-seruce valves can be i
furnished; for current list of NDE

emenu,su Ask Catalog 11
ACTUATOR MOUNTING Fabricated actuator-mounting

,

# bracket is used to mount Fisher
,

Type 48015, 481-15. 656 and
PACKING B01 TYPE Lesk-off type packing bo.: with

864 actuators. Style 4 adjustable 1/2-inch N PT female leak-off
linkage, shown in figure 1, is used c nnechon
with Fisher actuators for travels of
4 inches and less and valve shaft
diameters of 1-1/2 inches and less. VALVE SHAFT See figure 7
Fixed linkage is used for longer DIAMETERS .

Itravels and larger valve shafts.

Actutor can be a perpendicular to APPR011 MATE WElCI!TS See figure 7 |

(standard) or a parallel with pipe- ,

line (adaptor required for parallel i
mounting of actuators requiring a GPTION Single-flange steel valve body with r
mounting bracket) with actuator to a full set of flange bo!! hnles on
a right (standard) or a left of valve one end and buttwelding-end con-
(when viewed from valve inlet) nection on the other end as shown

in figure 2 or with a a buttweld:ng
With perpendicular mounting in end connection on both ends.
horizontal pipeline, actuator can Flanged end connection ava:lable as
extend a above (standard) or a noted in "End Connection Styles"
below pipeline. With parallel above; buttwelding-end connection
mounting, actuator can extend a available per e ANSI B16.25 or
upstream or a downstream. e as specified



-

I

- - - -

51.C:9200 .

A'

,

Page 0 -

_ .. ._ s.- .sw.2

. ~ . . .M ~n . ~' r~~ 3 m : ::": ,~' x:..L - , ~ <
. , ~ .

E s'ODY SUTTWELDING END y gigg' VA C04bECiech a

#COMPatSSeom aine ,

fyA(vggoof
..TA-me A-S O .

"M]/ SET SCREW !

r \ p' '

j ,f g 1 % ,

# \ .
1 /

I # j i| VALVE DISC

- - %
- 8 ig,

I f

- '%sh, M
-s s *N+ b y,

-- 4 -

f ! \ N s

. f \ 'e |* *

q. | 1 L y '

,"s

e

,

.

s \ 'e i \ ,

i L-vatwa oiSC \CoureESSeou ~g I
t

! Al4G T
DeSC STOP WITH N

"
ADJUSTe4G SET SCBfW

~ Af7Allbe4G
jj me40 S(ggW alTAtmamG RING

' SET SCREW |- af farmshG m 40 SC#f W

Figure 2. 9200 Series Specification B-1 Valve Figure 3. 9200 Series Specification C-1
,

T-Ring Details (Optional Single-Flangel Valve T-Ring Details
Buttwelding End Construction.*
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Figure 4. 9200 Series Specification B-1 Valve Body

'

Valve and Actuator The torques in the " Actuator Torque Required"

C; election column of the table are the maximum torques
encountered when the disc is being closed
(or opened) against the shutoff (0-degrees of

Note disc rotation) pressure drop shown in the table.
Pressure drops shown for open disc angles

Valve and actuator selection can be made from (60 or 90 degrees) are the maximum flowing j
table 1 for 4-inch through 72-inch valves. drops that the torques in the " Actuator Torque
pressure drops to 150 psi (depending upon Required" column will permit. (Where necessary,
valve size), and process temperatures from maximum pressure drops shown for open angles
+20 to + 400*F (depending upon elastomer have been hmited by strength capabilities of ~

j

T-nng material selected and application). construction materials.) ,
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Table 1. Valve ar rf Actuator Selection

MAXIMUM PRESSURE |
O

VALVE H H OPERAME BUSH M TOMM RECOWENDED ACWOR
SIZE, Angie of Disc

REQ *D TYPE AND SIM
(IN CH E S) Opening (Degrees)

(INCH E S) (IN CH+OU NOS)
O 60 l 90

1 .
ae 40 wG5 pg suW

4 5/8 3 150 59.1 21.5 5258 656 S.re 40 w/ 35 esig suppiv*

2 150 36.4 12.1 925' 656 Sao 60 w'35 ps>g supptv'
6 34 3 150 46.1 15.0 12508 650 Sao 60 */35 ps g suco'v*

#' * #9 '""
8 1

.. 3 150 40 4 14 2 2575' 480-15 Sae 40 * 80 es<a suco:,'
8

2 150 24.7 8.1 27808 48015 See 40 w.80 ps's suopiv
10 1 3 144 16.0 8.1 3960 480-15 See 60 w 80 cs a sucow'

2 150 22.7 7.6 4425' 480-15 See 60 * 80 ps-g suppy8
g , , ,

3 150 27.0 9.0 6550' 480 Sae 80 w,80 es a saep!v'

150 193 63 N 48M S Sm 60 * 80 pg ssW
14 11/4 3 140 19.5 6.4 7950 864 Sae' 6 a 20 w,80 psig supoiv'

'
" * #9'

16 1 1/2 8
3 150 22.5 7. 5 11.900* 864 See* 6 m 20 w 80 ps:q suopiv

2 150 15.7 5.0 10.550' 864 See' 6 x 20 w. 80 ps+g suppry'
18 1. U2 ' *

EPDM T.R.ng:
. +20 to + 3 OO' F. 2 150 16.5 54 13.1008 864 S.re' 6 u 20 w 80 ps.g supp%'

8
N.trae T.R ng: 3 148 18 0 5. 8 20.550 864 Sae* 8 m 20 w '80 ovo saceN

+ 20 to +2 00'F- 2 150 15.0 4. 9 20.7CO 864 S e* 8 a 20 w. 80 ps.g supp>,8
24 2 8

V. ton T.R.ng- 3 137 15 0 4.9 33.170 864 Sae* 10 m 20 w 80 cs.g sucoN

+20 to +4004 d
2 75 6.5 2.1 17.7328 864 S re' 8 a 16 w'60 os g succ v

30 2 8
3 75 6.2 2.0 27.932 854 Sae* 8 a 20 w 80 os o sece9

2 75 6.3 2.0 28.830 864 Sae' 8 x 20 *.80 ps.g supp!v'

3 75 59 2.0 46.830 864 See' 10 m 2 4 *. 80 es.g seceN'_ . . '
,

8j 2 75 5.5 1.7 40.020 864 Sae' 10 = 20 w 80 ps.g suop:v
2 8

3 75 52 1.7 64.770 864 Sae* 12 a 20 * 80 ps>g sucotv.,

' '
# #' ' ' * "''9 '"#

48 3 3 75 5.1 1.7 97.750 Contact F<smer Reoresematrve

'#* '' " ' * " * **

Contact Fisher Rec,'esentatae54 31/2 3 75 50 1.6 141.620

$ ' " " ' ' ' " " ' '"'
60 3-1/2 3 75 46 1.5 175.650 Contact Fisher Representative

4.7 1.5 137.570 Contact Fesher Pepeseetanse

75 |
2

,
75 4.5 1.5 237.320 Cor: tact F: sher Pep esentatue3

2 75 4.7 1.5 190.130 Contact F: sher Peresentat.ve
U 4 1/2 3 75 4. 5 1.5 313.630 Contact F.ste, Aeoresentat ve

1 Fo, urg., Sae.. coetact P. F.ee, s.wr. w..ar*,a*+e s *.* o, e t*mt ..N. co te., f ClO Se. , s %.to, *%f cc $ toe., 9. o.v.1 sub.+ v.r, 4e t . as t i s so, t.o. au ., 4so s.- .. .a .~, 4 s m., m, .~s
2 s ..a 2 w. .-a ,r.e e,e-,.. m 3 +e, e

3 wm.m .,.,emo. c.Fe ww +e.w .c..m
a c,w., no . o. ~., ,

+ c,i.ao o,c cm.,,cc .. o-,a.r a coma., . o e es e v. . a.
a

, e-tw . .cewto, w
< - , ,.aoc. v ,w -.. e o. m - po, rs oe2spuav.sopusa m .. . o*w s. .e . 4 on., .e s. .e,.co, m.t re e .o4

.s

All pressure drops shown are within the strength table. In addition, other actuator types, such as efectric
capabilities of the materials shown in the and spring.retum pr eumatic rotary actuators are also
" Specifications" table. available in recommended combinations with 9200 Senes

valve bodies. All combinations in table 1 are predetermined

After determining the proper valve size using Fisher Catalog to have sufficient torque output at the stated operatmg
10 and the suing nomographs or slide rule, refer t0 table 1. conditions.
Check the maximum a|lowable pressure drop at the appro.
priate open angle (either 60 or 90 degrees) to be certain it
equals or exceeds that which will be encountered in service. Selection from among the recommended combinations

reduces documentation cost and possibibty cf delay. Contact

Recommended Fisher actuator types, sizes, and operating the Fisher sales representative if other combinations are
_

pressures for each selection are shown at the right of the required.
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t

'* Figure 6. TypicalInstallations for Single-Flange 9200 Series Valves with One Buttwelding-End Connection and
One Flanged Connection (Being Used as isolation Containment Valves in Ventilating Air System),

.

i

|rtstallatiOf1 specified when the valve was ordered, or a field
'

re-adjustment of the T-ring may be required to attain the
Th3 Ectuator will be mounted on the valve in the orientation desired shutoff capability. T-ring adjustment is provided
specified when the unit was ordered. This orientation is

by a compression ring and adjusting set screws as
n:rmally selected based upon the desired mounting position shown in figures 2 and 3.
in thm pipeline, available space at the point of installation,
stc. Flow through the valve can be in either direction, but the

valve is normally instal!ed witt. the T-ring retaining ring
For 30 inen and larger valve sizes, factory seat leak testing facing downstream. For 30-inch and larger sizes,it may be

C ust be performed with the valve m the same position as is desired to install the valve such that the T-ring retaining ring I-
C; tended for the actual installation. For these larger faces the nearest manhole or other pipeline access point. ]/

sizes, install the valve in the same position as was This will facilitate T-ring inspection and maintenance.

, , , - - , , -. . - . . - . .
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# LETTERE D DIME NSION -

VALVE A8LE DIAMETER WEIGHT OF I

SIZE OF M ATING P.?E VALVE BODY (A 8 C E* F S '
OR FLANGE ASSEM BLY (POU N DS)

4 4.00 6.50 8 50 6 25 3 25 5- 3 3.64 70
6 6 00 7.50 10 50 6 25 3.75 3% 5 56 100 0

8 8 00 9.00 10 50 6.25 3.75 1 7.81 130 !
10 10.00 10.00 12.00 6.25 3.75 1 9 81 175 |
12 12 00 12 00 14 00 7.62 4.75 1-1/4 11.50 320 t

14 13 25 13.00 15 50 7.62 4.75 1-1/4 13.00 375
16 15 25 14.50 17.50 7.62 4.75 1 1/2 15.12 475
18 17.On 1500 18 50 7.62 5 00 1 1/2 16.75 520
20 19 00 17.00 20.50 8.75 5 50 1-3s4 18.88 685
24 23 00 20 00 21 50 8 75 6.00 2 22.75 1040 |

?

sw a - ww.. w.u. o w.i.so.c.,a e. e w t

|acn.e- w

us un enuAts {| LEAR 077
Com4ECTIO4,

!

_

<_ [ .__
!I

_ u.J ,
r

o ,

|
'

^ #
O<

I
w

m i ; j
-

i ! j

!- eh [ -e- . C : ,

Figure 7. Dimensions (Inches)
. - . ,

,

The 9200 Series valves are supplied with a disc travel stop. 6. Pressure Drops
if the valve body and actuator have been ordered separately a) Range of flowg pressure drops
or if the actuator has been removed for maintenance, be b) Maximum at shutoff
certain that proper rotation direction will be obtained from 7. Flow Rates
the actuator before installing. a) Minimum corvolled flow

b) Normal flow
if spiral-wound line flange gaskets are to be u5ed with the c) Maximum flow
4-inch through 24-inch sizes, be certain the gaskets are of 8. Maximum allowable leakage rate
a type and size that will not overlap the cap screw or 9. Specify the pos,t on in which the valve will be installed
aJjusting screw holes in the T-ring retaining nng. Under (e.g., valve in horizontal pipeline with valve shaft horizontal).
line flange bolting compression, spiral-wound gaskets can Seat leak testing wdl bes performed with the valve in the
be damaged by the cap screw or adjusting screw holes. same position as is intenoed for the actual installation.

10. Nuclear-code class and all nuclear and special

requirements
11. Line size and schedule

Ordering Infor mation

Application Valve Body Infornutson

Refer to the ''Specifcations" on page 2. Review the descrip-
When ordering, specify: tion at the right cf each specification and in the referenced

1. Type cf Application table. Indicate the choice wherever thare ss a selection to
a) Throttling or on/off be made.
b) Reducing, relief, or back pressure

2. Controlled fluid-(include chemical analysis of fluid if
possib;e) Actuator and Accessory information

3. Specific gravity of controited fluid
4. Fluid temperature (normal and minimum and maximum Specify the desired actuator type and size from the appro-

anticipated) priate actuator bulfenn. Also refer to the specific actuator

5. Range of flowing inlet pressures and accessory bulleons for additional ordenng information.

t
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SCOPE OF ANALYSIS

The butterfly valve assemblies analyzed in this report apply'to the blicwing
item and tag numbers.

CONTI GNTAL CONTROL No. 5A094

|CONTINENTAL - CUSMMER | VALVE b
APPENDIX ITEM NO. | TAG NO. i S:25 i TYPE * ACTUATCR

O2 l IVQ040 | |

B 04 : 1V0041 | ; ,

09 e lVQO36 ] *

C f 07 lVQO31 |

01 1 1V0026 f

**I*'03 lVQO27 i 26" 9220 M -000-2-H12C05 1V0029 f

06 lV0030 f,y
08 IVCO34 +*

,

'
20 lVQO37 t

|21 | 170038 i *

CONTINENTAL CONTROL NO. SA095

t CONTI:iENTAL CUSTCMER
|

VALVE *
,

' II APPENDIX TEM NO. TAG NO. 1 S:ZE TYPE ACTUA KR
'

B 02 2V0040
C 07 i 2VQO31

*

| t 01 2Y0026 *

03 2V0027|
.

_

1 04 2VQ041 i

D | 05 2VCO29 ! 26" | 9220 } Limitorque
06 2VCO30 SMB-000-2-H13C*

t 09 i 2VCO34
L 09 1 2VCO36

14 i 2V0037
15 2VCO38

- -- .. - . _ - -
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CUSTOMER REQUIREFENTS El." SUMMARY OF RESULTS
,

Based on the calculations shown in this report, we have demonstrated that the

pri:ary steady-state stresses, when combined with the inertia 11oading resulting

from the response to a ground acceleration of 5 *g* in both horizontal directions

and 6 *g* in the vertical direction, acting simultaneously produce combined |

stresses which are safely within the yield stresses of the construction materials, ;

both in tension and in shear.

Also, the calculations predict that the extsnded parts of each valve assembly

have a first natural frequency of vibration greater taan 33 Hertz.

!

/

rn suxury, this analysis demonstrates mathematically that the equipment supplied

by Fisher Controls Company meets the requirements of the Sargent and Lundy Speci-

fication J2940 for Commonwealth Edison Company, LaSalle County Station, Units 1 i

and 2.

1

i

i

c
t

,

!

, _ - , , a
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I. FURPOSE:

The purpose of this engineering standard is to establish a s:andard =ethod
of three di=ensional seismic analysis of actuator-valve asse=blies subjected
to triaxial seis=le loading.

II. PROCEDURE

II.A The Order Engineer is assigned the responsibility for perfor=ing a
seismic ana?.ysis. The for=at for the seis=ic analysis is outlined
in this standard.

II.A.1 The seis=ic analysis vill nor= ally consist of a copy of
this standard; a ecver letter su==arining the results
along with a listing of the applicable order nu=bers, and
tag nu=bers; a set of asse=bly drawings depicting the
constructions analy:ed; a sketch of the analytical =odels;
copies of the ce=puter output sheets listing the input and
output data along vi:5 the acceptable values; and copies of
seismic tests of the valve =ounted accessories (if required).

t

II.A.2 Unless the custo=er's specification states otherwise, the

| following vill be assu=ed:

(1) The valve is installed in a hori ental pipeline with
the valve shaf: =ounted horizontal (Figure III-1) .

(2) The stresses due to seis=ic loads are to be co=bined
by square root of :he su= of the squares (SRSS).

(3) The acceptance criteria contained in Section VIII
of this standard are to be used.

(4) The resonant frequency is not required.
II.A.3 An Engineer (Senior Design Engineer, Oesign Engineer, or

Engineering Associate) other than the one perforcing :he
original calculations is responsible for reviewing :he
seis=ic analysis and signing the cover letter along with
the originator of the report.

II.B The Engineering Coordinator is assigned the responsibility for =ain-
taining and distributing the seismic analyses.

II.3.1 The analyses are to be reproduced and the originals filed
in a per=anent rea in a syste=atic =anner.

II.B.2 The analyses are not to be revised. In the event : hat the
valve construction changes af ter the analysis is perfor ed,
a new analysis shall be performed superseding the old
analysis.

.

4
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III. NOMENCLATURE

III.A Equation Sy=bols

All variables will be defined near the equations or figures in which

they appear.

III.B Special Sy=bols

(1) 9 Joint-

(2) @ - Vector out of the plane of the paper.

Vector f ato the plane of the paper.(3) @ -

Concentrated = ass at a model joint.(4) (*) -

(5) @ - Element number.

(6) @ Joint number.-

Element neutral axis.(7) e---e -

Rigid link.(8) a-- a -

' (9) p % 4 - Moment about an axis normal to plane of paper.
Moment about an axis in the plane of the paper.

. | (10) @H-@ -

(11) [ ] Matrix-

(12) ( ) - 'le c tor

III.C Coordinate System of the Actuator-Valve Assembly

All rectangular coordinate syste=s used are right-handed. The primary
coordinate system is illustrated for a typical assembly in Figure III-1.
The primary coordinate syste= will be referrad to as the system coordin-
ates.

III.D Cec =etric Variables

The geometric variables listed in Tables III-l the III-4 are used to
provide cross-section :.nd bolt joint input data to the co=puter program
(SEISMIC 4) that perfor=s the seismic analysis. In addition, the syste:

| * coordinates for each joint of the finite element =edel, the interconnec-
tion between the ele =ents and rigid links, the cons traint conditions
between elements and boundaries, the lumped inertia properties of the
accessories and the seismic and operating leads must be specified.
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TABLE III-l
'

STANDARD ELDENT CROSS-SECTIONAL PARAMETERS

GEOMETRIC FIGURE
VARIA3LES NUMBERS DESCRIPTION UNITS

a III-2 Dia=eter or Length inches

b III-2 Length inches
except (1)

III-2 (1) Angle degrees

c III-2 (e)(h) Length inches

e, et, t2 III-2 Thickness inches

rg, r2 III-2 Fillet Radius inches
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TABLE III-2

NONSTAhTd.D CROSS-SECTIONAL PARAMETERS (STRAIGHT ELE' -)'

GEOMETRIC FIGURE
VARIABLES NDi3ERS DESCRIPTION UNITS

A III-3 Area - // dxt x3 (inch)2d

It III-3 Bending Moment of Inertia =

// (x3)2 dxi x3 (inches)"d

I2 III-3 Twisting Moment of Inertia.1 (inches)"

13 III-3 Bending Moment of Inertia =

ff (xt)2 dxi x3 (inches)"d

ct, c3 III-3 Shear deflection factors

associated with x1 and x3
directions, respectively.2 ,

,

[ X'Z III-3 Distance fren centroid to
5 5

shu r center '.n x1 and x3
Ci dire.c tions , uspectively.3 inches

y III-3 Angle from reference direc- ,

tion to x1 principal direc- ,

tion. degrees

xt, xy III-3 Coordinates in cross secticn inches

; xt', x3' III-3 Reference directions
! >

Ci = xt, C3 = x3 coefficientsC,C3t
for bending stress computation inches

C Coefficient for torsional .

'

shear stress computation at
stress point." inches

i
1

i

| 1, 2, 3, " - Refer to referencer "- t e n '. .-
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TABLE III-3

NONSTANDARD CROSS-SECTIONAL PARAMETERS (CURVED EL.%-NT)

GEOMETRIC FIGURE
VARIABLES Nt:MBERS DESCRIPTION UNITS

A III-4 Area = // dxt x2 (inches)2d

It III-4 Innlane Bending Moment of
Ine..ia = // (x2)2 dxt x3 (inches)''d

III-4 Second Mcment of AreaI2
= ff (xt)2 dxt x2 (inches)''d

13 III-4 Twisting Mc=ent of Inertia.1 (inches)'' .

et, <2 III-4 Shear deflection factors
associated with x1 and x2

- directions, respectively.2

5i Z III-4 Bending Modulus

=R2 // (xt/[R-xt]) dxt x2d

(1 + C1 g2 + c; /R') (inches)''/=I2

ct, c2 III-4 Coefficients to definit bend- (inches)2,
ing Modulus Z.6 (inches)"

R III-4 Radius to Centroid of Area inches

x1, x3 III-4 Coordinates in cross section inches

Ct = x1 and C2*X3 Coef-C,C2t
ficients for bending stress
computation inches

C Coefficient for torsional
shear stress cceputation at
stress point.''

|

|

|

| 1, 2, 4, 5, 6 - Refer to References in Section X.
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TABI.E III-4
BOLT JOINT PARAMETERS

GEOMETRIC FIGURE

VARIAF 1 NUMBERS DESCRIPITION UNITS

NBI III-5 Joint Ntober at which bolt
reaction is referenced.

III-5 Vector parallel to bolt axisVi

V,V3 III-5 Vectors (which are orthogonal
t

to V ) in bolt joint plane.t
,

D III-5 (a) Nominal Bolt Diar:eter inches
b

Number of threads per inch (inch)-1n

7
A Root Area =

b s/4 (D ~ 1* 0 !"),̂
b

for all Unified American
Threads. (inches)2[

~

N III-5 (b)(c) Nu=ber of bolts, or

III-5 (d) Ntaber of bolts in line.

YSH, ZSH III-5 Coordinates in V2 and V3
direction, respectively, free
reference joint NBI to center
of bolt joint pati ric. inches

'

D III-5 (b) Diameter of Bolt Circle. inches

& III-5 (b) Angle from V2 direction to
Bolt No. 1. Ordy 0 or ISO /N
per=itted. degrees'

S 'III-5 (c)(d) Spacing between bolts on
lire,= S/(N-1) inches

YO III-5 (c) Distance from pivot edge to
bolt line for leg pattern, or inches

III-5 (d) Spacing between bolt lines for
pad pattern, inches

YE, ZT, ZB III-5 Distances from pivot edges to

bolts. inches

7 - Refer to References in Section X.
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IV. MODELING OF THE ACTUATOR-VALVE ASSDt3LY

IV.A Mathe=atical Model Cc=ponents and Features

The =odel for-the actuator-valve asse=bly is constructed frem two
basic types of beam ele =ents each with distributed = asses. ~hese
ele =ents are referred to as a thick straight bea= and a thick curved
beam.5 The ends of these bea= elements are referred to as joints
in the model. The joints can have as =any as six degrees of freeden
or as few as =ero degrees of freedo= (co=plete fixity). There are
five types of joints: an ecuilibrium joint with independent displace-
=ents and rotations; an auxiliarv joint with dependent displace =ents
and rotations; a boundarv joint with at least one degree of fixity;
a spring boundarv joint with at least one degree of elastic constraint;
and a reference joint (which =ay be one of the above) at which bolting
forces and =o=ents are ce=puted or the center of a curved ele =ent is
defined.a

IV.A.1 Thick Straight Beas

The Ele =ent Coordinate Systen in which forces and =c=ents are
co=puted for the straight b&a= ele =ent is illustrated in
Figure IV-1. The 2-axis lies along the centroidal axis of the

g beam fro = the joint at end two to end one. Positive directions
of rotation about the 1, 2, and 3-axis obey the right-hand rule.
The coordinates in the cross-section, x1, x3, are in the direc-

3tion of the 1 and 3 axes (Figure III-3) . The twisting axis
of the beam is parallel to but need nct coincide with the
centroidal axis. Shear deflection 2 is considered in the
derivation of the stiffness and = ass natrices.

I I

A d
< L"CNGTH e

TW! STING AXIS
. . . .

JOINT AT END 1 3I k
-. - _ P.5 22a p -.

Y3 JO!NT AT END 2
k CENTROIDAL AXIS

FIGURE IV-1

ELDiENT COCRDINATE SYSTEt FCR A THICK STRAIGHT 3DJi

.

s e s - e.#er *.o Re.#erer.Ces .n SeC". ion ..d T

l
.



t
-

ENGINEERING STAND ARD l ""' ES H7 A

h kaff 8Y ' / ,/ | ./;/- v
SEISMIC ANALYSIS OF ROTARY VALVE *

ASSDiBLIES FOR NUCLEAR SERVICE MY In 8 "L 77
.tSHALLTOWN. IOWA PAGE 14 0F

AUu, |
_

IV.A.2 Thick Curved Beam

The elenent ccordinate system in which forces and =ocents
are computed for each end of the curved beam elenent is
f.11ustrated in Figure IV-2. The post ive direction of the
1 2xis always is tavards the center of curvature. The
3-axis is tangent to the centroidal axis. The radius of
curvature is the distance from the center of curvature to
the centroidal axis of the curved beam ele =ent. Positive
dire.ctions of rotation about the 1, 2, and 3-axis obey

the right-hand rule. The coordinates in the cross-section,
xt, x2 are in the direction of the 1 and 2 axes (Figure

5III-4). The shift of bending axis from centroidal axis
and shear deflection 2 is censidered in the derivation of
the stiffness and ass natrices.

: CENTER OF CURVATURE

'

JOINT AT END I |

RADIUS
'

\

' 2 3
--

CENTR 010AL JOINT AT END 2
AXIS

FIGURE IV-2

ELDiENT CCORDINATE SYSTDi FOR A THICK CURVED 3EA'!

2, 5 - Refer to References in Section X.

_ . _ _



,

t-

""ENGINEERING STAND ARD
%% ..S 117 A

) liO'' E=0 8Y ,.ff ,, /; / 7-7J
SEISitIC ANALYSIS OF ROTARY VALVE Ap) ~ I l ' 1 * ' 2 ''I Y

,

- ASSEMBLIES FOR NUCLEAR SERVICE
.tSHALLTOWN ICWA PAGE 13 CF

*
l l |

IV.A.3 Element End Releases 9

There are nornally six degrees of freedern considered
(three displacements and three rotations) at each
joint. Any of these degrees of freedom =ay be
specified as constrained or unconstrained, or as having
an elastic connection to the adjacent elements.
Figures IV-3 thru IV-6 describe typical release mech-
anisms. In Figure IV-3 end two of a straight ele =ent
is released for degree of freedom six (roca:icn about
3-axis) representing a pin joint. In Figure IV-4
degree of freedom two (displacement along 2-axis) is
released representing a slide connection. In Figure
IV-5, a ball joint is =edeled by releasing all rota-
tions (degrees of freedos 4, 5, and 6). Figure IV-6
has an elastic connection to adjacent elements at

end two in the axial and transverse directions.

PIN' CON'iECTION SLIDE CONNECTION

Figure IV-3 Figure IV-4

/
2_ @[ () 2 | |

' V##/
t

. . f/ -

/--
,

2- 1 C 2 - I h

i / .

Figure IV-5 Figure IV-6

BALL CONNEC'!ON BI-AXIAL SFRING CCNNEC ION

9 - Refer to References in Section X.
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IV.A.4 Rigid Link ol

A rigid link between any auxiliary joint and any equilibrium
joint can be =cdeled exactly. A kinematic transformation of
the ele =ent's stiffness and = ass catrices is used for this
purpose. Rigid links ensure that the rotation of all joints
so connected are the sa=e and that the displace =ents of all
joints are related through the vector distances frca each
other. The rigid link mechanism may be use.d to accurately
model elements joined of f their centroidal axes, Figure IV-7,
or extre=ely inelastic ce=br.rs of a physical structure as
shcun in Figure IV-8. In f.he latter exa=ple, any two of the
three indicated rigid links =ay be specified.

-i _- _ __q_
--o - -%

RIGID LINK

t' ELDffitTS k'ITH CENTROIDAL AXIS NOT ALIGNED

Figure IV-7

,

-o-. -o-
l--

~.' ~ ~
' N,

' \
/ i STIFF CONFIGUR ATION
(

w,- +

i N \/' ,y
%. |

\s'%
%., ~ s

_I _ \ RIGID LINKS

:

1

ELDIENTS JOINED THRCUGH INELASTIC L SER
FIGURE IV-8

10 - Refer to References in Section X.
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IV.A.5 Lu= ped Inertia Properties

Each elastic element in the =athe=atical =odel has an
associated consistent cass = atrix which accounts for a
uniform distributica of = ass.5 Inertia other than
this =ay be defined for accessories, rigid portions
that were not =cdeled elastically (e.g., Figure IV-3)
and shaft-disc asse=blies. The inertia properties =ay
be specified as lu= ped masses acting at any joint or at
any coordinate frc= any joint. The lumped mass may
act in all or only in sc=e of the system coordinate
directions. For example, a = ass attached to a shaf t
supported by a journal and thrust bearing =ay be spec-
ified to act in the transverse directiens of the j our-
nal and in the axial direction of the thrust bearing. Centroi-
dal principal =c=ents of inertia aligned to the syste=
coordinates =ay be specified at any joi=t.

8IV.A.6 Spring Boundaries'and Constraints

Boundary joints of the =odel =ay be attached to the
external boundary vich either cc=plete er elastic fixity

.. b in any of the six syste= degrees. of freede= (three trans-
lational and three rotaticual). Thus, a hanger =2y be
=odeled by =eans of uniaxial spring, and the piping or
body (assu=ed rigid) =ay be =edeled by specifying ce=plete
fixity.

llIV.A.7 Cross section Properties

The built-in standard cross sections i= SEISMIC 4 as de-
picted in Figures III-2 =ay be used to define the properties
of any straight er curved ele =ent. For special construe:1ons,

the Order Engineer =ay input nenstandard properties as
described in Table III-l and Figures III-3 and Fig-
ures III-4 to fit the =odeling need.

I V. MATECIATICAL ANALYSIS

The SEISMIC 4 co=puter progra= e= ploys the =edeling features as described
in Section IV. A to yield respense to seis=ic excitation and operational leads
and to ec=pute system resonant frequency.

I2
V.A Synthesis of Stiffness, Mass and Load Matrices

- The exact stiffness and consistent = ass =atrices are derived for each
ele =ent (Section IV.A.1 and IV.A.2). A three criunn load = atrix is

5, 8, 11, 12 - Refer to References in Section X.
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determined fro: the = ass matrix for unit gravitational loads in each
of the system directions. Any required release (Section IV.A.3) or
kinematic transformation (Section IV.A.4) is perfor=ed. The resulting
matrices are then transfor=ed f rom their element to the systes co-
ordinates and accumulated forming the system stiffness and mass
matrices and three colu=ns of the systes load matrix. Lumped inertia
properties (Section IV.A.5) are added to the system = ass matrix and
appropriate forces are added to the three unit gravitational load
colu=ns. Operational loads other than deadweight, consisting of
ccncentrated forces and so=ents at any j oint, comprise a fourth col-
umn of the systes load = atrix. Prescribed boundary conditions
(Section IV.A.6) are then i= posed on the system catri '.es, y4 alding:

[K] Systes Stiffness Matrix, sy==etric (usually banded),

[M] System Mass Matrix, sy=setric (usun?Ty banded),

[F] System Load Matrix, co= posed of thme unit gravitational
load colu=ns and one operational lead column.

V.3 Gravitational and Operational Load Solution

The deformatien due to the static unit gravitational and operational
.

| loads derives from the solution of the = atrix equation:

[K] [X] = [F] (V.B-1)

where [K] and [F] vere defined in Section V.A, 2nd [X] is a four col-
u=n defor=ation matrix; the first three are resconses to the unit
graviational loads in each of the systes coordinates and the fourth
the response to the operational loading condici:n not including dead-
weight. Each colu=n of [X] consists of deflections in the system X,
Y, Z directions, rotations about the systes X, Y, Z directions for
each eouilibrium joint. The corresponding def:r-.ations f or auxiliary

,

joints are ec=puted by employment of the kine =.. tic transformations
| (Section IV.A.4) .

-
.

V.C Determination of the Funda= ental Resonant Frequency

A complete seismic analysis of any structural systen includes the
structural analysis for the dynamic loads caused by the vibratory
earthquake =otion of its supports. There are vo general methods of

|
analysis for dynamic loading depending upon the characteristics of

|
the systr . The equivalent static ana.1ysis, which is employed here,

|
1s applicable and conservative for actr tor sy. stems that can be shown

' to have no natural frequencies less than a specified amount. Thus,
the lowest or fundamental frequency must be ec puted.

| -

!
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The fundamental resonant frequency is found by determining the smallest
eigenvalue,1, and corresponding eigenvector (u) from the unda= ped free
vibration equation:13

((K] - 1 (M]) (u} = (C] (V.C-1)

where (K] and (M] are the system stiffness . sad = ass =atrices (Section
V.A), (u) is the eigenvector corresponding to the c=alles eigen-
value 1, and is nor=alized in the SEISMIC 4 computer program so that
the largest displacement or rotation at any equilibrius joint is plus
or minus one, {0} is a null vector.

The funda= ental resonant f requency, f, is then deter =ined by:

f = 6/ (22) (V . C-2)

l4the algoriths used to deter =ine values for 1 is based on an
iteration procedure on equation V.C-1 using as starting values the
unit gravitational deformations (Section V.3) .

<- V.D Calculation of Ele =ent Forces and '!omentsis
i

C| | four colu=n load matrix [7] (Section V.A) are determined from:
The force and mocent response of the ends of the ele =ents due to the

(p] = (k] (S] - [m] [g] (V.D-1)

where (p] is a four colu=n matrix consisting cf the element forces
and =ccents at eac'a end (thus, twelve rows),

*
[k] is the element stiffness matrix,

(m] is the elemenc mass sacrix, both described in
Section IV.A.1 and Section IV.A.2,

[g] is a four column matrix; the first three consist
of unit gravitational loads, the fourth a null
colt =:n, and

[5] is a four colu=n matrix consisting of the defor=ation
response to unit gravitational and operational loads
extracted from the systes solution r2trix (X] (Section

V.B). The extraction of [S] from [X] involves trans-
formation frem systen to ele =ent end coordinates
(Sections IV. A.1 and IV.A.2) and accounting for any kine-

matic transfor=ations (IV.A.4) or releases (IV.A.2).

.

13, 14, 15 - Refer to References in Se.tien X.
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V.E Calculation of Junction Reactions

The resultant reactions [P] due to the four basic loading conditions
(Section V.3) is detersined at all boundary joints and at any speci-

_

fied cut in the model. The ele =ent forces and moments (p] (Section
V.D) for all ele =ents joining at a boundary or on one side of the cut
are e= ployed to determine the junction reaction. The rigid lini,
transfor=ation (Section IV. A.4) is perfor=ed on [p] prior to trans-
formation from the ele =ent coordinates (A.1 and A.2) to the systes
coordinate (Fection III.C) and adding to [P].

VI. DETERMINATION OF SEISMIC AND OPEPATIONAL FORCES AND MOME'.."r5

The resultant ele =ent end [p] (Section V.D) and junction [P] (Section V.E)
' reactions (forces and =c=ents) for each of the unit loading conditions =ay
be superi= posed, because of the linear nature of elastic, small deformation
systems,12 to yield the reactions for any =agnitude and direction of
seis=ic excitation and any actuator orientation with respect to gravitational
and seismic acceleration,

In this seismic analysis computer program, the capability is provided for
g the specification of any vertical gravitational direction with an associated

G-level and two different G-levels for each of the two cutually perpendicular
horizontal directions.

The Order Engineer cay define the vertical gravitational direction by speci-
fying to the SEISMIC 4 co=puter progrs= a clue; either X-UP, Y-UP, Z-UP, or
SKEW (along with the vertically downward vector, (V}). Another clue may be
used to define one horizontal direction, (H1}, (the other hori: ental direc-
tion (H2} is mutually perpendicular).

The corresponding seismic directions and their vector co=ponents with respect
to the system coordinates for typical specifications are shown in Figure VI-1.

The resultant reactions on the element ends or junctions for the operational
load is . supenosition of the fourth colu=n of [p] or [P] with sc=e linear
co=bination of the first three rows corresponding to the acceleration of
gravity in the (V} direction, to account for deadweight.

12 - Refer to References to Section X.
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VII. DrU.h !INATION OF STRESSES

The stress analysis of the actuator-valve asse=bly is carried out for the
locations specified by the engineer. All s:raight and curved bea= ele =ent
ends =ay be selected. All bol:ed joints connecting one section to another
or to the body =ay be selected. The portion of the structure on either side
of a bolted joint is represented by a plane designation. The plane being
defined for the ends of the ele =ents that load the joint (refer to Figure

VII-I for typical locations where stresses are ec=puted) . The numerical
designations refer to subsections in Section VII that follow. A detailed
explanation of the =ethods for deter =ining the stress cc=ponents is presented
in each particular section.

In general, the stresses at these locations are arrived at in the folleving
=anner. "I"ne element end and junction reactions for the seis=ic and oper-
ational loads were calculated as described in Section VI.

Nor=al and shear stress components for each of thesa four independent lead-
ing conditions are ec=puted in accordance with the procedures in the fol-
loving subsecticas. The seis=ic nor=al ard shear stress co=ponents de- :

pending uson specifications are cc=hined in any of three ways: direct,.

/ su=, SRSS;5 (Square Root of :he Su= cf the Squares), or the sus of the
) absolute values. E .ch ce=bined seis=ic nor=al and shear stress ccmpenent

is either added to, or subtracted frc=, the operaticnal stress cc=ponent,
whichever yields the cc bined compenent with the larger cagnitude. Either
the maximu= absolute principal stress, F=ax, or the ext =u= stress intensity,

S=ax,17 is then co=puted (Equations VI!-l threugh 5) i= accordance to
specifications.

(c/2)2 + (1)2 (y11_1)t t =
=ax 3

(c/2) + r_ (VII-2)o =
p
=ax

(c/ 2) - T,., (VII-3)e =
p

S,,, largest of 2 r.a. x, or (ep _ ep313) (VII-4)=

larp,,est of cp er(cp=inl (VII-5)P=ax =
,

16, 17 - Refer to References in Section X.
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where o is the surface fiber stress at a point on beam or the average |
I

axial stress in a bolt,

T is a shear stress at a point on a beam or the average shear
stress in a bolt, ,,

T is the maximum shear stress,
eax

o is the maximu= principal stress,
p

max

is the minimus principal stress, with the third principalop
min stress assumed zero (beam surface point or average through

bole).

Peax or Smax, designated the " total" stress is compared against the appropriate
stress limit in Section VIII of this standard.

VII.A Beam Stress Co=putation

The end force and eccent reactions for each of the four independent-

[ load conditions cceprise each column of (p}, derived in Section V.D
and transfor:ed in Section VI.

p W.
,g

y2(l)

M73

Mg(1)

II)M2

{F} (VII,A_1)3
< 4 =

y3(2)

y2(2)

7 (2)3

g (2)g

M (2)
-

2

M (2)3
' '

where F(j) 1 - 1, 2, 3 and j = 1, 2 are the reaction forces in the
element, i direction for end j of the bea=, and

~. .~. a
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M are the reaction moments.

(p} represents any colu=n of [P] .

In the following subsections, the beam stress-reaction relations are
presented with a sketch of the reacticn sign conventions (Figures

VII-2 and VII-l.).

At both ends cf the beam, at several selected points on the cross-
section, a surface fiber stress, e, and a shear stress, t, is computed.
o and t are then introduced into equations VII-l to 5 for the co=pu-
tation of the " total" stress at each point.

VII.A.1 Straight 3eam Stress

The end reactions as described in Section VII.A are aligned
with the ele =ent coordinates as shown in Figure VII-2.

,

(1) (2)
I II 1 M) M(2)g('

0
i i

e s e e
,

e vn
0)

F(1) F(2) |

-\|r3< S * ~

(2)
F2 3 2

|

M (2)3(I) 0) (2) -

M2 @ M3 M2 *

JOINT AT END 1 JOINT AT END 2

Figure VII-2
.

l

The stress at any point on the cross section, at either;
; end, =ay be determined from the forces , F , F , F , and the1 2 3

| coments, M , M M , (superscrip t (1) or (2) denoting end,t 2 3

|
will be omitted in the following text), the cross-sectional pro-

I,I 1, the bending stressi perties for the end, A, t 2 3

coefficients, C , C , and the torsional shear stress'

t 3

coef ficients, C, as described in Table III-2 and

| Figure III-3.

|
|

Thus, the fiber stressIS is
t

t + C M /I ) (VII . A .1-1)= + (F /A - C M /Ic t 3 32 3 t

15 - Refer to References in Section X.

t
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The shear stress may be written, censervatively, assuming
l acts in the same direction asthat the torsional shear

the transverse co=ponent of shear and the transverse com-
ponent, which is zero on the outer surfaces, is taken as
an average across the section:

(F )2 + (y3)2/A] (VII . A .1-2 )i[|(01/I)|+3I = 2 2 t

In the above equations, the + sign is employed for end one
of the element and the - sign for end 2.

,

I , andFer standard seetions (Figures III-2) A, I,I2i 3

sets of C , C , and C are determined in the SEISliIC 4 com-t 3

puter program from the input parameters described in
Table III-1.ll The coefficients for the stress points
are chosen at extre=e fibers and near points at which
the largest inscribed circle touches the boundary. For
the standard sections, points, indicated by encircled
nu=bers, are shown on Figures VII-3. Note that Ci = x1
and C3 = x3

.-

,# For nonstandard cross-sections C, Ct and C3 are entered
\. directly along with the other section properties (Table

III-2).g

1, 11 - Refer to References in Section X.
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VII.A.2 Curved Beas Stress

The end reactions as described in Section VII.A are
aligned with the element end coordinates as shown in
Figure VII-4

|

p(0 g
M

*3
p'(0

R p(2) M(g)
2JOINT AT END I i

M(0 F(02(i *

3 ,4 .

F(2)\
(' F(2) 3

N 2,
. 4

y? ) . S<23
~ - _ _ . -

"'2 JOINT AT END 2
*

Figure VII-4

The stress at any point on the cross-section, at either
end, =ay be deter =ined from the forces, F F F , and the

1 2 3

moments, Mg, M , M , the cross-section properties for the2 3

t and 1, the bending stress coef ficients, C ,end, A, Z, I 3 1

C , the torsional shear stress coefficient, C, and the2radius to the centroid, R, as described in Table III-3
and Figure III-4.

5 is:The fiber stress

3 + M /R)/A - C KM /[Z(R - C )] + C 3I /I l (VII A 2-1)a = 1 ( (F 2 t 2 1 21 l

The shear stress may be written, using the sa=e conserva-
tive assumptions as in the development of equation VII.A.1-2.

r = 1 ( |(Ot /I ) | +/(F )2 - (F:)2/A] (VII . A. 2- 2 )3 3 t

5- Refer to References in Section X.
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where the + sign is e= ployed for end one of the ele =ent and
the - sign for end 2.

For standard sections (Figures III-2), A. Z, I , I3 and setsI
of C , C2 and C are deter =ined in the SEISMIC 4 co=putert
progras in the same =anner as for the straight standard cross-
sections,II Figures VII-3.

Because of the difference in coordinate systecs, (xt, x2, X3)
for a curved ele =ent corresponds to (xt, -x3, -x2) for a
straight ele =ent (compare Figures IV-1 and IV-2) . Therefore,for
a curved ele =ent C1 = x1 and C2 = x3 in Figures VII-3. For
nonstandard cross sections, C, C1 and C2 are entered directly
with the other section properties (Table III-3).

18VII.B Bolted Joint Stresses

The junction reactions, [P], described in Section V.E and transforced
to yield three independent seis=ic loads and the operational load in-
cluding deadweight as described in Section VI, are the basis for com-
putation of bolt joint loads and stresses. Each of the four independ-

(
ent colu=ns of [P], designated (P), has force and coment components in
the systes coordinate directions X, Y and Z.

'

| 'F
X

F
7

F
{P} =4 ) (VII.B-1)*

M'

X

M
7

M
*

. .

! {P} is transfor=ed to the bolt configuration coordinate syste= de-
(V } and {V }, and then shif tedfined by specified vectors, {V }, 2 3i

to the reference center of the configuration by the specified
coordinates YSH and ZSH, described in Table III.D-4 and Figures
III.D-4 ,

{Vg) is parallel to the bolt axes in the direction toward the ele =ents
l

used to define the junction reactions (Section V.E) .,

The transformed load in the bolt configuration coordinate syste= is

( designated {3}:
1

11, 13 - Refer to References in Section X.

.
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'f 't
f2

'3> (VII .3-2)
*

(B) =4

21

m2

2,3,

.

where fi (i = 1, 2, 3) are the forces acting at the reference center of
the configuration in the Vi direction, and mi are the moments.

f . f 21 will be used to compute two average shear stress co=-2 3
2 and T3, and f , m2, m3 will be used to compute averageponents T t

axial stress, c.

T2 and T3 are shear stress components in the V2 and V3 directions.
These shear components for each independent seis:2ic load and the

f operational load will be coebined in the specified canner (Section VII)., . .

After combination, a single shear stress, T, will be computed,

I which, along with c, will be introduced into equations VII-l to 5
for computation of " total" stress in each bolt:

(T2)2 + (73)2 (VII.3-3)T=
3

Implicit in the cceputation of 2 and T3 is the conservative assump-
tion that the shearing forces are resisted by the bolts and not by
friction between the flanges.

In the following Sections VII.3.1 and 711.3.2, the stresses o and
T for each bolt in the configuration will be cocputed so that there

,

is equilibrium with the load {3} and flange reactions.'

'

1

f

|
|
,

1

1

:

I

|

.- -
, . _ nn .
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VII.B.1 Bolt Circle

The forces and =oments on the bolt circle configuration
consisting of N bolts may be depicted as in Figure VII-5.

I3
A

@ @m3g
B O LT" 2-D

" * #80LT 1-

s V3
4 1

j '

rv = f2a

GENERAL
g DIRECTIONS

h m2
" #BOLT N

a vi

Lfs

N"

e s
TTT1 5' rTT1

> L J W'sNf 3 s's's's' L1 s.
'

= f2 2

r/ " ///P/// // / /
.

Figure VII-5
BOLT CIRCLE

.
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The specified parameters for the bcit circle, N, $o,
D and A are described in Table III-4 and Figure III-5(b).

b

$ , in degrees, for the ich bolt,The ang' alar location, 1
(i = 1, 2, 3, ...N), is:

4 = 360(i - 1)/N + c, (VII . B.1-1)
1

The inplane forces, f f , will be assue:ed to be distri-2 3

buted uniformly to each bolt. In addition, the twisting

moment, et , will be equilibrated by equal tangential shear
forces with components in the (V } and {V } directions.2 3

Thus,

) (f2 - sin $ (2st)/D)/N (VII . B.1-2)V =

J

}V = (f3 + cos $ (2mt)/D)/N (VII . B .1-3)
1

( The average total shear stress cocponents on the ith bolt
- are thus,

h rt = V }/g (VII . B .1-4)

T2 * V }/\ (VII . B .1-5)
,

where D is the bolt circle dia:eter, and

A is the root area of each bolt.
b

f , and bending cocents, s:, m3, will beThe axial force, t
assumed to be in equilibrium with the bolt axial forces,

,

thus, the axial force in the ith bolt is:

} = [ft + (4/D)(m2 sin $ - =3 cos $ )]/N (VII . B.1-6)A

It can be shown that for at least three evenly spaced
bolts (i.e., N = 3),

}=f (VII . B .1- 7)A t
i=1
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}A ( sin & ) = m2 (VII 3 1-8)
i=1

}A ( cos 4 ) = m3 (VII . B .1-9 )
i=1

The average axial stress for the ith bolt is, thus,

}/A (VII . B .1-10)c=A
b

For the operational loading condition a gasket force,
F , c:ay be specified which adds to the axial force. Ihis

S
total, if positive, is used to compute the axial stress
for each bolt under operatipnal conditions; if negative,
it is assumed that the f]a ges react in compression and
c for those bolts with Ali + F /N < 0 is assu=ed zero,g

=A + (F /N)/A (VII . B .1-ll)
operational g b

( )
VII.B.2 Bolted Joint Leg Configuration

A cocmenly used bolted connection between components in
an actuator-valve assembly is designated a Leg Configur-
ation with a single line of N evenly spaced bolts on a
rectangular, nearly inelastic pad. Figure VII-6 depicts
a typical configuration with the forces and moments acting.

The specified para =eters for this configuration, N, 5, ZB,
ZT, YO, YE and Ab are described in Table III-4 and Fig-
ure III-5(c).

The distance, V, from the reference center to the ich bolt
(i = 1, 2, . . .N) in the V3 direction is:

vh) S (N + 1 - 1 - 21) / (2 (N - 1)) (VII . B . 2-1)=

The inplane forces, f , f , are assumed to be distributed2 3

uniformly to each bolt. In addition, the twisting rc=ent,
mt, is assu=ed to be distributed as shear forces, Vki) , in
the V directicn on each bolt, which are proportional to
Vji).2

II) = mi (N+1-21)g (VII . B . 2-2 )V

U>
n

|
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with,

C = 6/(S N (N + 1)) (VII . B . 2-3)3

It can be shown that these shear forces do indeed 2quili-
brate with the tvisting =ccent..

V(I) V(1) = mi (VII.B.2-4)
i=1

Thus, the shear forces on the ith bolt in the V2 and V3
directions are:

II) = i /N - V (VII.B.2-5)II)V
f2 3

)= f /N (VII.B.2-6)V 3

and the average total shear stress ce=ponents on the ich
'

bolt is:

g. :2 = V }/ (VII.B.2-7)

T3 = V )/g (VII . B. 2-S)

where g is the root area of each bolt.
\The axial force, f , and bending =o=ent, =3, is assu=ed *

1

to be reacted by a total load, f ', for all the bolts andt
a contact reaction at either the inside or outside pivot
edges (Figure VII-6) . Both possible pivot s iges are
postulated; the one that yields tension for the bolt load
and the smallest compressian through the pivot reaction is
selected.

|

For contact on inside edge

f'=f1 + m3/YE (VII.B.2-8)1

For contact on outside edge

i f' =f1 - m3/Y0 (VII.B.2-9)1

l
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For no contact uhich implies m3 = 0

f'=fi (VII .B. 2-10)i

For the condition that neither postulated contact edge
yields bolt tension

f'=0 (VII . B . 2-ll)1

f ' and m: will be assu=ed to be reacted by indivi-" ext, 1dual axial loads in each bolt, A(i), and a pivot reaction
about either the top or bottes edges (Figure VII-6) de-
pendinr. upon the sense of 32-

If e2 = 0

A(i} = f '/N (VII.B.2-12)1

If m2 < 0 (Pivot about top edge)

A =[f' (S/2 + Z3) + m2][S(N - 1)/(N-1) + ZB]/C ( * * ~1 }t B
!

=,

where
- 2

+( 2+ZBb W . B . 2-lOC *
3 2 1)

If m2 > 0 (Pivot about bottom edge)

= [f '(S/2 + ZT) - m2][S(i - 1)/(N - 1) + ZT]/C (VII.B.2-15)A t T

where
2

= N [8 [ ) + (S / 2 + ZT) ] (VII . B. 2- 16 )C
7

for which f , m2 33, may reverseFor the seismic loads, t

all together in sign, equations VII.B.2-8 through 2-16g
are re.cvaluated yielding another set of axial loads, A k
for each bolt; the largest value for each bolt is retained
and then the a arage axial bolt stress is taken as:

o=A /A (VII.B.2-17)
b

i VII.B.3 Bolted Joint Pad Configuratien

The bolted connecticn between components in an actuator-
valve assenbly that consists of a nearly inelastic rec-

I
,

I

_
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tangular pad with two parallel lines, each with N evenly
spaced, bolts, is designated a pad configuration. Fig-

ure VII-7 depicts such a configuration with forces and-

moments acting.

The specified parameters for this configuration, N, S,
ZB, ZT, YO, YE and Ab are described in Table III-4 and
Figure III-5(d).

t may be written in terms of
the coordinates, V igeh g)
The location of th

,V , in the plane parallel to
(V ), {V }, respectively.vectots, 2 3

For 1111 N

Vfi) = YO/2 (VII . B . 3-1)

V(i) = S(N + 1 - 21)/(2(N - 1)) (VII . B . 3-2)

For N + 1 1 1 1 2Ng

1)
V2 = -Yo/2 (VII . B . 3-3)

Vfi) = S(3N + 1 - 21)/(2(N-1)) (VII . B . 3-4)

and the distance is:

(Vfi))2+(y{i))2 (VII . B . 3-5)d =,g

f . f , are assu=ed to be distributedThe inplane forces, 2 3

unifornly on each of the 2N bolts. In addition, the twist-

ing monent, et, is assumed to be distributed as tangentially
actingshearforces,V[1) , proportional to the distance, d ,i
from the reference center of the bolt pattern.

V(i) = mi d /(2N C ) (VII . B. 3-6)t 3

-
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where:

= 1/ [ (YO/ 2) 2 + 3 (N + 1) / (12 (N - 1))) (VII . B .'3-7)2C3

It can be shown that these shear forces do equilibrate
with the twisting moment:

2N
I V(1) d (VII . B . 3-8)= mg

i=1*

Taking the co=ponents of VfI) 6 @ V2adV3 dWhs
and adding to the shear developed by f2 and f3 yields the two
shear force components on each of the i bolts.

II) st)/(2N) (VII . B . 3-9))= (f2-C VV 3

(f3+C Vfi) st)/(2N) (VII.B.3-10)V =
3

and the average total shear stress co=ponents on the
,.

f ich bolt are:

i} /\ (VII . B . 3-11)T2 *V

=VfI)/A (VII . B. 3-12)T3 *3 b

where g is the root area of each bolt.
The axial force, f , and the bending =ccent, m3, ist

of bolts (1 to N)h)th)y tetal Icads cc the inside row
assu-ed to be reacted ', the outside rev of bolts!

,

(N + 1 to 2N), f , and either a reaccion on the inside'

or outside pivot edges (Figure VII-7).
t

| Various pivoting =echanisms may be postulated. For ft

|
> 0 and m3 = 0, no pivoting about the V3 axis occurs.

= ff = f /2 (VII.B.3-13)f t

i For m3 > 0, pivoting is on the inside edge
j
.

ff}=YET (VII .B . 3-14)
7

fi = (YE + YO) T (VII.B.3-15)
7

|
!

_
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where:

= f (f /2)(Yo + 2 YE) + ,31/[(YE)2 + (YE + YO)2) (VII.B.3-16). T t7

For m3 < 0, pivoting is on the outside edge:

f fI} = (YE + YO) T ( **~
O

ff}=YETO

where:

= [(f /2)(YO + 2 YE) - m3]/[(YE)2 (yg + 70)2) (VII . B. 3-18 )T iO

For ft < o and m3 = 0, then ft is assumed reacted entirely
by the two contact edges:

Ff = f f = 0 (VII.B.3-19)

f f } and f f } are assumed to uniformly lead in the axial
direction each bolt in the res;:setive = vs, thus,

I(i) = f(I)/N 1 < i < N

= fg(o)/N N + 1 < 1 < 25 (VII.B.3-20)_

Next, an additional lead, I(i) , on each bole caused by m2
is computed based on the assumption of civoting about
either the top or bottom edge (Figure V!!-7) depending upon

che sense of m2-

If m2 = 0

III)= III * N) = 0 1<i<N (VII.3.3-21)

If m2 > 0 (Pivot about bottom edge)

I I + N) = (n2/2)[(S(N - 1)/(N - 1) + ZB]/c 1<1<N W .B.3-20I(I) = I
3

where:

M (S/2 + Z3 9 + S2 0 + Um2m - W: WMMC =
3

CI I
<

_
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If =2 < 0 (Pivot about top edge) -

A(i) = I(i * N} + (=2/2)[S(i - 1)/(N - 1) + ZT]/C (VII.B.3-24)T

where:

2
"T = N((S/2 + ZT)2 + 3 (N + 1)/(12(N - 1))] (VII.B.3-25)

The total axial load on the ich bolt is then:

A(1) = X(1) + 1(1) for 1 1 1 1 2N (VII.B.3-26)

For seis=ic loads for uhich f , 32, =3, =ay reverse allt
together in sign, equations VII.3.3-13 through 3-26 are
reevaluated yielding another set of axial loads A(i), for
each bolt; the largest value for each bolt is retained,
then the average bolt stress cay be taken as:

e = A(i)/A (VII.B.3-27)3

! -

VIII. ACCEPTANCE CRITERIA

If the purchaser's design specification does not include acceptance criteria
or if the acceptance criteria are inco plete, this sention will be used to
deter =ine the acceptability of the equipment.

VIII.A. Pressure Retaining Structures

~

Table VIII.A.-l

|
| Valve Section Stress

L1=its ' 2 ' 3 ' a , C ,6lClassification Analyzed

Bonnet (e or L) + ob 1 1 35n

es 1 0.6S

a 1 25Active Bolting c

|

|
,

Bonnet (e or ct) + ob <_ Sy2

| es 1 0.6Sy
|

| Non-active Bolting ca1 2S |
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VIII.A. Pressure Retaining Structures (continued)

Notes to Table VIII.A.-l

1. The symbols are defined as follows:

cm - general membrane stress. This stress is equal to the average stress
across the solid section under consideration, excludes discontinuities
and concentrations and is produced only by mechanical loads.

et - local me=brane stress. This stress is the sa=e as em except that
it includes the ef f ect of discor cinuities.

eb - bending stress. This stress is equal to the linear varying portion
of the stress across the solid section under consideration, excludes
discontinuities and concentrations, and is produced only by =echanical
loads,

es - shear stress. This stress is the average primary shear stress
across a section loaded in pure shear.

[ Sy - yield strength.

S - stress intensity for Class 1 valves or the allovable stress for Class
2 and 3 valves taken from Appendix 1 to Section III."

2. The stress limit for cast iron, ASTM 'B Class 30, is 15000 psi for all-

cases.-

3. For the purposes of selecting the appropriate =aterial properties and
stress limits the actuator yoke, the yoke locknut or actuator-to-bonnet
bolting shall be assumed to be at a=bient te=perature while the bonnet
and the bonnet-to-body bolting shall be assumed to be at the service
te=perature.

4. The value for S for =aterials not listed in Appendix I to Section III
shall be deter =ined in the following =anner:

For Class 1 valves the lesser of:

1/3 of the mini =um specified tensile strength
or

| 2/3 of the mini =um specified yield strength.

For Class 2 and 3 valves the lesser of:

1/4 of the mini =um specified tensile strength
or

5/8 of the minimum specified yield strength.

These values shall be selected for the appropriate te=perature as
specified in note 4

[

|

. . ~ .
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5. A casting quality factor of 1.0 9411 be assumed in satisfying these
li=;;.s for Class 2 and 3 valves.

.

t

6. Fe. bolted joints the bolt prestress is assumed to be equal to 2S.
The bolt will not be considered overstressed until the bolt stress
exceeds the bolt prestress.

VIII.B. Non-pressure Retaining Structures

For non-pressure retaining structures the stress 11=1: will not exceed
90% of the specified mini =u= yield strength of the =aterial.

IX. REVISION TO THIS SIA'!DARD

Revisions to this standard nust be aomroved by the Director of Engineer-
ing Services or the Vice President of Engineer 1nz and Research.

!-
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MAT. OE SCR I P T I U'4 YOUNG'S POISSON'S MASS ALLOWABLE
,!No. M00/10(6) sATIO DENS /10t-4) STRESS /10(3)

'

1 STEEL 30.000 0.263 7 . 2 <+ 0 27.000
d e0LTING 30.000 0.263 7.240 82.dOO
3 ADAPTE- 15.000 0.300 6.750 15.000

.

0

0

M
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CC N0 dA09s
') 51045

xj

VALVE SI7E 2$ VALVE TYPE 9220

ACTUATOR LIMIT 0duut SM6-000-2/H18C

CUSTOMEk OkOFR N0 161104 ,

CUST0*ER TAG NO IV0040
Iv0041
Iv0016
2v0040

CERTIFIED OkawlNG NU G254450
G269189

CROSE SECTION Osa ING NO F429279

mRACKET ORAw!NG NU G34252A

DATE OF THIS REPORT / JUNE 5, 1978 OA

C0N TR0L INPUT 0A TA

) MANUAL INPUT GENtRATION FCP VALVE ANALYSIS

SEISMIC STRESSES ARE SUPERIMPOSED BY SOUARE ROOT OF SUM OF SQUAGES

STRESS ALLO *neLES Awt COMPARED TO MAXI *UM PWINCIPAL ST"ESS

MASS, STIFFN: SS, LOAD AND STWESS MATRICES ARE NOT PRINTED

STATIC SEISMIC ANALYSIS TO BE PERFORMED

OPERATIONAL LOAD ANALYSIS TO BE PERF04*ED

OYNAMIC MOOst ANALYSIS TO BE PEHFORMED *ITH EVALUATION
,
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EL. CMOSS-SELTIUN
k ) M1 DESCwlPTInN PARAMETEH9

*

1 TURE A = 4.e75 . T= 1.0o0 .

? HECTANGULA~ A = 9.000 , T = .5600 .

. T= 4670 . 6 = 2.530 ~.3 CHANNEL A = 8.000
Al= .3200 ,T1= .3900 .

4 WECTANGULA~ A = 9.000 T = .5600 ..

5 *ECTANGULA~ A = 9.000 . T= .5600 .

T= 4o70 . 6= 2.530 . a6 CHANNEL A = 6.000 ,

Al= .3200 ,Tl= .3900 .

7 HECTANGULAd A = 4.000 . T= .3750 .

T= 4870 . e= 2.530e CHANNEL 4 = 8.000 ..

Gl= .3200Il= .3900 . .

9 RECTANGutad A = 9.000 . T = .5e00 .

10 RECTANGULAd A = 1.080 T= .3750 ..

T = .3750 .11 RECTANGULa* A = 1: 080 .

T= .375012 RECTANGULA4 A = 4.000 ..

T= 467013 CMANNEL A = e.000 . B = 2.530 ..

T 1' = .3900 Al= .3200 ..

14 kECTANGutaa A = 9.000 , T= .5600 .

15 AECiaNGULs4 a = 7.000 . T = .6250 .

16 RECTANGULa4 a= 7.000 . T= .6250 .

17 kECTANGutad A = 7.000 . T= .6250 .

C9



C C'Cu 75-4e ITEM 2, w e 9 PAGE 3 +

_
JOINT C00kDINATE uaT4 .

i ') JO I N T x y Zs
'' u J no,

.

1 14.250000 12.312000 -3.190000
2 v.695000 0.200000 -1.200000
3 5.940000 3.565000 0.0
* 5.940000 -3.565000 0.0
5 3 910000 -3.565000 0.0
6 3.910000 -1 960000 0.0
7 0.0 -3.565000 0.0
e 00 -4.750000 0.0
9 3.910000 1.960000 0.0

lu 3.910000 3.565000 0.0
11 0.0 3.565000 0.0
12 v.0 4.750000 0.0
13 13.565000 8.440000 -3.500000
14 13.565000 3.500000 -3.500000
15 3.910000 1 960000. -1 460000 '

16 3.910000 1 960000 1.4e0000
17 3.910000 -1.960000 -1 460000
18 3.910000 -1.960000 1.4e0000
19 13.5e5000 3.500000 0.0
20 13.5e5000 0.200000 0.0
21 9.565000 8.440000 -3.500000
22 9.565000 5.440000 -3.500000.-

23 5.940000 4.625000 0.0
5.940000 -4.625000 0.0g 24

<
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|
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B0VN Oa*Y. ,5PR ING & B0L T J0 IN T. OA T A

( NJOINT TYPE-MAT PLANT-OIAECTION SPRING $ BOLT JOINT PARANETERS
%) NO. / FIXITY GM Ut.SCRIPTION

.

e 111111 e00Y
12 111111 cODY
12 LEG 2 A +A +Y H.T= 2 10 .0/A= 0.7500. YE: 1 1250'

YO= 9.5000.YSM= 0.0 , S: 2.7500
ZT= 1 6250. Z8= 1.6250,2SM= 0.0

8 LEG 2 e +X -Y N.T= 2 10 0/,A= 0.7S00. Yt= 1.1250
YO= 9.5000.YSn= 0.0 , S= 2.7500
ZT= 1.6250. 26= 1.6250,ZSn= 0.0

23 PAD 2 C -A +Y h.T= 2 11 .0/A= 0.6250. Yi= 0.6900
YO= 9 2500.YSM= 0.0 , S= 3.6000
ZT= 1.4000, Ze= 1.4000,ZSM= 0.0

C0N CEN TaA TED M A SS 0A T A

JOINT LUMPED FOR SHIFT DISTANCE OR u0 MENT OF INERTIA
NO. MASS Olk. X Y Z

l 0.2e4679 XYZ 0.0 0.0 0.0
2 0.323499 xYZ 0.0 0.0 0.0
6 0.64699A X 0.0 0.0 0.0
9 0.64699A A 0.0 0.0 0.0

,-

( )C u N CEN Td aTEO L0AO DA T A

FORCES. . MOMENTS.JOINT - . . . . . . . . . . . . .

NO. X Y Z X Y Z

2 0.0 0.0 0.0 12750.0 0.0 0.0

.

@
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CO 75-*6 ITEM 2. Go 9 P AC.E 5 + CC'

.

EL EM EN T IN s t1 T 0A TA .

)EL. JOINTS LtNGT- cNGLE AdFA MOMtNTS OF INEWTIA MATELIAL
^ d No. /waDrus I-11 1-22 I-33 UESCPIPTION

1 21 22 3.000 12.704J 24.8969 49.7939 24.8969 ADAPTEx
2 23 3 1 060 5.0400 0.1317 0.5062 34.0200 STEEL
3 3 10 2 030 5.4695 43.6702 0.3899 2.4406 STEEL
4 3 4 7.130 5.0400 0.1317 0.5062 34.0200 STEEL
5 4 24 1.060 5.0400 0.1317 0.5062 34.0200 STEEL
6 4 5 2.030 5.4805 43.e702 0.3699 2.4406 STEEL
7 5 6 1 6n5 1 5000 0.017e 0.0662 2.0000 STEEL

^

6 5 7 3.91u S.4895 43.8702 0.3899 2.4406 STEEL
9 8 7 1.185 5.0400 0.1317 0.506? 34.0200 STEEL

10 15 17 3.920 0.4050 0.0047 0.0148 0.0394 dTEEL
11 16 lb 3.92u 0.4050 0.0047 0.Ol*e 0.0394 STEEL
12 10 9 1.6n5 1.5000 0.0176 0.0662 2.0000 STEEL
13 10 11 3.910 5.4895 43.8702 0.3690 2.4406 STEEL
la 12 11 1.185 5.0400 0.1317 0.5062 34.0200 STEEL
15 21 13 4.000 4.3750 0.142: 0.5376 17.e646 STEEL
16 13 14 4.940 4.3750 0.1424 0.5376 17.8e46 STEEL
17 19 20 3.3n0 4.3750 0.1424 0.5376 17.6666 STEEL

23 2 RIGID LINK
24 2 HIGIO LINK
15 9 RIGID LINK
le 9 RIGID LINK
17 6 RIGID LINK
le 6 RIGIO LINK

- 22 2 HIGIO LINK
21 1 HIGIO LINK
19 14 RIGID LINK
20 2 RIGID LINK

.

e
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CCCu 75-we ITEw to he 9 PAGE e o

STA T IC aN A L y S IS ,

OEFOk*ATION 4ESWONSt TU 1G GRAVITATIONAL LOAD IN VALVE SYSTES * DIA.

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. A Y Z A Y Z

l 0.000524 -0 000072 0.001035 -0.000000 -0.000109 -0.000012
2 0.000179 -0.000039 0.000755 -0.000000 -0.000110 -0.00000e
3 0.000059 -0.~ u t - 111 0.000343 -0.000000 -0.00005o -0.000006 -

4 0.000020 -0.00 il 0.000346 -0.000000 -0.000059 -0.000067
5 0.000020 -0.u000.1 0.000225 -0.000000 -0.00005e -0.00000e
6 0.000566 - u . 0 0 0 0 0 :- 0.000225 -0.000000 -0.00005e -0.000413
7 0.000019 0.000001 -0.000000 -0.000000 -0.000057 -0.00000m
e 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0005e7 -0.000001 0.000225 -0.000000 -0.00005e 0.000424

lu 0.000054 -0.000000 0.000225 -0.000000 -0.000056 0.000002
11 0.000040 -0.000001 -0.000000 0.000000 -0.000057 0.000009
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.000511 -0.000070 0.001179 -0.000000 -0.000109 -0.000006
14 0.000472 -0.000069 0.001180 -0.000000 -0.00011d -0.000010
15 0.000e71 -0.000001 0.000225 -0.000000 -0.000056 0.000424
16 0.000502 -0.000000 0.000225 -0.000000 -0.00005e 0.00042*
17 0.000e50 -0.000003 0.000225 -0.000000 -0.00005e -0.000433
le 0.000461 -0.000003 0.000225 -0.000000 -0.00005e -0.000433
19 0.000079 -0.000069 0.00llen -0.000000 -0.000112 -0.000010
20 0.00004A -0.0000e9 0.001180 -0.000000 -0.000110 -0.00000e
21 0.000510 -0.000039 0.000741 -0.000000 -0.000109 -0.000012
22 0.000470 -0.000039 0.000741 -0.000000 -0.000110 -0.00000e
23 0.000070 -0.000011 0.000343 -0.000000 -0.030110 -0.00000e
24 0.000009 -0.000011 0.000344 -0.000000 -0.000110 -0.00000e

.
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Cu 75-4o ITEv 24 9 PAGE 7 o CC

,

OEF04MATION MES3045L TO 1G Guav1TATIONAL LOAD IN VALVE.5YST6M Y Old.

JOINT .udFLECrlON 40TATION. . . . . . . . . . .

NO. A Y Z A Y Z

l -0.00011' O.000887 0.001219 0.000099 -0.000000 0.000011
2 -0.000007 0.000660 0.000010 0.000049 0.000000 0.00000e
3 0.000015 0.000509 0.000352 0.000099 -0.000039 0.000074
4 -0.000015 0.000309 -0.000352 0.000099 0.000040 0.000074
5 -0.000010 0.000336 -0.000233 0.000065 0.0000w0 0.000081
6 -0.000070 0.000336 -0.000128 0.000065 0.000022 0.000003
7 -0.000026 0.000001 -0.000002 -0.000000 0.000040 0.000074
e 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000079 0.u0033e 0.00012A 0.000065 -0.000021 0.000003

10 0.000014 0.000338 0.000232 0.000065 -0.000040 0.0000S1
11 0.00002' O.uo0001 0.000002 -0.000000 -0.000040 0.000074
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.000079 0.000922 0.000836 0.000049 -0.000000 0.000007
14 -0.000033 0.00092P 0.000346 0.000099 0.000001 0.000009
15 0.000110 0.000433 0.000128 0.000065 -0.000021 0.000003
le 0.000040 0.0002*3 0.000128 0.000065 -0.000021 0.000003
17 -0.000110 0.000*33 -0.000128 0.000065 0.000022 0.000003
16 -0.00004A 0.000243 -0.000128 0.000065 0.0000?2 0.000003
19 -0.000031 0.000574 0.000346 0.000049 0.000001 0.000009
20 -0.000002 0.000574 0.000019 0.000099 0.000000 0.00000e
21 -0.000075 0.u00de9 0.000836 0.000099 -0.000000 0.000011
22 -0.000046 0.000167 0.000539 0.000049 0.000000 0.00000e
23 -0.000030 0.000510 0.00045a 0.0000G9 0.000000 0.00000e
24 0.00003Q 0.000510 -0.000458 0.000099 0.000000 0.00000o

f



Cu 73--o ITEM Po so 4 * AGE a o CC,

p

OEF0avaTION HESs0Nat TO 1G GwAVITATIONAL LOAO IN VALVE.5YSTEM Z 014

4 JOINT
.UEFLECTIOr4 POTATION. . . . . . . . . . .

NG. X Y Z X Y Z

1 0.001335 0.000n42 0.007747 0.000269 -0.000421 0.000000
2 0.000502 0.000317 0.003432 0.000265 -0.000419 -0.000000

'

3 -0.000000 -0.u00000 0.002748 0.000265 -0.00040e -0.00000u
4 0.000000 -0.000000 0.000669 0.000264 -0.000197 -0.000000
5 0.000000 -0.000000 0.000568 0.000174 -0.000195 -0.000000
e 0.000000 -0.000000 0.000647 0.000174 -0.000244 -0.000006
7 0.000000 -0.000000 -0.000002 0.000000 -0.000192 -0.000000
6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000000 -0.000000 0.001530 0.000174 -0.000359 0.000000

10 -0.000000 -0.000000 0.001610 0.000174 -0.00040e -0.000000
11 -0.000000 -0.000000 0.000004 -0.000000 -0.000404 -0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0 j

13 0.001465 0.000930 0.007255 0.000267 -0.000420 0.000001 f-

14 0.00146A 0.000930 0.005935 0.000266 -0.000420 0.000000
15 0.000524 0.000254 0.001530 0.000174 -0.000359 0.000000
16 -0.000524 -0.u00255 0.001530 0.000174 -0.000359 0.000000 i

h17 0.000357 0.00025* 0.000847 0.000174 -0.000244 -0.000000
~

16 -0.000356 -0.000254 0.000847 0.000174 -0.000244 -0.000000
19 -0.000000 -0.000000 0.005935 0.000266 -0.000420 0.000000
20 -0.000000 -0.000000 0.005057 0.000265 -0.000419 -0.000000
21 0.001465 0.0009d6 0.005577 0.000269 -0.000421 0.000000
22 0.001465 0.000926 0.004768 0.000265 -0.000419 -0.000000
23 -0.000000 -0.000000 0.003035 0.000265 -0.000419 -0.000000
24 -0.000000 -0.000000 0.000588 0.000265 -0.000419 -0.000000

%

i
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t

OLF0wwATION *tSs0'4Si TO opt *ATIONAL LOAOS (NOT INCLUDING.OtAOrEIGmT)

JOINT .UEFLECTION P0TATION. . . . . . . . . . .

; NO. A Y Z A Y Z .

1 -0.000003 0.u01021 0.027099 0.002202 0.000001 -0.000000
2 -0.000001 0.002539 0.000432 0.002202 0.000001 -0.000000
3 -0.000000 -0.000003 0.007614 0.002dO2 -0.000976 -0.000000
4 0.000000 -0.000003 -0.007822 0.002202 0.000679 -0.000000
5 0.000000 -0.000002 -0.005170 0.001*49 0.000e86 -0.000000
6 0.000000 -0.000002 -0.002644 0.001449 0.00047e -0.000000

| 7 0.000000 -0.u00000 -0.000046 -0.000002 0.0009e4 -0.000000
6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000000 -0.000002 0.002e38 0.001449 -0.000477 -0.000000

'
10 -0.000000 -0.000002 0.005164 0.001449 -0.0008SS -0.000000
11 -0.000000 -0.000000 0.0000e6 -0.000002 -0.0006-3 -0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.000004 0.007704 0.013571 0.002202 0.000001 -0.000000
14 -0.000004 0.007704 0.007694 0.002202 0.000001 -0.000000
15 0.000e95 0.uo2114 0.002e38 0.001449 -0.000677 -0.000000
16 -0.000e96 -0.002118 0.002838 0.001449 -0.000477 -0.000000
17 -0.000697 0.002114 -0.002844 0.001449 0.00047e -0.000000
16 0.000e96 -0.002118 -0.002644 0.001449 0.00047e -0.000000
19 0.000000 -0.000003 0.007694 0.002202 0.000001 -0.000000
20 0.000000 -0.000003 0.000427 0.002202 0.000001 -0.000000
21 -0.000004 0.007704 0.016576 0.002202 0.000001 -0.000000
22 -0.000004 0.007704 0.011970 0.002202 0.000001 -0.000000
23 0.000000 -0.000003 0.010180 0.002202 0.000001 -0.000000

, _ 24 -0.000000 -0.000003 -C.010168 0.002202 0.000001 -0.000000

_ -
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ChCD 75--e ITEu 2e ao 9 PAGE 10 o

0Y N A M IC A 4 aL Y S I$ ,
,

NE50NANT FREQUENCY = 3d.5 NFwTZ IIN Z-DIwECTION 04 Y-AOTATION)

* * N0wMALIZE0 EIGENVECTOP ***** *

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. A Y Z X Y Z

1 0 150921 0 136*95 1.000000 0.041556 -0.0471e4 -0.000049
2 0.056e16 0.055550 0.376930 0.040690 -0.046e97 -0.000043
3 0.000e19 0.006e26 0.340005 0.0 0902 -0.04894* 0.00064e
* -0.000362 0.006e30 0.049644 0.Ou0e68 -0.016359 0.000911
5 -0.00040A u.004-79 0.032037 0.026973 -0.Oleone 0.00103o
6 -0.001137 0.004-e7 0.075262 0.02e933 -0.0236ed -0.00003e
7 -0.000461 0 000016 -0.000504 -0.000003 -0.015733 0.001000
e 0.0 0.u 0.0 0.0 0.0 0.0
9 0.001531 0.004e26 0.180768 0.026937 -0.041413 -0.00002*

10 0.000795 0.u04535 0.224600 0.026941 -0.048979 0.001070
11 0.000750 0.000014 0.001194 -0.000054 -0.04e537 0.001075
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.le5164 0 150145 0.900570 0.0*1210 -0.047120 0.00019e
14 0.165505 0.150150 0.e96e19 0.061046 -0.0e7129 -0.00004e
15 0.06199* 0.043eS4 0 160768 0.026937 -0.0*1413 -0.000024
le -0.058932 -0.034502 0 1d0768 0.026937 -0.041413 -0.00002*
17 0.033438 0.043e09 0.0752e2 0.026933 -0.0236e2 -0.00003e

I le -0.035713 -0.03ed34 0.075262 0.026933 -0.023652 -0.00003e
19 0.000552 0.voe314 0.696619 0.041046 -0.047129 -0.00004e
20 0.000340 0.006315 0.560e90 0.0 0e90 -0.04ee97 -0.00n043
21 0.165165 0.149644 0.712400 0.041598 -0.047154 -0.000099
22 0 164704 0.144e01 0.587565 0.040690 -0.046697 -0.000043
23 0.000530 0.00ee42 0.3e*238 0.040e90 -0.046897 -0.000043
24 0.000133 0.006642 0.006007 0.040640 -0.0 6sc7 -n.000043

STA T IC 9E I54 1C A N A LY $I$

THE VALVE AXIS IS PuSITIONED Y-UP

ACCELERATION or Ghav!TY, G= 39e.400

OIWECTION OF No. COMPONENTS OF UNIT ACCELEPATION
SEISMIC OF IN VALVE C00-DINATE cYSTEM

ACCELEnATION G'5 x-COMP. Y-COMP. Z-COMP.

FORIZONT AL (l) 5.000 0.0 0.0 -1.0000
H0HIZONTAL(2) 5.000 1.0000 0.0 0.0
VE4TICAL e.000 0.0 -1 0000 0.0

.

_



___ ______

CU 75-%e ITEM 2. we 9 PAGE 11 * CE,

HEAC710N *ESPONSE Tu STATIC SEISMIC LOAD IN HOW12(1) DIw(CTION

tLT. JNT. . ELEMENT F0HCES. ELEMENT MO4ENTS. . . .

Nu. NO. FL F2 F3 ul 42 w3

1 21 2. -7. -423. -2111. 916. -22.
22 -2. 7. 473. 3454 -916. 27.

2 23 -15*2. 2. -0. -1. 290. -1447.
3 1530. -2. O. 1. -290. -192.

3 3 0. -0. 1789. -591. 840. 2.

10 -0. O. -lo04 -3057. -e40. -1.
4 3 239. O. -0. 1. 676. 1026.

| 4 -le9. -0. O. 1. -876. 498.
5 4 -239 -2. 1. 1. -61e4 -10al.

24 247. 2. -1. -1. 6164 H23.
6 4 -0. 1. 429. -706n. -Se2. -1.

5 0. -1. -413. 6206. 582. 1.
7 5 6 O. -0. O. 118. 2e.

e -3. -0. O. -0. -118. -20.
8 5 -1. 1. 407. -6324 -6ub. -1.

7 1. -1. -377. 4790. 606. -1.
9 6 -369. 1. -1. -0. 47e9 166.

7 377. -1. 1. 1. -4769. -608.
10 15 1. -6. 23. -45. 25. 1.

17 1. 6. -23. -45. -25. -1.
11 16 1. 6. -23. 45. 25. 1.

le 1. -6. 23. 45. -25. -1.
12 10 5. O. -0. O. 118. 24

9 -2. -0. O. -0. -116. -16.
13 10 1. -0 1811. 2947. 666. 1.

11 -1. O. -1841. -10087. -e66. 1.
14 12 1850. -1. -0. -1. -10069. 3053.

11 -leul. 1. O. 1 10069 -e6e.
15 21 -126. 1. -7. 21. 16. -55e.

13 lel. -1. 7. 8. -18. s.

16 13 -149 7. 1. -8. 4 15.
14 179. -7. -1. 3. -4 -825.

17 19 -loo. 8. 1. -3. 8. sna.
20 200. -A. -1. -1. -8. -1430.

TYPE JNT. 90'INDAWY OG JUNCTION REACTION. . . . . . . . . .

NO. Fx FY FZ dx '4 Y uZ
.

500Y d -1. -1. -369. 166. -4789 -U.
BODY 12 0. -1. 1850. -3053. -10069. -1.
A *X.Y 12 0. -1. 1841. -3048. -10067. -1.
B +X-Y e -1. -1. -377. 161. -4790. -U.
C -X+Y 23 1. 1. -1360. -1357. 6470. 2.

,

.
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CO 75-ee ITEM 24 9 AGE ]2 CC3e

PEACTION WESPONSE Tv ST A T IC SE ISMIC t.0 A0 IN Huw!Z(2) DI-(CTION

f ELT. JNT. . ELEMENT FCRCES. ELEMENT MOMENTS. . . .

(] NO._ NO. F1 F2 F3 al w2 M3

1 21 592. 14 4 -1. 1J8. -P056.
22 -ow2. -19. . -10. -138. 3907.

2 23 -1. -277. -1578. 793. -1431. -1.
3 1. 277. 158e. e84 1431. -0.

3 3 -3e0. 1614 1. -1431. 1. 846.
10 360. -163n. -1. 1429. -1. -157e.

4 3 n. 62. 26. -36. O. O.
4 -0 -82. 22. 14 -0 -0.

S 4 1. -277. -271. 158. 1430. -0.
24 -1. 277. 279. 134 -1430. 1.

e 4 -3e0. -249. -0. 1430. -1. -173.
5 3eo. 234 u. -1429., 1. -557.

7 5 -0. 74 -125e. 1706. O. O.
6 0 -74 1253. 308. -0. -0.

s 5 -434 1023. -0. 1429. -0. -114o.
7 434 -1053. O. -1429. O. -547.

9 6 0. 434 -1061. 706. -1429. O.
7 -0. -434 1053. 547. 1429. -0.

10 15 0. 37. 1. 156. O. O.
17 -0. -37. 2. -154 -0. O.

11 16 0. 37. 1. 156. O. O.
18 -0. -37. 2. -154 -0. O.

12 10 0. 74 1255. -1700. O. U.
9 -0. -74 -1251. -311 -0. -0.

13 10 -4J4 2884 1. -1430. O. -122. .

11 434 -2914 -1. 1426. -0. -1573.
14 12 1. 434 2923. -1895. 1429. 1.

11 -1. -434 -2914 -1573. -1626. -0.
15 21 -4 42. 19. -73. -1. -33.

13 4 -lk. -19. -1. 1. le.
le 13 -4 -19. 18. 1. 19. -1.
'

14 4 14 13. -14 -19 -lo.
17 19 -4 -14 -13. 14 -26. A2.

20 4 10 33. 61. 26. -95.

T Y P t' JNT. 60VNDA4Y 04 JUNCTION DEACT;0N. . . . . . . . . .
NO. Fa FY F2 ux MY uZ

600Y a -10el. -434 O. 0. 1429. 70e.
900Y 12 -29d3. 434 1. -1. 1429. -le6e.
A .s+Y 12 -2914 434 1. -1. 1424 -16Ab.
e .r-Y S -1053. -434 O. O. 14e9. 761.
C -A*Y 23 1365. n. -2. 5. -2 eel. -13;3.

,



Cu 75-4e ITEu 24 9 FAGE 13 + Cd

REACTION -ESDONSE TO 5TATIC SEISMIC LOAC I 'l VERTICAL DIJECTIGN
,,

~)ELT. JNT. . ELEMENT FORCES. . ELEMENT MOMF.NTS. . .

No. NO. F1 F2 F3 M1 M2 93

1 21 -3. -6eo. -12. 201. '3. -1731.
22 3. 720. 12. -165. -63. 1721.

2 23 -402. -779. -1314 2170. -1345. -141.
3 402. 78S. 1314 ~777. 1325. -2RS.

3 3 -d19. 1745. 496. -1719. 56. -2315.
10 637. -1745". -496. 707. -58. 634.

4 3 96. 30. 431. -1538. 394 344
4 -96. 30. -431. --1531. -394 344

5 4 -403. 787. -1314 '77. -1323. -284
24 403. -778. 1314 2170. 1323. -143.

6 4 619. -1745. 498. -1717, 56. 2315.
5 -e3d. 1745. -498. 706. -Se. -633.

7 5 0 -7. 56. -199. 53. 1.
6 -0. 3. -Se. 110. -53. -0.

8 5 e44 -1801. 499. -758. 58. 632.
7 -ed0. 1801. -499. -1191. -So. 2540.

9 6 -499. -891. 1801. 406. -1191. -649.
7 499. 661 -1601. -2540. 1191. Se.

10 15 -0. 1. 3e. -75. 11. -0.

17 0. 1. -38. -75. -11. -0.

11 16 -0. 1. 18. -34 11. -0.

le 0. 1. -16. -34 -11. -0.

12 10 -0. 6. 56. -199. 53. -1.
9 0. -2. -56. 110. -53. O.

13 10 -e45. 1801. 498. -759. 58. -833.
-

11 881. -1801. -498. -1189. -56. -2540.

14 12 498. 891. 1801. 406. -1190. 649.

11 -496. -881. -1801. -2540. 1190. -56.

15 21 12. -3. -1. -40. -3. 43.

13 -12. 3. -29. -16. 3. 5.

16 13 13. -29. -3. 17. 5. -4

14 -13. 65. 3. -1. -5. 66.

17 19 12. -65. -3. 1. -6 160.

20 -12. 89. 3. 10. 6. -119. i

TYPE JNT. BOUNDARY DE JUNCTION REACTION . . . . .. . . . .

NO. FA FY FZ ux M( v2

600Y 8 leul. 891. -499. -649. 1191. 406.

BOOY 12 -1601. 891. 498. -649. -1190. 400.
A +X+Y 12 -Ic01. 881. 498. -649. -lle9. 406.

8 +x-Y 8 1601. 660. -499. -649. 1191. 406.

C -X.Y 23 -0. -163a. -0. -3436. -2. -7812.



Cu 75-46 ITE* 2. ** 9 eAGt 14 + CCt,

REACTION Pc.SPONSE Tv OPEWATIONAL LOADS (INCLUDING DEA 0 WEIGHT)

;LT. JNT, . ELEMENT FORCES. ELEMENT' MOMENTS. . . .

NO. NO. F1 F2 F3 M1 M2 93

1 21 -1. -111. -3. 34 13. -289.
22 1. 120. 3. -23. -13. 287.

2 23 1423. -131. -220. 364 4688. 499.
3 -14d3. 132. 220. -130. -46ee. 1009.

3 3 -137, 293. -1763. 6080. -206. -386.
10 140. -293. 1763. -2501. 206. 10e.

4 3 -341. 5. 72. -258. -1393. -1215.
4 341. 5. -72. -258. 1393. -1216.

5 4 1*24 132. -221. -130. 4662. 1007.
24 -14da. -131. 221. 364. -4682. 502.

6 4 137. -293. -1764 6075. -207. 3Ao,
5 -140. 293. 1764 -2495. 207. -106.

7 5 -0. -1. 9. -33. -1d6. -2.
6 0. 1. -9. 18. le6. 1.

8 5 142. -302. -1764 2682. -206. 139.-

7 -148, 302. 1764 4215. 206. 426.
9 8 1764 -149. 302. 68. 4216. 2297.

7 -17e4 148. -302. -426. -4216. -206.
10 15 0. O. -32. 63. -40. 1.

17 -0. O. 32. 63. 40. 1.
11 16 0. O. 41. -81. -40. 1.

16 -0. O. -41. -81. 40. 1.
12 10 1. 1. 9. -33. -le8. 2.

(X 9 -1. -0. -9. 18. Ie8. -1.

'~ ) 13 10 -142. 302. -1763. 2686. -205. -140.t

11 148. -302. 1763. 4206. 205. -426.
14 12 -1763. 144 302. 48. 4209. -2295.

11 17e3. -148. -302. -426. -4209. 206.
15 21 3. -1. -0. -7. -1. 11.

13 -3. 1. -5. -3. 1. 1.
I 16 13 1. -5. -1. 3. 1. 4.

14 -1. 11. 1. -0. -1. 2.
17 19 2. -12. -1. O. -1. 36.

20 -2. 16. 1. 2. 1. -2o.

TYPE JNT. 60s.'ND A F Y OD JUNCTION PEACTION. . . . . . . . . .
NO. FA FY FZ ex wy uZ

c00Y 6 302. 149 1764 2297. -4216. 6d.
SODY 12 -302. 149 -1763. 2295. 4209 Ao.
A +A+Y 12 -302. 148. -1763. 2294 4208. 6d.
8 .A-Y 6 302. 146. 1764 2296. -4215. 68.
C -A+Y 23 0. -274 -1. 12163. 5. -1312.

@

|

|
..

.
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CC8Cu 75-4e ITEM 24 9 EAGE IS a

OLFOeMATION *ESPON5t TO S7 ATIC SEISMIC t,0a0 IN H0kIZ(1) QIRECTIvN

3 JOINT .OEFLdCTION 40TATION. . . . . . . . . . .

j NC. X Y Z X *Y Zs

l -0.006674 -0.004212 -0.038737 -0.001345 0.002103 -0.0000'00
2 -0.002512 -0.0015ee -0.017161 -0.001323 0.002093 0.000000
3 0.000000 0.00C002 -0.013739 -0.001324 0.0020'l 0.00000u
4 -0.000000 0 000002 -0.004345 -0.001322 0.000986 0.000000
5 -0.000000 0,000001 -0.002641 -0.000669 0.00097S 0 000000
6 -0.000000 0.000001 -0.00*237 -0.000870 0.001221 0.000000
7 -0.000000 0.000000 0.000009 -0.000000 0.000959 0.000000
8 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000000 0.000001 -0.007651 -0.000e71 0.001794 -0.6v0000

10 0.000000 0.000001 -0.009049 -0.000o72 0,902040 0.000000
11 0.000000 0.000000 -0.000046 0.000002 0.002020 0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.00732A -0.004652 -0.036276 -0.001333 0.002101 -0.000007
14 -0.007342 -0.004652 -0.029676 -0.001330 0.00204o -0.000001
lb -0.002619 -0.001271 -0.007651 -0.000871 0.001794 -0.000000
16 0.002620 0.001273 -0.007651 -0.000e71 0.001794 -0.000000
17 -0.0017S3 -0.001269 -0.004237 -0.000e70 0.001221 0.000000
16 0.00176' O.001271 -0.004237 -0.000670 0.001221 0.000000
19 .0.000000 0.000002 -0.029e76 -0.001330 0.0 020' e -0.000001v
20 0.000000 0.000002 -0.025283 -0.001323 0.002093 0.0000nu
21 -0.007326 -0.004628 -0.027883 -0.001345 0.002103 -0.000000

- 22 -0.007327 -0.004628 -0.023641 -0.001323 0.002093 0.000000
23 0.000000 0.000002 -0.015175 -0.001323 0.002093 0.000000
24 0.000000 0.000002 -0.002938 -0.001323 0.002093 0.000000

.

,



Cu 75-46 ITEM 24+ 9 PAGE 16 * CC:

DEFORMA. TION - SPONSE To STATIC SEISMIC L0a0 IN HnWIZ(2) QI4tCTIuN

[ \ JOINT .0EFLECTION kuTATION. . . . . . . . .. .

) NO. X Y Z X Y Z

l 0.002621 -0.u00356 0.005174 -0.000000 -0.000547 -0.000062
2 0.000699 -0.000197 0.003773 -0.000000 -0.000549 -0.000036
3 0.000284 -u.000053 0.001717 -0.000000 -0.000292 -0.000026
4 0.00009A -0.000057 0.001719 -0.000000 -0.000293 -0.000034
5 0.000101 -0.000017 0.001127 -0.000003 -0.000290 -0.000040
6 0.002826 -0.000015 0.001127 -0.000000 -0.000290 -0.00216s
7 0.000077 0.000003 -0.000000 -0.000000 -0.000286 -0.000024
e 0.0 0.0 0.0 0.0 0.0 0.0
9 0.002933 -0.u00003 0.001126 -0.000000 -0.000290 0.002119

10 0.000264 -0.000000 0.001129 -0.000000 -0.000d90 0.00000e
11 0.000200 -0.000003 -0.000000 0.000000 -0.000266 0.000047
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.002553 -0.000346 0.005895 -0.000001 -0.000547 -0.00002e
14 0.002362 -0.000347 0.005900 -0.000001 -0.000562 -0.000052
lb 0.003356 -0.000003 0.001126 -0.000000 -0.000290 0.002119
16 0.002509 -0.000002 0.001126 -0.000000 -0.000d90 0.002119
17 0.003252 -0.000015 0.001127 -0.0000n0 -0.000240 -0.002165
le 0.002404 -0.000014 0.001127 -0.0000n0 -0.000290 -0.00216d
19 0.000395 -0.000344 0.005900 -0.000001 -0.000562 -0.000052
20 0.000230 -u.000344 0.005402 -0.000000 -0.0005u9 -0.000036
21 0.002552 -0.000193 0.003706 -0.000000 -0.000547 -0.000062
22 0.002348 -0.000193 0.003706 -0.000000 -0.000549 -0.00003e
23 0.000397 -0.000055 0.001717 -0.000000 -0.000549 -0.00003e'

24 0.000047 -0.000055 0.001719 -0.000000 -0.000549 -0.00003ergs
( v.

.

M



CU 75-46 ITEM 24 9 PAGE 17 + CCr

CEFO saTION GERPONSt TO STATIC SEISMIC LOAD IN VERTICAL QIRECTION
,

JOINT .0dFLECTION RUTATION. . . . . . . . . . .

NO. A Y Z X Y Zj

1 0.000697 -0.005323 -0.007309 -0.000593 0.000000 -0.000064
2 0.000010 -0.0039n2 -0.000117 -0.000S44 -0.000000 -0.000050
3 -0.000091 -0.00305* -0.002109 -0.000594 0.000237 -0.000446
4 0.000091 -0.003054 0.002111 -0.000544 -0.000237 -0.00044o
5 0.000112 -0.002027 0.001399 -0.000391 -0.000239 -0.000487
6 0.000474 -0.002027 0.000768 -0.000391 -0.000129 -0.000017
7 0.000155 -0.000007 0.000012 0.0000n0 -0.000239 -0.000442 .

e 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000474 -0.002027 -0.000766 -0.000391 0.000129 -0.000017

10 -0.000112 -0.002027 -0.001394 -0.000391 0.000239 -0.000497
11 -0.000155 -0.000007 -0.000012 0.000000 0.00023e -0.000442
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.00044; -0.005532 -0.005015 -0.000505 0.000000 -0.000044
14 0.000198 -0.005530 -0.002077 -0.000595 -0.000004 -0.000054
15 -0.000662 -0.00259e -0.000766 -0.000391 0.000129 -0.000017
16 -0.000286 -0.001456 -0.000766 -0.000391 0.000129 -0.000017
17 0.000662 -0.002598 0.000768 -0.000391 -0.000129 -0.000011
18 0.000265 -0.001456 0.000768 -0.000391 -0.000129 -0.000017
19 0.000185 -0.003447 -0.002077 -0.000595 -0.000004 -0.000054
20 0.000010 -0.003445 -0.000116 -0.000594 -0.000000 -0.000090
21 0.000448 -0.005334 -0.005013 -0.000593 0.000000 -0.000064
22 0.000276 -0.005323 -0.003231 -0.000594 -0.000000 -0.000050
23 0.000234 -0.003060 -0.002748 -0.000594 -0.000000 -0.00005o
24 -0.000234 -0.003060 0.002750 -0.000594 -0.000000 -0.000050

.

8



Cu 75-se ITEM 23 4e 9 PAGt le o C;

DEFOR*ATION nE5JONSt TO OPEHATIONAL LOA 05 (INCLUDING DEaQwEIGHT)

6 JOINT
.0EFLECTION ROTATION. . . . . . . . .. .

NO. X Y Z A Y Z

l 0.000113 0.006134 0.025881 0.002103 0.000001 -0.000011
2 0.000000 0.001979 0.000412 0.002103 0.000004 -0.00000o
3 -0.000015 -0.000512 0.007462 0.002103 -0.00093e -0.000075
4 0.000015 -0.000512 -0.007'70 0.002103 0.000840 -0.0000754

5 0.000019 -0.000340 -0.004937 0.001384 0.000eco -0.000082
6 0.000074 -0.000340 -0.002716 0.0013a4 0.000456 -0.000003
7 0.000026 -0.000001 -0.000044 -0.000001 0.000844 -0.000074
6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000074 -0.000340 0.002711 0.001344 -0.000455 -0.000003

10 -0.000014 -0.000340 0.004932 0.0013s4 -0.000545 -0.0000S2
11 -0.000026 -0.000001 0.000044 -0.000001 -0.000e43 -0.000074
12 0,0 0.0 0.0 0.0 0.0 0.0

13 0.000071 0.006782 0.017735 0.002103 0.000001 -0.000007
14 0.000029 0.006782 0.007347 0.002103 0.000001 -0.000009
15 0.0005e5 0.0016el 0.002711 0.001384 -0.0004;5 -0.000003

16 -0.000744 -0.002360 0.002711 0.0013A4 -0.000455 -0.000003
17 -0.000587 0.0016el -0.002716 0.001394 0.000456 -0.000003
le 0.000746 -0.002360 -0.002716 0.001394 0.000456 -0.000003
19 0.000031 -0.000576 0.007347 0.002103 0.000001 -0.000009
20 0.000002 -0.000577 0.000408 0.002103 0.000001 -0.00000e
21 0.000071 0.006915 0.017741 0.002103 0.000001 -0.000011
22 0.000042 0.006817 0.011432 0.002103 0.000001 -0.00000e
23 0.000039 -0.000513 0.009722 0.002103 0.000001 -0.00000e'

24 -0.000034 -0.000513 -0.009730 0.002103 0.000001 -0.00000e

{

.

.

>
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CCCD 75-46 ITES 24 9 paGE 14 o

- t V A LU A T I. u N O F V A L V E .

OEFORMATION RES-ONSt 0F COM61NED STATIC SEISMIC AND OPEaaTIONAL LOA 05

J0 INT .OEFLECTION ROTATION. . . . . . . . . . .

NO. A Y Z X Y Z

1 0.007317 0.012931 0.06564n 0.003573 0.002174 -0.000100
2 0.002e6C 0.006251 0.017983 0.003S53 0.002165 -0.000072
3 -0.000318 -0.003667 0.021468 0.003553 -0.002914 -0.000521
4 0.000144 -0.003Se7 -0.012598 0.003b52 0.001995 -0.000522
5 0.000170 -0.002367 -0.006297 0.002337 0.00169d -0.000570
6 0.002947 -0.0023n7 -0.007167 0.002338 0.001716 -0.00216e
7 0.000199 -0.u00009 -0.000059 -0.000002 0.001673 -0.000516
6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.003050 -0.002367 0.010482 0.002339 -0.002277 -0.002122

10 -0.000311 -0.002367 0.014157 0.002339 -0.002919 -0.000566
11 -0.000274 -0.000009 0.000091 -0.000004 -0.002897 -0.00051e
12 0.0 0.0 0.0 0.0 0.0 0.0
13 3.007642 0.014018 0.054827 0.003563 0.002172 -0.000060
14 0.007744 0.014017 0.037675 0.003560 0.002172 -G.0000H4
15 0.004e94 0.004573 0.010482 0.002339 -0.002277 -0.002122
16 -0.004383 -0.004294 0.010482 0.002339 -0.002277 -0.002122
17 -0.004354 0.004573 -0.0071e7 0.002338 0.001716 -0.002156

.
le 0.003752 -0.004293 -0.007167 0.002338 0.00171o -0.00216e
19 0.000467 -0.004042 0.037675 0.003560 0.002172 -0.0000A4
20 0.000231 -0.004039 0.026371 0.003553 0.002165 -0.000072

~

21 0.007842 0.013Ae0 0.046312 0.003S73 0.002174 -0.000100
22 0.007741 0.013d73 0.035775 0.003553 0.002165 -0.00007d
23 0.000500 -0.003573 0.025230 0.003553 0.00216S -0.000072
24 -0.000277 -0.003573 -0.014106 0.003553 0.002155 -0.000072
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I
M A TEd IA L H eO P r. N T Y INPO T DA TA

MAT. DESCRIPTION YOUNG'S POISSON'S MASS ALLOWABLE
Nu. M00/10(6) PATIO UENS/10(-4) STwESS/10(3)

'

/3, 1 STEEL 30.000 0.263 7.240 27.000( 2 SOLTING 30.000 0.293 7.240 R2.600
3 ADAPTER 15.000 0.300 6.750 15.000

l' -
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''

CD 75-46 ITEM 7 PAGE 1 + CC
,

SARGENT ANO VINDY ENGINEERS
COMMONWEALTH EDISON COMPANY

*"N<

CC 40 5a094s

'! 5A095-

VALVE SIZE 25 VALVE TYPE 9220

ACTUATOR LIMIT 0400E SMB-000-2/H18C

CUST0r'ER ORDER No 181104

CUSTOMER TAG NO IV0031
2VG031

CERTIFIED DRAWING NO G269219

CROSS SECTION 04AnING NO F429279

dRACKET DPAw1NG No G34252A

DATE OF TMIS REPOPT / JUNE 5 1978 OA

C0N TR0L IN PUT 0A TA

MANUAL INPUT GENERATION FOR VALVE ANALYSIS

(h SEISMIC STRESSES ARE SUPERIMPOSED BY SOUARE ROOT OF SUM OF SOUARES

STRESS ALLOWABLES APE COMPARED TO MAXIMUM PRINCIPAL STRESS

MASS. STIFFNESS, LOA 0 AND STRESS MATRICES ARE NOT PRINTED

STATIC SEISMIC ANALYSIS TO 9E PERFORMEO

OPERATIONAL LOAO ANALYSIS TO BE PERFOR*ED

DYNAMIC P00AL ANALYSIS TO BE PERFORMED nITH EVALUATION

C4 0SS-SECT ION OA T A

EL. C40SS-SECTION
NO. DESCHIPTION PARAMETERS

1 TUBE A = 4.875 , T= 1.060 ,

T = .5600 ,2 RECTANGULAR A = 9.000 ,

@



CD 75-46 ITEM 7 PAGE 2 + CC'

_Cw 0SS-SECT ION OA T A ,

,7 %

(dh EL. LkOSS-SECTION
'

NO. OESCRIPTION PARAMETER 4

3 CHANNEL A = 8.000 , T = 4670 , B = 2.530 ,

Pl= .3200 ,T1= .3900 ,

4 WECTANGULAR A = 9.000 , T = .5600 ,

5 RECTANGULAA A = 9.000 , T = .5600 ,

6 CHANNEL A = 8.000 , T= 4870 . B = 2.530 .

Tl= .3900 , E1= .3200 ,
,

7 RECTANGULA4 A = 4.000 , T= .3750 ,

d CHANNEL A = 8.000 , T= 4670 . 8= 2.530 ,

Pl= .3200 ,T1= .3900 .

9 HECTANGULAR A = 9.000 . T = .5600 .

10 RECTANGULA* A = 1.080 , T= .3750 .

11 RECTANGULaw A = 1.080 , T= .3750 .

12 RECTANGULad A = 4.000 , T = .3750 .

13 CHANNEL A = 8.000 , T = 4870 , B= 2.530 ,

Tl= .3900 Rl= .3200 ,.

la RECTANGULAR A = 9.000 , T= .5600 .

15 RECTANGULAR A = 7.000 , T = .6250 ,

16 RECTANGULAR A = 7.000 , T= .6250 ,

17 HECTANGULAR A = 7.000 , T = .6250 .

.
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CU 75-4e ITEu 7 PaGE 3 * CC'
a-

JOINT- C00kOINATE DATA4

.

~ /~~'s
^\ JOINT X Y Z

- ( d NO. -
'

1 12.250000 3.190000 12.312000
2 12.250000 1.200000 0.200000 .

3 5.940000 3.565000 0.0
4 5.940000 -3.565000 0.0
5 3.910000 -3.565000 0.0
6 3.910000 -1.960000 0.04

7 0.0 -3.565000 0.0
6 0.0 -4.750000 0.0
9 3.910000 1.960000 0.0

10 3 910000 3.565000 0.0
11 0.0 3.565000 0.0
12 Us0 4.750000 0.0
13 13.565000 3.500000 8.440000
1+ 13 565000 3.500000 3.500000
15 3.910000 1.960000 -1.u60000
16 3 910000 1.960000 1.460000
17 3.910000 -1.960000 -1.460000
le 3.910000 -1.960000 1.460000
19 13.565000 0.0 3.500000
20 13.565000 0.0 0.200000
21 9.565000 3.500000 8.440000
22 9.565000 3.500000 5.4*0000
23 5.940000 4.625000 0.0

/~N 24 5.940000 -4.625000 0.0s

- NS-)
'
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CC'Cu 75-4e ITEM 7 PAGE 4 +

.

60UN O A W Y. SP 4 IN G & 80LT J0 IN T. OA T A
,m

JOINT T YPE-M A T DL ant-DImECT ION SPRING 6 BOLT JOINT PA4AMEikWS
/ No. /FIx1TY OR DtSCHIPTION

8 111111 e00Y
12 111111 eODY
12 LEG 2 A +x +Y N.T= 2.10 .0/A= 0.7500. YE= 1.1250

. S: 2.7500YO= 9.5000.YSN= 0.0
ZT= 1 6250. Z6= 1.6250.ZSh= 0.0

8 LEG 2 6 +x -Y N.T= 2.10 ,0/A= 0.7500. YE: 1.1250
YO= 9.5000.YSH= 0.0 . S= 2.7500
ZT= 1.6250. ZB= 1.6250.ZSm= 0.0

23 PAD 2 C -x +Y N.T= 2 11 0/A= 0.6250. Yt= 0.6900
YO= 9.2500.YSH= 0.0 . S= 3.6000
ZT= 1.4000. 28= 1.e000.ZSn= 0.0

C0NCEN TP A TED M A SS 0A TA

JOINT LUMPE0 FOR SHIFT DISTANCE b' MOMENT OF INERTIA
NO. MASS DIR. x Y Z

l 0.284679 XYZ 0.0 0.0 0.0
2 0.323499 XYZ 0.0 0.0 0.0
6 0.646998 x 0.0 0.0 0.0
9 0.64699A x 0.0 0.0 0.0

__

t. x.

(._) C 0 N CEN TR a TEO L0A 0 0A T A

JOINT . FORCES. . . . . MOMENTS.. . . . . . . . .

NO. x Y Z x Y Z

2 0.0 0.0 0.0 12750.0 0.0 0.0

!

|

|

:
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CO-75-46 ITEM 7 PAGE 5 - CC

- ELEM EN T IN P UT 0A T A .

i X

's_Jit. JOINTS LENGTM ANGLE AHEA MOMENTS OF INEPTIA MATERIAL
NO. /PADIUS I-ll 1-22 I-33 UESCsIPTION

1 21 22 3.000 12.7043 24.8969 49.7934 24.6969 A0APTEW

2 23 3 1 060 S.0400 0.1317 0.S0e2 34.0200 STEEL
3 3 10 2.030 5.4895 43.8702 0.3699 2.4406 STEEL
4 3 4 7.130 5.0400 0.1317 0.5062 34.0200 STEEL
5 4 24 1.060 5.0400 0.1317 0.5062 34.0200 STEEL
6 4 5 2.030 5.4895 43.8702 0.3899 2.4406 STEEL -

7 5 6 1.605 1.5000 0.0176 0.0662 2.0000 STEEL
8 5 7 3.910 5.4895 43.8702 0.3699 2.4406 STEEL
9 6 7 1.185 5.0400 0.1317 0.50e2 34.0200 STEEL

10 15 17 3.920 0.40c 1 0.0047 0.0148 0.0394 STEEL
11 16 18 3.920 0.4030 0.0047 0.0148 0.0394 STEEL
12 10 9 1.605 1.5000 0.0176 0.0662 2.0000 STEEL
13 10 11 3.910 5.4895 43.8702 0.3699 2.4406 STEEL
la 12 11 1.195 5.0400 0.1317 0.5062 34.0200 STEEL
15 21 13 4.000 4.3750 0.1424 0.5376 17.6666 STEEL
16 13 14 4.940 4.3750 0.1424 0.5376 17.6646 STEEL
17 19 20 3.300 4.3750 0.1424 0.5376 17.8646 STEEL

23 2 RIGIO LINK
24 2 RIGIO LINF
15 9 RIGIO LINK
16 9 RIGIO LINK
17 6 RIGIO LINK
18 6 RIGIO LINK
22 2 RIGIO LINK
20 2 RIGIO LINK
19 14 RIGID LINK
21 1 RIGIO LINK

.



CC'CD 75-46 ITEM 7 PAGE 6 o

,

5TA TIC A N A LY S IS ,
,

'

~ ~ ' OEFORM ATION RESPONSE TO 1G GRAVITATIONAL LOAO IN VALVE SYSTEM x DIO.

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y Z

1 0.003e90 -0.000025 -0.002772 0.000000 0.000297 -0.000003
2 0.000106 -0.000022 -0.002760 0.000000 0.000292 -0.000003
3 0.000046 -0 000004 -0.000914 0.000000 0.000156 -0.000001
4 0.000032 -0.000005 -0.000916 0.000000 0.000156 -0.000003
5 0.0Cv031 -0.000002 -0.000601 0.000000 0.000155 -0.000006
6 0.003572 -0.0miOO2 -0.000600 0.000000 0.000155 -0.000430
7 0.000023 0.000001 0.000000 0.000000 0.000152 -0.00000e
8 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000580 0.000001 -0.000600 0.000000 0.000155 0.000427

10 0.000043 0.000001 -0.000600 0.000000 0.000155 0.000004
11 0.000032 -0.000001 0.000000 -0.000000 0.000152 0.000006
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.002540 -0.000027 -0.003144 0.000000 0.000290 -0.000003
14 0.001095 -0.000026 -0.003144 0.000000 0.000295 -0.00000e
15 0.00035u 0.000001 -0.000600 0.000000 0.000155 0.000427
16 0.000806 0.000000 -0.000600 0.000000 0.000155 0.000427
17 0.000346 -0.000002 -0.000600 0.000000 0.000155 -0.000430
18 0.000799 -0.000002 -0.000600 0.000000 0.000155 -0.000430
19 0.001076 -0.000026 -0.003145 0.000000 0.000295 -0.000006
20 0.000103 -0.000026 -0.003145 0.000000 0.00029d -0.000003,

( i 21 0.002540 -0.000017 -0.001974 0.000000 0.000297 -0.000003
' 22 0.00le45 -0.000016 -0.001974 0.000000 0.000292 -0.000003~ '-

23 0.000057 -0.000004 -0.000914 0.000000 0.000292 -0.000003
24 0.000031 -0.000004 -0.000916 0.000000 0.000292 -0.0000n3

.

@
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Cu 75-46 ITEM 7 PAGE 7 o CD

OEFOPMATION PESDONSE TO 1 G GR AVIT ATIONAL LO A'1 IN VALVE. SYSTEM Y DIR.

01NT . DEFLECTION ROTATION. . . . . . . . . . .

NU. A Y Z X Y Z

1 -0.000034 0.003872 -0.000841 -0.000269 -0.000000 0.000012
2 -0.000012 0.000629 -0.000315 -0.000265 -0.000000 0.000010
3 0.000011 0.000512 -0.000939 -0.000265 0.00010m 0.000076
4 -0.000011 0.000512 0.000941 -0.000265 -0.000106 0.000076
5 -0.000015 0.000336 0.000622 -0.000174 -0.000107 0.000082
6 -0.000077 0.000338 0.000342 -0.000174 -0.00005e 0.000004
7 -0.000023 0.000001 0.000005 0.000000 -0.00010e 0.000073
0 0.0 0.0 0.0 0.0 0.0 0.0

9 0.000077 0.000338 -0.000341 -0.000174 0.000057 0.000004
10 0.000015 0.000338 -0.000621 -0.000174 0.000106 0.000082
11 0.000023 0.000001 -0.000005 0.000000 0.00010e 0.000073
12 0.0 0.0 0.0 0.0 0.0 0.0

13 -0.000037 0.002641 -0.000928 -0.000267 0.000001 0.000011
'

14 -0.000039 0.001521 -0.000928 -0.000266 -0.000000 0.000011
15 -0.000007 0.000064 -0.000341 -0.000174 0.000057 0.000004
16 0.000160 0.000593 -0.000341 -0.000174 0.000057 0.000004
17 0.000007 0.000084 0.000342 -0.000174 -0.000056 0.000004
18 -0.000161 0.000593 0.000342 -0.000174 -0.000056 0.000004
19 -0.000001 0.001521 0.000003 -0.000266 -0.000000 0.000011
20 -0.000000 0.000642 0.000003 -0.000265 -0.000000 0.000010
21 -0.000037 0.002797 -0.000925 -0.000269 -0.000000 0.000012
22 -0.000036 0 001989 -0.000925 -0.000265 -0 000000 0 000010
23 -0.000046 0.000513 -0.001223 -0.000265 -0.000000 0.000010
24 0.000046 0.000513 0.001225 -0.000265 -0.000000 0.000010

,

,
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a o CCCO 75-se ITEw 7 PAGE

OEF0kMATION 4ESPONSt TO 1G GRAVITATIONAL LOAO IN VALVE. SYSTEM Z DI9

ICINT .0EFLECTION . . . ROTATION . . .. . . . .

NO. X Y Z x Y Z

1 -0.005906 -0.001214 0.005342 0.000098 -0.000461 -0.000000
2 -0.000096 -0.000020 0.005138 0.000099 -0.000479 -0.000000
3 0.000000 0.000000 0.002346 0.000099 -0.0003/4 0.000000
* -0.000000 0.000000 0.001646 0.000098 -0.000295 0.000000

5 -0.000000 0.000000 0.001061 0.000065 -0.000294 0.000000

6 -0.000000 0.000000 0.001185 0.000065 -0.000312 -0.000000
7 -0.000000 0.000000 0.000002 0.0000n0 -0.000290 0.000000
6 0.0 0.0 0.0 0.0 0.0 0.0

9 0.000000 0.000000 0.001439 0.000065 -0.000355 -0.000000
10 0.000000 0.000000 0.001543 0.000065 -0.000373 0.000000

11 0.000000 0.000000 0.000006 -0.000000 -0.000369 0.000000

12 0.0 0.0 0.0 0.0 0.0 0.0

13 -0.004044 -0.000833 0.005995 0.000099 -0.00047e -0.000000
14 -0.001679 -0.000345 0.005995 0.000099 -0.000479 0.000001

15 0.000518 0.000095 0.001439 0.000065 -0.000355 -0.000000
16 -0.000518 -0.000095 0.001439 0.000065 -0.000355 -0.000000
17 0.000455 0.000095 0.001185 0.000065 -0.000312 -0.000000
18 -0.000455 -0.000095 0.001185 0.000065 -0.00031d -0.000000
19 -0.001677 -0.000345 0.005649 0.000099 -0.000479 0.000001
20 -0.000096 -0.000020 0.005649 0.000099 -0.000479 -0.000000
21 -0.004044 -0.000e32 0.004081 0.000098 -0.000481 -0.000000
22 -0.002604 -0.000537 0.004079 0.000099 -0.000479 -0.000000
23 0.000000 0.000000 0.002455 0.000099 -0.000479 -0.000000

s

,24 -0.000000 0.000000 0.001543 0.000099 -0.000479 -0.000000
' _

(9
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CCCU 75-se ITEM 7 PAGE 9 +

EF04MATION 4ESdoNSt TO OPERATIONAL LOADS (NOT INCLUDING.0EA0 WEIGHT)

NT .0EFLECTION 90TATION. . . . . . . . . . .

X Y Z X Y Z. .

1 0.000027 -0.027102 0.007001 0.002201 0.000002 0.000000
2 0.000000 -0.u00440 0.002620 0.002201 0.000002 0.000000
3 0.000000 0.000001 0.007608 0.002201 -0.000e77 0.000000
4 -0.000000 0.000001 -0.007823 0.002201 0.000860 0.000000
$ -0.000000 0.u00000 -0.005170 0.001449 0.000887 0.000000
6 -0.000000 0.000000 -0.002845 0.001449 0.00047e 0.000000
7 -0.000000 0.000000 -0.000046 -0.000002 0.000884 0.000000
0 0.0 0.0 0.0 0.0 0.0 0.C
9 0.000000 0.000000 0.002635 0.001449 -0.000476 -0.000000

10 0.000000 0.000000 0.005160 0.001449 -0.000864 0.000000
11 0.000000 0.000000 0.000046 -0.00000E -0.0008P2 0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.000019 -0.019579 0.007660 0.002201 0.000002 0.000000
14 0.000009 -0.007704 0.007680 0.002201 0.000002 0.000000
IS 0.000695 0.002116 0.002835 0.001449 -0.00047e -0.0 0 00 0 0
16 -0.000e95 -0.002115 0.002835 0.001449 -0.000476 -0.00J000
17 -0.000699 0.002116 -0.002845 0.001449 0.000476 0.000000
18 0.000699 -0.002115 -0.002845 0.001449 0.000s78 0.000000
19 0.000008 -0.007704 -0.000025 0.002201 0.000002 0.000000
20 0.000000 -0.000440 -0.000025 0.002201 0.000002 0.000000
21 0.000019 -0.018579 0.007689 0.002201 0.000002 0.000000
22 0.000012 -0.011975 0.007689 0.002201 0.000002 0.000000

-0.000000 0.000001 0.010174 0.002201 0.000002 0.000000

(
23
4 0.000000 0.000001 -0.010189 0.002201 0.000002 0.000000

|

i
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tCD 75-46 ZTEM 7 PAGE 10 - CC

0Y NA M IC A N A LY S IS .

.

ESONANT FREuuENCY 34.3 nERTZ (IN Z-DIRECT-ION OP Y DOTATION)=

*** * NORMALIZED EIGENVECTOR * * * *

JOINT .0EFLECTION ROTATION. . . . . . . . . . .
NO. X Y Z X Y Z

l -1.000000 -0.205623 0.863363 0.01e333 -0.081444 0.000024
2 -0.017469 -0 007917 0.828721 0.016250 -0.080642 0.000114
3 -0.001491 -0.005376 0.357777 0.016264 -0.057064 -0.000591
4 -0.000097 -0.0053d1 0.242368 0.016232 -0.044115 -0.000781
5 -0.000028 -0.003615 0.158897 0.010699 -0.043764 -0.000e53
6 0.000509 -0.003647 0.176070 0.010700 -0.046614 0.000088
7 0.000106 -0.000016 0.000004 0.000014 -0.0*3143 -0.000747
8 0.0 0.u 0.0 0.0 0.0 0.0
9 -0.001909 -0.0037e8 0.217999 0.010706 -0.053861 0.000063

10 -0.001375 -0.003819 0.235!82 0.010709 -0.056655 -0.000786
11 -0.001155 -0.000009 0.000679 -0.000037 -0.0561e0 -0.001021
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.684663 -0 142265 0.972462 0.016328 -0.080430 0.000036
14 -0.285635 -0.061554 0.972411 0.016314 -0.080997 0.000385
15 0.076727 0.011842 0.217999 0.010706 -0.053861 0.000063
16 -0.080546 -0 019419 0.217999 0.010706 -0.053661 0.000063

- 17 0.066857 0.011976 0.176070 0.010700 -0.046814 0.000096/
l@ -0.067641 -0.019269 0 176070 0.010700 -0.046914 0.000088
19 -0.284287 -0.061554 0.915314 0.016314 -0.0d0997 0.000385
20 -0.017332 -0.007767 0.915265 0.016250 -0.060642 0.000114
21 -0.684655 -0 14244e 0.649740 0.016333 -0.081444 0.000074 +

22 -0.440294 -0.093373 0.649573 0.016250 -0.060642 0.000114
23 -0.001733 -0.005390 0.375528 0.016250 -0.080642 0.000114
24 -0.000674 -0.00S390 0.225217 0.016250 -0.080642 0.00n114

STA T IC S E I S M' I C A N A LY S I5

THE VALVE AXIS IS POSITIONED 7-UP

ACCELERATION OF GRAv!TY, G = 386. 00

OI ECTION OF NO. COMPONENTS OF UNIT ACCELEPATIL.
SEISMIC OF IN VALVE COOGOINATE SYSTEM

ACCELERATICN G'S X-COMP. Y-COMP. Z-COMo.

HORI ZONT AL (1 ) 5.000 0.0 1.0000 0.0
H0HIZONTAL(2) 5.000 1.0000 0.0 0.0
VERTICAL 6.000 0.0 0.0 -1.0000

@

_
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CD 75-46 7 TEM 7 PAGE 11 o CC

HEACTION hESPONSE To STATIC SEISMIC LOAD IN n0RIZ(1) DI*LCTION

T. JNT. . ELEMENT FORCES. ELEMENT F0MENTS. . . .

NO. NO. F1 F2 F3 M1 v2 93

1 21 1. -7. -< 24 -2111. 916. -22.
22 -1. 7. Air . 3458. -918. 25.

2 23 -894 651. 1291. -1906. -2952. -315.
3 694 -658. -1291. 538. 2952. -633.

3 3 683. -1651. 1110. -3828. 130. 1823.
10 -698. 1651. -1110. 1576. -130. -421.

4 3 214 -25. -360. 1284 677. 764
4 -214 -25. 360. 1284 -877. 766.

5 4 -896. -657. 1291. 538. -2945. -627.
24 896. 650. -1291. -1906. 2945. -322.

6 4 -683. 1651. 1110. -3822. 131. -1923.
5 699. -1651. -1110. 1568. -131. 421.

7 5 0. 6. -46. 166. 115. l..
6 -0. -2. 46. -91. -118. -1.

@ 5 -704 1697. 1110. -1686. 130. -586.
7 734 -1697. -1110. -2654 -130. -2226.

9 8 -1110. 742. -1697. -214 -2655. -144e.
7 1110. -734 1697. 2226. 2655. 130.

10 15 -0. -1. -0. O. 25. -0.
17 0. -1. O. O. -25. -0.

11 16 -0. -1. -46. 91. 25. -0. '

- 18 0. -1. 46. 91. -25. -0.
12 10 -0. -5. -46. 166. 118. -1.

9 0. 2. 46. -91. -118 O.
13 10 704 -1697. 1110. -1692. 129. 586.

11 -734 1697. -1110. -2647. -129. 2226.
14 12 1110. -742. -1697. -215. -2647. 1444

11 -1110. 734 1697. 2226. 2647. -129.
15 21 126. 1. 7. -22. 16. 557.

13 -150. -1. -7. -8. -18. -5.
16 13 150. 7. -1. 8. 4 -16.

14 -180. -7. 1. -3.
-

-4 829.
17 19 lel. 7. -1. 3. 8. -e05.

|
20 -201. -7. 1. 1. -8. 1434 !

! TYPE JNT. BOUNDARY OR JUNCTION REACTION. . . . . . . . . .

NO. Fx FY FZ uX MY MZ

BODY 8 -1697. -742. -1110. -1446. 2655. -214
BODY 12 1697. -742. 1110. -1444 -2e47. -215.
A +A+Y 12 1697. -734 1110. -1444. -2ee7 -214
6 +X-Y 8 -1697. -734 -1110. -1445. 2654 -214
C -X+Y 23 -0. 1366. 1. -7657. -6. 812e.

!

|



Co 75-se trE9 7 PAGE 12 + Ct8

HEACTION 4ESPohSE Tu STATIC SEISHIC LOAD IN MURIZ(2) DI45CTION
,

'l iLT. JNT. . ELE *ENT FORCES. ELEMENT MOMENTS3 . . . .

'V NO. NO. F1 F2 F3 M1 v2 43

1 21 592. 19. 4 -2, 137. -2053.
22 -o41. -19. -4 -10. -137. 3903.

2 23 3. -277. -997. 503. 3815. 3.
3 -3. 277. 1005. 558. -3e15. O.

3 3 -360. 1031. -3. 3816. -2. 52d.
10 360. -1046. 3. -3809. 2. -1299.

4 3 -0. 82. 26. -29. -1. -1.
4 0. -82. 24 21. 1. -0.

5 4 -1. -277. 310. -168. -3609 1.
24 1. 277. -302. -156. 3609. -3.

e 4 -Jeo. 333. O. -3808. 1. 147.
5 360. -349. -0. 3807. -1. -877.

7 5 0. 74 -1256. 1704 -0. -0.
6 -0. -74 1253. 309. O. O.

e 5 -433. 1605. O. -3808. 1. -827.
7 433. -1635. -0. 3807. -1. -866.

9 8 -0. 433. -1643. 1075. 3607. -1.
7 0. -433. 1635. 868. -3807. 1.

10 15 O. 37. 1. 155. -0. O.
17 -0. -37. 1. -155. O. O.

11' 16 - O. 37. 1. 155. -0. O.
18 -0. -37. 1. -155. O. O.

'
12 10 -0. 74 1255. -1702. -0. -0.

. 9 0. -74 -1252. -310. O. -0.
13 10 -434 2302. -3. '3812. -2. -443.

11 434 -2332. 3. -3602. 2. -1252.
14 12 -2. 434 2340. -1516. -3e02. -4

11 2. -434 -2332. -1252. 3602. 2.
15 21 4 42. -19. 73. -1. 34

13 -4 -18. 19. 1. 1. -19.
le 13 4 -19. -18. -1. 19. 1.

*

14 -4 19. -13. 14 -19. 18.
17 19 4 -18. 13. -14 -26. -A1.

20 -4 18. -33. -61. 26. 93.

TYPE JNT. BOUNDAPY 09 JUNCTION REACTION. . . . . . . . . .

NO. FA FY FZ "A MY *12-

I
'

e0DY 8 -1643. -433. -0. -1. -3807. 1075. i

800Y 12 -2340. 434 -2. 4 -3e02. -1516.
A +x+Y 12 -2332. 434 -3. 5. -3602. -1511.
B +X-Y 8 -1635. -433. -0. -2. -3807. 1070.
C -x+Y 23 1364 -6. 4 -7. 7624 344d.

I
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CD 75-4e ITE9 7 -AGE 13 + C:

HEACTION PESPONSE To STATIC SEISMIC LOAD IN VERTICAL OI*dCTION

ELT. JNT. . ELEMENT F04CES. ELEMENT MOMENTS. . . .

NO. NO. F1 F2 F3 ta l 42 v3

1 21 -5. -654 -12. 200. 42. - 1 7 P e. .
22 5. 714. 12. -165. -42. 1711.

2 23 -1175. -0. 1. -0. 3507. -1500.
3 1183. O. -1. -1. -3507. 251.

3 3 -0. -1. 1311. 3109. 910. -1.
10 0. 1. -1330. -5790. -910. O. .

4 3 126. O. O. -0. 392. 699.
4 -66. -0. -0. -0. -392. 23.

5 4 363. O. O. -0. -6144 -820.
24 -375. -0. -0. O. 6144 1221.

6 4 0. -0. -320. -6528. -795. O.
5 -0. O. 338. 7196. 795. -0.

7 5 7. -0. O. -0. 53. 31.
6 -3. O. -0. O. -53. -23.

8 5 0 -0. -345. -7255. -626. O.
7 -0. O. 381. 8675. 826. O.

9 4 391. -0. O. O. 8677. 1284
7 -361. O. -0. -0. -8677. -62e.

10 15 1. -7. 10. -20. 11. 1.
17 1. 7. -10. -20. -11. -1.

11 16 1. 7. -10. 20. 11. 1.
18 1. -7. 10. 20. -11. -1.

12 10 7. -0. O. -0. 53. 30.
9 -2. O. -0. O. -53. -23.

13 10 -0. -1. 1338. 5746. 942. -1.
11 0. 1. -1374 -11047. -942. O.

14 12 1384 O. -1. 1. -11049 2576.
11 -13/4 -0. 1. O. 110*9. -942.

15 21 -12. -3. 1. 40. -3. -43.
13 12. 3. 29. 16. 3. -5.

16 13 -13. -29, 3. -16. 5. 4

14 13. 65. -3. 1. -5. -66.
17 19 -12. -64 3. -1. -6. -158.

20 12. 89. -3. -10. 6. 118.

TYPE JNT. . BOUNDARY OP JUNCTION REACTION . . . . .. . . .

NO. FX FY FZ MX MY MZ

BODY 8 0. O. 391. 1284 -de77. O.
600Y 12 1. O. 1384 -2576. -11049. 1.
A +X*Y 12 1. O. 1374 -2569. -11047. 1.
B +X-Y 6 0. O. 381. 1278. -8675. O.

C -X+Y 23 -1. -0. -1631. 4123. 9637. -1,

i

@
|

|
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HEACTION *ESPONSE To OPEwATIONAL LOADS (INCLUDING DEA 0aEIGHT)

ILT. JNT. . ELEMENT FORCES. . ELEMENT MOMENTS. . .

NO. NO. F1 F2 F3 M1 =2 43

1 21 -1. -110. -3. 33. 12. -286.
22 1. 120. 3. -24 -12. 2HS.

2 23 1294 O. O. -0. 5494 274
3 -1293. -0. -0. O. -5494 109d.

'

3 3 0 -0. -1628. 6886. -65. O.
*

10 -0. D. 1624 -3585. 65. -0.
,

4 3 -336. -0. -0. O. -1393. -1162. ;

4 346. O. O. O. 1393. -1269.
5 4 1555. -0. O. O. 3e75. 917. |

24 -1553. O. -0. -0. -3875. 730.
!6 4 -0. O. -1899. 5269. -349. -0.
'5 0. -0. 1902. -1410. 349. O.

7 5 1. O. -0. O. -166. 3.
6 -0. -0. O. -0. 168. -3. j

e 5 -0. O. -1904 1595. -353. -0. I
7 0. -0. 1910. 5861. 353. -0.

9 6 1912. O. -0. -0. 5862. 2618.
7 -1910. -0. O. O. -5862. -354

10 15 0. -1. -37. 72. -40. 1.
17 -0. 1. 37. 72. 40. O. !

11 16 0. 1. 37. -72. -40. 1.
18 -0. -1. -37. -72. 40. O.

12 10 2. O. -0. O. -168. 7.
9 -1. -0. O. -0. 188. -5.

I13 10 0. -0. -1623. 3772. -58. O.
11 -0. O. 1617. 2561. 58. O.

14 12 -1615. -0 -0. O. 2562. -1973.
h11 1617. O. O. 1. -2562. 56.

15 21 -3. -1. O. 7. -1. -10.
13 3. 1. 5. 3. 1. -1.

le 13 -1. -5. 1. -3. 1. -3.
14 1. 11. -1. O. -1. -3.

17 19 -2. -11. 1. -0. -1. -33.
, 20 2. 15. -1. -2. 1. 25.
!

TYPE JNT. . BOljN0aFY 00 JUNCTION REACTION. . . . . . . . .

! NO. F4 FY FZ M MY uZ

600Y 8 -0. -0. 1912. 2618. -5662. -0.
'60DY 12 0. -0. -1615. 1973. 25e2. 9.

A .X.Y 12 0. -0. -1617. 1974 2561. -0.
b +X-Y 6 -0. -0. 1910. 2617. -5561. -0.,

l C -X+Y 23 -0. O. -272. 13417. 1617. -0.

s

|

|
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CD 75-46 ITEM 7 PAGE 15 o CC'

UEFOwMATION WESPUN5E TO STATIC SEISMIC Loa 0 IN HOLIZ(1) DIEECTION

4 JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y 7

1 -0.00017? 0.ul9358 -0.004203 -0.001346 -0.000001 0.000060
2 -0.000060 0.003143 -0.001575 -0.001323 -0.000001 0.000050
3 0.000056 0.002S58 -0.004694 -0.001323 0.000527 0.00037e
4 -0.000056 0.002558 0.004704 -0.001323 -0.000529 0.000378
5 -0.000076 0.001692 0.003109 -0.000671 -0.000533 0.000409
6 -0.000384 0.001692 0.001711 -0.000871 -0.0002P6 0.000019
7 -0.00011A 0.000006 0.000027 0.000001 -0.000532 0.000366
6 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000384 0.001692 -0.001705 -0.000e71 0.000266 0.000019

10 0.000076 0.001692 -0.003103 -0.000d71 0.000531 0.000409
11 0.00011A 0.00000e -0.000027 0.000001 0.000530 0.0003Ao
12 0.0 0.0 0.0 0.0 0.0 0.0-

13 -0.000186 0.014207 -0.004641 -0.001334 0.000005 0.000057
14 -0.000194 0.007604 -0.004e41 -0.001330 -0.000001 0.000054
15 -0.000034 0.000420 -0.001705 -0.00C871 0.00028e 0.000019
16 0.000802 0.0029e4 -0.001705 -0.000e71 0.0002e6 0.000019
17 0.000036 0.000420 0.001711 -0.000671 -0.0002e6 0.000019
Id -0.000e04 0.002964 0.001711 -0.000671 -0.000286 0.000019
19 -0.00000m 0.007604 0.000015 -0.001330 -0.000001 0.000054
20 -0.000000 0.003209 0.000015 -0.001323 -0.000001 0.000090
21 -0.000186 0.0139e7 -0.004623 -0.001346 -0.000001 0.000060
22 -0.000182 u.009944 -0.004623 -0.001323 -0.000001 0.000050
23 -0.000232 0.002553 -0.006116 -0.001323 -0.000001 0.000050
24 0.0002J2 0.002563 0.006126 -0.0013P3 -0.000001 0.000050

|

|
|

|

|
,

|

!

T

.



t
C0 /5-4e ITEM 7 PAGE 16 - CC

DEFORMATION WES40Ndt TO STATIC SEISMIC LOAO IN H04IZ(2) 31kECTIvN

/ JOINT .0EFLECTION POTATION. . . . . . . . . . .
~NO. X Y Z X Y Z

1 0.01e44a -0.000123 -0.013660 'O.000001 0.001486 -0.000013
!

2 0.000531 -0.000110 -0.013799 0.000001 0.001462 -0.000014
3 0.000229 -0.00001o -0.004571 0.000001 0.000776 -0.000007
4 0.000159 -0.000023 -0.0045e1 0.000001 0.000760 -0.000016
5 0.000154 -0.000012 -0.003004 0.000001 0.000774 -0.000030
6 0.002661 -0.000009 -0.003002 0.000001 0.000773 -0.002151 *

7 0.000115 0.000003 0.000000 0.000000 0.000762 -0.000031
e 0.0 0.0 0.0 0.0 0.0 0.0
9 0.002900 0.000003 -0.002999 0.000001 0.000773 0 002134

10 0.000217 0.000005 -0.002998 0.000001 0.000773 0.00001d
11 0.000162 -0.000003 0.000000 -0.000000 0.000761 0.000039
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.012700 -0.000136 -0.015721 0.000001 0.001452 -0.000013
14 0.005475 -0.000132 -0.015720 0.000001 0.00147e -0.000028
15 0.001771 0.000004 -0.002999 0.000001 0.000773 0.002134
16 0.004028 0.000001 -0.002994 0.000001 0.000773 0.002134
17 0.001732 -0.000006 -0.003002 0.000001 0.000773 -0.002151
18 0.003990 -0.000011 -0.003002 0.000001 0.000773 -0.002151
19 0.;05379 -0.000132 -0.015723 0.000001 0.001476 -0.00002e
20 0.000514 -0.000129 -0.015723 0.000001 0.001462 -0.000014
21 0.012700 -0.0000e4 -0.009670 0.000001 0.0014e6 -0.000013
22 0.008224 -0.000079 -0.009671 0.000001 0.001464 -0.000014
23 0.000267 -0.000021 -0.004570 0.000001 0.001452 -0.000014
24 0.000157 -0.000021 -0.0045E2 0.000001 0.0014e2 -0.000014

r
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Cu 75 46 ITEM 7 PAGt 17 o CC

DEFO *aTION PERwONst Tu STATIC SEISMIC L0a0 IN VERTICAL DIGECTIuN

) JOINT .0tFLECTION ROTATION. . . . . . . . . . .s'

~' N O . X Y Z A Y Z-

1 0.035437 0.907262 -0.032054 -0.000590 0.002866 0.000000
2 0.000574 0.00011e -0.030627 -0.000502 0.002672 0.000000
3 -0.000000 -0.u00000 -0.014077 -0.000593 0.002244 -0.000000
4 0.000000 -0.000000 -0.009874 -0.000591 0.001772 -0.000000
5 0.000000 -0.000000 -0.006483 -0.0003aa 0.001761 -0.00000u
6 0.000000 -0.*s00000 -0.007107 -0.0003H9 0.001671 0.000000
7 0.000000 -0.000000 -0.000010 -0.000001 0.001737 -0.000000
B 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000000 -0.000000 -0.006634 -0.000390 0.002127 0.000000

10 -0.000000 -0.000000 -0.009261 -0.000391 0.002237 -0.000000
11 -0.000000 -0.000000 -0.000035 0.000002 0.00221c -0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.024267 0.00499e -0.035973 -0.000592 0.002566 0.000001
14 0.010073 0.002072 -0.035971 -0.000503 0.002676 -0.000003
15 -0.003106 -0.000570 -0.008634 -0.000390 0.002127 0.000000
le 0.00310% 0.000570 T0.006634 -0.000390 0.002127 0.000000
17 -0.002'31 -0.00056e -0.007107 -0.0003a9 0.001371 0.000000
18 0.002732 0.000567 -0.007107 -0.0003P9 0.001671 0.000000
19 0.010061 0.002072 -0.0336c6 -0.000d93 0.002875 -0.000003
20 0.000574 0.000118 -0.033s94 -0.000542 0.C02572 0.000000
21 0.024262 0.u04994 -0.024488 -0.000390 0.002966 0.000000
22 0.015625 0.003220 -0.024477 -0.000592 0.002e72 0.000000

IL 23 -0.000000 -0.000000 -0.014731 -0.000542 0.002e72 0.000000
' '. 2* 0.000000 -0.000000 -0.009256 -0.000592 0.002672 0.00000u

m

.



Cu 15-46 ITEM 7 PAGE le o CC

1

|
s

DEF04MATION *ES 0NSt TO UPERATIONAL LOADS (!NCLUDING OSagwElGMT)

NOTATIONJJOINT .0EFLECTION . . .. . . . . . . .

NO. X Y Z X Y Z

l 0.005934 -0.025689 0.001656 0.002103 0.0004n3 0.000000
2 0.000096 -0.000420 -0.002518 0.002103 0.0004el 0.000000
3 0.000000 0.000001 0.005462 0.002102 -0.000503 0.000000
4 -0.000000 0.000001 -0.009469 0.002103 0.001175 0.000000
5 -0.000000 u.000000 0.006251 0.001384 0.001180 0.000000
e -0.000000 0.000000 -0.004030 0.001384 0.000790 0.000n00
7 -0.000000 0.000000 -0.000047 -0.000002 0.001174 0.000000
6 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000000 0.000000 0.001396 0.0013e4 -0.000121 0.000000

10 0.000000 0.000000 0.003617 0.001334 -0.000511 0.000000
11 0.000000 0.000000 0.000040 -0.000001 -0.000513 0.000000
12 0.0 0.0 0.0 0.0 0.0 v.0

13 0.004062 -0.017766 0.001685 0.002103 0.000480 0.000000
14 0.001666 -0.007359 0.001685 0.002103 0.000462 -0.000001
15 0.000177 0.002021 0.001396 0.001384 -0.000121 0.000000
16 -0.000177 -0.002020 0.001396 0.001384 -0.000121 0.000000
17 -0.001154 0.002021 -0.004030 0.001384 0.000790 0.000000
18 0-001154 -0.002020 -0.004030 0.001384 0.000790 0.000000
19 0.00166C -0.007359 -0.005674 0.002103 0.0004e2 -0.000001
26 0.000096 -0.000420 -0.005674 0.002103 0.000481 0.000000
21 0.004062 -0.017746 0.003608 0.002103 0.000463 0.000000
22 0.002616 -0.011436 0.003610 0.002103 0.0004e1 0.000000
23 -0.000000 0.000001 0.007719 0.002103 0.000481 0.000000

( h 24 0.000000 0.000001 -0.011732 0.002103 0.000461 0.000000

.

.

%u
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Cu 15-se ITEM 7 PAGE 19 o CL

EV A L UA T ION OF VA LV E .

OEFORMATION NESPONSt OF COMBINEO STATIC SEISMIC AND OPEaATIONAL LOAUS

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y Z

1 0.045885 -0.046571 0.036832 0.003573 0.003729 0.000061
2 0.000681 -0.003567 -0.036329 0.003553 0.003704 0.000052
3 0.000236 0.002559 0.020940 0.003552 -0.00293e 0.000376
4 -0.000164 0.002559 -0.021327 0.003552 0.00316d 0.00037e
5 -0.000172 0.001692 -0.014043 0.002338 0.00317e 0.000410
6 -0.002ead 0.001692 -0.011932 0.002338 0.002635 0.002191
7 -0.000164 0.000007 -0.000077 -0.000003 0.003144 0.000367
8 0.0 0.0 0.0 0.0 0.0 0.0
9 0.002925 0.001692 0.010694 0.002338 -0.002403 0.002134

10 0.000230 0.001642 0.013633 0.002338 -0.002937 0.000410
11 0.000199 0.000007 0.000084 -0.000003 -0.002912 0.000366
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.031444 -0.032o07 0.041216 0.003562 0.003593 0.000059
14 0.013153 -0.015241 0.041214 0.003S59 0.003716 -0.000061
15 0.003753 0.002729 0.010694 0.002338 -0.002403 0.0021.14
16 -0.005326 -0.005036 0.010694 0.00233e -0.002403 0.002134 -

17 -0.004388 0.002727 -0.011932 0.002338 0.002835 0.002151
- 16 0.006055 -0.005036 -0.011932 0.00233d 0.002836 0.002151

19 0.013093 -0.015241 -0.043039 0.003599 0.003714 -0.000061
20 0.000867 -0.003634 -0.043037 0.003553 0.003704 0.000092
21 0.031448 -0.032599 0.030412 0.003573 0.003729 0.000041
22 0.020274 -0.021:01 0.030404 0.003553 0.003704 0.000052
23 -0.000369 0.002563 0.024311 0.003553 0.003704 0.0000F2
24 0.0002s0 0.u02i63 -0.023739 0.003S53 0.003704 0.000052

.
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C C'CD 75--e ITEu 7 PAGE 20 o

SEAM STRESS F 0w COMcINED STATIC Aho OPEPATIUNAL LOA 05 .

ELM JNT STPLSS C00ADINATES STPESS/10(3) MATERIAL SMax NOTE FI
)NO.NO.NO. Cl C3/2 C SMAx SAL DiSCRIprION / SAL JN

~

2 23 5 0.0 0.26 0.56 15.7 27.0 STEEL 0.be 2

3 3 10 -0.05 -J.49 0.77 3.3 27.0 STEEL 0.12
4 3 5 0.0 0.28 0.56 4.4 27.0 STEEL 0.16
5 24 5 0.0 0.2d 0.56 15.7 27.0 STEEL 0.56 2

6 4 7 -0.05 3.49 0.77 3.5 27.0 STEEL 0.13
7 5 6 0.0 -0.19 0.37 18.6 27.0 STEEL 'O 69
8 7 7 -0.05 3.49 0.77 3.6 27.0 STEEL 0.13

0.779 7 5 0.0 0.28 0.56 20.8 27.0 STEEL -

10 15 6 0.0 -0.19 0.35 9.4 27.0 STEEL 0.35 1

11 16 6 0.0 -0.19 0.35 10.4 27.0 STEEL 0.36 1

12 10 5 0.0 0.19 0.37 18.5 27.0 STEEL 0.69 1

13 11 10 -0.05 -3.49 0.77 3.3 27.0 STEEL 0.12 1

14 11 6 0.0 -0.28 0.56 19.9 27.0 STEEL 0.74 1

60LTED JOINT ST4ESS FOR COMBINED STATIC AND OPEPATIONAL LOADS
(N=NUMBEe OF e0LTS. APEA=APEA PEN 60LT)

BULT JOINT DESCwIPTION.60LT STRESS /10(3) MATERIAL SMax NOTE DI;

JNT LOC. TYPE N AREA No. SMax SAL DESCRIPTION / SAL

12 A LEG 2 0.31 1 16.4 82 8 50LTING 0.20 -

e 8 LEG 2 0.31 2 16.3 82.8 60LTING 0.20 -

{ g 23 C PAD 4 0.21 4 12.2 62.6 SOLTING 0.15 -

THIS EQUICMENT IS ACCEPTABLE FOR THE SPECIFIED SEISMIC DISTU98aNCE

THIS REPO47 NAS BEEN PREPARED By /

DAVE POP H

g "Z
FISHEH CN ROLS CU"PaNY
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'M A TE4 IA L PR OP i 4 T Y INP UT 0aT A

MAT. DESCHIPTION YOUNG'S POISSON'S MASS ALL0tv A 6LE
NO. MOD /10(6) RATIO DENS /10(-4) S T L tE SS /10 ( 3 )

.
'

I STEEL 30.000 0.263 7.240 27.000
2 SOLTING 30.000 0.2e3 7.2u0 e2.800
3 ADAPTEN 15.000 0.300 6.750 15.000

.

O

e

.

.

- - - . - --
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CU 75-46 ITEM 1,3-6,e 9 16.lS,20 PAGE 1 + CC

SA4 GENT AND LU'<91 ENGINEERS
COMMONWEALTH ER!5UN COMPANY

.

& CC 'su SA044
SA095

VALVE SIZE 26 VALVE TYPE 9220

ACTUATOR LIwITORQUE St4o-000-2/H18C

CUSTOMER ORDEa No 181104

CUSTOMER TAG NO IV0926
Iv0027
IVQ029
Iv0030
Iv0034
Iv0037
Iv003e
2v0026
2v0027
2v0029
2VQO30
2v0034
2V0036
2VQO37
2VQO38
2v0041

CERTIFIED CRawING No G269198
G269209

'

CROSS SECTION ORAwING NO F429279
F4292&B

BRACKET ORAw'ING NO G34252A

DATE OF THIS REPOPT / JUNE 5, 1978 04
,,

e

.



Cu 75-46 ITEu 1,3-6,4,9 14,15320 PAGE 2 + CC'

C0N TR0L I N D U T 0A TA ,

h MANUAL INPUT GENd4ATION FOR VALVE ANALYSIS

SEISMIC STRESSES ARE SuoERIMPOSED BY SQUAWE WOOT OF SUM OF SQUARES

STRESS ALLOwABLES ARE COMPARED TO MAXIMUM PDINCIPAL STHESS

MASS, STIFFNESS, LOAD AND STRESS MATPICES ARE NOT PRINTED

STATIC SEISMIC ANALYSIS TO BE PERFORMED

OPERATIONAL LOAO ANALYSIS TO BE PERFORMED

DYNAMIC MODAL ANALYSIS TO AE PEGFORMED alTH EVALUATION

CR 0SS-SECT ION OA TA

EL. CROSS-SECTION
NO. DESCRIPTION PARAMETEPS

T = 1.0601 TUBE A = 4.875 , .

T= .5600 ,2 RECTANGULAR A = 9.000 .

3 CHANNEL a = 8.000 , T = 4870 , B= 2.530 ,

R1= .3200 ,Tl= .3900 .

a RECTANGULam A = 9.000 . T = .5600 .

5 RECTANGULAR A = 9.000 , T = .5600 .

T = .4870 , B = 2.5306 CHANNEL A = 8.000 , .

Al= .3200- T1= .3900 , .

7 RECTANGULAG A-= 4.000 , T = .3750 .

T = 4870 , 6= 2.5308 CHANNEL A = 8.000 ..

41= .3200Tl= .3900 ..

9 RECTANGULAs A = 9.000 , T = .5600 .

. T = .3750A = 1.06010 RECTANGULA'- ,

.375011 RECTANGULA< A = 1.080 . T = .

T = .375012 RECTANGULAs A = 4.000 . ,

. . B= 2.53013 CHANNEL A = 0.000 T = 4870 .

El= .3200Tl= .3900 ..

T = .Se00 ,14 WECTANGULad t = 9.000 ,

.625015 RECTANGULas A : 7.000 T = ..

.625016 RECTANGULA- A = 7.000 , T = .

17 RECTANGULAR A = 7.000 T = .e250. .

I



CC'CO 75-46 ITFM 1,3-6o6 9 14,15,20 PAGE 3 o

.

JOINT COORDINATE uaTA .

4 JOINT .

x Y Z

NO.
*

1 12.250000 12.312000 -3.190000
2 9.68S000 0.200000 -1.200000
3 5.940000 3.565000 0.0
4 5.940000 -3.565000 0.0
5 3.910000 -3.565000 0.0
6 3.910000 -1.960000 0.0
7 0.0 -3.565000 0.0
8 0.0 -4.750000 0.0
9 3.910000 1.960000 0.0

10 3.910000 3.565000 0.0
11 0.0 3.565000 0.0

12 0.0 4.750000 0.0

13 13.565000 8.440000 -3.500000
14 13.565000 3.50000G -3.500000
15 3.910000 1.960000 -1.460000
16 3.910000 1.960000 1.460000
17 3.910000 -1.960000 -1.460000
16 3.910000 -1.960000 1.4e0000
19 13.565000 3.500000 0.0
20 13.565000 0.200000 0.0
21 9.565000 8.e40000 -3.500000
22 9.565000 5.440000 -3.500000
23 5.940000 4.625000 0.0
24 5.940000 -4.625000 0.0

|
|
|

|
|

t

i
r

|



00 75-4e ITEP 1,3-5 e,9,14 15,20 PAGE 4 + CCE

. \

jd OUN OA 4 Y. SPR TN G & BOL 1 J0 IN T, OA T A
- 1--

' JOINT TYPE-MAT JLANE-OldtCTION SPRING & SOLT JOINT PAWAMETERS4

' v' No. / FIXITY OR DESCRIPTION
,

8 111111 ouGY
12 111111 euGY
12 LEG 2 A +X +Y N.T= 2 10 .0/A= 0.7500* YE: 1.1250

YO= 9.5000,YSH: 0.0 . S= 2.7500
ZT= 1.6250, 26= 1.6250,250= 0.0

8 LEG 2 6 +X -f N.T= 2.10 ,D/A= 0.7500. YE= 1.1250
YO= 9.5000,YSH= 0.0 , S= 2.7500
ZT= 1.6250. ZS= 1.6250,2Sn= 0.0

23 PAD 2 C -A +Y N.T= 2 11 .0/A= 0.6250. YE= 0.6900
YO= 9.2500.YSn= 0.0 . $= 3.8000
ZT= 1.4000. Z6= 1.4000,2SH= 0.0

C0N CEN TP A TEO M A SS OA TA

JOINT LUMPED FCd SHIFT DISTANCE OR HOMENT OF INEATIA
NO. MASS DIk. X Y Z

1 0.284679 AYZ 0.0 0.0 0.0
2 0.323499 xYZ u.0 0.0 0.0
6 0.646998 X 0.0 0.0 0.0
9 0.646996 A 0.0 0.0 0.0

C0NCEN TR A TED L0A 0 0A T A

.MOMENTSeJOINT FORCES.. . . . . . . . . . . . .

P.O . X Y Z X Y Z

2 0.0 0.0 0.0 12750.0 0.0 0.0

.



Cu 75-we ITeu 1,3-n 6 9 14 15.'20 RAGE 5 + CC'
.

ELEM EN T IN P U T 0A T a .

| g:L. JOINTS LtNGT" ANGLE ARFA MOMENTS OF INEPTIA MATEkIAL
NO. / RADIUS I-11 1-22 I-33 OESCHIPTION

1 21 22 3.000 12.7043 24.6969 49.7939 24.69e9 ADAPTEP
2 23 3 1.060 5.0400 0.1317 0.5062 34.0200 5 TEEL
3 3 10 2.030 5.4895 43.8702 0.3890 2.4406 STEEL
4 3 4 7.130 5.0400 0.1317 0.5062 34.0200 STEEL
5 4 24 1.0e0 5.0400 0.1317 0.5062 34.0200 STEEL

'

6 4 5 2.030 5.4895 43.6702 0.3699 2.4*06 STEEL
7 5 6 1.605 1.5000 0.0176 0.0662 2.0000 STEEL
6 5 7 3.910 5.4895 43.6702 0.3899 2 4406 STEEL
9 6 7 1.185 5.0400 0.1317 0.5062 34.0200 STEEL

10 15 17 3.920 0.4050 0.0047 0.0148 0.0394 STEEL
11 16 le 3.920 0.4050 0.0047 0.014e 0.0344 STEEL
12 10 9 1.605 1.5000 0.0176 0.0662 2.0000 STEEL
13 10 11 3.910 5.4895 43.8702 0.3699 2.4406 STEEL
14 12 11 1.165 5.0400 0.1317 0.5062 34.0200 STEEL
15 21 13 4.000 4.3750 0.1424 0.5376 17.6646 STEEL
16 13 14 4.940 4.3750 0.1424 0.5376 17.8646 STEEL
17 19 20 3.300 4.3750 0.1424 0.5376 17.o646 STEEL

23 2 HIGIO LINK
24 2 RIGIO LINK

2

15 9 RIGIO LINK '

16 9 RIGIO LINK
17 6 RIGIO LINK
18 6 RIGIO LINK
22 2 RIGIO LINK
21 1 RIGIO LINK
19 14 RIGIO LINK
20 2 RIGIO LINK

:

.

.



CC'CO 75-4e ITEv 1 3-Sou.9 14 15.20 CAGE 6 o

STA T IC A N A LY S IS ..

OEF0HMATION *ESPONSE TO 1 G GRAv!TATIONAL LOAO IN VALVE SYSTEs x Olu.

JOINT .OEFLECTION HOTATION *
. . . . . . . . . . .

NO. X Y Z X Y Z

1 0.000524 -0.u00072 0.001035 -0.000000 -0.00s i -0.000012
2 0.000178 -0.000039 0.000755 -0.000000 -0.0001 ) -0.00000e
3 0.000059 -0.000011 0.000343 -0.000000 -0.00005; -0.000005
4 0.000020 -0.u00011 0.000344 -0.000000 -0.0000e9 -0.000007
5 0.000020 -0.000003 0.000225 -0.000000 -0.00005e -0.000006
6 0.000566 -0.000003 0.000225 -0.000000 -0.00005e -0.000433
7 0.000015 0.000001 -0.000000 -0.000000 -0.000057 -0.000005
s 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000587 -0.000001 0.000225 -0.000000 -0.00005e 0.000424

10 0.000054 -0.000000 0.000225 -0.000000 -0.000056 0.000002
11 0.000040 -0.000001 -0.000000 0.000000 -0.0000S7 0.000009
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.000511 -0.000070 0.001174 -0.000000 -0.000109 -0.000006
14 0.000472 -0.000069 0.001160 -0.000000 -0.000112 -3.000010
15 0.000671 -0.000001 0.000225 -0.000000 -0.000058 0.00042*
16 0.000502 -0.000000 0.000225 -0.000000 -0.000056 0.000424

|
17 0.000650 -0.000003 0.000225 -0.000000 -0.0000de -0.000433
18 0.000481 -0.000003 0.000225 -0.000000 -0.00005e -0.000433
19 0.000079 -0.000069 0.001180 -0.000000 -0.000112 -0.000010

,

20 0.00004e -0.000069 0.001180 -0.000000 -0.000110 -0.000000
21 0.000510 -0.000039 0.000741 -0.000000 -0.000109 -0.000012

7
- 22 0.000470 -0.u00039 0.000741 -0.000000 -0.000110 -0.00000e

23 0.000079 -0.000011 0.000343 -0.000000 -0.000110 -0.00000e |24 0.000009 -0.000011 0.000344 -0.000000 -0.000110 -0.000006 -

.



:
Cu 7S-*b ITErd 1,3-6ee,9.leel5,20 PAGE 7 * C;

DEF0wwaTION 9ES:0NSL 70 10 GPAVI7ATIONAL LOAD IN VALVE,5YSTEM Y DIC.

|| JOINT .0tFLECTION GOTATION. . . . . . . . . . .
NO. X Y Z X Y Z

l -0.00011A 0.000667 0.001218 0.000099 -0.000000 0.000011
2 -0.000002 0.000660 0.000019 0.0000Q9 0.000000 0.000006
3 0.000015 0.000509 0.000352 0.000099 -0.000039 0.000074
4 -0.000015 0.000509 -0.00035? 0.000099 0.000040 0.00007*
5 -0.000019 0.000338 -0.000233 0.000065 0.000040 0.0000F1
6 -0.000079 0.000338 -0.000128 0.000065 0.000022 0.00000J
7 -0.000026 0.000001 -0.000002 -0.000000 0.0000*0 0.000074
8 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000079 0.000338 0.000128 0.000065 -0.000021 0.000003

10 0.000014 0.000336 0.000232 0.000065 -0.000040 0.000091
11 0.000025 0.000001 0.000002 -0.000000 -0.0000*U 0.000074
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.00007F 0.000922 0.000836 0.000099 -0.000000 04000007
14 -0.000033 0 000922 0.000346 0.000099 0.000001 0.000009
15 0.000110 0.000433 0.00012e 0.000065 -0.000021 0.000003
16 0.00004A 0.000243 0.000128 0.000065 -0.000021 0.000003
17 -0.000110 0.000433 -0.000129 0.000065 1.00002e 0.000003
18 -0.00004A 0.000243 -0.000128 0.000065 -.000022 1.000003
19 -0.000031 0.000574 0.ou0346 0.000099 0.000001 0.000009
20 -0.000002 0.000574 0.000019 0.000099 0.000000 0.000008
21 -0.000079 0.000689 0.000e36 0.000099 -0.000000 0.000011
22 -0.000046 0.000ee7 0.000539 0.000099 0.000000 0.000006,

23 -0.000039 0.000510 0.000458 0.0000c9 0.000000 0.000006
24 0.000039 0.000510 -0.000458 0.000099 0.000000 0.00000e



_ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ ____ _

t
Cu 75-4e IT?u 1,3-6,6 9 14 15,20 PAGE e o CC

,

DEF0w4ATION AESPONSE TO 1G GRAVITATIONAL LOAD IN VALVE, SYSTEM Z DIP.

) JOINT . DEFLECTION ROTATION. . . . . . . . ...

NG. X Y 7 X Y Z

l 0.001335 0.u00642 0.007747 0.000269 -0.000421 0.000000
2 0.000502 0.000317 0.003432 0.000265 -0.000419 -0.000000
3 -0.000000 -0.000000 0.002748 0.000265 -0.00040e -0.000000
4 0.000000 -0.000000 0.000869 0.000264 -0.000197 -0.000000
5 0.000000 -0.000000 0.000568 0.000174 -0.000195 -0.000000

| 6 0.000000 -0.000000 0.000647 0.000174 -0.000d44 -0.000000
| 7 0.000000 -0.000000 -0.000002 0.000000 -0.000192 -0.000000

6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000000 -0.u00000 0.001530 0.000174 -0.0003b9 0.000000

10 -0.000000 -0.000000 0.001610 0.000174 -0.0004C6 -0.000000
11 -0.000000 -0.000000 0.000009 -0.000000 -0.000404 -0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.001465 0.000930 0.007255 0.000267 -0.000420 0.000001
14 0.00146e 0.000930 0.005935 0.000266 -0.000420 0.000000
15 0.000524 0.000254 0.0015 0 0.000174 -0.000359 0.000000
le -0.000524 -0.000255 0.001530 0.000174 -0.0003Sv 0.000000
17 0.000357 0.000254 0.000647 0.000174 -0.000244 -0.000000
16 -0.000356 -0.0002S4 0.000647 0.000174 -0.000244 -0.000000
19 -0.000000 -0.000000 0.005935 0.000266 -0.000420 0.000000
20 -0.000000 -0.000000 0.005057 0.000265 -0.000419 -0.000000
21 0.001465 0.0009de 0.005577 0.000269 -0.000421 0.000000
22 0.001465 0.0009d6 0.004768 0.000265 -0.000419 -0.000000 ;

'

23 -0.000000 -0.000000 0.003035 0.000265 -0.000419 -0.000000 |

|
-0.000000 -0.000000 0.000568 0.000265 -0.000419 -0.000000gg 2-

1

@

,

|
.

- _ _ - _
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CdoACE 9 o

3,3 g,,,,.,,gy, sus 20Cu 75-49 y yg

'
D 'U ' *

OEF0w aTIGN ;E90Nst TO OPtisAT10NAL LOAUb
* * * *

I IJ NT .0EFLECTION. . . . .

*

0.000001 -0.0000004 ' 4"' j esJ1 -0.000001 0.007021 0.027099 0.000001 -0.000000
" * ""1j , e2 -0.000001 0.002639 0.000432 H a "U' j ,,4 -0. 0 0 0 8 78 -0.000000

3 -0.000006 -0.u00003 0.007814 0.000879 -0.0000004 ' " " ', ,, q e4 0.000000 -0.000003 -0.007822 0.000666 -0.000000
0 ' 0 " | ,,, ,r 95 0.000000 -0.000002 -0.005170 , ,, 9 0.000476 -0.000000
0'UU6 0.000000 -0.000002 -0.002844 0.000684 -0.000000

7 0.000000 -0.000000 -0.000046 'O ' 0 0 g y ,i e
0.0 0.0

8 0.0 0.0 0.0 4*" -0.000477 -0.000000U * " '' j y ,, 99 -0.000000 -0.u00002 0.002838 4'UU#,,,,, -0.000 %d -0.000000 ,

10 -0.00000n -0.u00002 0.005164 -4'4",,y,e -0.000863 -0.000000
11 -0.000000 -0.u00000 0.000046 0.0 0.0
12 0.0 0.0 00 4*4 0.000001 -0.000000

d ' 4 h j j,,9 313 -0.000004 0.vo7704 0 018571 ;d 0.000001 -0.00000u
9'4" 0.0i h77 -0.00000014 -0.000004 0.00770c 0.007694 4*""#,,,,, 0.00047715 0.000e95 0.102114 0.002838 -0.0000004 * 4 4 # ,, ,, s -lb -0.000696 -0.002116 0.n02638 0.000476 -0.00000u

17 -0.000697 0.u0211e -0.002844 4 * 4 " # ,, ,, s
0.000476 -0.0000000 * 4 6 # ,, ,,918 0.000698 -0.J02118 -0.002844

4 * 4 " # ', 9 3 0.000001 -0.000000
19 0.000000 -0.;00003 0.007694 0.000001 -0.000000D * 4 ''' j ,, e20 0.000000 -0.;00003 0.000427 ye 0.000001 -0.000000
21 -0.000004 0.;07704 0.018576 h a 4 '' 0.000001 -0.000000og
22 -0.000004 0.;07704 0.011970 4*46 0.000001 -0.000n000'44'' jog23 0.000000 -0.;30003 0.010160 0.000001 -0.0000000'U4#jne24 -0.000000 -0. 00003 -0.010188

d



t'

CD 73-Go ITEM 1 3-e.e,9 1 15,20 PAGE 10 e
CC |

0Y N A M IC A N A LY $ IS -

,

RESONANT FWEOUENCY =- 38.5 HERTZ (IN Z-DIwCCTION 04 Y-~0TATION)

* * NORMALIZED EIGENVECTOP* * * * * *

JOINT .0EFLECTION POTATION. . . . . . . . . . .

NO. A Y Z X Y Z

1 0.150921 0.136495 1 000000 0.041558 -0.047164 -0.000099
2 0.05e616 0.055550 0.378930 0.040890 -0.046897 -0.000043
3 0.000619 0.006e28 0.340005 0.040902 -0.048994 0.000846
4 -0.000362 0.006630 0.049648 0.0*0668 -0.016359 0.000911
5 -0.000408 0.004479 0.032037 0.026933 -0.0160ee 0.001036
6 -0.001137 0.004-67 0.075262 0.026933 -0.0236e2 -0.000036
7 -0.000461 0.000016 -0.n00504 -0.000003 -0.015733 0.001000
e 0.0 0.0 0.0 0.0 0.0 0.0
9 0.001531 0.004526 0.180768 0.026937 -0.041413 -0.000024

10 0.000795 0.004535 0.224000 0.026941 -0.048979 0.001020
11 0.000750 0.000014 0.001194 -0.000054 -0.0ad537 0.001075
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0 165169 0.150145 0.900570 0.041210 -0.047120 0.000186
14 0.165505 0.150150 0.696619 0.041096 -0.047129 -0.000046
15 0.061994 0.043854 0 180768 0.026937 -0.041413 -0.0000P4
16 -0.058932 -0.034802 0 180768 0.026937 -0.041413 -0.000024
17 0.033438 0.043809 0.075262 0.026933 -0.0236e2 -0.00003e
18 -0.035713 -0.034834 0.075262 0.026933 -0.0236e2 -0.00003e
19 0.000552 0.006314 0.696619 0.041096 -0.047129 -0.000046
20 0.000340 0.006315 0.560e90 0.040600 -0.046b97 -0.000043
21 0.165165 G.149e44 0.712400 0.041556 -0.047184 -0.000099
22 0.164704 0 149601 0.587565 0.0*0e90 -0.0 6e97 -0.0000u3
23 0.000530 0.0066*2 0.384238 0.040690 -0.046e97 -0.000043
24 0.000133 0.uG6e42 0.006007 0.0u0e90 -0.04ee97 -0.000043

S T A T IC SEI $M IC A N A LY S IS

THE VALVE AXIS IS POSITIONEO x-UP

ACCELERATION Or G4AVITY. G = 386.400

OIRECTION OF NO. COMPONENTS OF UNIT ACCELEDATION
SE15MIC UF IN VALVE C00WOINATE SYSTEM

ACCELERATION G'S x-COMP. Y-COMP. Z-COMP.

n0HIZONTAL(1) 5.000 0.0 0.0 1.0000
h0kIZONTAL(2) 5.000 0.0 1.0000 0.0
VEATICAL 4.000 -1 0000 0.0 0.0



CD 75- o ITEw 1 3-6e8 9.ls,15 20 PAGE 11 + CC'

WEACTION 4ESPON56 TO, STAT!C SEISMIC LOAD IN HOWIZ(1) Ol*ECTION
/ v

()N .LT. JNT. . ELEMENT FORCES. . ELEMENT MOMENTS*

. . .

NO. NO. F1 F2 F3 *1 w2 93
.

~

1 21 -2. 7. 423. 2111. -91n. 22.

22 2. -7. -473. -3454. 91e. -27.

2 23 1542. -2. O. 1. -290. 1447.
3 -1550. 2. -0. -1. 290. 192.

3 3 -0. O. -1789. 591. -940. -2.

10 0. -0. 1804 3057. 840. 1. . g

4 3 -239. -0. V. -1. -87e. -In26. -|

4 le9. O. -0. -1. e76. -49e.

5 4 239. 2. -1. -1. 6164 1091,

24 -247. -2. 1. 1. -6184 -8P3.
0. -1. -429. 7060. 562. 1.6 *

5 -0. 1. 413. -6206. -5c2. -1.

7 5 -6. -0. O. -0. -116. -2e.
6 3. O. -0. O. 118. 20.

8 5 1. -1. -407. 6324 606. 1.
7 -1. 1. 377. -4790. -608. 1.

9 8 369. -1. 1. 0. -47e9. -16e.
7 -377. 1. -1. -1. 47e9. 606.

10 15 -1. 6. -23. 45. -25. -1.

17 -1. -A. 23. 45. 25. 1.
11 16 -1. -6. 23. -45. -25. -1.

18 -1. 6. -23. -45. 25. 1.
' 12 10 -5. -0. O. -0. -118. -24

9 2. O. -0. G. 118. le.

13 10 -1. O. -1611. -2947. -866. -1.

11 ~1 . -0. 1841. 10087. 666. -1.

14 12 -1850. 1. O. 1. 10069. -3053.

11 le41. -1. -0. -1. -10069. eso.
15 21 126. -1. 7. -21. -lo. 55e.

13 -151. 1. -7. -8. le. -5.

16 13 149. -7. -1. 6. -*. -15.

14 -179. '7. 1. -3. 4 826.

17 19 le0. -8. -1. 3. -8. -803.

20 -200. . 1. 1. d. 1430.
;

TYPE JNT. 900NOARY OP JUNCTION REACTION . . . . .. . . . .

NO. FA FY FZ MX MY "Z

BODY 8 1. 1. 369. -166. 4769. O.

600Y 12 -0. 1. -1A50. 3053. 100e9. 1.
A +X+Y 12 -0. 1. -1841. 3048. 100e7. 1.
B +X-Y 8 1. 1. 377. -161. 4790. O.
C -X+Y 23 -1. -1. 1360. 1357. -6470. -2.

1

,

(9

.

.

%



CU 75-46 ITE* 1,3-6,e.9 14 15,20 PAGE 12 + CC

WEACTION WESPONSE TO STATIC SEISMIC LOAO IN NOPIZ(2) OluCTION

)ELT. JNT. . ELEMENT FORCES. . ELEMENT MOMENTS. . .m

NO. NO. F1 F2 F3 ML M2 u3

1 21 3. 550. 10. -168. -36. 1443.
22 -3. -60n. -10. 138. 36. -1434

2 23 335. 649. 1095. -1808. 1104 lle.
3 -335. ~656. -1095. 646. -1104 237.

3 3 6e2. -1454 -415. 1432. -49. 1929.
10 -698. 1454 415. -589. 49. -526.

4 3 -e0. -25. -359. 1281. -328. -29e.
4 60. -25. 359. 1281. 326. -287.

5 4 335. -656. 1095. 648. 1103. 237.
24 -335. 648. -1095. -1808. -1103. 119.

6 4 -6e3. 1454 -415. 1431. -49. -1929.
5 698. -1454 415. -588. 49. 526.

7 5 -0. 6. -47. 166. -44 -0.
6 0. -2. 47. -91. 44 O.

e 5 -704 1501. -416. 632. -49. -64*.
7 734 -1501. 416. 993. 49. -2117.

9 8 416. 742. -1501. -338. 993. 541.
7 -416. -734 1501. 2117. -993. -49.

10 15 0. -1. -32. 63. -10. O.
17 -0. -1. 32. 63. 10. O.

11 16 0. -1. -15. 29. -10. O.
le -0. -1. 15. 29. 10. O.

12 10 0. -5. -47. 166. -44 O.
9 -0. 2. 47. -91. 44 -0.

13 10 704 -1501. -415. 633. -48. 694
11 -734 1501. 415. 991. 48. 2117.

14 12 -415. -742. -1501 -339. 991. -541.
11 415. 734 1501. 2117. -991. 48.

15 21 -10. 3. O. 34 3. -3e.
13 10. -3. 24 14 -3. -*.

16 13 -10. 24 3. -14 -4 4

14 10. -54 -3. 1. 4 -55.
It 19 -10. 54 3. -1. 5. -133.

20 10. -74 -3. -H. -5. 99.

TYPE JNT. BOUSDAPY 04 JUNCTION PEaCTION. . . . . . . . . .
NO. FA FY FZ MX vY MZ

.

BODY 8 -1501. -742. 416. 541. -993. -33e.
600Y 12 15al. -742. -415. 541. 991. -339.
A +X+Y 12 1501. -734 -415. 540. 991. -33e.
B +X-Y 8 -1501. -734 416. 541. -993. -33e.
C -X+Y 23 0. 1365. o. 2864 1. 6510.

.



t

CD 75-46 I1EM 1 3-e.6 9 14,15 20 -AGt 13 + CC

REACTION 4ESPONSE Tu STATIC SEISMIC LOAD IN VE4TICAL DIwECTION

'x JELT. JNT. . ELEMENT FORCES. ELEMENT MOMENTS
'

. . . .

No. NO. F1 F2 F3 r'l w2 *3

1 21 -710. -22. -4 1. -165. 246e.
22 770. 22. 4 12. 165. -4686.

2 23 1. 332. le94 -952. 1717. 1.
1 -1. -332. -1903. -1061. -1717. O.

3 3 431. -1937. -1. 1717. -1. -1016.
10 -431. 1955. 1. -1715. 1. 1893. *

4 3 -0. -99 -34 43. -0. -0.
4 0. 99 -27. -17. O. o.

5 4 -1. 333. 32e. -190. -1716. O.
24 1. -333. -335. -160. 1716. -1.

e 4 431. 299. O. -1716. 1. 207.
5 -431. -281. -0. 1715. -1. 669.

7 5 0. -89. 1506. -2047. -0. -0.
6 -0. 69. -1504 -370. O. O.

6 5 520. -1227. O. -1715. O. 1378.
7 -S20. 1263. -0. 1715. -0. 656.

9 8 -0. -520. 1273. -847. 1715. -0.
7 0. 520. -1263. -656. -1715. O.

10 15 -0. -44 -1. -187. -0. -0.
17 0. 44 -2. 185. O. -0.

11 16 -0. -44 -1. -187. -0. -0.
16 0. 44 -2. 185. O. -0.

c 12 10 -0. -e9. -1506. 2040. -0. -0.
! ) 9 0. 89. 1502. 374 O. o.
'# 13 10 520. -3461. -1. 1717. -1. 14e.

11 -520. 3497. 1. -1713. 1. 1886.
14 12 -1. -520. -3507. 2262. -1714 -1.

11 1. 520. 3497. 188's. 1714 1.
15 21 4 -50. -22. 86. 1. 40.

13 -4 21. 22. 2. -1. -22.
16 13 5. 22. -21. -2. -22. 1.

14 -5. -22. -15. 17. 22. 21.
17 19 5. 22. 15. -17. 31. -99.

20 -5. -22. -39. -73. -31. 11*.

TYPE JNT. . BOUNDARY 04 JUNCTIO*l DEACTION. . . . . . . . .
NO. Fx FY FZ *x MY MZ

bC0Y 8 1273. 520. -0. -0. -1715. -847.
e00Y 12 3507. -520. -1. 1. -1714 2262.
A +X+Y 12 34v7. -520. -1. 2. -1713. P2c7.
8 +A-Y 6 1263. 520. -0. -1. -1715. -841.
C -x+Y 23 -le37. -0. 2. -6. 3433. 1623.

.

GP



r
CO 75-se ITEM 1 3-6,8,9 1-.15,20 vaGE 14 o CC

,

esPONSE Tu OPE-ATIONAL LOADS (INCLUDING Ot.A0WEJ0nT)HEACTION w

ELT. JNT. . ELEMENT F0PCES. . ELEMENT MOMENTS. . .
,

NO. NO. F1 F2 F3 ul M2 u3

1 21 -116. -4 -2. O. -21. 411.
22 128. 4 2. 6. 21. -781.

2 23 1491. 54 314. -157. $195. 523.
3 -1491. -54 -316. -177. -5195. 1056.

3 3 71. -321. -1846. 6653. -216. -171.
10 -71. 324 1846. -2905. 216. 31o.

4 3 -3m7. -17. -5. e. -1459. -1273.
* 3S7. 17. -5. -4 1459. -127*.

5 4 1491. 57. 53. -32. 4617. 105*.
24 -1491. -57. -54 -25. -4617. 52o.

e 4 73. 48. -1947. 6075. -217. Je.
5 -73. -*5. 1847. -2326. 217 111.

7 5 -0. -15. 251. -341. -197. -2.
6 0. 15. -251. -62. 197. 1.

6 5 ed. -206. -1647. 2522. -216 230.
7 -68. 212. 1847. 4700. 216. 112.

9 8 1647. -88. 214. -141. 4700. 2405.
7 -18*7, 88. -212. -112. -4700. -21o.

10 15 O. -7. -39. 44 -42. 1.
17 -0. 7. 38. 106. 42. 1.

11 16 0. -7. 38. -107. -*2. 1.
18 -0. 7. -39. -45. 42. 1.'.

12 10 1. -15. -251. 340. -197. 2.
9 -1. 15. 250. 62. 197. -1.

,

13 10 66. -575. -1846. 3098. -215. 2*. i

11. -66. 581. 1946. 4121. 215. 312.
14 11 -1847. -86. -583. 377. 4122. -2-04

11 1647 86 581. 312. -4122. 215. ;

15 21 2. -8. -4 15. O. 11.
13 -2. 4 4 O. -0. -4

16 13 -0. 3. -4. -0. -4 5.
14 0. -3. -3. 3. 4 -5.

17 19 1. 3. 3. -3. 5. -e. -

20 -1. -3. -7. -12. -5. I1. I

TYPE JNT. BOUNDAPY OR JUNCTION GEoCTION. . . . . . . . . .

NO. F) FY FZ 4x MY MZ

BODY e 214 88. 1847. 2405. -4700. -141.
BODY 12 563. -86. -1847. 2404 4122. 377.
A +x+Y 12 561. -66. -1846. 2403. 4120. 376.
B +X-Y 8 212. 68 1847. 2404 -4700. -140. !
C -x+Y 23 -273. -1. -0. 12735. 578. 261.

4

i

i

<
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CU 79-se ITEu 1,3-e.d=9 14,15o20 FAGE 15 o C-

DEF0WuaTION WES40NSE TO STATIC SEISMIC LOAD IN HORIZ(1) QIPECTIuN

) JOlf4T .0EFLECTION HOTATION. . . . . . . . . . .
> NO. A y z x y Z

l 0.006674 0.004212 0.038737 0.001345 -0.002103 0.000000
2 0.002512 0.001586 0.017161 0.001323 -0.002093 -0.000000
3 -0.000000 -0.000002 0.013739 0.001324 -0.002041 -0.000000
4 0.000000 -0.000002 0.004345 0.001322 -0.000986 -0.000000
5 0.000000 -0.000001 0.002e41 0.000669 -0.000975 -0.000000
6 0.000000 -0.000001 0.004237 0.000870 -0.001221 -0.000000
7 0.000000 -0.000000 -0.000009 0.000000 -0.000959 -0.000000
8 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000000 -0.000001 0.007651 0.000671 -0.00179* 0.000000

10 -0.000000 -0.000001 0.009049 0.000872 -0.0020e0 -0.000000
11 -0 000000 -0.000000 0.000046 -0.000002 -0.002020 -0.000000
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.007326 0.004652 0.036276 0.001333 -0.002101 0.000007
14 0.007342 0.004652 0.029676 0.001330 -0.00209e 0.000001
15 0.002619 0.001271 0.007651 0.000871 -0.001794 0.000000
16 -0.002620 -0.001273 0.007651 0.000e71 -0.001796 0.000000
17 0.001783 0.001269 0.004237 0.000870 -0.001221 -0.000000
18 -0.001782 -0.001271 0.004237 0.000870 -0.001221 -0.000000
19 -0.000000 -0.000002 0.029676 0.001330 -0.0J2096 0.000001
20 -0.000000 -0.000002 0.025283 0.001323 -0.002093 -0.000000
21 0.007326 0.004626 0.027883 0.001345 -0.002103 0.000000
22 0.007327 0.004628 0.023e41 0.001323 -0.002093 -0.000000
23 -0.000000 -0.000002 0.015175 0.001323 -0.002093 -0.000000~

24 -0.000000 -0.000002 0.002938 0.001323 -0.002093 -0.000000
!

-a

(9



o

Cu 75-se ITE v 1 3-e.co9 14.lc o20 PAGE 16 o CC

a

OEFOR*ATION *ESPONdE TO STATIC SEISMIC LOAD in MOP!Z(d) gl-ECTIvN

; JOINT .0EFLECTION kOTATION. . . . . . . . . . .

v . NO. A Y Z A Y Z

l -0.0005'81 0.004436 0.00e091 0.000494 -0.000000 0.000054
2 -0.000009 0.uG3302 0.000097 0.000495 0.000000 0.00004d
3 0.000076 0.002545 0.001758 0.000495 -0.000197 0.000371
4 -0.000076 0.002545 -0.001759 0.000495 0.00019e 0.000371
5 -0.000094 0.0016e9 -0.001163 0.00032e 0.000194 0.000406
6 -0.000395 0.001e89 -0.000e40 0.000326 0.00010e 0.000014
7 -0.000129 0.000006 -0.000010 -0.000000 0.000199 0.000368
8 0.0 0.0 0.0 0.0 0.0 0.0
9 0.000395 0.001669 0.000638 0.000326 -0.000107 0.000014

10 0.000094 0.001ee9 0.0011e2 0.000326 -0.000199 0.00040e -

11 0.000129 U.000006 0.000010 -0.000000 -0.000199 0.00036e
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.000373 0.004e10 0.004180 0.00049e -0.000000 0.000037
14 -0.000165 0.004609 0.001731 0.000496 0.000003 0.000045
15 0.000551 0.002165 0.000638 0.000326 -0.000107 0.00001*
lb 0.00023a 0.001213 0.000638 0.0003?6 -0.000107 0.000014
17 -0.000552 0.002165 -0.000640 0.000326 0.00010e 0.00001*
18 -0.000239 0.001213 -0.000640 0.000326 0.00010e 0.000014
19 -0.000154 0.002872 0.001731 0.00049e 0.000003 0.000045
20 -0.000009 0.002d71 0.000096 0.000495 0.000000 0.000042
21 -0.000373 0.004445 0.004178 0.000494 -0.000000 0.0000F*
22 -0.000230 0.004e36 0.002693 0.000495 0.000000 0.000042
23 -0.000195 0.002550 0.002290 0.000495 0.000000 0.000042

( 24 0.000195 0.002550 -0.002292 0.000495 0.000000 0.000042

C9
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.

OEFOauaTION 4ESPONSE TO STATIC SLI9MIC LOAD IN VERTICAL Q!etCTIvia
.

j JOINT .0EFLECTION RUTATI0a. . . . . . . . . . .

NO. A y Z x y Z

1 -0.003145 0.000430 -0.006200 0.000000 0.000657 0.000074
2 -0.001066 0.000237 -0.00*S24 0.000000 0.000654 0.000046
3 -0.0003*7 0.00006* -0.0020el 0.000000 0.000351 0.000031
4 -0.000119 0.uo00e9 -0.002063 0.000000 0.000351 0.000061
5 -0.000121 0.000021 -0.001353 0.000000 0.000348 0.00004o
6 -0.003394 0.00001e -0 001352 0.000000 0.00034e 0.002546
7 -0.000092 -0.u00004 0.000000 0.000000 0.000343 0.00002e
6 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.00351c U.000003 -0.001252 0.000000 0.00034e -0.002543

10 -0.000323 0.u00000 -0.001351 0.000000 0.000346 -0.000009
11 -0.000241 0.000004 0.000000 -0.000000 0.000343 -0.0000Se
12 0.0 0.u 0.0 0.0 0.0 0.0
13 -0.0030e3 0.000417 -0.007075 0.000001 0.000e57 0.000034
14 -0.002635 0.000416 -0.007080 0.000001 0.000675 0.000062
15 -0.004028 0.000004 -0.001352 0.000000 0.00034e -0 002543
16 -0.003011 0.000003 -0.001352 0.000000 0.00034d -0.0025-3
17 -0.003902 0.000016 -0.001352 0.000000 0.000346 0.00254e
le -0.002e65 0.000017 -0.001352 0.000000 0.00034e 0.002596
19 -0.000474 0.000413 -0.007080 0.000001 0.000e75 0.000052
20 -0.000275 0.000412 -0.007082 0.000000 0.000e58 0.000045
21 -0.0030e? 0.u00232 -0.004447 0.000000 0.000657 0.000n74
22 -0.002819 0.000232 -0.004447 0.000000 0.000654 0.000045
23 -0.000476 0.000066 -0.0020e0 0.000000 0.00065e 0.0000457-

_) 24 -0.000057 0.0000e6 -0.0020e3 0.000000 0.00065d 0.000045,

e.)

(9
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Cu 75-en ITEu lo3-$.e.9.l*.19e20 4 AGE le o CC

DEF0P9ATION WES40NSL TO OPERA 710NAL LOAOS (INCLOGING OEAQ*EIGHT)
/

J0!NT .0EFLCCTION kOTA710N. . . . . . . .1 . . .
J NO. X Y Z X Y Z

l -0.000527 0.007093 0.026064 0.002202 0.000111 0.000012
2 -0.000179 0.002579 -0.n00323 0.002202 0.000111 0.000006
3 -0.000059 0.00000e 0.007470 0.002202 -0.000619 0.000005
4 -0.000020 0.000009 -0.006166 0.002402 0.00093e 0.00000e
5 -0.000020 0.u00002 -0.005395 0.001449 0.000944 0.000007
6 -0.000565 0.000001 -0.0030e9 0.00l*49 0.000536 0.000433
7 -0.000015 -0.000001 -0.000046 -0.000002 0.000941 0.000004
d 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.000567 -0.000001 0.002613 0.001449 -0.000419 -0.000424

10 -0.000054 -0.000002 0.004939 0.001449 -0.000e27 -0.000002
11 -0.000040 0.000001 0.000046 -0.000002 -0.000d25 -0.000010
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.000514 0.007773 0.017392 0.002202 0.000111 0.000005
14 -0.000477 0.007773 0.006514 0.002202 0.000114 0.000010
15 0.000024 0.002114 0.002613 0.001449 -0.000419 -0.0004P4
16 -0.001198 -0.002117 0.002e13 0.001449 -0.000419 -0.000424
17 -0.001348 0.002117 -0.003069 0.001449 0.00053n 0.000433
16 0.000217 -0.002115 -0.003069 0.001449 0.000336 0.000433
19 -0.000074 0.0000e6 0.006514 0.002202 0.000114 0.000010
20 -0.000046 0.000066 -0.000753 0.002202 0.000111 0.00000e
21 -0.000514 0.007743 0.017835 0.002202 0.000111 0.000012
22 -0.000473 0.007743 0.011229 0.002202 0.000111 0.00000e

'

23 -0.000074 U.000006 0.009837 0.002202 0.000111 0.000006
24 -0.000010 0.000008 -0.010532 0.002202 0.000111 0.00000o

.

@
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EV A LUA T I u ,, OF VA LV E ., ,,

v'
DEF0dMATION RES00Nst OF COMBINED STATIC SEISMIC AND OPC3AT10NAL LOA 09

JOINT .0EFLECTION ROTATION. . ... . . . . . .

NO. x Y Z X Y Z

1 -0.00792a u.013225 0.065766 0.003635 0.002314 0.000104
2 -0.002909 0.006349 -0.018071 0.003el5 0.002305 0.000069
3 -0.000413 0.002554 0.021-73 0.003615 -0.002900 0.000376
4 -0.000160 0.002555 -0.013267 0.003el3 0.002003 0.000380
5 -0.000174 0.001691 -0.008749 0.002378 0.001909 0.000416
6 -0.003962 0.uole91 -0.007563 0.002378 0.001810 0.003031
7 -0.000174 -0.000006 -0.000059 -0.000002 0.001979 0.000374
e 0.0 0.0 0.0 0.0 0.0 0.0
9 -0.00412A -0.001691 0.010408 0.002379 -0.002249 -0.002967

10 -0.000390 -0.001691 0.014162 0.002380 -0.002905 -0.00040e
4

11 -0.000313 0.000008 0.000093 -0.000004 -0.002864 -0.000382
12 0.0 0.0 0.0 0.0 0.0 0.0
13 -0.008464 0.014335 0.054587 0.003e25 0.002312 0.000056
14 -0.008348 0.014334 0.037071 0.0036?1 0.002317 0.000087
15 J.004860 0.004626 0.010408 0.002379 -0.002249 -0.0029^7
16 -0.005196 -0.003876 0.010408 0.002379 -0.002249 -0.002967
17 -0.005e73 0.004e27 -0.007563 0.002378 0.00le10 0.003031
16 0.003e17 -0.003872 -0.007563 0.002378 0.001610 0.003031
19 -0.000577 0.002967 0.037071 0.003e21 0.002317 0.000087

- 20 -0.000322 0.002966 -0.027010 0.003615 0.00230e 0.000069
21 -0.0084e3 0.014164 0.046378 0.003635 0.002314 0.000104
22 -0.006327 0.014158 0.035631 0.003615 0.002305 0.000069
23 -0.000594 0.002559 0.025321 0.003615 0.002305 0.000069
24 -0.000212 0.002559 -0.014791 0.003615 0.002305 0.000069

.

>
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CC'C0 75-46 I Tk x 1 3-6,e,9 14 15 20 PcGE 20 o

8EAM STPESS F 0s C0ueINto STATIC AND GPtPATIONAL LOAUS .

iELM JNT STEESS C00*u1 NATES STWESS/10(3) *ATEkIAL SMax NOTt FI
" 'NU. NO. NO. C1 CJ/2 C SMAX SAL DE9CRIPTION / SAL JN

2 23 5 0.0 0.2e 0.56 11.5 27.0 STEEL 0.43 2
3 3 7 -0.06 3.49 0.77 3.4 27.0 STEEL 0.13 1

6 3 5 0.0 0.26 0.56 4.5 27.0 STEEL 0.17
5 24 5 0.0 0.28 0.56 14.9 27.0 STEEL 0.55 2
6 4 10 -0.05 -3.49 0.77 2.7 27.0 STEEL 0.10
7 5 6 0.0 -0.19 0.37 25.9 27.0 STEEL 0.96
8 7 4 1.92 -4.00 0.0 2.8 27.0 STEEL 0.10
9 7 5 0.0 0.2d 0.56 14.3 27.0 STEEL 0.53

10 17 6 0.0 -0.14 0.35 12.5 27.0 STtEL 0.46 1

11 16 6 0.0 -u.19 0.3$ 12.3 27.0 STtEL 0.45 1

12 10 5 0.0 0.19 0.37 25.8 27.0 STEEL 0.95 1

13 11 4 1.42 -4.00 0.0 3.e 27.0 STEEt 0.14 1

14 11 6 0.0 -0.28 0.56 20.6 27.0 STEEL 0.7o 1

80LTED JOINT ST4ESS F08 COM61NED STATIC AND OPEPATIchAL LOADS
(N=Nu4eEN OF BOLTS. AREA = AREA PEk e0LT)

BOLT JOINT DESCAIDTION.eOL T ST4ESS/10 (3) "ATEPIAL S*Ax NOTE DIr
JNT LOC. TYPE N ANEA NO. Suax SAL DESC9fPTIor. / SAL

12 A LEG 2 0.31 2 20 1 82.8 suLTING * 24 +..

8 6 LEG 2 0.31 2 11 5 82.6 90LTING 0.14 +

23 C PAD 4 0.21 1 8.7 82.8 SOLTING 0.10 -

THIS EQUIPMENT IS ACCEPTABLE FOR THE SPECIF IED SEISMIC DISTUP6cNCE

THIS REPORT MAS BEEN P4EPadE0 SY /

DAvi POPO'.Cm

PLGc['d4- '

FISMEN C- TACL5 COMPANY

@
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SEISMIC ANALYSIS
FISHER CONTROLS CO31P3.NT

CoxTmTxr.u. Divisiox .

m
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x_,

,

.

| CUSTOMER REQUIREMENTS AND SUMMARY OF RESULTS
|

l
,

Based on the calculations shown in this report, we have demonstrated that the

primary st(;dy-state stresses, when combined with the inertial loading resulting

from the response to a ground acceleration in both horizontal directions and in

the vertical direction as specified in Scope of Analysis, acting simultaneously

produce combined stresses which are safely within the yield stresses of the con-

struction materials, both in tension and in shear.

Also, the calculations predict that the extended parts of each valve assembly

have a first natural frequency of vibration greater than 33 Hertz. ,.

,r-

5_ J In su m ry, this anal sis demonstrates mathematically that the equipment supplied7

by Fisher Controls Company meets the requirements of the Sargent and Lundy Speci-

fication J2940 for Co==onwealth Edison Company, LaSalle County Station, Units 1

and 2.

GP
,

__ ._ . _ _ - - , .. ._ _ -,..,=m
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f SEISMIC ANALYSIS
;

;

PAGE 1

SCOPE OF ANALYSIS

The butterfly valve assemblies analyzed in this report apply to the following item and tag numbers:

i
CONTINENTAL CONTROL NO. 5A094'

CROUND ACCELERATION
CONTINENTAL CUSTOMER VALVE "g"

APPENDIX ITEM NO. TAC NO. SIZE TYPE ACTUATOR 110RIZ. VERT.

B 34 IPC138 20" 9270 FISilER 1073 5 6
,

,,
24 , IPC002A
25 1PC002B

*
26 1PC002C

C 27 IPC002D 24" 9270 FISiiER 1073 5 6.

[ 28 IPC003A
29 IPC003B
30 IPC003C
31 IPC003D,

1) 35 1 FC' 4 A 8" 9270 FISilER 1073 5 6
i 36 IPC54B

*
32 IVQ042
33 IVQ043

E 38 IVP113A 8" 9270 LIMITORQllE 7 6
,

i 39 IVP113B SMB-000/ 2-Il0BC
40 IVP114A, ,

[ 41 IVP114B
2
e

!
l

( *

[ -

-
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f
SEISMIC ANALYSIS

t

|
CONTINENTAL CONTROL No. 5A095,

I

i GROUND ACCELERATION
CONTINENTAL CUSTOMER VALVE "g"

APPENDIX ITEM NO. TAG NO. SIZE TYPE ACTUATOR 110RIZ. VERT.

I B 29 2FC138 20" 9270 FISilF.R 1073 5 6

|

I 19 2PC002A
* 20 2rC002B*

21 2PC002C
C 22 2PC002D 24" 9270 FISilER 1073 5 6

23 2PC003A
24 2PC003B
25 2PC003C
26 2PC003D

-Q D 30 2FC054A 8" 9270 FISilER 1073 5 6

f
31 2FC054B

27 2VQ042
28 2VQ043
33 2VPil3A

E 34 2VPtl3B 8" 9220 L1HITORQUE 6 7
*

35 2VPil4A SMB-000/ 2-Il0BC
36 2VPil4B ,

.

t

I

L 9
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I. PURPOSE:

"'ha purpose of .his engi:eeri:g standard is :o establish a sa dard mached
of three d1=e=sional seismic analysis of actuater-valve asse=blies subjec:ed
to : iaxial seir=1c loadi=g.

.

II. PRCCC CRE

II.A The Order Engineer is assigned de respe=sibility for pe;fo=ing a
seismic analysis. ~he fo :a: for the seis=le analysis is ou: lined

in -dis s:andard. .

II.A.1 Ihe sais ic analysis will cor-my censist of a copy of
this standard; a cover let:er st-ri:ing the results
along vi-J a lis:ing of the applicable order su=bers , and
tag cu=hers; a set of asse=bly drawings depicti=g the
constructio:s analy:ed; a ske :h of the aca1 :ical ==dels;7
copies of the ec pu:er ou pu: sheets lis:ing the input and
ou:put data along vi:h :he acceptable values; and c= pies of
seis=1c tests of the valve =ous:ed accessories (if required).

' II.A.2 Unless the cust::er's specifica:1c s:stes othe: vise, de.

following vill be assu=ed:

I
(1) The valve is installed in a hori::::al pipeline vi.h

the valve shaf: sounted hori:ct:a1 (?i;;ure !!!-1) .

(2) The stresses due to seismic leads are :o be ce bined
by square :=ot of de su= of the squares (SRS S) .

(3) The acceptance cri:eria c:::ained in See:1o= VIII
of this s:a:dard are :o be used.

(4) The resonas: frequency is =ct required.
II.A.3 A: Engineer (Se:1er Design I:gineer, Desig: Engineer, or

Engineering Asscciate) other tha the o=e peric=ing the
original calcula: ices is responsible for reviewing he
seis=1c analysis and signing the cover let:er ale:g vid
the originator of the repcrt.

II.3 The E=gineering Coordinator is assig=ed :he respcnsibility for =ain-
taining and dis::ibuting the seismic analyses.

11.3.1 The a:alyses are to be reproduced and :he originals filed
in a per= ace : area in a systematie. =a= er.

II.3.2 The analyses are no: to be revised. I the even: : hat the
valve co=structica changes af ter the analysis is perfo=ed,

7.\ a =ev analysis shall be perfor:ed sucerseding the old
a:alysis.
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III. NCMINCI n~25

III.A Iquation Sy=bols
10:s or figures is whichAll variables vill be defined near :he equa:

. hey r.ppear.

III.3 Special Sy=bols

Join:(1) e -

Vector out of the plane of .he paper.(2) @ -

Vec or into che plane of the paper.(3) @ -

C :ces::a:ed = ass a: a =edel jois:.(4) (3) -

Ilesen: cu=ber.(5) @ -

Join zu=ber.(6) @ -

Ile=.e : seu::a1 axis.
,

(7) e----e -

Rigid link.(8) c-- n -

g" (9) y N - Mc=en about an axis =c =al :s plane of paper.4

(10) @ . S - Mment abou: as asis i= the place of the paper.
g

(11) [ ] Mat :|.x-

(12) ( } Vector-

III.C Coordi=a:e Syste of the Accua:or-Valve Assa=bly

All rec:angula ::c dina:e syste=s used ars righ:-handed. ~he primary

coordinate systes is illus:: aced for a typ .:a1 asse=bly i Figure !!!-1.
The pri=ary c ordina:e systa= vill be refa_7ed o as :he syste cce: die-
aces.

I

III.D Cec =e:ric Variables !

The gecce :ic variables listed in Iables I~I-l the III-4 are used to
provide c css-sec:1on and bol: jois inpu: data to :he ce=pu:er progra:In addi:ics, :he sys:e=(SI!SMIC 4) ha: perf =s the seis:10 analysis. :odel, :he in-a---- e:-coordina:es for each joint of the finite ele =e : c==di:10:sthe elezen.s and rigid links, the cess train:tion be: vee: :he lu= ped iner:ia pr:perties of thebetween elements and boundaries,
accessories and the seis ic and operating 1: ads =ust be specified-,

'

,

e
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e
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TABLE III-l
STANDARD ""C CROSS-SEC !CNAL PARAM

GECME*RIC FIGURE
VARIA3!.ES NUM3ERS DESCRI?'!CN UNITS

a III-I Dia=acer or Length inches
'

b III-2 Length i=ches
except (1)

III-2 (1) Angle degrees

e III-2 (e)(h) Length inches

e, et, c2 III-2 Ihick=ess inches
'

:g, r2 III-2 Fillec Radius inches

t n:

..%, .. * t ~'g

A . __

0 t

| i7 _I _

l i
= Q *

.
RECTA';GLE TEE

l
'

71gure III-2(a) Fig =re III-2(b)

i

te-=-.

.

*I P dt

I -t

4
Y b || / 3 V;

| y T t,

; C bgg =

>

CHA E . r,2:stz

Figure III-2(c) Figure III-2(d)

. .

1
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| I
T f

4
m C u

.

UNECUAL LIC CHA'TNEL CTLdGIR
Figure III-2(e) Figure III-2(f)

- c m

'~ t
A

[' T 2%,
,g | | b|

c

t 1

* II +
t2a

ECC.CV CT*.I'CIR ! c- E

Figure CI-2(g) - FiE*re HI-2(h)
|

| "~s
|

/ \ {
t - \

\
\ a

i
g t, + b

-*

/. \ b t 7
| \ T r'N

Y

t 4

-.---- a r.

ECLLCW CIRCULAR SIC'Ci" 3CI
rigu n:-:ce rigu:e tr-:cn

r1: Cats tn -: s:A:cAu CzCss stC Cus

|
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a r . 2I-2
.

NCNSTAICARD C2 CSS-SICIIONAL PA2aleITI25 (S sAIGE"' ""C)

GEChr...s C FIGURE
VARIA3LIS NUM3ERS DISCR N CN UNITS

A III-3 Area - ff dxt x3 (inch)2d

It III-3 3ending Mc=ent of Inertia =

// (x3)I dxt x3 (inches)"d

I2 III-3 ?.risting Mc=en: cf hertia.1 (inches)"
,

13 III-3 Bend 1=g Mc=en: of S er:1a =
// (zt) dxt x3 (inches )"d

et, c3 III-3 She.: drflectica facion.

associa:ed vi:h xt and x3
directions, respectively.

,

f )* I,! III-3 Distance fr:n cent:cid :o
3 5

shear cen:e in xt and x3
). dirac icas, respec:ively. 3 inches

y III-3 Angle f c= reference diree-
tien to xt principal direc-
tion. degrees

x1, x3 III-3 Coordina:es in c::ss see:1cn inches
,

xt', x3' III-3 Reference directices

Ct = xt, C3 = x3 coefficientsC,C3t
for bending stress c:=pu:a:1cn inches

C Coefficies: fer :s:sienal
shear s: ess cce:u a:icn at
s :ess poin:.' inches

1. I. 3. " - Refer :o references in Sectics I.

g=2. .-
- .

,
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TA3LI III-3

NCNSTANDARD CICSS-SIC"IC:G" P.UULD (CCRVID "N"I)
.

.

GIChr a:C FLW
VARIA3LES NUMBERS DESCRIPTICN UNITS

A III-4 Area = ff dxt x2 (inches)2d

It I!!-4 Inplane 3ending Mc=en: of

Inertia = // (x2) dxt x3 (inches)"d

I2 III-4 Second Menen: of Area
= // (xt)2 dxt x2 (inches)"d

.

Is CI-4 Twisting Mc=en: of Inertia.1 (inches)'

et, *2 III-4 Shear deflection fac:crs
associated vi:h xt and x2,

m, direc:1 css, respec:ively.'

I III-4 Bending Modulus 5g
=R2 // (xt/[R-st]) dxt x2d

= Ig (1 + ct/R2 + C2/R") (inches)"

et, c2 III-4 Coefficients to define bend- (inches)2,
ing Modulus I.6 (inches)"

1 III-4 Radius :o Centrcid of Area inches

| x1, x3 III-4 Coordinates in cross section inches
I

! C , C: C1 = xt and C2"Z3 CC*f-1

ficients for bending stress
'

cceputa:d.cc inches

C Coefficient for :orsional
shear s: ess ccepu:a:ica at
stress point."

1, 2, 4, 5, 6 - Refer to References in See:1:n I.
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. X: 1 *' '

,

Y

STRESS
PCINT' x

8 N (SHEAR CENTGT#tSTING AX:31

)'x,
[s

,
CENTRO!O C -X 3(EO40!NG AXIS)

REFE:ENCE
OIR EC~iCNS

N3

*ENTRC10aL
89|NC: PAL,( CIREC~lCNS

Figure III-3 C::ss-Secti n for 5::aigh: Ele =e::

.

-

.
,

.

CENTRCIO CF CRCSS SEC~!CN

2b g h=

- CEN*:CICAL
PRL*.0: mat
DIRE CTIC NS

R (RaO!US)

T *' STRESS P lNT
.

_ . - . - s- CENTER CF CURC~;RE .

,m, Figure !!!-4 C :ss-See:ica for Cc reci 'a a--

- - -
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ri3tZ n!-4
30LT JOINT PARAhr.. aS

GECME*"1IC FIGURE
VARIA3 TIS NUM3E2S DESCRIPI" 0N UNI *S

N3I III-5 Join: Nt=ber a: which bol:
reaction is referenced.

71 III-5 vector parallel :o bol: axis

7,73 III-5 vec: ors (which are c hogn.al2
to 7 ) in bol: join: plane.1,

D III-5 (a) Nom *-=1 Sol: Dia=e:e: inches

n Nunbar of threads per innh (inch)-1
7g Roo: Area =

1r/4 (D - 1.22587/n),'
b

for all Unified Ane:1can

( Ihreads. (inches)
,

N III-5 (b)(c) Nu=ber of bol:s, or

I III-5 (d) Nu=ber of bolts in line.

YSH, "SE III-5 Coordinates in V2 and 73
direction, respec:ively, f :s
reference join: N3I to cen:e
of bol: join: pa::ern. inches

D III-5 (b) * Dia=e:er of 3o1: Circle. inches

e, III-5 (b) Angle f:cm 7: direc:1on ::
Sol: No. 1. Only 0 or 130/N
pe==1::ed. degrees

*

S III-5 (c)(d) Spac1:g be:veen bel:s on
li=e = S/ (N-1) inches

Yo III-5 (c) Dis:ance fr:= pivo: edge :s
bol: line for leg pa::ern. or inches

III-5 (d) Spacing be:veen bol: lines for
pad pa:nern. inches

YI, Z*, Z3 III-5 Distances f:c= pivo: edges :s

fh bolts . inches
% 1

7 - Refer to References in Sec: ion I.
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I7. M0')" ?';C OF !*.3.":. AC-'0ATCR-VAL 7E ASSDf3LT

I7.A Mathe=atical Model Co= pones:s a=d Features

The model for .he actua:c -valve asse=bly is c=nstrue:ed f::= :ve
basic types of bea= ele =es:s each vi_h distributed asses. Sese
ele =ents are referred s as a thick s::aizh: bea= and a thick cu-red
bea=.5 he ends of these bea= elements are reierred :o a4 joints
in the =odel. The joints can have as _any as six degrees of freed:=
or as few as :ero degrees of freedo= (c =clete fixity). ~here are
five types of joints: an e-"d'dk d"- doint ud-" ddependen: displace-
=ents and : stations; an auxiliar-r icin: vi:h dependen disclacemen:s
and :c:2:1:ns; a boundar r doin: vi:n 2: leas: one deg:ce of fixi y;
a serine boundarv dein: vi:h a: leas: c e degree of elastic cens::ai::
and a reference *cie: (which =ay be one of the above) at which bolting
forces and =o=e::s are ce=pu:ed or the cen:e: of a curved eier::: is.
defi=ed.a

IV.A.1 Thick S::migh: Bea=

The Ele =en: Coordisa:e Sys:e= d.: whi:5. forces and =c=ects are

[ co=puted for the s::aight beam ele en: is illus::a:ed 1:
Figure 17-1. Se 2-axis lies ale g :he cen:::1dal axis of the

C| | bes= f::= the joint a end :Vo to end one. Positive directions

of rota:icn abou the 1, 2, a:d 3-axis obey :he right-hand rule.
The coordi ates 1 the c :ss-section, x1, x3, are in the direc-

3:1on of the 1 and 3 axes (71gure !!!-3) . S e :visting axis
of the bea= is parallel to but need so: coincide ud-h :he

2 is considered in :hecen:: cidal axis. Shear deflec:1:n
deriva. ion of the s:1ff:ess and ass =a:: ices.

I !

a a

L~NG'u ~: TWISTING AXIS''

. . .
.

2a '.S r.'
_ 2_ _. _

3Y L T3 JOINT AT END 2JOINT AT END 1 -

CENTROIDAL AX15

FICORE IV-1

N 'IEIT COCRDINA~I SYS2t FCR A ?.ICK S~RAIGhi 3T_d

,: %
V %

?

I, 3, 5, 3 _ gefe; go gaferences in ge : ten x,
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IV.A.2 Thick Curved Beas

The elemen: coord1: ate sys:e= is which forces and me _en:s
are ccepu ed for each end of :he curred bea= ele =en is
illustrated is Figure I7-2. The posi:ive direc:1cn of :he
1-axis always is ::vards :he cen:a of curvature. The
3-axis is :angen: :o the ce::: cidal axis. The radius of

curva:ure is the distance f :s the center of curva:ure to
the can:: cidal axis of the curved bea= ele en:. Positive
direc:1cus of c:stica abou: :he 1, 2, and 3-axis obey
:he right-hand rule. ~he coordinates 1: :he cross-see-ics,-

xt, 22 are is the directice of :he 1 and 2 axes (Figure,
III-4). The shif: of bending axis f:cs can:: cidal axis *
and shear deflectical is c=nsidered in he derivation of
:he stiffuess and ass _a: ices. *

E'r% z

h- I
CENTER OF CURVATUR E --

.

1 - ANGLE ~

2 *JOINT AT END I

RADIUS,

I \

I
\
3s

2 3
~ - -- - v

CENTR OID AL d JOINT AT END 2AXIS

TIGURE Iv-2

'T NENT COCDINATE SYSTIM FCR A ~JIC CUR 7D 3EAM

|
.

3N '.* ', 5,

Refer :o References in Sec:ica I.-
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9IV.A.3 Elemes: I:d Releases

There are normally six degrees of freedce considered
(three displace =e :s and three ro:acio:s) a: each
joint. Any of these degrees of freed = ca7 he
specified as constraised or u=ccustraiced, c: as having
an elastic connec:ic: to the adjace:: ele =e :s.
Figures IV-3 thru IV-6 describe typical release mech-
anisms. In Figure IV-3 and two of a s :aigh: ele =e::
is released for degree of freedem six .(:c:atica abou:
3-axis) represes:ing a pi: joint. I Tigure IV-4

degree of freedes :vo (displacement alceg 2-axis) is
released representi=g a sid.de ec==ec:. . != Tigure

IV-5, a ball jois: is cdeled by releuing all roca-
tions (degrees of freedon 4, 5, and s) . Figure !V-6
has an e'.astic ce==ec:ic: :o adjaces: ele ests a:

and two in the axial and ransverse direc:1cus.

,@ PDT CCNNECION SI.CE CCNNEC""!CN

Figure I7-3 ?igure IT-4

1 '

'
. | |||/

2 F 12 @| ( )) ,
,

' / V/:

\ |
b |

1
i

| 1 k. . .

2 I C 2 - f _m- %-|

I /
Figure I7-5 Figure I7-6

3ALL CCNNECION BI-A".~.E S? RING CCNNEC"''CN

|

i
%

i

,
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Iv.A.4 Rigid u:sto

A rigid link between any auxiliary jois: and a:7 eq"d'dbrium
A kinematic ::a=sfor=atice ofjoint can be sedeled exactly.

the ele =ent's stiff ess and = ass =a::1ces is used for :his
. purpose. Rigid links ensure .ha: the rotatica of all joi=:s

so connected are the same and :ha: the displacements of all
join:s are related through the vector dis:ances fr:s each

The rigid li=k =echa=1s= =ay be used to accura:elyother.
model ele =ents joined of f their cen: oidal axes, Figure IV-7,
or extremely inelastic -a-hers of a physical s::ue:ure as
shown in Figure IV-8. I: the latter exa:ple, any :vo ef the
three indicated rigid links =ay be specified.

9____q_
-,_ --

RIGIO LINK

E:CS *ai!Z CEN"ROIDAL AIES NOT A1.!G C"

Tigure IV-7

-
.

-

'
1 o.--+-
l I-~

-
' ~

..
.' N

s \ STIFF CONFIGUR AT!ON
,,

.

\ /
N /s \/%

%, b-
,I

- RIGID LINKS .

.|

:

I
t

"".EICS J02:a dROCOH IL*EIASTIC L 3ER
FIG ~~RI 7-8
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IV.A.3 Lu=ced Iser ia Properties

Is.ch elastic ele =en: is the athe=stical =adel has a
associated consis:en ass a::ix which accounts for a
uniform distributics of = ass.5 : ertia c:her has
this =ay be defi ed for accessories, rigid portions
that were co :odeled elas:1: ally (e.g. , Figure 7-3)
and shaf:-disc asse=blies. ~he iner ia p perties =ay
be specified as lu=ced asses ac:ing at any joi= or at
any coordina:e f c= a y j ei==. '"he lu= ped ass =ay
act in all or only 1: so=e of :he system coordina:e
directions. For exa= ole, a = ass a : ached :o a shaf:

supported by a journal and :h::.s: beari:g =ay be spec-
ified to ac: 1: the ::ansverse directices of the j our-
cal and in the axial direc:ics of :he thrus: beari:g. Cen:::1-

dal principal ===e::s of inertia aligned to :he syste=
coordina:es =ay be specified at any join:.

3IV.A.6 Spring 3oundaries and Cons::ai=:s

3oundary jois:s of :he =odel =ay be at. ached :o :he
f3 exter:a1 boundary -ith either c =plete or elas:1c fixi:7

in any of the six sys:e= degrees. of freedo= (three ::a .s-,g,

lational and three rocational). Thus, a hanger =ay be

d I =odeled by sea s of uniaxial spring, and the piping or
body (assu=ed rigid) =ay be =edeled by specifying c = le:e
fixity.

IV.A.7 Cross see:1o P:Oper:1esll

The built-in scandard c :ss sections in SE!SMIC 4 as de-
'

picted in Figures III-2 =ay be used .o define ::e properties
of any s :aight or cu red ele =ent. yo special c es::ue:10:s,
the Order Inginee: =ay input ac=s:2mfard p:=perties as
described is Table : !-l and Figures III-3 and Fig-
ures III-4 to fi: :he =edeling need.

V. MATII:iC CAL ANALYSIS -
.

The SEISMIC 4 cc=au:e preg:s= e= ploys the =cdeling features as described
i

in See:io I7 A :o yield response :o seis=ic excitacio and cperational loads
i and :o c==pute sys:e= resonan: frequency.

127.A Synthesis of Sciffness, Mass and Lead Ma:: ices

i The exac: s:1ffness and cc sis:en: = ass matrices are de-ived for each
ele =ent (Sectien "I.A.1 and 7.A.2). A three col === load =a::1 is

,

,
?

5, 9, 11, 12 - Refe: to References in Sectie: I.
,
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deter =1:ed f::= the = ass =a::1x fez uni: ;;:avi.ational leads 1: each

of the syste= direct 10:s. A=y required release (Secticu '7.A.3) c:
k.1:e=a ic ::a:sfer=atie (See:1o: I7.A.4) is perfor=ed. ~he resul:i=g
sacrices are then ::assfor=ed fres chair ele =es: :o the systa= co-
ordi=ates and ac:=ula:ed for=ing hr, syste= s if fness and = ass
matrices a d :hree col'~a of .he sys,te: lead = atrix. L eped 1:ertia

properties (Sectic IV.A.5) are added to the syste= _ ass = atrix a d
app;cpriate forces are added :o the three unit gravi:stional load
colu= s. Opera:icnal leads other than deadweight, cc=sisti ; of
cencen::ated f orces and =c=ents at any j o1= , c== prise a fourth cel-

u== of the sys:e= lead =a::ix. ?rescribed boundary c editices
(See:1cu 17.A.6) are then i . posed en the syste= a:: ices, yielding:

[K] Systa= Stiffness Ma::1x, sy==a tric (usually banded),

(M] Syste= Mass Matrix, sy=e::ic (usually banded),

(F] Syste Lead Ma::1x, ce= posed of three u=1: gravi:a:ie:al
lead col-= and cue cperaticca'. load colt =::.

.

7.3 Gravi:ation 1 and Operatics:1 Lead Selurien
.

r, ~

;f The defor:atica due :o the static u=1: gravi a:ic al and operatic =si
loads derives f == the solu: ice of :he =a::ix equatice:

[1] [I] = (7] (V.3-1)

where (I] and (7] vere defi=ed i: See:1c= V.A, and (I] is a feur c=1-
u== defor=a: ion za::1x; the firs: :hree are respe=ses to the uni:

gravia:ic=21 leads in each of the systa= c=o:F-ates and the four.h
the response to :he Operati::a1 leading c =ditic: not includi:g dead-
weight. Each col == =f [I] consists of deflections 1: the syste= I,
Y, I directi: s, ro:a:icts abcut the system I, T, 2 directicus for
each equilibri= j oint. he estrespending dafc =a: ions f : sexiliary
joints are c:=puted by e= ploy =ent of the kine =atic ::ansf or=aticus
(Sectie: 17.A.4).

7.C Deter =ina:ic= cf :he Tu <'a e=tal Resonan: 7:equency

A ce=plete seis ie analysis of any s::ue: ural syste= includes the
strue: ural analysis f:: the dyna =ic loads caused by the vibra:: 7
earthquake motion of its scepc :s. "~here are :vo general etheds of

mealysis f : dyna =1c leading depending upc the characteristics of
the systa=. "'he equivalen: s:a:10 analysis, which is e= ployed here,
is applicable and c::servative for actua::: syste=s that can be shev:
to have so na:::al frequencies less :han a specified a=oute. Sus ,

the lowest c f=da=e::21 frequency =ust be ce=puted.

.

..
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Ihe fu= dane::al resensu: frequency is found by de:er=ining de s=alles:
eigehvalue, 1, and corresponding eigenvec:c: (u} f::= the unda= ped free
YlbFaiida equarion: 13,

,

+"1
v ([K] e 1 (M]) (u) = {0} (v.C-1)

4 yhtii [KI and (M] are the syste= stiffness and = ass =a::1ces (Sectica
Q, Yal); (u) is :he eigenvector co =esponding to the s=alles: eigen-
i '! Wilne A; and is cor=alized 1: :he SEISMIC 4 cceputer progra= so tha:
? E54 liiges: displace =ent or :::stica a: a:7 equilibrium joint is plus
}i et Elius 6ce, (0} is a null vector.

.
. .

4i ihe fuidaiettal tasenaht frequency, f, is then de:e=1:ed by:
.

+4

| f h d/ (2 ) (V.C-2)
.

ihe iisciith=l" used to dece=ine values for A is based on an
'

1:hiiiice precedure 6n e:;ustica V.C-1 using as s:s::ing values the
sitt giavi a ic al defo=a:10:s (Section 7.3)..

$; iT.D Calislai16h of sie=e : Forces and Mc=entsl3
%
5

' ihs Ibiis aid F.cnei: resp nse of :he ends of de ele =ents due :o de
- f Ieur ecau== lead =strix (F] (See:ic 7. A) are dete=ined f::=:

; . . . .* .[p] 6 ..(k] [S) - [=] [g] (v.3-1) +

E-heth '(p) 15 s fbur celu== = atrix c=nsis:ing of the ele =e:: forces
had Ec=ents at each end (thus, :velve rews),'

IE) th the eleiest stiffness ma::ix,
,

a
.{5] ih the ele =en:.= ass = atrix, bc:h desc-ibed in

.. . .

' Se^etica IV.A.1 and Section I7.A.2,

'(ir,] 'is a four celu== =arriz; the ft:s: cree censis:
~

~f unit gesvi arie 21 leads, the four h a sullo
'. 61===, and
;
I IS) 'is a four ~colu== =a::i= censisting of the defc=ati n

Yesp~nse to uni: gravi.a:1cual and epera:1ccal leadse
i M ra ted frem the syste= solutice =a: Tim (I] (See:icac

V.3). The ex.ractics of [5] f := (I] involves ::ans-
~ (oi=atics f::= sys:e= to ele =e== end :=c dica:es.

(Sectic=s I7.A.1 and 17.A.2) and ac:=unting for any kine-
g hs:'ic :ansfer=ations (17.A.4) or releases (I7.A.3) .

~

__ ._ _ _

Q ?, W, i5 _ 'gef,; :n gefere. es in See:1cn I.
v

i
6
'

_ _ _ _

t,
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+ 7.E Calcula:1cn of Junction Reactions
!

. .t-
5 The resul:an reac:icus (?) due :o .he four basic icading cenii:1ons*

j | (See:1cn 7.3) is deter =ined at all boundary joints and a: a 7 spect-

.F
'

fied cut in :he =cdel. The ele =ent forces a=d =cments [p] (Section
f V.D) for all ele =en:s joining a: a boundary or c one side of the cuti

are e= ployed to deter =ine de junctice reac:ica. ~he rigid link

'. transfor=ation (See:1cn I7. A.4) ".s perfor:ed en [p] prior to ::ans-
'

| for=atics frun :he ele =en: coordina:es (A.1 and A.2) to the systes
coordinate (See:1on !!I.C) and adding :o [?].

/ VI. Dr.:.4f!NA!!CN OF SEISMIC AND OPERATICNAL FORCES A'ID MCMENTS
f.

The resultant ele =en end [p] (See:1cn 7.D) a=d ju= cries [?] (See:1cn 7.I)-

reactie a (forces and r a:s) for each of .he uni: leading c=ndi:1ces =ay
be superi= posed, because of he linear na:ure of elastic, s=all defor=a:1:n
syste=s,11 :o yield the reae:1cas for any =agnitude and direction of-

seis=ic excitatics and a y ac ua:or orientatics with respect to gravi:ational
and seis=1c accelera:1ca.

'

! ( In this seis=ic analysis c =puter progra=, the capabf11:7 is provided for
i the specifica:1cn of any ver:ical gravi:a:icnal directi:n vid an associated

j G-level and :vo differe:: G-levels fer each of the :ve =utually perpe:dicular

i horizontal directicus.

The Order Engineer =ay define the vertical gravi:a:1c 41 directie by speci-
fy1=g to the SI!SMIC l. ce=puter p :gra= a clue; ei der I-CF, T-UP, I-UP, or .

SE4 (along with de vertically demard ree:ce, (v}} . A= ocher clue =ay be
used to define one heri en:a1 direc:1:n, (H1}, (.he a: er hori::::al direc-

; tion (H2} is =utually perpendic 0 =-) .
,

A

The correspc=di g seis=1c directions and their ve :or ce=cenents vi:5 respec:
to the systa= c ordinates for typical specificati: s are shown in Figure 71-1.

The resultan: reacticus en the ele =ent ends or junctie=s for de operatic al
lead is a superpesitics of de fourth c=lu== of (p] or (?] with se=e lizear
combination of de firs: three revs corresponding to :he acceleratics of

' gravity in the (7} direc:1ca, to acccu== for deadweign:.
a

.

i

!&
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7~'. I-..:.siINATION OF STRISSI:

2e s:ress analysis of :he actuator-valve asse=bly is carried out for :he

j 1:ca:1cus specified by the engineer. All s :aight and curved bea= ele =en:
- a ds =ay be selected. All bolte.1 jois : cen=ecting one section :o acocher

:: to :he body =ay be selected. The portion of the s::ue:ure on ei:her side
: ef a bol:ed joi== is represented by a plane designation. The plane being

defined for :he ends of :he ele =en:s tha: load the join: (refer to Tigure'

~!!-1 for :ypical loca: ions where s:: esses are ce=puted). ~he nu=erical
: designations refer to subsections in Sectica 7II chat follow. A de:siled
i explanation of the =ethods for deter..ining :he stress cc=penants is presented
I i= each particular sectics.' .

I.
'

i '. general, he stresses.a: hese locations are arrived at i= the falleving
I =a=ner. The elemen: and and juse: ion reactices for the seis=ic and =per-
I*

a. tional loads were calcula:ed as described in Section 7I.

,

3:=al and shear stress c =pecenza for each of :hese four independent load-
i d g conditicus are ce=puted in accorda:ce vi.h the pr.:cadures 1: :he fol-

; ! ?:v1=g subsecticas. "he seis=ic scr=al a:d shear stress ec= penes:s de-
en specifica:1cus are c:=bined is any of three ways: diree:

e=dinggS*(SquareRoo:;
su=, ST.S of :he '.ic= cf the Scuares), er the st:=1 of the;

t*, absolute values. Each ce=bined seis ic cor=al and chear s::ess ce=ponen:
Ir ' , hs either added :c, or sub::se:ed fr =, the opera:1cca; scress c:=ponen:,
J/D yhichever yields the ce=bined c:=pecen: vi:h the larger =agni:ude. Ii:he-

*CM :he =ax1=== absciuta principal stress, ?:ax, c: the -ar'- u= s: ess 1sta si:y,

j!* 3 a ,17 is : hen c:=puted (Iquaticus VII-1 through 5) i= accorda=ce :o
l specificatie=s.i

.

A

k (c/2)2 + (;)2 (y77 1): =
=ax 3g

i. e? (e/2) + : (VII-2)*
=ax

i =ax
1
>

J' e?=in (e/2) - : (VII-3)-
=ax

1
3
s

;$ S larges: of 2 :=ax, or (e?:ax - 3.,,,a) (VII-4)=

:4 =ax -

( $l
,

j P=ax largest of cy. , er |epel (VII-5)=

l i
t .k
ii

s

1

,}|

..

1

4 -

4
4
i
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* ere : is the surface fiber s:Tess at a po1== c bea: :: the average
axial s::ess is a belt,

: is a shear stress at a pois on a beam or the average shear
stress is a bolt,

T is the axi=um shear s ess,

C is the -2*un pri cipal s: ess,p
=ax

O is the minist.n principal stress, vi:h tha :hird principalp
=1 stress assu=ed :ers (beam surface pois: or average th:= ugh

bol:) .

?:sz or S_.ax, desi.za:ed :he ":otal" s::ess is c = pared :;ains: he appeco-iate~

stress 11=1: 1: See:1 = VI;; cf this standard.

7II.A 3eam S: ess C :pu:a:10:

*he end for:s and :::ent reactions f:: each of :he fo u 1:depende :
load c:edi:1:ss c:= prise each colu== cf (p], derived in secti:n 7.3

,g and ::ansfor:ed i: St.c:1ou 7!.rr -

.S
,

y (1)gq g.

y2(l)

y3 (1)

Mg(l)
N

'ig ,* ) .I

3 (P) cy:g,A.;)( ) =

7 (2)3

F (2)2

7 (2)3

Mg(2)

3g(2) -

3 (:)3
. .

-(j)44 ''h * ? * 3 1 = 1, 2, 3 and j = 1, 2 are the reac:1c= forces in :heq' 1
element, i diree:10 f or end j o f :he beam, and

&
L

- . . . - . _
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M,(j ) are the reac:ics ac=en:s.
-

.

{p} represents any :o.',c=n of (F] .

In the following subsections, the bea= s::ess-ramction rela:1ces are
presen:ed with a sketch of the reac:1cn sign conven:1ons (Figures
VII-2 and 7!!-4).

A: both ends of the bean, a: several selec:ed points en the cross-
sec:1cs, a surface fiber stress, e, and a shear s:ress, t, is ce=puted.
e and : ara then introduced into equations VII-l to 5 for .he c=npu-
tz:icu of :he " total" s:ress a: each poin:.

VII.A.1 S:raigh: 3ean Stress

The end reacticus as described in Section V!!.A are aligned
with :he elenent coc dina:es as shewn in Figure VII-2.

;

F(1) F(2)
1 i 1

/S |
Mg(1) M (2)i

(, e 3 e e
e vn

F (t)
_ (t) _(2) _ | .(2),' . P32 P3 r2 - I II

(2)

M2@ M3 M2

JOINT AT ENO I JOINT AT END 2

Figure 7!!-2
.

The stress a: 1 y poin en de c ss sec:ics, a: either
end, =ay be deter =ined fr:n the for:es, 7 . F:, F , and :he1 3

accents, M . M , M , (sumerscript (1) or (2) denoting end,t 3

vill be c=1::ed ' -he follewing :ex:), :he cross-sectional pro-
perties for :he end, A, I , ! . ! , :he bending stresst 2 !
coefficien:s, C , C , and de orsienal shear s:ress

1 3

coefficients, C, as described in Tabla 22-2 and
Figura !!I-3.

.

Thus , che fiber s:Tess15 is
C'
f[' % I - C M /I ) (7!I . A .1-1)= - (F /A - C M /I"- e t3 32 3 1

(
..
" - Refer :s References 1. See:ica I.

- .

~
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The shear stress =ay be vri::e=, censerva:1vely, asst =ing
tha: the orsic=21 shearl acts in :he sa=e directi = as
the ::ansverse c =ponen: of shear and the ::ansverse eco-
ponent, which is :ero on :he ou:e surfaces, is :aken as
an average ac :ss the see:1on:

(7 )2 + (7 ):/A] (vII.A.1-2)- (| (CM /I ) l ' 3+: = 2 2 1 3

In the above equa:1ons, :he + sign is a= ployed for e=d one
of the ele =en: and the - sign for end 2.

For scandard sec:1ces (Tigures !!!-2) i,' I , I , I , and
i 3

sets of C , C , and C are de:e:=i=ed in the SI! SIC l. c:c-t 3

puter pros:2= f := :he input para =ce.e:s dese 1 bed is
Table III-1.ll The coefficien:s for :he s:ress points
are choses at ex::e=e fibers and near pois:s at which
the larges: 1:se:1 bed circle :cuchas :he bou.dary. For
:he standard sec: ions, poists, indicated by encircled
nu=bers, are shewn on Figures 7!!-3. No:e :ha: Ct = xt
and C3 = x3

To: cons:acdard cross-see 1ces C, Ct and C3 are en:ered

[ directly alces vi h the a:her sectien properties (Table

III-2).
I l

.

l

.R

w' ' 1, 11 - Refer to References in Section I.
(O)
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%72..A.7 Curved 3eam Stress

The end raze:1ces as described in Section VII.A are
aligned with the ele =ent end coordinates as shev: in
Figure 7II-4

F(1) y(1
0

,3
// '*

6(2) M(i
JOINT AT END i R 2) .

n /n
M(2 2o*M3 7 3 .

F(2)\
s#(2)

3\ ''
@} 2s s

r, ~ ~ ~ -

. "$'1 i
~

M$' JOINT AT END 2

Figure VII-4

I The stress at a:7 poi == en de cress-sec:ics, at either

i end, =ay be de:ar=ized frem the forcss, F F , F , a:d the
t 2 3

sc=ents, M . M , M , de c css-sectien properties for de1 t 2 3

t and I , de bendi:g stress c=efficie :s, C ,:i end, A, Z, I 3 t
C , de ces1= cal shear stress c=efficien:, C, and the1 2j radius to :he centreid, R, as described in Table !!!-3

.

and Figure III-4,

[ The fiber stress 3 is: ,

|.
-

3 + M /R)/A - C ?M /[:(R - C )] + C 71/:t} (VII . A . 2-1)- e = + ( (F 2 t 2 t 2

# The shear stress =ay be written, usi:g de sa=e eo:serva-
tive assu=ctices as is the development of equa:ica 7II.A.1-2.

- 1 ( |(cM /I ) | 4(F )2 .(F )2/A] (VII.A.2-2)j 3 3 t 2

:$
. Q.,
.

5- Reier :d References in Section I.
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vhere the + sign is e= ployed for and one of de ele =ent and
the - sign for a:d 2.

For standard sectices (Tigures !!!-2), A, I, I , I3 and setst:

} cfC,C2 and C are dece._.ined is :he SIIS'.CC 4 ce= outert
| p:cgras 12 the same mmer as for the seraight s a:dard cross-*

sac:1o:s,11 Figures 7II-3.

Because of :he difference in c:ordina:e systa=s, (xt, x2. X3)
for a curved ele =en: corresponds :o (xt, -x3, -x:) for a
straigh: ele =en: (c:= pare Figures IV-1 and I7-2). ~herefere,for
a curved elemen: Ct.= x1 and C: = x3 in ?igures 'CI-3. For.

nonstandard cross secticus, C, C1 and C2 are a=:ered directly
vich the other section properties (Table !!!-3).

vn.3 Bol:ed Jois: S:: esses 18,

.

The june:1c= reac:icus, (?], described in See:1cn V.I and ::a:sfor=ed
to yield three 1:depende: seis='.c leads and :he epera:1c=al lead i:-.

| cluding deadveigh; as dese:1 bed i: See:ica VI, are :he basis for :=-

F puta:1cn of bol: jois: icads and stresses. Each of :he four independ-
en: celu==s of (?], desigza:ed (?}, has force and ===en: ce=penen:s in

,7 the systes coordica:e directicus I, T a:d 2.

rs , , -,

,9 ,
./ i x
v/$

| ! 7
s- '

@ 7
I (P) =4 *> (7II.3-1)
! M
i x

,

L 7
_m

v
% M
3 3

, .

1 (?} is ::ansfer=ed to :he bel: cecfiguration coordi=a:e sys:e= de-
fined by specified vec:::s, (7 }, (V:} and (7 }, and then shiftedi t 3

i j :o the reference cen:e of :he c:nfiguratics by :he specified
j I cocedicates TSE and IIH, described in Table !!!.3-4 and Figures
; i n .n-4

(7 } is parallel :c da bel: axes i: the diree:1o= ::vard the ele =ents
t used to define the junctic: reactices (See:1=c V.E) .

The ::ansfor=ed Icad in :he bol: c nfiguratice coord1=a:e syste= is

designated (3}:

.~..

. 11, 18 - Refer :o References in Section I.
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'f 't
f2
o

(B} =4'3> (7II.3-2)
at
32

m3

.

.

where ft (i = 1, 2, 3) are the forces acting at the reference cen:er of
the config.tra:1on in the 71 direction, and =1 are :he =c=ents.

f . f 21 411 be used to c =pu:e :vo average shear stress eco-2 3
and 3, and f , sz, n3 vill be used to ce=pu:e aterageponents :: t

av' =1 s tress , c.

:2 and r3 are shear stress c =penents in the 72 and 73 directions.
These shear ce=penants for each independent seis=ic lead and :he
operational lead vill be combined i :he scecified =a::er (See:1cn VI!).

,

# After ce=bina:1cs, a s1=gle shes: seress, :, vill be ce=puted,
which, along vi:h c, vill be in:::duced in o equa:icus VI!-l to 5
for c==pu 2:1cn of ":ocal" stress in each bol::

T=, (:2)I + (T3) (VII 3-3)

Implici: 1: the c:=pu:2: ice of :: and 73 is the cotse:~ratire assu=p-
tion tha: the shearing forces are resis:ad by the bolts and no: by
friction be=.reen de flanges.

In :he follevdng See:1ons v!!.3.1 and 7!!.3.2, :he s esses e and
t for each bol: in de configura:1cn vill be c==puted so :ha: there
is equilibri=:s vi:5 the load (3} and fla=ge reactic=s.

.

.

4
_ ._ - _
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7II.3.1 Bol: Cir:la

The forces and =cces:s on :he bol: circle configura: ion
consis:1=g of N bol:s =ay be depic:ed as in Figure VII-5.

f3
d

@ Sm3g

I h BO LT"2"Oi i ,

p,

A 5 #-

ocL7 [l

| b @.-

V3
4 1

.

.

coi i "V f2
.

i;
4 2

i +

i O +
5 #' GENERALS

DIRECTIONS n
;{.-c' W m2: y).

s,
4 BOLT,N
4

i

u v,
;

N
|:

4

t
' JL |

1a
4

.
@ Q

I _A I G'

; NWN\\\fA's' 'bN' = fa
'

-* r/ % 27/h /:
,

'O.
e e

.

-

i; Figura VII-5
'
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&
ft
g ne specified para =eters for the bol: circle, N, s ,o

D and A are dese:1 bed in Table III-4 and Figure !!I-5(b).
b

De angular location, $ , in degrees, for the ich bol:,1
(i = 1, 2, 3, ...N), is: .

.

" $g - 360(i - 1)/N + 4, (VII.3.1-1)

The i= plane forces, f:, f , v.11 be assu=ed to be distri-$ 3

buted unifor=1y :o each bolt. In additio=, the twistingQ .

4 |
mo= ant, si, vill be equilibra:ed by equal tangential shear

i i forces vi.h ce=ponents in the (7:} and (V } direc: ions.3

f' no.
- t

(f: - sin $g(*=1)/D)/N (VII . 3.1-2)- V =

t ,

i '

; ,

- !, V,(1) = (f3 + ces o (1st)/D)/N (VII.3.1-3)
'i

s .s
i,. 2 e average total shear stress ce=ponents on :he i:h bol:', 1 ;

i are thus,
T

{ :t = V(i)/A (VII.3.1-4)
g 3

v .

.

rg = V(,i)/A (YII*3*1'0)*

3 b,
.

M

f where D is the bolt cir:le dia=eter, and

1 A is the root area of each belt.
b

I The axial fc;:e, f , a:d be= ding =ceents, ::, =3, v_11 bea i

assu=ed to be is equilibriu:n with the bol: axial forces,"

.

~ thus, .he axial force is the i:h bolt is:

A(1) = (ft + (4/D)(22 sin $g - =3 ces $ }}/N (VII.B.1-6)
J,

d It can be shovu that for a: leas: :hree evenly spaced
bolts (i.e. , N = 3),

'

!

'.
.

t

LA N
I A(1) = f (VII.3.1-7)*

1

! 1=1..

!!
% -

.

.

,. y
.
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_ _ _

i

3 :
-.

f
. -

} (hsin4,)EA = m2 (71131-3)'
- -r i=1

4%
13 .

* NW I A(1)
a

fgj C ces 4 ) = m3 (VII .3.1-9 )7 ,

9 i=1
4
.

9i Ihe average axial stress for :he 1:h bol: is, thus,
..4: .

t- | c = A(g)/A. (VII.3.1-10)a
5! For the opera:1onal leading cendition a gasket force,,

i F , may be specified which adds :o :he axial force. Thisj g
y total, if posi:1ve, is used to c:mpute the axial stress

'

j| for each bol: under operational condi:1=us; if negative,
it 1: is assu=ed tha: the fLtn

:!
a for these bolts with A(1)ges react in co=oression and

!. - ?g/N < 0 is assu=ed zero.

N = A"} + (7 /N) /A (VII.3.1-11)e
operatie=al g b:

4
^ m VII.3.2 Bolted Join: Leg Configura: ion

p) gs

A commonly used bol:ed con =ec:icn be:veen co=penents in'.

1 an ac:ua:or-valve assenb17 is designated a Leg Configur-
a:1on vi:h a single line of N evenly spaced bolts on a

t
- rectangular, nearly inelastic pad. Figure 7!I-6 depic:s

k a :ypical configuration vi:h the forces and nonents ac:ing.
4

The specified para =eters for this configura 1ca, N, S, I3,
ji IT, TO, II a:d A3 are described in Table III-4 and Fig-

ure III-5(c) .,,
s-

'
,

| The distance, 7, f cm the reference cen=ar to the 1:h bolt
.j (i = 1, 2, . . .N) in :he 73 direction is:t

:

7(1) S (N * 1 - 1 - 21) / (2 (N - 1)) (7II.3.2-1)=
3

The inplane forces, f . f , are assu=ed to be distribu:ed2 3
unifor ly to each bolt. In addi:1cn, the :vis:1ng nenent,
mt , is assu=ed to be dis:ributed as shear forces, 7[,1) , in;

the V direction on each bolt, tt.ich are proportional to:

| v{i).2
V ,(1) = st 'N - 1 - 21)c (7II.3.2-2)+

3.
,-

4

b(ni -
: j
i i

p
.l

'

%

_. _ _ -

9

r
'

t
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vich,

C3 = 6/ (S N- (N + 1)) (VII.3. 2-3)

It can be shcun tha: these shear forces do indeed equili- ,

brate with the tvisting =ccen:.

N
I V,(i) V(1) = mi3 (VII. 3. 2-4)

i=1
.

~

Ihus. the shear forces en the ich bolt in :he V: and 73
direc:1ces are:

V(1) = f /N - ?(1) (VII . B. 2-5 )
'

2f2 m
.

V(1) = f /N (VII.3.2-6)3f

and :he average total shear stress c==penen:s on :he 1:h
bol: is:

0h T2 " 7 }/A -(VII 3 2-7)3
i

T3 = V }/A (VII.3.2-8)3

where A. is de :co: area of each bol:.
o

The axial force, f , and bending sc=en:, 23, is assu=edt
to be reac:ed by a total lead, f ', for all the bolts andt
a contac: reac:ics a: either de inside or outside pive:
edges (Figure VII-6) . 3oth pessible pivo: edges are
postulated; d e one tha: yields tension for the bol: lead
and the s=alles: ce=pression 6:cugh :he pive reac:fon is
selected.

' lor con:ac: on inside edge

'

f'=ft + m3/II (VII. 3. 2-8)t

For contact on cu: side edge

fg' =fi - =3/TO (VII.3.2-9)

b.?)-9-
N

- - - - - . -

Y *M-,- w-wa& am-o'a,*= b ''
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For :o c==:ac: which i= plies m3 = 0

f'=f1 (7II.3.2-10)1

For the condi:ics .ha: neither postula:ed centac: edge
yields bol: censic:

f'=0 (VII.3.2-11)1

i ' and :: vill be assu=ed :o be reacted by indivi-Nex:, tdual axial loads is each bel:, A(1), and a pivo: reaction
about ei:her :he : p or be::== edges (Figure 7 !-6) de-
pe ding upon the sense of m2-

If m2 = 0

A(i} = f '/N (VII .3. 2-12)1

If m2 * O (?ivo: about ::p edge)

= (f ' (S/2 + 23) =2][S(N - 1)/(N-1) * Z3]/C E.3.243)A t 3
-

t >f
e .

vhere
) :

= N (S (N A 1)
2

- (S/2 - 23) ] (VII.3.2-14)12(N - 1)

If =2 > 0 (?ivo: about be:::= edge)

A( = ( f ' (S / 2 - C) - 22 ] [ S (i - 1) / (N - 1) * OI] /C (VII.3.2-lS)t

where
2

2
C. = N (S (N ' 1) - (S / 2 - II) ] (VII.3.2-16)

12(N .,)
! .
1

loads, for which f , 32 s!, ay reverseFor :he seis 1: t
all :cge:her is sign, equa:1ces 7II.3.2-8 :hr= ugh 2-15g
are reevalua:ed yielding anc:her set of axial leads, A k
for each bolt; :he larges: value for each bel: is retained
and : hen :he average axial belt s:ress is :ake as:

a = A( )/g CIII.3.2-17)

VII.3.3 3ol:ed Jois: Pad Configura:icn

Ihe bolted connec:ica be:veen cc penen:s in an actuator-

[ valve asse=bly tha: ::nsis:s of a nearly inelas:ic rec-
,

,
,

6
i

I

._
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: angular pad with =vo paranel lines, each with N evenly
spaced, bol:s, is designated a pad configura:1ce. Fig-
ure VII-7 depicts such a configura:1cn vi:h forces and
monents acti:g.

( . The specified para =ecers for :his configura:ics, N. S,
'

.

Z3, IT, Yo, YI and Ag are described in Table III-4 and
Figure III-3(d).

I i
'

N:h he': nay be wri::en in :e=s of3 Ihe loca:1on of th d

, V}N, in the plane parallel to"! ! the cecrdi ates, 7
vec:crs, (7 }= {7 ), respectively.2 3y

? !

I i. Yor1<1<N
: - -

Vfi) = T0/2 (VII.3.3-1)

k

Vf = s(N + 1 - 21)/(2(N - 1)) (VII.3.3-2)
.; 7

.

r For N - 1 < 1 < 2N

1
.{,
.

' ' ' (1);- v2 = -70/2 (7II.3.3-3)
ii

! Vf ) = s(23 - 1 - 21)/(2(N-1)) (VII.3.3-4)
ii

j and the distance is:

k (Vfi))2 (7hi)) (VII.3.3-3)l
d =, e

t

The inplace forces, f , 5 , are assu=ed to be distribu:ed2 3

unifo=17 cc each of :te 2N boles. In addi:1cs, :he :vis:-
) ing sene::, ut, is ass =ed :o be dis:ributed as tangentially

; i acti:gshearforces,Vii), pr:per:1enal :s :he distance, d ,i
! fre= the reference ces:e of :he bol: patters.,

i) = ni d /(2N C ) (VII.3.3-6)V
i 3

.
I

t.-s
.

I

| V
1 I
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Gere:

2g = 1/((T0/2) * S (g . 1)/(12(3 _ 1))) (y77,3,3_7)

It can be shown that these shear forces do equilibrate
with the tvis:1=g =c as::

2N
I V(1) d

i=1, g ==t (VII .3. 3-8)

Taking the co= pones:s of 7(1) in the 72 .a d V3 direc:1ces3
and adding :o the shear developed by f- and f3 yields -he two
shear force co= pone :s on each of :he i bol:s.

7,(1) = (f - C 7(1) st)/( N) (VII.B.3-9)y 3
-2 **

v,(1) = (f3+C v:(1) st)/(:N) (VII.3.3-10)
~3 3

and the average total shear stress ce=pecen:s on the
ich bolt are:

* V( } /% (711 3 3-11)T2 g

is - 7,(1)/A. (VII.3.3-12)
-3 D

where A. ~ is :he root area of each bolt.
o

The 21421 force, f , and :he bending c=e::, =3, ist
assu=ed :o be reacted by :stal loads = :he inside row

!

of bol:s (1 :o N)N)f! >, the ou: side ::v of bol:s(3 + 1 to 2N), f, , a=4 ei:her a reactien on the inside
or ou: side pivo: edges (Figure 7II-7).

Various pivo:ing rechanis=s say be pescula:ed. For ft
?_ 0 and =3 = 0, so pivo:ing about he 73 axis occurs.

fF) = <f ) f /2 (vII .3.3-12)1

For m3 > 0, pivoting is on the inside edge

f( = TE*! (VII.3.3-14)t 7

f(c) = (TE * TO) I;I (VII.3.3-15)g
f--

_
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where:

= [(f /2)(TO + 2 TI) - m3]/[(TI)2 - (TI * YO)2] (VII.3.3-16)
*

t, g

For m3 < 0, pivoting is on the ou: side edge:

f f ) = (TI + YO) T { )*

O

f f*} = TI TO

where:

T = (( t/2) * 2 H) - m3]/( m)2 - m + YO)2] M I.3.3-IS)O

For ft l o and =3 = 0, : hen ft is assumed reacted entirely
by the :vo cou.ac: edges:

,

ifI)= ff ) = 0 (VII.3. 3-19 )

f(I) and f(o) are assu=ed :o unifor=1t t 7 lead in the axial
direc:1on each bol: is the :sspec:ive cvs, thus,

I =f /N 1 1 1 1 N.-
I

=ff*)/N N + 1 1 1 1 2N (VII.3.3-20)

Fext, an additional ' load, I(i} , on each bol: caused by s:
is ce=pu:ed based on :he assu=c:fon of pivoting abcu:
either :he :op or bot:om edge (?igure VII-7) depending upon
the sense of =2-

If m2 = 0

I(i) = I(i * )=0 1111N (VII . 3. 3-21)

If m2 > 0 (Pivo: about bo::om edge)

I(i) = I(i + N) = (mg/ 2) ( (S (N - 1) / (N - 1) + ~3 ] /C 11i1S (VII*3*3~22)3

where:

N((S/2 - Z3)2 - S2 (3 + 1) /(12(3 _1)) ] (VII,3,3-23)C =
3

(.%
.

.+

j - .. . . - - - . . . . - -. _ _ _ _ _ _
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If m <0 (Pivo: abou: :op edge)

A(1) = A(i * N) + (m;/2)[S(1 - 1)/(N - 1) + :T]/C,. (VII . B . 3'-24)
= =

s

where:

C. = N((S/2 + IT) +$2 (N + 1)/(12(N - 1))] (VII.3.3-25)
*

The total axial lead ce the 1:h bol: is then:

A(i) = XII) + I(i) for 1 1 1 1 2N (VII.B.3-26)

seis=le leads for which f , m:, =3, =ay reverse allTo: t
:cge:he: in sign, equa:1ces 7-*.3.3-13 :hrough 3-26, are
reevaluated yield 1:3 an= her set of axial leads, A(1), fc
each bol:; the larges: value for each bel: is re:aised,
thes the average bel: s :ess =ay be esken as:

e = A(i)/A (VII.3.3-27)3

.," VIII. AC6:.e. ANCI Ca.. CA
n*
j g If the purchaser's design specifica:1cn does =c: include acceptance criteria , ._.

or if the acce;:a=:e criteria are inc==ple:e, :his sec: ion vill be used to
deter =ine :he accep:abill:7 ef the equi;=e::. -

VIII.A. ? essure Retaining S.: se:ures

Tabis 7!!I.A.-1-

| Valve Sectic: S::ess
Limits '2'3'"'C'il

| Classifica:10: Analy:ed
|
| Son =e: (e or I,) + ob 1 1 35, m

es 1 0.65

|
Active Bolting em < 25

.

I Sc =e: (c or et,) * eb.1 Sy3

'Is 1 0.657

| i Non-active 3 citing em 1 25
' .,-

-

i

!

|
|

|

"
- _ - . _ - ,_
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7III.A. Pressure Re:aini:g S:ructures (contitued)

Notes to Table VIIT.A.-1

1. ne sy=bols are defined as follows:

c= - general =e=brane stress. nis s:ress is equal :o :he average stress
across the solid section under consideration, excludes discontinui:ies
and concen: rations and is produced only by =echanical loads,

et - local =e=brane stress. nis stress is the sa=a as es excep that
1 includes the effec: of discontinui:1es.

.

i eb - be= ding stress. This stress is equal to the 15.near varying portion-

; of the stress across :he solid see: ion under ec=sidera: ion, excludes
'

discou:1:ui:1es and concen: rations, and is produced only by =echanics1
i loads.

es - shear stress. nis stress is :he average pri=ary shear stress
across a section loaded is pure shear.

!

i 57 - yield streng:h.
:
L S - stress in:ensi:y for Class i valves or :he allevable stress for Class

2 and 3 valves ake fro: Appendix 1 :o See:1o= I!!.,

w 2. The stress ' *-* * " tYsi iron, ASU. A48 Class 30, is 15000 psi for all
i cases. .
I

f 3. For the purposes of selecting :he appropriate :aterial ;roperties and
|- | stress li=1:s :he ac:ua:or yoke, :he yoke iceksu: or ac:uator-to-bo::e:

g bolring shall .:e assu=ed to be at a= hie : :e:pera:ure while :he bon =e:
and the bcsse:-:o-body bol:is; shall be assu=ed to be a: :he service

1 3

|
te perature.

,

- 4. The value for S for =a:erials co: listed in Appendix I :o See:1on !!!
(g shall be de:er:1:ed i: the follovi:g =a==er:

|I For Class 1 valves :he lesser of:

| 1/3 of the -d ' u: specified tensile streng:h

|i **

.j , 2/3 of :he =1:i=u= specified yield s: e:gth.
|I
|{ For Class 2 and 3 valves the lesser of:
1|-'

3 1/4 of the =ini=u: specified tensile s:reng:h
t or

; 5/8 of :he =1:1=u: specified yield streng:h.

( } *W
.

- These values shall be selected for the appropria:e ce:perature as
specified in =cce 4; g

'i g
ui

!

| k'
_ .

'

\
1

i

<
t
.
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5. A cas:ing quality fae:c: of 1.0 shall be assu=ed in sa:isfying these
limi:s for Class 2 and 3 v21ves.

.

.

6. For bol:ed joi= s :he bol: prestress is assumed to be equal to 23.
The bol: vill not be considered overstressed us:11 the bolt stress
exceeds the bol: prestress.

i

'
.

j VIII.3. Non-pressure Re:aining S ue:u:es *

|
t For non-pressure retaining strue:ures :he s:ress 11=1: vill not exceed'
? 90 of the specified =in'---- yield strength of :he =acerial.
y .
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/ NU. M00/10(6) : RATIO- DENS /10(-4L STRESS /10(31' i
;

> . 3 1 STtEL 30.000 0.263 7.240 27.000 k
'

l'
~2- BOLTING SAE 30.000- 0.263 7.240. 82.600-
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*

,ew CUSTOMEW NAMt COMMON.EALTn EDIS;N C3.
i .

i

'

x_) CC NO SA094
SA095

NEPHESENTATIVE ORDER NO 1*-e2496

VALVE SIZE 6" VALVE TYPE 9270

ACTUATOR FISHEH 1073 MANUAL -

CUSTOMER OHDEN NO 181104

CUSTOMER TAG NO IFC054A 2rC054A
1FC054b 2FC0546

CERTIFIED ORAw1NG NO 0269278
.

CROSS SECTION ORAwING NO F43430A

BRACKET ORAwING NO. G337248

OATE OF TnIS REPowT / DECEMBER 15, 1978

/ *
C0N TR0L INPVT 0ATA

MANUAL INPUT GENERATION FOR VALVE ANALYSIS .

SEISMIC STRESSES ARE SUPEHIMPOSED BY SQUARE ROOT OF SUM OF SQUARtS

STHESS ALLowacLES ARE COMPARED TO MAXIMUM PRINCIPAL STHESS

MASS, STIFFNESS, LOAO AND STRESS MATRICES ARE NOT PRINTED

STATIC SEISMIC ANALYSIS TO dE PERF0nMED

OPtHATIONAL LOAO ANALYSIS TO 6E PERF0HMED /

DYNAMIC M00AL ANALYSIS TO 6E PERF0HMEU wlTM EVALUATION

| Ck 0SS-SECT ion QA TA
!

| EL. CHOSS-SECTION |
NO. DESCRIPTION PARAMETERS ;

T= .68701 NECTANOULAH A = 4.000 ,
,

T= .6e?02 RECTANGULAH A = 4.000 ,
,

3 xdCTANGULAH A = 4.000 , T= .e670 , p

T= .3120 , B= 1.721 ,

4 CHANNEL A = 4.000 ,

Al= .2600 ,Tl= .d960 .
.

1 ', .
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igg Cm O55-SECT IuN DA TA

-

' iL. CauSS-SECTION
t. 0 . DESCHIFT70N PARAMETERS

s CHANNEL A = 4.000 , T= .3120 , B= 1.721 ,--

- Tl= .2960 , Hl= .2800 ,

T 6 RECTANGULAW A = 4.000 , T= .5000 ,

:$ 7 CHANNEL A = 4.000 , T= .3120 , b= 1.721 ,

;@ il= .2960 , R1= .2800 ,

f:j 6 CHANNEL A = 4.000 , T= .3120 , 6= 1.721 ,

Q Tl= .2960 , dl= .2600 ,

4. 9 MECTANGULAN A = 4.000 , T= .6670 ,

j 10 HECTANbuLAd A = 4.000 , T= .6670 ,

9
-

{ JO IN T COOM 0IN A TE DA TA
%

4 JOINT X Y Z
. NO.
1

{. i 6 983000 -1.810000 3.950000
{ 2 7.300000 2.210000 0.0
1 3 7.300000 -2.210000 0.0
i 4 3.970000 2.210000 0.0

,$_ 5 3.970000 -2.210000 0.0
6 0.0 2.875000 0.0,-~

N ,s)- 7 0.0 2.210000 0.0
e u.0 -2.210000 0.0

'

9 0.0 -2.875000 0.0
- 10 7.300000 1.437000 0.0

11 7 300000 -1.437000 0.0

t
I oOUNOA H Y, SPH ING & 80LT J0 IN T 0A T A
k

f JOINT TYPE-MAT PLANE-DIRECTION SPRING 6 80LT JOINT PARAMETERS
NO. /FlxITY OR OtSCHIPTION1

t
e 111111 e0DY

.j 9 111111 eUDY
'

e LEG 2 A +x -Y N.T= 2.16 ,0/A= 0.3750, YE= 0.e750
YO= 0.6750,YSM= 0.0 , S= 1.2500
ZT= 1.0000. Zb= 1.0000,ZSM= 0.0

1 9 LEG 2 C +x +Y N.T= 2.le +0/A: 0.3750, YE: 0.c750
YO= 0.8750.YSH= 0.0 , S= 1.2500
ZT= 1.0000, 26= 1.0000,ZSn= 0.0

I 10 CIRC 2 6 -X -Y N.T= 4.16 ,0/A= 0.3750, D= 2.e740
YSH= 0.0 ,ZSH= 0.0 ,STU= 45.0000

FG 0.,

.
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.

CONCEN TRA TED M ASS OA IA
x/-

E JOINT LUMPED FON SHIFT DISTANCE OH MOMENT OF INERTIA
: NO. MASS DIN. X Y Z

l 0.067288 AYZ 0.0 0.0 0.0

t

C0NCEN TRA TED L 0.A 0 0A TA

i JOINT FORCES. . MOMENTS.. . . . . . . . . . . . .

NO. A Y Z X Y Z

i 1 0.0 0.0 0.0 1735.0 0.0 0.0
v.

ELEMEN T IN PUT 0A T A

; EL. JOINTS LENGTH ANGLE AREA MOMENTS OF INERTIA MATERIAL
NO. /kAOIUS I-11 I-22 I-33 DESCHIPTION,

1 2 10 0.773 2.7480 0.1061 0.3855 3.6640 STEEL
i. 2 10 11 2.874 2 7460 0.1061 0.3655 3.6640 STEEL
L 3 11 3 0.773 2 74e0 0 1081 0.3855 3.6640 STEEL
{ 4 2 4 3.330 2.0821 4.5311 0.0702 0.5170 STEEL

S 3 5 3.330 2.0821 4.5311 0.0702 0.5170 STEEL
l 'f'd
2

6 4 5 4.420 2 0000 0.0417 0.1535 2.6667 STEEL
i W 7 4 7 3.970 2.0821 4.5311 0.0702 0.5170 STEEL
j 8 6 5 3.970 2 0821 4.5311 0.070? 0.5170 STEEL

|} 9 6 7 0.665 2.7480 0 1061 0.3655 3.6640 STEEL
$ 10 8 9 0.665 2.7480 0.1081 0.3655 3.6640 STEEL
'

10 1 RIGIO LINK
11 1 RIGIO LINK,

k

j STA T IC AN ALY S IS
7

,

i DEFORMATION RESPONSL TO 1G GRAVITATIONAL LOAD IN VALVE SYSTEM A DIR.

If JOINT .0EFLECTION ROTATION. . . . . . . . . . .

7 NO. x y Z A Y Z
J

1 0.000061 0.000001 -0.000098 -0.000000 0.000019 0.000001
,..t 2 0.000001 -0.000001 -0.000065 -0.000000 0.000010 0.000000

3 0.000005 -0.000001 -0.000065 -0.000000 0.000010 -0.000000
4 0.000001 -0.000001 -0.000033 -0.000000 0.000009 -0.000000

) 5 0.000003 -0.000001 -0.000033 -0.000000 0.000009 -0.000000;

6 0.0 0.0 0.0 0.0 0.0 0.0
' i 7 0.000000 -0.000000 0.000000 -0.000000 0.00000e 0.000000
| ! e 0.000001 0.000000 0.000000 0.000000 0.00000e -0.000001

9 0.0 0.0 0.0 0.0 0.0 0.0
10 0.000002 -0.000001 -0.0000e5 -0.000000 0.000011 0.000001.f-)(_j 11 0.000005 -0.000001 -0.000065 -0.000000 0.000019 0.000001

'I

h
.

f

-i
l
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:

OEFUHMATION HESPON5E TO 1G GRAVITATIONAL LOAD IN VALVE SYSTEM Y DIR.
.

JOINT .0EFLECTION HOTAT10N. . . . . . . . . . .
- No. A Y Z A Y Z

l 0.000001 0.000519 0.000191 -0.000105 0.000000 0.000000
2 -0.000003 0.000103 -0.000232 -0.000105 0.000016 0.000009
3 0.000003 0.000103 0.000232 -0.000105 -0.000016 0.000009
4 -0.000001 0.000056 -0.000126 -0.000057 0.000017 0.000014
5 0.000001 0.000056 0.000126 -0.000057 -0.000017 0.000014
6 0.0 0.0 0.0 0.0 0.0 0.0
1 0.000002 0.000000 -0.000001 0.000000 0.00001e 0.000009
e -0.000002 0.000000 0.000001 0.000000 -0.000016 0.000009
9 0.0 0.0 0.0 0.0 0.0 0.0

10 -C.000000 0.000103 -0.000131 -0.000105 0.000000 0.000000
11 0.000000 0.000103 0.000151 -0.000105 0.000000 0.000000

DEF0HMATION AESPONSE TO 1G GRAVITATIONAL LOAD IN VALVE SYSTEM Z 014

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y Z

l -0.000119 0.000191 0.000329 -0.000046 -0.000030 -0.000000
2 0.000000 -0.000000 0.000087 -0.000046 -0.000u19 -0.000000
3 -0.000000 -0.000000 0.000297 -0.000048 -0.000036 -0.000000
4 0.000000 -0.000000 0.000043 -0.000026 -0.000017 -0.000000
5 -0.000000 -0.000000 0.000159 -0.000026 -0.000033 -0.00000u
6 0.0 0.0 0.0 0.0 0.0 0.0
7 -0.000000 -0.000000 0.000000 -0.000000 -0.000015 -0.000000
8 C.000000 -0.000000 0.000001 0.000000 -0.000029 -0.000000
9 0.0 0.0 0.0 0.0 0.0 0.0

10 0.000000 -0.000000 0.000122 -0.000046 -0.000030 -0.00000u
11 -0.000000 -0.000000 0.000261 -0.000048 -0.000030 -0.00000u

DEFORMATION HESPON5t TO OPERATIONAL LOADS (NOT INCLUDING OEAD*EIGHT)

JOINT .0EFLECTIUN ROTATION. . . . . . . . . . .

NO. X Y Z A Y Z
'

l -0.000001 -0.007030 -0.003224 0.001782 -0.000000 0.000000
2 -0.000000 0.00000e 0.003924 0.001782 -0.00u273 0.000001
3 0.000000 0.000006 -0.003922 0,001782 0.000274 0.000001

| 4 -0.000000 0.000004 0.002137 0.000967 -0 000291 0.000001
'

5 0.000000 0.000004 -0.002136 0.000967 0.0 C 1291 0.000001
6 0.0 0.0 0.0 0.0 0.0 0.0
7 0.000000 0.000000 0.000013 -0.000002 -0.000267 0.000001
6 -0.000000 0.000000 -0.000013 -0.000002 0.000de/ 0.000001
9 0.0 0.0 0.0 0.0 0.0 0.0

10 -0.000000 0.00000e 0.002562 0.001762 -0.000000 0.000000
11 0.000000 0.000006 -0 002559 0.001782 -0.000000 0.000000

.
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0Y N A M IC AN A L YS IS

HESONANT FREQUENCY = 123.5 HERTZ (IN Y-DIRECTION GR x-H0TATION)

** * * NORMALIZED EIGENVECTOR ****.

JOINT . . 0EFLECTION ROTATION. . . . . . . . .

NO. x Y Z x Y Z

1 -0.109507 1.000000 0.610492 -0.221660 -0.027894 0.00062e
2 -0.004123 0.122405 -0.326957 -0.221660 0.011050 0.010989
3 0.003427 0.12240e 0.650208 -0.221953 -0.0566el 0.011109"'

4 -0.001358 0.06ee04 -0.182519 -0.120895 0.014675 0.016457
5 0.001396 0.06ee01 0.351413 -0.120909 -0.05779e 0.01644d
e 0.0 0.0 0.0 0.0 0.0 0.0
7 0.001581 0.000170 -0.001319 0.000214 0.01465e 0.010025
6 -0.001759 0.000168 0.002059 0.000412 -0.051959 0.01012e
9 0.0 0.0 0.0 0.0 0.0 0.0

10 -0.001364 0.122596 -0.156834 -0.221e60 -0.027694 0.00062e
11 0.000441 0.122596 0.480792 -0.221860 -0.027894 0.00062e

STA TIC SEISM IC AN A LY S IS

'' THE VALVE AAIS IS POSITIONED Y-UP

ACCELEHATION OF GRAVITY, G = 366 400

DIxECTION OF NO. COMPONENTS OF UNIT ACCELERATION
SEISMIC OF IN VALVE C00kOINATE SYSTEM

ACCELERATION G'S x-COMP. Y-COMP. Z-COMP.

HUMIZONTAL(1) 5.000 0.0 0.0 -1.0000
H0kIZONTAL(2) 5.000 1.0000 0.0 0.0
VExTICAL e.000 0.0 -1.0000 0.0

*

,
I

L:|
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( ) NEACTION ktdPONSE TO bTATIC SEISMIC LOAD IN MORIZ(1) DIRECTION
./

ELT. JNT. . ELEMENT FORCES. . ELEMENT MOMENTS. . .

NO. NO. F1 F2 F3 M1 M2 M3

1 2 6. -0. -0. 1. -325. 37.
10 -3. O. O. -0. 325. -33.

2 10 6. O. O. -0. O. 3.
11 6. O. -0. -0. O. -3.-

3 11 -138. O. -0. -0. -106. -6.
3 141. -0. O. 1. 106. -102.

4 2 0. -0. 6. 325. 37. 1.
4 -0. O. -16. -361. -37. O.

5 3 -0. O. -141. 106. -102. -1.
5 0. -0. 151. 379. 102. -0.

6 * 6. -0. -0. O. -32. Id.
5 6. O. O. O. 32. -15.

7 4 0. -1. 22. 393. 51. O.
7 -0. 1. -33. -502. -51. 1.

o 8 0. 1. -166. 993. -117. 1.
5 -0. -1. 157. -347. 117. O.

9 e 36. -0. -1. -0. -502. 74
7 -33. O. 1. 1. 502. -51.

10 6 -168. O. -1. 1. 993. 117.
9 171. -0. 1. -0. -993. -230.

_

TYPE JNT. SOUNDARY OR JUNCTION RDCTION. . . . . . . . . .

NO. FX FY FZ MX MY MZ

600Y 6 1. -0. 36. -74 -502. -0.
600Y 9 -1. -0. 171. 230. -993. -0.
A +A-Y 6 1. -0. 33. -74 -502. -u.
C +X Y 9 -1. -0. 16o. 229. -993. -0.
d -X-Y 10 -0. O. -147. 444 219. 1.

|

|
|

l
,

,

!

I
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*

stACTlUN ktSPONSE TV STATIC SEISMIC LOAD IN HORIZ(2) DIRECTION)'
t
a.

ELT. JNT. . ELEMENT FORCES. . ELEMENT MOMENTS. . .

NO. NU. F1 F2 F3 M1 M2 M3

1 2 0. 6. 21. -22. -257. -0.
10 -0. -6. -18. 7. 257. O.

2 10 0. O. 6. -3. O. O.
11 -0. O. 6. 3. O. O.

3 11 0. 6. -123. 78. 257. -0.
3 -0. -6. 12e. 18. -257. u.

4 2 -6. 21. -0. 257. -0. -22.
4 6. -31. O. -257. O. 1.

5 3 -6. 126. O. -257. O. -lo.
5 6. -135. -0. 257. -0. -3.

e 4 0. O. B. -9. O. O.
5 -0. -0. 4 O. -0. u.

7 4 -7. 39. -0. 257. -0. -10.
7 7. -51. O. -257. O. -16.

d b 7. 151. O. 257. O. 29.
5 -7. -140. -0. -257. -0. -3.>

9 6 -0. 7. 53. -19. -257. -0.
7 0. -7. -51. -16. 257. O.

10 8 0. 7. -151. 29. 257. -0.
9 -0. -7. 154. 72. -257. O.

TYPE JNT. BOUNDARY OR JUNCTION REACTION. . . . . . . . . .

NO. Fx FY FZ MX MY MZ

BODY e -53. 7. -0. O. -257. -19.
WOUY 9 -134 -7. -0. -0. -257. 72.
A +A-Y 6 -51. 7. -0. O. -257. -lo.
C +x+Y v -151. -7. -0. -0. -257. 71.
b -x-Y 10 147. -0. O. -0. 514 447.

|

@

.

.-.
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.

( i HEACTION RESPONSE TO STATIC SEISMIC LOAD IN vtWTICAL DIRtCTION
v

ELT. JNT. .ELtMENT FORCES. ELEMENT MOMENTS. . . .

NO. NO. F1 F2 F3 M1 M2 M3 -

; 2 -176. 87. 19u. -289. -563. -85.
10 176. -84 -190. 142. 563. -51.

2 lu -0. 7. O. -0. O. -0.
11 0. 7. -0. -0. O. -0.

3 11 -176. -64 190. 142. -563. -51.
3 176. 67. -190. -289. 563. -85.

4 2 -88. 190. -176. 563. -65. -289.
4 99. -190. 176. 25. e5. -22.

5 3 e8. -190. -176. 563. -65. 269.
5 -99. 190. 176. 24. 65. 22.

6 4 -0. 7. 59. -130. -64 -0.
5 0'. 7. -59. -130. 64 -0.

7 4 -107. 248. -177. 59. -86. -106.
7 121. -248. 177. 642. 66. -343.

e 6 -121. -248. -177. 642. -66. -343.
5 107. 248. 177. 60. e6. -106.

9 6 -177. 124 246. 178. 642. -203.
7 177. -121. -24e. -343. -642. 86.

10 8 -177. -121. 24e. -343. 642. 86.
9 177. 124 -248. 178. -642. -203.

TYPE JNT. BOUNDARY OR JUNCTION REACTION. . . . . . . . . .

NO. FA FY FZ MX MY MZ

600Y 6 -2*8. 124 -177. 203. 642. 178.
eOUY 9 248. 124 177. 203. -642. 176.
A .x-Y 6 -248. 121. -177. 203. e42. 176.
C *X+Y 9 246. 121. 177. 203. -642. 176.
6 -A-Y 10 -0. -175. O. 609. -0. -260.

.

_
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1y .

-- {') -: . TION HESPONSE TO OPER ATIONAL LOADS (INCLUDING DEA 0 WEIGHT)
-

yp - . JNT. . ELEMENT F0dCES. ELEMENT MOMENTS. . . .

d NO. F1 F2 F3 M1 M2 M3 -..

b

d
. 2 -527. 13. 29. -44. -1662. -255.d

10 527. -12. -29. 22. 1682. -153.
4 i 10 -0. 1. O. -0. O. O.
E 11 0. 1. -0. -0. O. -0.
[ 3 11 -527. -12. 29. 22. -16c3. -153.
F 3 527. 13. -29. -44. 16c3. -255.
#

2 -13. 29. -527. 1682. -255. -4*.-

j, 4 15. -29. 527. 73. 255. -3.
* ' 3 13. -29. -527. 1683. -255. 44

S -15. 29. 527. 72. 255. 3.
'

4 -1. 1. 9. -20. -250. -1.
5 1. 1. -9. -20. 250. -1.

-

7 4 -16. 38. -52e. 177. -256. -17.
7 19. -38. 528. 1918. 256. -53.

: 6 -19. -38. -527. 1916. -256. -53.
5 16. 38. 527. 178. 256. -17.

7 6 -528. 19. 38. 28. 1918. -607.
7 528. -19. -38. -53. -1918. 256.

is 6 -528. -19. 38. -53. 1916. 256.
9 528. 19. -38. 28. -1916. -607.

f"
t r~s TYLE JNT. . BOUNDARY OH JUNCTION REACTION. . . . . . . . .

\_jp NO. FA FY FZ MX MY MZ

ev Y 6 -38. 19. -526. 607. 1918. 2e.

{ eL? 9 3d. 19. 528. 607. -1916. 28.
A *A-Y 6 -3d. 19. -526. 607. 1918. 26.,

C +A+Y 9 38. 19. 527. 607. -1916. 2e.:
t : -X-Y 10 -0. -2e. O. 1819. -1. -39.
!
\
g cisC % TION RESPONSt. TO STATIC SEISMIC LOA 0 IN HCHIZ(1) OIRECTION
?

I 'T .0EFLECTION . . ROTATION. . . . . . . . . .
~ '

X Y Z X Y Z
I
*

0.000597 -0.000953 -0.00le*7 0.000242 0.000151 0.000000.

'. c -0.000000 0.000001 -0.000422 0.000241 0.000095 0.000000
; 0.000000 0.000001 -0.001486 0.000242 0.000169 0.000000

-0.000000 0.u00001 -0.000214 0.000131 0.0000e7 0.000000e 6
*

0.000000 0.000001 -0.000793 0.000131 0.000166 0.000000
i e 0.0 0.0 0.0 0.0 0.0 0.0

7 0.000000 0.000000 -0.000001 0.000000 0.000074 0.0u0000,

-0.000000 0.000000 -0.000005 -0.000001 0.00014e 0.000000
) y 0.0 0.0 0.0 0.0 0.0 0.0

~1 la -0.000000 0.000001 -0.000609 0.000242 0.000151 0.000000
i :. 0.000000 0.000001 -0.001303 0.000242 0.000151 0.000000

(y
( _) -

k
'

l
'

i

1
4
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,

) giggponTION RESPONSt To STATIC SEISMIC LOAC IN HORIZ(2) UIRECTION

.UEFLECTION ROTATIONJulhi . . . . . . . . .. .

A Y Z X Y ZNo.

g 0.000406 0.000005 -0.000488 -0.000000 0.00009e 0.00000e

2 0.000006 -0.000004 -0.000327 -0.000000 0.000052 0.000002

3 0.000023 -0.000005 -0.000327 -0.000000 0.000052 -0.000002
g 0.000005 -0.000004 -0.000165 -0.000000 0.000045 -0.000000
g 0.000016 -0.000005 -0.000165 -0.000000 0.000945 -0.000000
g 0.0 0.0 0.0 0.0 0.0 0.0

7 0.000002 -0.000000 0.000000 -0.000000 0.000036 0.000000
g 0.000006 0.000000 0.000000 0.000000 0.00003e -0.000004

0.0 0.0 0.0 0.0 0.0 0.0
}g 0.000010 -0.000004 -0 000327 -0.000000 0.00009e 0.000006d
gg 0.000026 -0.000004 -0.000327 -0.000000 0.00009e 0.000006

f{j6p4ATION HESPONSt TO STATIC SEISMIC LOA 0 IN VERTICAL DIRECTION

.0EFLECTION ROTATIONdothi . . . . . . . . .. .

kg; X Y Z X Y Z

g -0.000004 -0.003117 -0.001143 0.000632 -0.000000 -0.000002
g 0.000016 -0.000e17 0.001392 0.000632 -0.000097 -0.000053

,7;,; j .-0.000016 -0.000617 -0.001391 0.000632 0.000097 -0.000053
g 3 g 0.000006 -0.000347 0.000758 0.000343 -0.000103 -0.0000Hd
( ,1 g r0.000006 -0.000347 -0.000757 0.000343 0.000103 -0.000082

g 0.0 0.0 0.0 0.0 0.0 0.0

7 '0.000010 -0.000001 0.000005 -0.000001 -0.000095 -0.000053
g 0.000010 -0.000001 -0.000005 -0.000001 0.000095 -0.000053
g 0.0 0.0 0.0 0.0 0.0 0.0.

jg 0.000003 -0.000elb 0.000908 0.000632 -0.000000 -0.000002
gg -0.000003 -0.000 ele -0.00090.8 0.000632 -0.000000 -0.00000

6f/hpi4ATION RESPONSE TO OPERATIONAL LOADS (INCLUDING DEAD *EIGnT)

.UEF LECT ION ROTATIONJ0lhi . . . . . . . . .. .

kg; A Y Z X Y Z

p -0.000001 -0.007549 -0.003414 0.001887 -0.000000 -0.000000
g 0.000002 -0.000095 0.004156 0.001887 -0.000269 -0.00000e
j -0.000002 -0.000095 -0.004154 0.001687 0.00028e -0.000006
g 0.000001 -0.000053 0.002263 0.001024 -0.00030e -0.000013
g -0.000001 -0.000053 -0.002262 0.001024 0.00030e -0.000013
g 0.0 0.0 0.0 0.0 0.0 0.0

/ -0.000002 -0.000000 0.000014 -0.000003 -0.000de3 -0.000009
g 0.000002 -0.000000 -0.000014 -0.000003 0.000263 -0.000006
q 0.0 0.0 0.0 0.0 0.0 0.0

jg 0.000000 -0.000095 0.002713 0.001e87 -0.000000 -0.000000
-0.000000 -0.000095 -0.002711 0.001687 -0.000000 -0.000000yy

9

1
_
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Sg EV ALUA T ION OF V ALVE

e

DEFORMATION HESPONSt OF COMBINED STATIC SEISMIC AND OPERATIONAL LOAUS

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NU. X Y Z X Y Z

l -0.000723 -0.010609 -0.005477 0.002564 -0.000179 -0.00000e
2 0.000020 -0.000712 0.005647 0.002b64 -0.000434 -0.000061
3 -0.000030 -0.0007'.2 -0.006215 0.004564 0.000490 -0.000061
4 0.000009 -0.000400 0.003068 0.001391 -0.000451 -0.000095
5 -0.000018 - .000400 -4.003371 0.001391 0.000509 -0.00009s
e 0.0 0.0 0.0 0.0 0.0 0.0
7 -0.000011 -0.000001 0.000019 -0.000004 -0.000409 -0.000062
6 0.000013 -0.000001 -0.000021 -0.000004 0.000461 -0.00006d
9 0.0 0.0 0.0 0.0 0.0 0.0

10 0.000011 -0.000713 0.003854 0.002564 -0.000179 -0.000000
11 -0.000027 -0.000713 -0.004332 0.002564 -0.000179 -0.000006

BEAM STRESS FOR COMeINED STATIC AND OPERATIONAL LOADS7-

9 ELM JNT STHEiS C00kDINATES STRESS /10(3) MATERIAL SMAX NOTE
NO. NO. NO. C1 C3/2 C SHAX SAL DESCRIPTION / SAL

1 2 5 0.0 0.34 0.6e 5.0 27.0 STEEL '0.19
2 11 2 -2.00 0.34 0.0 0.0 27.0 STEEL 0.00
3 3 5 0.0 0.34 0.68 4.9 27.0 STEEL 0.18
4 2 10 -0.11 -1.62 0.54 3.6 27.0 STEEL 0.13
5 3 7 -0 11 1.62 0.54 3.9 27.0 STEEL 6 14

I 6 4 5 0.0 0.25 0.50 1.7 27.0 STEEL 0.0e
6 7 7 7 -0.11 1.62 0.54 3.6 27.0 STEEL 0.13

6 e 7 -0.11 1.62 0.54 4.1 27.0 STEEL 0.15
9 7 6 0.0 -0.34 0.68 S.8 27.0 STEEL 0.22

10 e 6 0.0 -0.34 0.68 6.5 27.0 STEEL 0.24
4 .

!
'

6OLTED JOINT STRESS FOR COMdINED STATIC AND UPERATIONAL LOADS'

(N=NOMetH OF BOLTS. AREA = AREA PER e0LT)
t

BOLT JOINT DESCRIPTION,e0LT STRESS /10(3) MATERIAL SMAA NOTE
JNT LUC. TYPE '4 AkEA NO. SMAX SAL OtSCRIPTION / SAL,

6 A LEb 2 0.07 1 24.2 82.6 BOLTING SAE 0.29
[ 9 C LEG 2 0.07 1 22.9 62.8 e0LTING SAE 0.26

10 6 CINC 4 0.07 1 9.4 82 8 e0LTING SAE 0 11
.

%-

.

5

.!
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THIS EQUIPMENT I$ ACCEPTAeLE FOR THE SPECIFIED SEISMIC 01STUseANCE

THIS REPORT HAS BEEN PREPARED BY /

N06ERT F.GONDA

FISHER CONTROLS COMPANY
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tM IA L P R0PERTY INPdT DA TA-

ISCRIPTION YOUNG'S POISSON'S MASS ALLO!vABLE
.g edOD/10 ( 6 ) RATIO UENS/10(-4) STRESS /10(,s) >

STEEL 30.000 0.2 ts 3 7.240 27.000+

- CAST IHON 15.000 0.230 6.750 15.000
- BOLTING 30.000 0.263 7.240 117.000

.
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*/% COMMUNwEALTh EDISuN CO.

(1
STATION CON 5THUCTION DEPT.

CC NO 5A094-3d,33 & 38-41
SA095-27,26 & 33-36

-EPHESENTATIVE UHDER NO 14-62496-A
14-62496-6

v LVE SIZE 8 VALVE TYPE 9220

ACTUATOR LIMIT 0HuuE SM6000/2-H06C
.

CUSTOMER OHOEH No 181104

CUSTOMER TAG NO IVQ042 2VQ042
IV0043 2v0043
IVPil3A 2VPll3A
IVP113e 2VP1138
IVP114A 2VP114A
IVP1146 2VPil48

CERTIFIED ORAw!NG NO G2692SC

C.-0SS SECTION ORAwING NO F43428A

g ACKET DHAdING NO G34217Ae*

, _ .

!

. ~f%
T )

'k DATE OF THIS HEPORT / DECEMGER 15, 1978
,i

| :?i

j con TR0L IN PU T 0A T A

MANUAL INPUT GENERATION FOR VALVE ANALYSIS

! CEISMIC STRESStS ARE SUPERIMPOSED BY SOUAst ROOT OF SOM OF SQUAHES
'

|
| iT"ESS ALLOWAdLES ARE COMPARED TO MAXIMUM PRINCIPAL STkESS

.
*sSS, STIFFNESS, LOAD AND STHESS MATRICES ARE NOT PHINTED

;7ATIC SEISMIC ANALYSIS TO dE PERF0HMED

.
GPERATIOHAL LOAD ANALYSIS TO bE PERFORMED

.-

. C Y'J AMIC M00 AL ANALYSIS TO BE PERFORMED WITH EVALUATION
'I

}
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r,

bl Ck 0SS-SECT IUN OA TA
?N_) -

LL. CHOSS-SECTION
NO. UESCHIPTION PARAMETERS

1 TUBE A = 2.250 . T= .2500 ,

2 RECTANGULAN A = 4.675 , T= .6200 ,

3 RECTANGULAN A = ,4 120 , T= .6200 ,

4 RECTANGULAR A = 4.120 , T= .6200 ,

5 RECTANGULAN A = .e750 , T= .3750 ,

6 HECTANGULAN A = 1.750 , T= .7500 ,

7 HECTANGULAd A = 4.100 , T= .6200 ,

7.000 , T= .6200 ,8 RECTANbuLAM A =
9 HECTANGULAR A = 4.000 , T= .3130 ,

10 RECTANGULAN A = 4.000 , T= .3130 ,

11 RECTANGULAH A= 9.000 , T= .9370 ,

12 RECTANGULAx A = 9.000 , T= .9370 ,

13 RECTANGULAN A - 9.000 , T= .9370 .

14 CHANNEL A = 8.000 . T= 4270 , B= 3.502 ,

Tl= .5250 , Rl: .0 ,

15 CHANNEL A = 8.000 , T= 4270 , 8= 3.502 ,

T1= .5250 , R1= .0 ,

16 RECTANGULAR A = 9.000 , T= 1.000 ,

17 HECTANGULAW A = 9 000 , T= 1.000 ,

18 RECTANGULAR A = 9.000 , T= 1.000 ,

19 CnANNEL A = 6.000 , T= .3790 , B= 3.504 ,

r Tl= 4750 , R1= .0 ,

20 CHANNEL A = 6.000 , T= .3790 , B= 3.504 .,

Tl= 4750 , Rl= .0 ,

21 RECTANGULAR A = 7.000 , T= .9370 ,

22 RECTANGULAN A = 7.000 , T= .9370 ,

!

i
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p ,g J0 IN T C00R0 INA TE DA TA'.
'

JOINT X Y Z
ho.

.

I 10 531000 6.380000 -2.500000
4 10.531000 3.710000 -2.500000
3 14.281000 10.942000 -1.o75000.

! 4 10.961000 0.430000 -0.930000
5 5 13.716000 6.380000 -2.500000
i 6 13.716000 3.500000 0.0

7 7.062000 3.260000 0.0.

3 e 7.062000 -3.260000 0.0
' y 3.531000 5.120000 0.0
t 10 3.531000 3.260000 0.0

11- 3.b31000 -3.260000 0.0..

| 12 3 531000 -5.120000 0.0
13 0.0 5.120000 0.0

. 14 0.0 2.875000 0.0
$ 15 00 -2.875000 0.0
} 16 u.0 -5.120000 0.0
:{ 17 6 96e000 0.360000 -2.500000
{ 16 9.374000 6.380000 -2.500000
1 19 11 688000 6.380000 -2.500000

,{ 20 id.531000 6.380000 -2.500000
a 21 6.968000 3.710000 -2.500000

9t [)D
2d 9.965000 3.710000 -2.500000

fu 23 11.097000 3.710000 -2.500000s

{ 24 1d.531000 3.710000 -2.500000 .

A 25 13.716000 -3.500000 -2.500000
I 20 13.716000 0.0 0.0
k 27 7.062000 3.812000 0.0

'4 28 7.0e2000 -3.612000 0.0

a
[

i

t
\

i
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1 ~\ sOUNOA W Y, bPR ING & B0LT J0IN T 0A T A
NA

JOINT TYPE-MAT PLANE-DIHECTION SPRING & BOLT JOINT PARAM.ETERS
NO. / FIXITY ON UtSCRIPTION

14 111111 duoY
15 111111 ouoY
28 PAD 3 A +X +Y N.T= 2 13 ,0/A= 0.5000, YE= 0.6250

YO= 7.6240,YSM= 3.8120. S= 3.0760
ZT= 0.6250, Ze= 0.6250.ZSH= 0.0

14 LEG 3 6 +x +Y N.T= 2 16 .0/A= 0.3750, YE= 0.6250
YO= 0.6750,YSH= 0.0 , S= 1.2500
ZT= 1 0000. Zb= 1.0000,ZSM= 0.0

lb LEG 3 C +X -Y N.T= 2 16 .0/A= 0.3750, YE= 0.6250
S= 1.2500YO= 0.8750,YSM= 0.0 .

ZT= 1.0000, 26= 1.0000,ZSH= 0.0

CON CEN TR A TEO MASS OATA

JOINT LUMPED FOR SHIFT DISTANCE OR MOMENT OF INERTIA
NO. MAb5 OIR. X Y Z

L 3 0.370083 XYZ 0.0 0.0 0.0

$ 4 0.181159 XYZ 0.0 0.0 0.0
,

i

CUNCEN TR A TED L0A 0 0A TA
I
li JOINT . FORCES. . MOMENTS.. . . . . . . . . . . .

'
NO. x Y Z X Y Z

4 0.0 0.0 0.0 761.0' O.0 0.0
'

d
3 -
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4
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ELEM EN T INPU T 0A TA
'

EL. JOINTS LENGTH ANGLt AREA MOMLNTS OF INERTIA , MATERIAL
NO. / RADIUS I-11 I-22 I-33 OESCRIPTION

1 1 2 2.670 1.5708 0.7977 1.5953 0.7977 CAST IRON
2 17 18 0.406 3.0225 0 0968 0.3563 5.9e60 CAST IRUN
3 19 20 0.843 2.5544 0 0818 0.d963 3 6133 CAST IRON
4 20 5 1.185 2 5544 0.081e 0.2963 3.6133 CAST IPON
5 17 21 2.670 0.3281 0.0038 0.0112 0.0209 CAST IRON>

6 20 24 2.670 1 3125 0.0615 0.1798 0.3350 CAST IRUN
7 5 25 2.880 2 5420 0.0814 0.2947 3.5609 STEEL
8 6 26 3.500 4.3400 0.1390 0.S2S1 17.7217 STEEL
9 21 22 0.997 1.2520 0.0102 0.03e9 1.6693 CAST IWON

10 23 24 1 434 1 2520 0 0104 0.0389 1.o693 CAST IRON
11 27 7 0.552 8.4330 0 6170 ?.30e1 56.9227 STEEL
12 7 8 6.520 8.4330 0.6170 2.3061 56.9227 STEEL
13 e 28 0.552 8.4330 0.6170 2.3061 56.9227 STEEL-

14 10 7 3 531 6.6447 63 3949 0.4909 7.5946 STEEL
15 11 8 3 531 6.6447 63.3949 0.4909 7.5946 STEEL

,'

16 9 10 1.860 9.0000 0.7500 2.7900 60.7500 STEEL -

17 10 11 6.520 9.0000 0.7500 2.7900 60.7500 STEEL
18 11 12 1.860 9.0000 0.7500 2.7900 60.7500 STEEL

3 19 13 9 3.531 5.2427 29.5336 0.3237 6.2320 STEEL
} 20 16 12 3.531 5 2427 29.5336 0.3237 6.2320 STEEL
; ,~ 21 13 14 2.245 6.5590 0.4799 1.7577 26.7826 STEEL

f 22 15 16 2.245 6.5590 0.4799 1.7577 26./826 STEEL
17 3 RIGIO LINK+

I 18 1 RIGIO LINK
I 19 1 RIGIO LINK
i 20 3 RIGIO LINK
*

21 4 RIGIO LINK
: 22 2 RIGIO LINK
I 23 2 RIGIO LINK
} 24 4 RIGIO LINK
3 25 6 RIGIO LINK
H 2e 4 RIGIO LINK
j 27 4 RIGID LINK
i 26 4 RIGIO LINK

i
i .
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S TA T 1C A N AL f S IS,,

OEFonMATION HESPON51 TO 1G GRAVITATIONAL LOAD IN VALVE SYSTEM x OIR.

JOINT . . 0EFLECTION . . . HOTATION. . . . . .

NO. x y 2 x y Z

l 0.000282 -0.000054 0.000320 0.000008 -0.000022 -0.000039
2 0 000158 -0.0000e2 0.000294 0.000009 -0 000033 -0.000033
3 0.000439 -0.000196 0.000430 0.000006 -0.000022 -0.000036
* 0.000068 -u.000094 0.000308 0.000000 -0.000034 -0.000011
5 0.000261 -u.000134 0.000392 -0.000002 -0.000023 -0.000010
0 0.000115 -0.00012e 0.000398 -0.000002 -0.000039 -0.00003u
7 0.000065 -0.000052 0.000176 0.000000 -0.000030 -0.000009
6 -0.000003 -0.000052 0.00017e 0.000000 -0.000030 -0.000009
9 0.000053 -0.000045 0.000069 0.000000 -0.000020 -0.000006

10 0.000059 -0.000025 0.000069 0.000000 -0.000030 -0.000005
11 -0.000002 -0.000024 0.000069 0.000000 -0.000030 -0.00000e
12 -0.000013 -0.000024 0.000069 0.000000 -0.000020 -0.00000e
13 0.000045 0.000000 0.000000 -0.000000 -0.000019 -0.000010
14 0.0 0.0 0.0 0.0 0.0 0.0
lb 0.0 0.0 0.0 0.0 0.0 0.0
16 -0 000012 -0.000000 0.000000 0.000000 -0.000019 -0.000007
17 0.000282 0.000007 0.000286 0.000006 -0.000022 -0.00003e
le 0.0002B2 -0.000009 0.000294 0.000008 -0.000022 -0.000039,

19 0.000282 -u.000099 0.000346 0.000006 -0.000u22 -0.000039
"' 20 0.000e62 -0.000127 0.000365 0.000006 -0.000022 -0.000036
f 21 0.000156 -0.000072 0.000241 0.000000 -0.000034 -0.000011
; 22 0.000158 -0.000044 0.000275 0.000009 -0.000033 -0.000033
b 23 0.000158 -0.0000ol 0.000313 0.000009 -0.000033 -0.000033
i 24 0.000156 -0.000111 0.000361 0.000000 -0.000034 -0.000011
h 25 0.000214 -0.000131 0.000398 -0.000002 -0.000039 -0.000030
y 26 0 000031 -0.000124 0.000402 0.000000 -0.000034 -0.000011

27 0.000073 -0 000052 0.000176 0.000000 -0.000034 -0.000011
2e -0.000010 -0.000052 0.000176 0.000000 -0.000034 -0.000011
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>
t

;,1 strOMMATION RESPUNbt

- -

TU 1G GRAVITATIONAL LUA0 IN VALVE SYSTEM Y DIR.

JOINT .UEFLECTION ROTATION. . . . . ,. . . . . .
"

Nu. x Y Z X Y Z

l -0.000126 0.0004o1 0.000269 0.000032 -0.000006 0.000027
2 -0.000064 0.0004e2 0.000189 0.000037 -0.000001 0.000022
3 -0.000256 0.000548 0.000443 0.000027 -0.000009 0.000027
4 -0.000007 0.000393 0.000022 0.000051 -0.000000 0.000017
5 -0.000125 0.000525 0.000318 0.000049 -0.000009 0.000009

y 6 -0.000074 0.000395 0.000176 0.000051 0.000001 0.000022
5 7 -0.000053 0.000277 0.000164 0.000051 -0.000007 0.000023
I e 0.000053 0.000277 -0.000164 0.000051 0.000007 0.000023
1 9 -0.000096 0.000163 0.000096 0.000019 -0.000012 0.000044
* 10 -0.000049 0.000164 0.000063 0.000019 -0.000007 0.000023

11 0.000049 U.0001e4 -0.000063 0.000019 0.000007 0.000023.

12 0.00009e 0.000163 -0.000096 0.000019 0.000012 0.00004*3

L 13 -0.000089 0.000002 0.000002 -0.000000 -0.00001e 0.000050
14 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0,

, lo 0.000089 0.000002 -0.000002 -0.000000 0.000012 0.000050
. 17 -0.000125 0.000419 0.000275 0.000027 -0.000009 0.000027
: le -0.000126 0.000430 0.000279 0.000032 -0.00000e 0.000027

19 -0.000126 0.000493 0.000298 0.000032 -0.00000e 0.000027,

t 20 -0.000125 0.000516 0.000306 0.000027 -0.000009 0.000027
am 21 -0.000065 0.000437 0.000168 0.000051 -0.000000 0.000017
j']I

24 -0.000064 0.000450 0.000189 0.000037 -0.000001 0.00002d
' %> 23 -0.000064 0.000475 0.000189 0.000037 -0.000001 0.00002d

24 -0.000065 0.u00499 0.000188 0.000051 -0.000000 0.000017
25 -0.000076 0.000523 0.000176 '0.000051 0.000001 0.000022-

t 26 -0.000000 0.000394 0.000000 0.000051 -0.000000 0.000017
; 27 -0.000066 0.000276 0.000193 0.000051 -0.000000 0.000017

2e 0.000066 0.000278 -0.000193 0.000051 -0.000000 0.000017g
.
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{ Llk 0RMATloN mESPONSt TO 1G GRAVITATIONAL LOAO IN VALVE SYSTEM Z DIR.

4RM N T .uEFLECTION ROTATION. . . . . .. . . . . .

N4. X Y Z A Y Z

'l 0.0006S5 0.000593 0.004299 0.000396 -0.00021e 0.000003
4 0.000662 0.000593 0.003355 0.000358 -0.000262 0.000002
-3 0.000506 0.000332 0.007092 0.000434 -0.000217 0.000003
% 0.000246 0.000220 0.002700 0.000237 -0.000265 -0.000000
% 0.000655 0 000612 0.004964 0.000463 -0.000215 0.000006
% 0.000020 -0.000001 0.004196 0.000246 -0.000250 -0.00000e
7 0.000000 -0.000000 0.002334 0.000237 -0.0002e3 -0.000000
t -0.000000 -0.000000 0.000796 0.000d37 -0.000219 -0.000000
$ 0.000000 -0.000000 0.001117 0.000087 -0.000241 -0.000000

40 0.000000 -0.000000 0.000964 0.000087 -0.000283 -0.000000
k'l -0.000000 -0.000000 0.000377 0.000087 -0.00021b -0.000000
kt -0.000000 -0.000000 0.000217 0.000087 -0.00012e -0.000000
k-3 0.000000 -0.000000 0.000014 -0.000001 -0.000236 -0.000000
(* 0.0 0.0 0.0 0.0 0.0 0.0
43 0.0 0.0 0.0 0.0 0.0 0.0
(b -0.000000 -0.000000 -0.000004 -0.000000 -0.000122 -0.000000
47 0.000655 0.000588 0.003957 0.000434 -0.000217 0.000003
(t 0.000655 0.000569 0.004047 0.000396 -0.000dle 0.000003
($ 0.000e55 0.00059e 0.004551 0.000396 -0.00021e 0.000003
40 0.000e55 0.00059e 0.004732 0.000434 -0.000217 0.000003
41 0.000662 0.000592 0.002950 0.000237 -0.000265 -0.0000003

- 42 1.000662 0.000592 0.003206 0.000358 -0.00026 0.000002'

~ 43 0.000e62 0.000594 0.003503 0.000356 -0.000264 0.000002
46 0.000662 0.000592 0.003893 0.000237 -0.000265 -0.000000
Yb 0.000645 0.000613 0.004196 0.000246 -0.000250 -0.00000o
46 0.000000 -0.000000 0.003328 0.000237 -0.000265 -0.000000
47 0.000000 -0.000000 0.002469 0.000237 -0.000265 -0.000000
46 -0.000000 -0.000000 0.000663 0.000237 -0.000dee -0.000000

V
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*rw.

I) DEF0HMATION MESPONSL TO OPERATIONAL LOADS (NOT INCLUDING DEADWEIGNT)

s01NT .UEFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z ~X Y Z
*

l 0.000000 0.000275 0.000702 0.000110 -0.000000 -0.000000
2 0.000000 0.000275 0.000409 0.000110 -0.000000 -0.000000
3 0.000000 0.000206 0.001205 0.000110 -0.000000 -0.000000
4 0.000000 0.000102 0.000048 0.000110 -0.000000 -0.000000
5 0.000000 0.000275 0.000703 0.000110 -0.000000 -0.000000
e 0.000000 -0.000000 0.000366 0.000110 -0.000000 -0.000000
7 0.000000 -0.000000 0.000358 0.000110 -0.000015 -0.000000
8 -0.000000 -0.000000 -0.000357 0.000110 0.000015 -0.000000
9 0.000000 -0.000000 0.000209 0.000041 -0.000026 -0.000000

10 0.000000 -0.000000 0.000137 0.000040 -o.0000lb -0.000000
11 -0.000000 -0.000000 -0.000136 0.000040 0.000016 -0.000000
12 -0.000000 -0.000000 -0.000209 0.000041 0.000046 -0.000000
13 0.000000 -0 000000 0.000004 -0.000000 -0 00002e -0.000000
14 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0
16 -0.000000 -0.000000 -0.000004 -0.000000 0.000026 -0.000000
17 0.000000 0 000275 0.000702 0 000110 -0.000000 -0.000000
18 0.000000 0.000275 0.000702 0 000110 -0.000000 -0.000000
19 0.000000 0.000275 0.000702 0 000110 -0.000000 -0.000000
20 0.000000 0.000275 0.000702 0.000110 -0.000000 -0.000000

(~/'^
21 0.000000 0.000275 0.000409 0 000110 -0 000000 -0.000000

(__-} -
22 0.000000 0.000275 0.000409 0 000110 -0.000000 -0.000000
23 0.000000 0.000275 0.000409 0.000110 -0.000000 -0.000000
24 0.000000 0.000275 0.000409 0.000110 -0 000000 -0.000000
25 0.000000 0.000275 0.000386 0.000110 -0.000000 -0.000000
26 -0.000000 -0.000000 0.000000 0.000110 -0.000000 -0.000000
27 0.000000 -0.000000 0.000420 0.000110 -0.000000 -0.000000
2e -0.000000 -0.000000 -0.000419 0.000110 -0 000000 -0.000000

|

|

I
,

!

i

.

\
,

L.

L
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.

| DY N A M 1C A N t LY SI5

ktSONANT FHE00EaCY 39.5 HERTZ (IN Z-u1HECTION 04 x-HOTATION)=

* * NORMALIZED EIGENVECTOR* * * * * *

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. A Y Z X Y Z

l 0.081429 0.096103 0.591608 0.062095 -0.025172 0.000271
2 0.061768 0.096034 0.441372 0.056956 -0.032172 0.000159
3 0.064429 0.054112 1.000000 0.066969 -0.0250d5 0.000290
4 0.030571 0.03e4e4 0.333074 0.037724 -0.032652 0.000017
5 0.061397 0.096801 0.667133 0.041d39 -0.024705 0.000864
e 0.003642 0.001224 0.545003 0.039135 -0.030395 -0.00137e
7 0.000162 0.001293 0.311970 0.037767 -0.035796 0.000071
6 0.000 46 0.001292 0.066928 0.037749 -0.025631 0.000070
9 -0.000167 0.000916 0.151538 0.013918 -0.031256 0.000233

10 0.000145 0.000922 0.126920 0.013852 -0.035853 0.000099
11 0.000232 0.000926 0.033095 0.013934 -0.02512e 0.000081
12 0.000447 0.000920 0.007745 0.013958 -0.013113 0.00021e
13 -0.000199 0.000010 0.001876 -0.000149 -0.030539 0.000224
14 G.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0

' le 0.000416 0.000010 -0.000937 -0.000051 -0.01246e 0.00024e
17 0.081431 0.095677 0.552087 0.066969 -0.0250e5 0.000290
le 0.081429 0.095789 0.5e2484 0.062695 -0.0d5172 0.000271
19 0.0e1429 0.096416 0.620731 0.062695 -0.025172 0.000271
20 0.081431 0.096710 0.641464 0.0e6969 -0.025065 0.000290
21 0.081778 v.095636 0.391733 0.037724 -0.032652 0.000017
22 0.081788 0.u95944 0.423162 0.056956 -0.032172 0.000159
23 0.061786 u.096124 0.459561 0.056956 -0.032172 0.000159
24 0.061778 0.0956v7 0.50e070 0.037724 -u.032eed 0.u00017
25 0.079e30 0.094061 0.545003 0.039135 -0.03039s -0.001376
26 0.000212 0.001406 0.406608 0.037724 -0.032652 0.000017
27 0.000147 0.001294 0.333347 0.037724 -0.032662 0.000017
28 U.000277 0.001294 0.045743 0.037724 -0.032652 0.000017

5TA T IC 5E ISM IC A NALY S I5

TnE VALVE AXIS IS POSITIONED Y-UP

ACCELLHATION OF GnAVITY, G = 386.400

DIHECTION OF NO. COMPONENTS OF UNIT ACCELERATIOu
SEISMIC OF IN VALVE C00HDINATE SYSTEM

ACCELENATION Ge5 X-COMP. Y-COMP. Z-COMP.

HOHIZONTAL(1) e.000 0.0 0.0 -1.0000
MONIZONTAL(d) e.0u0 1.0000 0.0 0.0
VERTIC.sL /.000 0.0 -1.0000 0.0
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0 --- ATION RESPONSE Tu STATIC SEISMIC LOAD IN NORIZ(1) DIRECTIONin _

U
' :. _ . JAT. . ELEMENT FORCES. . ELEMENT MOMENTS_ . . .

NO. F1 F2 F3 M1 *2 *3. . .

' . 1 -540. 2. 7. 13. -959. -1727.
2 334 -2. -7. -31. 959. 293.

'e 17 -2e3. -4
-

5. -0. 1233. -781.

'
le 2el. 4. -5. -2. -1233. 66o.

'3 19 257. '2. 3. -2. -494 319.
20 -260. -2. -3. -1. 494 -101

'
20 1644 39. 242. -161. 1565. 1580.-

5 -1549. -39. -242. -126. -1565. 254.
: 17 3. 43. -22. 5. -7. 2.

21 -3. -43. 24. 57. 7. e.
'

20 30. -287. 163. -625. -117. 7.

24 -30. 287. -158. 195. 117. 72.
'7 5 1548. 242. -39. 126. -252. -1566.

25 -15e0. -242. 39. -13. 252. 6041..

: 6 1562. 242. -39. 13. -154 -6437.
26 -15e7. -242. 39. 125. 154 10941.
21 208. 4 -13. 5. -173. 557.-

22 -210. -4. 13. B. 173. -34o.
1. 23 -324 -3. -11. 9. le0. -546.

24 321. 3. 11. 7. -120. 84.

11 27 3197 1. O. 1. -5226. 6315.'

[]\
7 -3205. -1. -0. -1. 5225. -454e.

:: 7 -509. -0. O. -0. 1565. -1807.
8 417. O. -0. -0. -15e5. -1213.

h- .1 8 le37. -1. -1. -1. -13*95. -200e.
J 26 -le45. 1. 1. 1. 13495. 3023.
4 1- 10 -1. -1. 3753. -6374 e360. -1.

7 1. 1. -3714 -6609. -63e0. -1.
1: 11 0. O. 2213. 7197. 3222. u.

6 -0. -0. -2253. -15082. -3222. 1.
le 9 -2417. -1 1. -2. -*351. -5115.

10 23e9. 1. -1. -0. 4351. 645.
.' 10 13e4 O. O. -1. 2u23. 5714

11 -l*63. -0. -0. -1 -2043. 350*.
.: 11 -751. 1. 1. O. v219. -261.

12 122. -1. -1. -2. -9419. -108e.
19 15 -1. -1. 244e. -12941. 5115. u.

9 1. 1. -2417. 4352. -5115. -e.
26 16 1. 1. 691. 6724 10e8. O.

12 -1. -1. -722. -9219. -10ce. 4
~ 21 13 2448. 1. -1. O. 129*2. 5113.

,

14 -2473. -1 1. 3. -129*2. 40e.
y 2c 15 be6. -1 -1. 2. -67d4 43e.
t 16 -691. 1. 1 -0. 6724 108e.
\

1

\
1

lOa (
-

e
t 4

"
i
%.

.

1 --- - -. - ._ _. n. ,-.__m
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i

!
'

; TYPE JNT. . SOUNDARY OR JUNCTION REACTION. .. . . . . . .

| NO. FA FY FZ MA MY MZ ,

.

I
; 20DY 14 1. -1. 2473. *08. -12v42. -s. :

'

SLUY 15 -1. -1 -666. 436. -6724 -2. |'

A +A+Y 28 1. 2. -1352. -15034 e270. -3.'
:

; b *A+Y 14 1. -1. 2473. 408. -12942. -3. ,

i C +A-Y 15 -1. -1. -666. 430. -6724 -d. >

i
i +

1

i +

j !'
.

.

i
<

1

4

4

!

.I

, ,- ,

;i -#

< :
1

J

,

!
i

~

1
-

, ;

.

6

.

!
i

I

!

-

;
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- .

f
Yi T104 g @,nst Tu 5TATIC SEISMIC LOAD IN noRIZ(2) DI%CTIuh

. ELEMENT FORCES. ELEMtni MOMENTSf k'T* #,; ,
. . ..

F1 F2 F3 M1 we M3
gg r ,o ,

%0. 430. 247. -168. 237. -83.
1

;
40a -430T -253. -499. -d37. -El.,

! g} 4 76 ;173. 185. -62. 60. 117.
d 47. 175. -185. -13. -er, -133..

g) eb 72. e244 113. -44 -40.
-3 g.

76 569. 244. 93. 24 34.,9
- %g 366 554 -604 527. -67. 162.
" '; '364 586 6046 189. 07. -119.

{ jf Sea 8786 86 -10. 2. 54
3564 e878. -86 -11 -2. 93.,j

%g 5084 e104 -lia 27. 49. 379.

,5; 2514 i 1046 116 3. -29, 9ee,D

j j 364 e604 58s -189. 119. 67.

4 F, '364 604 e71. 3. -119. 37.

'l 366 -604 71. -3. -37. -1547.

sh '364 6044 '964 -289. 57. 1672.O
,

%g 484 1526 4 33. 196. 12. -do.7

9 %, 2486 e150. 433. 236. -12. 127.
%$ 84 e103. -36 16. -9. 76.-

10 % 38c 1964 34 -12. 9. -66.

fr 1- % 'G4 '1314 1957. -126. -1053. - l' .
11 *y

.
y 04 1314 '1965. -957. 1033. 1.'

04 224 '26 -101. -0. O.''

12 7 304 '224 e90. -186. O. -0.
,

y _5 04 3131. 606. -489. 1055. -1.

j5 304 1314 3613. 152. -1055. 1.
g jg 1534 2007e 314 1056. -1. 1600.

y sis 34 19614 14 -1053. 1. -105c.

Q. j[ 1534 ;*76. Os -1056. 1. -134

a 1534 5154 30. 1055. -1. 674
1

G 14 3344 mi991. 1771. 10b6. c.
16 214 344 1963. 1907. -1056. -0.ga

'O4 3188. 43. -307. -0. -1.jj g9
0. 188. eled. -296. O. u.g;

: 304 ;354 -334 430. -105e. O,
10 ([ 04 354 3066 165. 1056. -1.i gw

j Q g[j 3344 2022. ;14 105e. -2. -le9a.
) ,

,g 344 31991. 14 -1056. 2. 1771.
f- (2 3354 32754 0. -1058. 1. 41.
du 354 3064 _. 304 1056. -1. -les.A
_

(i 314 .44 20224 -1893. -105e. -e.y [
'

.. g ,7 14 2344 ;20474 -2676. 105e. O.

2d ( .i
04 354 2504 -548. 105e. -o."

[2 404 2354 32754 -41. -105d. 1.

,

1

i
5



r-

.

Co 75-49 PAGE 14

TYPE JNT. 600NDARY OR JUNCTION REAC1* ION. . . . . . . . . .
[ \ NO. FA FY FZ MX MY MZ\J

euDY 14 -2047. -34 -1. O. 1056. 267e.
BODY 15 250. 35. -u. -0. 105e. 540.
A +X+Y 26 IJ*4 O. 1. 3. -2106. -1494e.
o +X+Y 14 -2047. -34 -1. O. 1058. 2676.
C +X-Y 15 250. 35. -0. -0. 1058. 546.

f

3

--
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-

(' ( ktACTION HEbPONSE TO STATIC SEISMIC LOAD IN vtRTICAL DIRECTION
1v

ELT. JNT. . ELEMENT F0 ACES. ELEMENT MOMENTS. . . .

NO. NO. F1 F2 F3 M1 Md M3

1 1 e4 66. -45. 222. 202. 26*.
2 -e4 -58. 45. -100. -202. -40.

2 17 39. 32. 109. -13. -le8. 151.
18 -39. -32. -107. -31. lee. -136.

3 19 -45. -13. 41. -20. 75. -61.
20 *5. 13. -37. -13. -75. 23.

4 20 -149. -36. -441. 396. -240. -7*.
5 149. 36. 446. 129. 240. -79.

5 17 1. 243. 4 -1. 2. -7.
21 -1. -241 -4 -9. -2. 9.

6 20 8. -875. -49. - 123. 25. -121.
24 4 881. 49. e. -25. 144

7 5 -129. -446. 36. -129. 79. 24u.
25 129. 460. -36. 25. -79. -613.

8 6 -149. -4el. 36. -25. -11. -539.
26 149. 490. -36. -101. 11 ee.

9 21 -28. -27. -69. 30. 3. -10e.
22 28. 27. 71. 40. -23. 60.

10 23 56. 19. -13. 13. -16. 106.
24 -56. -19. 16. 7. 16. -25.

/ 11 27 62e. -782. 1725. -1789. -2333. 1165.
7 -628. 791. -1725. 837. 2333. -619.

12 7 -115. 54 -22e. 743. 395. -376.
6 115. 54 226. 743. -395. -37o.

13 8 626. 790. 1725. 837. -2334 -81e.
2e -e2e. -781. -1725. -1789. 2334 116e.

14 10 e95. 1953. 744 102. 1194 1497.
7 -e49. -1953. -744 -2728. -1194 15AU.

15 11 -895. -1953. 744 103. 1194 -1497.
e e49. 1953. -744 -2729. -1194 -1590.

16 9 -391. 985. -2296. 3890. 606. -773.
10 391. -952. 2296. 380. -606. 45.

17 10 362. 58. -343. 1117. 504 1149.
I1 -352. 57. 343. 1117. -504 I149.

le 11 -391. -952. -2296. 360. 607. 46.
12 391. 985. 2296. 3890. -607. -773.

19 13 lu21. 2296. 391. -775. 773. -349.
9 -9e5. -2296. 391. -606. -773. 3690.

20 16 -10cl. -229e. 391. -774. 773. 349.
12 965. 2296. -391. -607. - 73. -3e90.

21 13 391. -1021. 2296. -350. 776. 773.
14 -391. 1050. -2296. -4605. -776. 105.

2d 15 391. 1050. 2296. -4805. 774 105.
16 -391. -1021. -229e. -349. -774 77J.



[ v

tu 75-49 PAGE 16

TYPE JNT. . BOUNDARY OR JUNCTION REACTION. . . . . . . . .

f} NO. FA FY FZ MA MY MZ
'\ .

4605.

'

' BODY 14 -229e. 1050. 391. 105. -776.
60DY 15 2296. 1050. -391. 105. 774 4805.

*

A *A*Y 2e -0. -1563. O. -2459. 1. -9572.
6 *A+Y 14 -d296. 1050. 391. 105. -776. 4605.
C .x-Y 15 2296. 1050. -391. 105. 774 4605.

f .

.

- _
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7 ..

.u
:p .

,

i :- - niSPON5ti TO Ovt.MATIONAL LOA 05 (INCLUDING DEADWtilbHT )
./
't ;_ AT. . ELEMENT FORCES. . ELEMENT MOMENTS, . . .

- NO. F1 F2 F3 M1 92 93
$
4 1 12. 9. -6. 32. 29. 3e.

$ 2 -12. -8. c. -14. -29. -o.
s - 17 6. 5. le. -2. -27. 22.
O 18 -6. -5. -15. -4. 27. -19.
* ' 19 -6. -2. 6. -3. 11. -9.
$ 20 6. 2. -5. -2. -11. 3.

- 20 -18. -5. -63. 57. -34 -11.
5 18. 5. 64 le. 34 -11.

: 17 0. 35. 1. -0. O. -1.
- 21 -0. -34 -1. -1. -0. 1.

: 20 1. -125. -7. 18. 4 -17.
24 -1. 126. 7. 1. -4 21.

i 7 5 -le. -64 5. -18. 11. 3.
25 18. 66. -5. 4. -11. -87.

*

: e -18. -66. 5. -4. -2. -77.
26 18. 70. -5. -14 2. 13.

3 21 -4 -4. -10. 4. 3. -15.
22 4 4 10. 6. -3. 11.

i. 23 8. 3. -2. 2. -2. 15.
- 24 -8. -3. 2. 1. 2. -4

1. 27 -106. -112. 246. -256. 392. -196.
/''; 7 106. 113. -246. 120. -392. 137.
k/ t is 7 19. 8. -33. 106. -66. 63.

6 -19. 8. 33. 106. 66. 63.
.3 8 -105. 113. 24e. 120. 392. 137.

28 105. -112. -24e. -256. -392. -196.
1* 10 126. 279. -125. -17. -200. cl*.

7 -121. -279. 125. 458. 200. 226.,

} 1: 11 -128. -279. -125. -17. -200. -214
j e 121. 279. 125. 456. 200. -22e.
i le v 66. 141. -328. 556. -102. 130.
} 10 -66. -136. 328. 54 102. -e.

l .' 10 -59. 8. -49. 160. -65. -19).
11 59. 8. 49. 160. c5. -193.

. .: 11 e6. -136. -328. 54 -102. -d.
' 12 -e6. 141. 326. SS6. 102. 130.

1, 13 146. 328. -66. 130. -130. -50.
;

'

9 -141. -328. 66. 102, 130. 556.
'

2. le -146. -328. -66. 130. -130. 50.
t 12 141. 328. 6e. 102. 130. -556.

~

2; 13 -66. -146. 328. -50. -130. -130.
14 e6. 150. -328. -687. 130. -16.,

' e2 15 -66. 150. 328. -667. -130. -le.
16 e6. -146. -326. -50. 130. -130.

g

?

r
4

I

i
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/''N TYPE JNT. e0UNDARY OR JUNCTION REACTION. . . . . . . . . .
! i NO. FA FY FZ MX MY MZ
N/

eODY 14 -3d8. 150. -t6. -18. 130. 687.
BODY 15 348. 150. 6e. -18. -130. 687.
A +X+Y 28 -0. -223. u. 414 -0. -13ee.
6 +X*Y 14 -328. 150. -66. -la. 130. e87.
C +x-Y 15 348. 150. 66. -18. -130. 687.

OEFONMATION HESPONSE TO STATIC SEISMIC LOAO IN N0hIZ(1) DIHECTION

JOINT .0EFLECTION . ROTATION. . . . . . . . . .

NO. A Y Z A Y Z

l -0.003928 -0.G9355e -0.025794 -0.002373 0.00130e -0.000017
2 -0.003972 -0.00355e -0.020128 -0.002148 0.001571 -0.000012
3 -0.003034 -0.001994 -0.0*2554 -0.002604 0.001305 -0.00001/
4 -0.001473 -0.001321 -0.01e202 -6.001421 0.001569 0.000000
5 -0.003927 -0.003e71 -0.029784 -0.001576 0.001290 -0.000034
6 -0.000120 0.0000u8 -0.025178 -0.001475 0.001501 0.000047
7 -0.000000 U.000001 -0.014007 -0.001423 0.001696 0.000000
e 0.000000 0.000001 -0.004775 -0.001422 0.001313 0.000000
9 -0.000000 0.000001 -0.00e705 -0.000523 0.00144e 0.000000

10 -0.000000 0.000001 -0.005787 -0.000520 0.001e96 0.000000
11 0.000000 0.000001 -0.002262 -0.000524 0.001292 0.000000

'

12 0.000000 0.000001 -0.001303 -0.000524 0.00076e 0.00000u
13 -0.Gu0000 0.000000 -0.000062 0.000007 0.001414 0.000000
14 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0
16 0.000000 0.000000 0.000024 0.000001 0.000735 0.000000
17 -0.003926 -0.003529 -0.023743 -0.002604 0.001305 -0.000017
le -0.003926 -0.003536 -0.024261 -0.002373 0.00130e -0.000017
19 -0.003928 -0.003576 -0.027308 -0.002373 0.00130e -0.000017
20 -0.003928 -u.003591 -0.028392 -0.002604 0.001305 -0.000017
21 -0.003973 -u.003552 -0.017e97 -0.001421 u.0015e9 0.00000u
2 -0.003972 -0.003549 -0.019239 -0.002148 0.001571 -0.000012
23 -0.003972 -0.0035e3 -0.021017 -0.002148 0.001571 -0.000012
24 -0.003973 -0.003552 -0.023359 -0.001421 0.001569 0.000000
25 -0.0u3e72 -0.003e60 -0.025178 -0.001475 0.001501 0.000041
2e -0.000000 0.000001 -0.019969 -0.001421 0.0015e9 0.000000
27 -0.000000 0.u00001 -0.0l*el4 -0.001421 0.001569 0.000000
28 0.000000 u.000001 -0.003976 -0.001421 0.001se9 0.000000

O \

.
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- .

[ } DLf0x*ATION RESPONSt TO STATIC SEISMIC LOA 0 IN NORIZ(2) DINECTION
t/

JOINT .utFLECTION ROTATION. . . . . . . . . . .

Z A Y ZNO. A *

l 0.001689 -0.000325 0.001922 0.000045 -0.000134 -0.000232
d 0.000946 -0.000374 0.0017e5 0.000052 -0.000199 -U.000196
3 0.002e35 -0.001176 0.002578 u.000034 -0.000134 -0.000225
4 0.000406 -0.0005e3 0.001649 0.000000 -0.000204 -0.0000e5
5 0.0016e9 -0.000e07 0.002354 -0.000010 -0.000137 -0.00006d
6 0.000692 -0.00075e 0.002386 -0.000010 -0.000236 -0.00017e
7 0.000386 -0.000311 0.001055 0.000000 -0.000164 -0.000052
e -0.000020 -0.000312 0.001055 0.000000 -0.000 led -0.00005s
9 0.000318 -0.000146 0.000416 0.000000 -0.000120 -0.000026

10 0.000353 -0.00014e 0.000416 0.000000 -0.000 leu -0.000032
11 -0.000011 -0.000143 0.000416 0.000000 -0.0001e0 -0.000049
12 -0.000078 -0.000143 0.000415 0.000000 -0.000120 -0.000036
13 0.000d72 L.000000 0.000000 -0.000000 -0.000116 -0.000060
14 0.0 0.0 0.0 0.0 0.0 0.0
lb 0.0 0.0 0.0 0.0 0.0 0.0
16 -0.000072 -0.000000 0.000000 0.000000 -0.00011e -0.000040
17 0.001691 0.000042 0.001713 0.000034 -0.000134 -0.000225
16 0.001669 -0.00005e 0.001767 0.000045 -0.00013* -0.000232
19 0.001e89 -0.000593 0.002077 0.000045 -0.00013* -0.000232
20 0.001691 -0.000750 0.002190 0.000034 -0.000134 -0.000225

'

21 0.000938 -u.000434 0.001443 0.000000 -0.000204 -0.000065
/?"x 22 0.000946 -0.0002e3 0.001652 0.000052 -0.000199 -0.00019e
(\') 23 0.000946 -0.0004e4 0.001878 0.000052 -0.000199 -0.00019e

'

24 0.00093e -0.000ee5 0.002169 U.000000 -0.00020* -0.000065
25 0.001283 -0.000784 0.0023e8 -0.000010 -0.000236 -0.00017e
26 0.000189 -0.000742 0.002409 0.000000 -0.000204 -0.000065
27 0.000435 -0.000311 0.001055 0.000000 -0.000204 -0.00006e

i 2e -0.000058 -u.000311 0.001054 0.000000 -0.000d04 -0.000065
|
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*

7 s,

(v) Str omM AT ION MESPONSL 10 57A71C Shl5MIC LUA0 IN VERTICAL DIRLCT1uN

s01NT .utFLECT10N NOTATION. . . . . . . . . . .

40. X Y Z A Y Z

1 0,000d79 -0.003230 -0.002020 -0.000222 0.000059 -0.000190
4 0,000451 -0.003237 -0.001324 -0.000256 0.00000* -0.00015*
3 0.001793 -0.0u3835 -0.003101 -0.000187 0.000060 -0.000192
4 ,0.000052 -0.uG2748 -0.000153 -0.000354 0.000000 -0.000122
5 0 000677 -0.003675 -0.002225 -0.000345 0.0000ec -0.000063
6 0,000316 -0.0027ed -0.001233 -0.000356 -0.000006 -0.000154
1 0,000374 -0 001941 -0.001151 -0.000355 0.00004e -0.000161
s -6,000374 -u.001941 0.001150 -0.000355 -0.00004e -0.000161
9 0,000672 -0.001275 -0.000673 -0.000130 0.000065 -0.000307

10 0,000340 -0.001285 -0.000440 -0.000130 0.000061 -0.00016d
11 -0,000340 -0.001265 0.000439 -0.000130 -0.000050 -0.0001-|2
12 ~d,000o72 -0.001d7e 0.000673 -0.000130 -0.0000e5 -0.000307
13 0,000621 -0.000012 -0 000013 0.000001 0 0000e5 -0.000347
16 0,0 00 0.0 0.0 0.0 0.0
lb 0,0 0.0 00 0.0 0.0 0.0
15 *e,000621 -0.000012 0.000013 0.000001 -0.000065 -0.000347
17 0,000e78 -0.002930 -0 001928 -0 000187 0.000060 -0 00019d
16 0 000e79 -0.003010 -0 001951 -0.000222 0.000059 -0.000190
19 0,000e79 -0.003450 -0.002069 -0.000222 0 000059 -0.0u0190

/ .
20 6,000e78 -0 003615 -0.002142 -0.000187 0 0000e0 -0 000192
21 0,000452 -0.0030e1 -0.001315 -0 000354 0.000000 -0.000122

(''N 22 0.000451 -0.003150 -0.001321 -0.000d56 0.000004 -0 000154
't-) 43 0 000451 -0.003324 -0.001320 -0.00025e 0.000004 -0 00015*

24 0 000452 -0.003496 -0 001316 -0.000354 0.000000 -0.000124
25 0,000532 -0 003e5e -0 001233 -0.000356 -0.000006 -0 000154
26 0.000000 -0 002755 -0.000001 -0.000354 0 000000 -0 00012e
27 0,000465 -0 001943 -0.001351 -0.000354 0 000000 -0 000122
2e *0,000*65 -0 001943 0.001350 -0.000354 0.000000 -0 00012c
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\ UtFORMATION NESPONSt TO CPERATIONAL LOADS (INCLUDING DEA 0wElGHT)(' ))
JOINT . . 0EFLECT10N . . . HOTATION. . . . . .

NO. x v Z x Y Z

l 0.000146 -0.00ble6 0.000414 0.000078 0.00000e -0.000027
2 0.0000e5 -0.000187 0.000219 0.000073 0.000001 -0.000022
3 0.000256 -0.000341 0.0007e2 0.000083 0.000009 -0.000027
4 0.000008 -0.000290 0.000026 0.000059 -0.000000 -0.000017
5 0.G. -0.000250 0.000385 0.000061 0.000009 -0.0000092

0 0.0000'/4 -0.000395 G.000209 0.000059 -0.000001 -0.000022
7 0.000053 -0.000277 0.000193 0.000060 -0.00000e -0.000023
e -0.000053 -u.000277 -0.000193 0.000060 0.00000e -0.000023
9 0.000096 -0.000163 0.000113 0.000022 -0.000014 -0.0u0044

10 0.000049 -0.uuole4 0.000074 0.000022 -0.00000e -0.000023
11 -0.000049 -0.000164 -0.000074 0.000022 0.000006 -0.000023
14 -0.000096 -0.000le3 -0.000113 0.000022 0.000014 -0.00004*
13 0.000089 -u.u00002 0.000002 -0.000000 -0.000014 -0.000050
14 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0
16 -0.000089 -0.000002 -0.000002 -0.000000 0.000014 -0.000050
17 0.000126 -0.000143 0.000427 0.000083 0.000009 -0.000027
le 0.000126 -0.000155 0.000424 0.000078 0.000006 -0.00002/
19 0.000126 -0.000216 0.000404 0.000078 0.00000e -0.00002/
20 0.000126 -0.u00241 0.000396 0.000083 0.000009 -0.00002/

p'(,N"
21 0.000065 -0.000le2 0.000221 0.000059 -0.000000 -0.000017

- 22 0.000065 -0.000175 0.000220 0.000073 0.000001 -0.000024
) 23 0.000065 -0.000200 0.000219 0.000073 0.000001 -0.00002ec'~'

24 0.000065 -0.000224 0.000221 0.000059 -0.000000 -0.000011
25 0.000076 -0.000246 0.000209 0.000059 -0.000001 -0.00002d
26 0.000000 -0.uuo394 0.000000 0.000059 -0.000000 -0.000017
27 0.0000e6 -0.u00d76 0.000227 0.0000S9 -0.000000 -0.00001/
2e -0.0000e6 -0.000276 -0.000227 0.000059 -0.000000 -0.000017

i

.

o

.

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

LviLuA TIuN O F V ALVE

.

OiFL-MATION RESPONat OF COMBINEC CT ATIC SEISM 1; AND OPERATIONAL LOAUS

JOIST .DiFLECTION . . . kOTATION . . .. . . . .

NQ. A y Z x Y Z

} 0.004491 -0.005001 0.026358 0.002ue3 0.001324 -0.000327
4 0.004173 -0.005011 0.020468 0.002236 0.0015e4 -0.000271
3 0.004e56 -0.004620 0.043506 0.00de . 0.001321 -0.000324c
6 0.001541 -0.003391 0.016334 0.00152. -0.001602 -0.00015e

,

b Q.004469 -0.uG5507 0.030344 0.001e7e 0.001307 -0.00010*j '

I e 0.000946 -0.uG3265 0.025531 0.001577 -0.001520 -0.000262
7 0.000593 -0.002243 0.014267 0.00152e -0.001714 -0.000193
6 -0.00042s -0.002243 -0.005217 0.001525 0.00133* -0.0u0193
V 0.000e40 -0.0014e9 0.00eb64 0.0006el -0.001470 -0.000352

IV 0.000538 -0.001477 0.00$e92 0.000556 -0.00171b -0.00018e
11 -0.00038e -0.001476 -G.002415 0.0005e2 0.001314 -0.u00192
12 -0.000773 -0.0014e9 -0 001637 0.0005e2 0.000795 -0.000353
13 0.000767 -0.000014 0.000065 -0.000007 -0.001433 -0.000402
14 0.0 u.0 0.0 0.0 0.0 0.0 k

'lb 0.0 0.0 0.0 0.0 0.0 0.0
16 -0.000714 -0.000014 -0.000029 -0.000001 0.0007e3 -0 000399 4

/, 17 0.004*91 -0.004730 0.024310 0.002e9- 0.001321 -0.000324 :
/t le 0.004*91 -0.004799 0.024847 0.0024e3 0.00132* -0.000327 1

19 0.004491 -0.005222 0.027670 0.0024e3 0.001324 -0.000327 [
20 0.004491 -0.0053v3 0.028953 0.002694 0.001321 -0.000324 !

21 0.004172 -0.0';4871 0.018025 0.001324 -0.001602 -0.00015e
22 0.004173 -0.004927 0.019575 0.002238 0.0015e4 -0.000271
2J 0.004173 -0.005097 0.021362 0.002236 0.0015e4 -0.000271 g

44 0.004172 -0.005252 0.023717 0.001524 -0.001602 -0.00015e '
25 0.004190 -0.uuS495 0.0255 1 0.001577 -0.001520 -0.000262
26 0.000169 -0.00324/ 0.020114 0.00152 -0.001eod -0.00015e f
27 0.000704 -0.00d245 0.015139 0.001524 -0.00160d -0.Ju015e -

2e -0.000535 -0.0022<+5 -0.004558 0.00ts24 -0.001602 -0.Cu015e

I

k

L --.
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[['SfAESSFORCOHa[NiuSTATICANDOPtRATIvNatLOAUS
,,T STktSS CuyotNATts STRESS /10(3) MATERIAL SMAX NOTE4 . ' . , .;- J. NO. Cl LJ// C SMAX SAL DESCRIPTION / SAL, '

,

-

:/ b 0;0 - 0 . '. / 0.93 4.0 27.0 STEEL 0.15

&! _1 6 0;0 LO .' / 0.93 1.2 27.0 STEEL 0.04
|e f5 6 0;0 ; U e '' / 0.93 6.9 27.0 5 TEEL u.25
l* 7 la :1.Ce -3,/,- 0.S6 e.7 27.0 STEEL 0.32
1: 3 90;7e "*no 0.56 5.2 27.0 STEEL 0.19
I 3 6 0;0 '0679 0.99 4.3 27.0 STEEL 0.16-

l' i 6 0;0 ;U3no 0.99 1.5 27.0 STEEL 0.06
1,3 }E| 6 0;0 20499 c.99 5.4 27.0 STEEL 0.20
b ; i :g;g; :p,in 0.51 9.7 27.0 STEEL 0.36

; g :1;1e 2 /6 0.51 3.5 27.0 STEEL 0.134-

fl }; $ 0;0 0 ' '' ? 0.93 11.1 27.0 STEEL 0.41

16 6 0:0 0 4' / 0.93 7.6 27.0 STEEL 0.28cd

'

'' ih0 30Ihi siRhSs fun COMBINED STATIC AND OPERATIONAL LOA 05
--

(kinoMBEp nf e0LTS. ARLA= AREA PER dCLT)'

--I aciNf ObSCpipijoN.c0LT STRESS /10(3) MATERIAL SMAx NOTE
'

#'[ toc; TipE N a p F. A Nu. SMAX SAL DESCRIPTION / SAL;
i
) f' : - hjo esli 2 17.5 117.0 60LTING 0.15
l' ti 5 tEti 2 064/ 2 113 1 117.0 e0LTING 0.97

.s C tEG 2 viol 2 69.5 117.0 60LTING 0.77:
,

.

,

,

f
I~I.5 kduiNihi is d.O PTAeLE FOR THE SPECIFIto SEISMIC DISTuneANCE

1
a

THIS RdPORT HAS BEEN PadPAHLD BY /j

SAMUEL E. DUFF
1
k
! FISHER CONTROLS COMPANY
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Attachment 7 - Bill of Material Drawing
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Attachment 8 " Guidelines for Demonstration of
. Operability Furge and Vent Valves"-

i . . and Later Clarification.
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R E C EI V E D.
. # " z N~ ?. UNITED STATES

-

NUCLEAR REGULATORY COMMISSION UCT 1o 1979
F .
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ALL CIGHT WATiR REACTCRS i .
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Gentlemen:

-

Containment Purging and Venting During Nomal Operation - Guidelincs
,

|
'

~RE:
For Valve Operability '

By ittter dated Mcvember 2S,1978, the termission (fdC) rem:ested all-

,

licensees of c:erating reac:ces to respond to ge. eric concerns abcut
n-

We are
containment purging ana venting during nomal plant c eration.

s

continuing cur review of responses to those letters.
_

h

crc."As a result of our reviews, we have learned feca several licensees t atat least three valve venders have reported that their valves may not c csai

~ against the ascending differential pressure and the resulting oynamicAll identified licensees who are affected
.

loading of the design basis !.0CA.the valves in the closed position er to restrict
C. :

I[ '| 'have preposed to maintatt,i,/ . .- the angular cpening of th valves whenever primary containment integrity-' is required pending a re-evaluation wnich snews satisfactory valve per c
.,,

# mance

Coolant Accident (CEA-LCCA)
.

-under the Design Basis Accident - Less of .

condition can be provided. ,.
l t

^ WE have developed the enclosed guidelines with the aid of cur censu t=n s, Valve manufacturers have also been centacted
Brockhaven National Lateratory. You are recueste t_o i W ic_te

-

and are cogni:: ant of these cuidelines.acticn en._an _egedite,d_j:as,is. tc gnsur.e.t.ha. . con:.11 mene. vent Inc.:._;=ge: .

valves at your facility meet these guidelines.

Please inform us within 30 days that ycu ccmmit. to.imple. ent alal_y,e
g

~

-hualification ::iciram en an ex: edited basis. --

~

. ~ ,

D51 icerely,i -

o.
/' ..

- . .
- . -

. . : ||f.ftEisenhut, Ac: ng ut ractor
' *

Division of 0)frating Reactors.

. . . -

-
.

_ . *
-

Enclesere:.

- Guidelines for Demonstration
of Operability of Purge and-

-

-

Vent Valves .

~

w/ enclosure -cc: --

See nex page ,
.

'
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GUIDELINES FOR CEMCNSTRATION
'

,

0F OPERASILITY OF FURGE AND
VENT VALVES

-

_
__.

~

OPERASILITY
~~

.

~

In crder to establish operability it =ust be shewn that the valve actuat:r's
torque catability has sufficient =argin to overc:=e or resist the tercues and/cr
forces (i.e., fluid dynamic, bearing, setting, frictien) that resist cicsure

. when streking frca the initial open ;csiti:n to full sea:ed (bubble ticht)
in the ti=a limit scacified. This snculd be predicted en the pressure (s)

e established in :ne containment felicwing a design basis LCCA. Ccnsideratiens
. which shculd be adcressed in assuring valve cesign acequacy include:

. 1. Valve closure rate versus ti=e - i.e., c nstant rat'e or ether.
. 2../ Flow directi:n through valve;. tP across valve. ~

3. Single valve closure (inside c:ntainment er cutside ::ntain=ent valve)
..cr simultanccus clesure. Establish wcrst case.

4.- Centainment back pressure effect en closin: tercue car: ins of air c;erated
valve which vent pilot air inside centain=5nt. ( 47 ps'.c, Bace 'P20ssv co)-.

- .'" 5. Adequacy of a:::=ulater (:: hen used) sizing.and initial charge. fer valve
(''i !'; closure requirements. - : - -

-

t ! 6.'..'Fer valve c; erat:1 using t:rcue '! iting devices - are the settings of
_

"the devices :: ;ati31e with the torques required :: :;erate the valve
'

.

~during the cesi:n basis c:ndition.
7. . The effect cf tna piping system (turns, branches) upstream and downstrea=

of all v:lve installati:ns. -

8. The.effect of cutterfly valve disc and shaft crientatien to the fluid
# mixture egressing frca the contair. cent.

~

.
. DE!!ONSTRATION -

De:enstratica of the varicus aspects cf c;erability cf purge and vent valves '

may be by analysis, bench testing, insitu testing er c ncinatica of thase
means.

.

Purge and vent valve structural elements (valve /actuater assembly) must be
evaluated to have sufficient stress margins to withstand loads ic;csed while
valve cicscs durin: a design basis a :ident. Tersional snear, shear, tendinc,

'
- tensicn.and cer;ressica 1:acs/ stresses snculd be censicared. Seismic leading
-- 'should'be addressed. .

Oncevalveclesure$ndstructuralintegrityareassuredbyanalysis, testing
er a suitable :::tinatien, a determina:ica of tne sealing integrity after
closure and long term ex:csure to tne containcent envir:: ent sneule te
evaluated. E :nasis sh uld be directed at ne effect of ractation and of

F~l the containment s: ray chemical scluticas en seal ateria!. Otner as:ects such
(_,/ as the effect en sealing frc= cutsice a :ient temperaturas and detris sneuld

be considered.
.

.

.

%-
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The following censideratiens acply when testing is (' - as a means for.

demonstrating valve cperability:
. .

Bench Testing , ...
-.

~

A. Bench testing can be used to de=cnstrate suitability of the in-service
valve by reascn of its tracibility in design to a test valve. The foliowinc
factors should be considered when qualifying valves through bench testing. ~

1. Whether a valve was pualified by testing of an identical valve assembly
.

or by extrapelation of data frca a similarly designed valve.
'

2. Whether measures were taken to assure that ci:.ing upstream and dcwn- 1 -

stream and valve crientation are si=ulated.

3,,.,Whether the follcwing lead and envirend. ental facters were censidered
~

i. ,

. - Y.l, ;:::'a.' Simu-laticn of LCCA ^ . . . ' -.
' '

.

'4 - q:-

...c. . Temperature scak
.

. . ''T'
~

- [.,,1 ,),
~

' Seismic icading -

- *
r. f.d.. . Rad. iation exposare

- - ' "

-
. . .. .. . ' - - .

;
.,. - . .. .

-- - ~ a-
. ....,,....'s

vi . .3 . - . . - - .
'v---

5* A'..e. . Chemical expcsu. e .-e-.: ....,.;
*

. . .
y $.;g

- * ' . .

y g ~ ge 75g La s n, a . . i . r, im.r

. ' ' . ' '. - - --- .
.

. .
L ,,/

B - ::..
.: -

.
s.

Eench testing cf installed valves to decens6 ate the suitability cf thd.
.

specific valve to perform its required function curing tne pcs ulated
design basis accicent is acceptable .

.-

~~ 1 The factcrs listed in items A.2 and A.3 sh:,uld be censidered when taking
" .this approach. .

-
.

,

'

In-Situ Testine - - ' - - '

- In-situtestingofcurgeandNntvalvesmaybeperfer:edtoconfirmthe '

suitability of the valve uncer actual ccnditiens. When performing such tes s,
the conditions (lcacing, envircnment) to 'anicn the valve (s) will be subjecccd'

during the test shculd simulate the design casis accident.,

.

..

$ NOTE: Fest test valve examinatten shculd be perfer:ed to establish structural
' . integrity of the key valve /actuater cc=;cnents. .,

,

_. , -

.,
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_
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CLARIFICATION OF SEPT. 27 LETTER TO LICcNSEES.~,

( REGARDING DEMONSTRATION OF OPERABILITY OF PURGE AND VEN1 VALVES
'

v

T. The AP across the valve is in part predicated on the containment pressure
and gas density conditions. What were the containment conditions used to
determine the aP's across the valve at the incremental angle positions dur-
ing the closure cycle?

2, Were the dynamic torque coefficients used for the detensination of tor-
ques developed. ba.ed "- data resulting from actual flow tests conducted
.on the particut . se shape / design / size? What was the basis used to
predict torque: ceveloped in valve sizes different (especially larger ~

valves) than th) sizes known to have undergone flow tests?

3. Were installation effects acccunted for in the detcrmination of dynamic
torques developed? Dynamic torques are known to be affected for example,
by flow direction through valves with off-set discs, by downstream piping
backpressure, by shaft orientatien relative to elbows, etc. What was the
basis (test data or other) used to predict dynamic torques for the
particular valve installation?

4, When comparing the containment pressure response prcfile against the
valve position at a given instant of time, was the valve closure rate vs.
time (i.e. corrtant or other) taken into account? For air operated
valves equipped with spring , return operators, has the lag time fran the

. time the valve receives a signal to the time the valve starts to stroke
been accounted for? -

NOTE: Where a butterfly valve assembly is equipped with spring to close air
operators (cylinder, diaphragm, etc.), there typically is a lag time from
the time the isolation signal is received (solenoid valve usually deenergized)
to the time the cperator starts to move the valve. In the case of an air
cylinder, the pilot air on the opening side of the cylinder is approximately
90 psig when the valve is open, anc the spring force available may not start
to move the piston until the air on this opening side is vented (solenoid valve
de-energizes) below about 65 psig, thus the lag time.

5. Provide the necessary information for the table shown below for valve positions
from the frit91 open position to the seated position (10' increments if practi-
cle).

. . .

~ Yalve Position
'

~

(in degrees - 90* Predicted AP Maximum AP
= full o en) (across valve) (capability)

.

6'. What Code, standards or other criteria, was the valve designed to? What
are the stress allowables (tension, shear, torsion, etc.) used for criti-
cal elements such as disc, pins, shaft yoke, etc. in the valve assembly.?
What load combinations were used?

_.
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9- For those valve assembifes (with air operators) inside containment, has
the containment pressure rise (backpressure) been considered as to its
effect on torque margins available (to close and 3 eat Lie valve) from the

. actuator? During the closure period, air must be vented from the actua-
tors opening side through the solenoid valve into this backpressure. Dis-
cuss the installed actuator bleed configuration and provide basis for not
considering this backpressure effect a problem on torque margin. Valve
assembly using 4 way solenoid valve should especially be reviewed.

10. Where air operated valve assemblies use accumulators as the fail-safe ';
-

feature, describe the accumulatior air system configuration and its cpera-
-

tion. Provide nece;sary infomation to show the adequacy of the accumu-
lator to stroke the valve i.e. sizing and operation starting from lower
limits of initial air pressure charge. Discuss active electrical com-
ponents in the accumulator system, and the basis used to detemice their
qualification for the environmental conditions experienced. Is the '

accumulator system seismically designed?

; 11. For valve assemblies ' requiring a seal pressurization system (inflatable
main seal) describe the air pressurization system conficuration and oper-
ation including means used to detemine that valve closure and seal pres-O surization have taken place. Discuss active electrical components in

-

C/ this system, and the basis used to detemine their qualification for the
environmental condition experienced. Is this system seismically design-'

ed. -

~

For this type valve, has it been detemined that the " valve travel stops"
(closed position) are capable of withstanding the loads imposed at
closure during the DBA-LOCA conditions.

| 12. . Describe the modification made to the valve asset'y to limit the opening
i angle. With this modification, is there sufficient torque margin avail-

able from the operator to overcome any dynamic torques developed that
tend to oppose valve closure, starting from the* valve's initial coen

| position? Is there sufficient +wrque margin available frca the operator'

to fully seat the valve? Consider seating torques required with seat:,
that have been at low ambient temperatures.

13. Does the maxi =um torque developed by the valve during closure exceed the
maximum torque rating of the operators? Could this affect operability?

l '4. Has the maximum torque value detemined in #13 been found to be compatible
with torque limiting settings where applicable?

15. Where electric motor operators are used, has the minimum available volt-
| age to the electric operator under both nomal or emgency modes been

detemined and specified to the operator manufacturer, to assure the ade-
quacy of the operator to stroke the valve at DBA conditions with these
lower limit voltages available. Does this reduced voltage operation re-
sult in any si.gnificant change in stroke timing? Describe the emergency
mode power source used.

!
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16. Where electric operator units are ecu:; ped with handwheels, does their

design provide for automatic re-enge? rnt of the notor operator fol-
lowing the handwheel mode of operatioin If not, what steps are taken to
preclude the possibility of the valve being left in the handwheel made
following some maintenance, test etc. type operation.

17. Describe the tests and/or analysis performed to establist the qualifica-
tion of the valve to perform its intended function under the environ-
mental conditions exposed to during and after the DBA following its long
term exposure to the normal plant environment.

~~

18.. What basis is used to establish the qualification of the valve, opera-
tors, solenoids, valves? How was the valve assembly (valve / operators)
seismically qualified (test, analysis, etc.)?

19. Where testing was accomplished, describe the type tests performed con-
ditions used etc. Tests (where applicable) such as flow tests, aging
simulation (thermal, radiation, wear, vibration endurance, seismic) LOCA-DBA
environment (radiation, steam, chemicals) should be pointed out.

20. Where analysis was used, provide the rationale used to reach the decision
that analysis could be used in lieu of testing. Discuss conditions,
assumptions, other test data, handbook data, handbook data, and classical

-~ problems as they may apply.
O
'4 - 21. Have the preventive maintenance instructions (part replacement, lubrica-

tion, periodic cycling, etc.) established by the manufacturer been re-
viewed, and are they being follcwed? Consideration should especially be
given to elastomeric components in valve body, operators, solenoids, etc.
where this hardware is installed inside containment.

i.

'
| ,

.
. _ .
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'

Type 9200 T-Ring Butterfly Valve Bodies
'

Form 2432, March 1974

. . . .

Introduction [ g4# '

QThe Type 9200. shown in figure 1,is a heavy-duty butterfly ,

valve body demgned for stnngent shutoff requirements. An g ,/ % -g
#

elastomer or TFE T-n. g seat is used to obtain shutoff. The L - -
N,,,

S

available construction variations of the Type 9200 are h. . l
'' I

.
' '

desenbed below. The method of effecting the T-ring seal C7 .
I

varies with the type of construction. N y ,,

w' ,/M ,

Specification A-The pressure-activated T-ring is con- --

tained in the body as shown in figure 2. Extemal seainn9 ~ Figure 1. Type 9200 Butterfly Contro/ Valve Body 4

pressure forces the T nng against the disc cenphery only
when the disc is closed. There is no contact between the
disc ar J T-nng when the disc is opening or closing. g
Specification A valves are available with elastomer T-rings
only.

i Specification B-1-The adjustable elastomer T-ring seat is Do not install the valve in systems where the
l contained between the body and retaining flange as shown service conditions exceed those for which the

in figure 3. The adjusting set screws and compression nng valve was designed. or damage to the vaive and

force the T-nrg against the disc penphery to provide in- personal injury may result.
i

I terference between the T-ring and disc.
1. Inspect the valv3 for shipping damage and be certain

I
that the body cavity is free of foreign matenals.

' Specification B.2-Similar to Specification B 1 except 2. Clean out adjoining pipelines to remove all foreign
f with TFE T-nng
,

material that could damage the valve seat.
|

3. In those cases where a flow direction arrow is attached
Specification C-1-The ad ustable elastomer T-ring seat is tc the valve body. install the body so that the flow throughl
contained in the valve disc as shown in figu.e 4. The ad- the valve will be in the direction indicated. (Although some

, justing set screws and compression nng force the T-nng seat materials and service conditions require flow in one

| against the body bore to provide interference between the direct:on only, the Type 9200 is normally capable of flow in
T-nng and body bore seating surface. either direction and will have no flow arrow attached.)

'

) 4. Be certain tnat tne pipeline flanges are in line with each

! Specification C-2-Similar to Specification C-1 except other and that the disc is fully closed before inserting the

| with TFE T-nng valve into the pipeline.

|

_
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Type 9200

i / When the disc is brought frem its open position to its closed
CAUTION posit on, there is a delay b+h.re seal pressure is applied. The

sealing system is tripped it.st as the disc is entenng the seal
if the f!anges are out of alignment or if the disc and allows the disc to close fully (cor .Oletely in the seat)
is open. difficulties in installation and/or damage before the seal pressure is applied. This operation is factory
to the valve may occur. Be certain that flanges adjusted on each valve; if stoblems arise, the system can be
and ad;acent pipmg will not interfere with the re-adjusted per the seal system instructions.
openmg of the valve disc. Review the dimension
drawmgs tJ ensure that the inside diameters of On valves without power actuators, the sealing p essure
the adjacent flanges and pipmg are large enough must be released with the manually operated loading valve
to aRow disc rotation without interference. before the valve is opened and re applied after the valve is

closed.

5. Center the valve between the pipe flanges. Although CAUTION
the valve may be instatted m any position, the normal posi-
tion is with the valve shaft honzontal ano the actuator ver-

Never apply pressure to tne sealmg systemtical above the vaive body.
unless the valve disc is fully closed, or damage

6. Follow accepted piping practices when instatling the to the T-nng may result.

valve. Provide suitable flange bolting and flange gaskets.

SpecificaNons B.1, B-2, C-1, and C-2
- 7. If a power actuator is fumished with the valve body,

refer to the appropnate actuator instruction manual for infor- For Specification B 1 and S-2 valves, the valve disc rotates
mation regarding installation and operation of the actuator. into contact with the T-nng sr,at on closing. For Specifica-

tion C-1 and C-2 valves, the valve disc rotates the T-nng into
8. If a seatmg system is supplied for Specification A con- contact with the body boro seating surface on closing. No

structions, refer to the seal system instructions for operation sealmg pressure is required.
/ information.
k ?v

*" *"*"**
Specification A Sealing Pressure
Required seating pressure for Specification A valves is equal
to (a) 50 psig or (b) the valve inlet pressure plus one-half the i, (L INING
outlet pressure, whichever is greater. Maximum allowable
sealmg pressure is equal to (a) the maximum allowable To avoid personal injury and damage to the
pressure of the sealing system being used or (b) 2.5 times process system. isolate the control valve from all
the inlet pressure, whechever is lower. pressure and release pressure fr3m the valve

body and actuator before disassacbling.

Operation Outboard Roller Bearings

if the valve is equipped with outboard roller bearmgs,
Specification A lubncate the bearings periodically with a good quality ro!!er

* "9 " ***'On power actuated valves when the disc is in the fully
closed position, the seal pressure is applied to the back of
the elastomer T-ring, forcmg the T-ring against the dis Packing
periphery. Immediately upon activation of the actuator to
open the valve, the seal ,,ressure is eeieaseo. allowing the Key numbers used in this section are shown in figure 5. For
disc to leave the seat w'thout any force being exerteo on the valves with lubncatmg-type packing boxes, lubricate the
elastomer T-ring by the disc. The disc is then positioned at packing periodically. The frequency of tubncation required
the required angle of operation. depends upon the seventy of service conditions.

!O)
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Figure S. Packing Box Types

!

It may be necessary to tighten the packing follower nuts (key Replacing T Ring
13) to stop leakage. If leakage cannot be stopped in this |
manner, replace the packmg per the instructions below. Spect/ication A

Key numbers used in the following steps are shown in figure |
For split-nng packmg. unscrew packing follower nuts (key 2 except where indicated.

'

13) and shde packing fol'ower (key 15) away from the valve.
R2mo old packing nngs (key 16). 1. Making certain that the valve disc (key 2) is fully closed. 3

remove valve Wy from pipehne. [
#

For lubricatmg packing boxes. remove actuator mounting
bracket. Remove tantem ring (key 45) to gain access to the 2. Note the location of travel stop (key 9. figure 6) on j

packing rings behind the lantern nng. Place new nngs over ( staining nng (key 7) in respect to the body. This travel stop
}jth3 valve shaft. When inserting the nngs into the packing wil be in either location A or B as shown in figure 2 and

bow, be certain that the spht in each nng is positioned 90* must be replaced in the same location during reassembly.
fram the split in the cdjacent nng.

3. Unscrew Alten head cap screws (key 8) and remove
F:t ring-type packing, remove the actuator and all retainint, nng and T-nng (key 5).

'

accessories. U nscrew packing follower nuts (key 13).
RImove packing fol!ower and packing nngs (keys 15 and 4. Inspect 0-ring (key 6). If 0 nng requires replacement.
16). For lubncating packing boxes, also remove !antern nng remove it from the body.

(key 45) to gain access to the packing nngs beher.d the
Untern ring. Install new packmg nngs on the shaft and insert 5. Clean T-nng and O nng grooves, and coat the new
th:;m into the packing box. T-nng wrh a good quahty sahcone grease.

QFcr 0-ring packing boxes, disassemble the components of 6. Making certain that the T-nng seat angle matches the
/tha control valve assembly as far as is required to remove disc seat angte (as shown m the mset in figure 2), install the

the 0-ring fonower (key 49). Replace O-nngs (keys 47 and T-nng in the body. Insert the new O-nng if replacement is
-

48) in the follower as required. required.

4
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Type 9200

/%
7. Place retaining nng on the body. Using care to avoid Spec #ications C-1 and C-2

damaging the 0-nng (key 6). rotate the retaining nng slightly
"" n ng s s are s%wn in 0gureclockwise and counterclockwise to ensure proper alignment " " .** * * #8on the T-ring. Be certain the travel stop is positioned in the

location noted during disassembly. 1. Making certain that the valve disc they 2)is fully closed,
remove valve body from pipehne.

8. Replace and tighten Allen-head cap screws (key 8).
2. Specification C-1 and C-2 valves may be fumished with

9. Replace valve in piosfine per the " Installation" section. a travel stop on the body. This travel stop,if furnished,is not
removable.

Speedications 81 and B 2
3. Completely loosen adjustmg set screws (key 54).

Key numbers used in the fo!!owing steps are shown in figure
3 except where indicated. 4. Unscrew Allen-head cap screws (key 8) and remove

retaiang ring, compression ring, and T nng (keys 7, 53.
and 5).

1. Making certain that the valve disc (key 2) is fu!!y closed,
remove valve body from pipeline. 5. Clean the T-ring groove. For elastomer T rings, coat the

new T-ring with a good quality sdicone grease.
2. Note the location of travel stop (key 9, figure 6) on

retaining ring (key 7) m respect to the body. This travel stop 6. Making certain that the T-ring seat angle matches the
will be in either location A or 8 as shown in figure 2 and tody seat angle, install the T-nng in the disc.
must be replaced in the same location during reassembly.

7. Place retaining ring on the disc and rotate the retaining
3. Completely loosen adjustmg set screws (key 54). nng slightly clockwise anu counterclockwise to ensure

proper alignment on the T-ring
4. Unscrew Allen-head cap screws (key 8) ar.d remove

retaining nng, compression ring (key 53), and T-ring (key 5). 8. Replace and tighten Allen-he.d cap screws (key 8).
V 5. Inspect 0-ring (key 6).18 O-ring requ es replacement. 9. Adjust tne T-ring per instructions in the " Adjustments"a

remove it from the body. section.

6. Clean T-ring and 0 ring grooves. For elastomer T-rings. 10. Replace valve in pipeline per the " Installation" sec-
coat the new T ring with a good quality silicone grease. tion.

7. Making certain that the T-ring seat angle matches the Replacing Valve Disc
disc seat angte las shown in the inset on figure 2), install the lf replacement of the valve disc is required, follow the
T-ring in the body. Insert the new O-nng if replacement is '* Replacing T Rang" instructions to the point at which th3
required. retaining ring and T-ring have been removed. Then proceed

with the instructhns below. Key numbers used m the follow-
8. Place retaining nng on the body. Using care to avoid ing steps are shown in figure 6.

damaging 0-ring (key 6), rotate the retaining nng slightly
clockwise and counterclockwise to ensure proper alignment 1. Remove actuator, mounting bracket, packing followers
on the T-ring. Be certain the travel stop is positioned in the (key 15) and packing.
location noted during disassembly.

2. If the ends of the taper pins (key 3) are peened, grind
9. Replace and tighten Allen-head cap screws (key 8). off the peened portion. Drive out taper pins.

10. Adjust the T-ring per instructions in the "Ad. 3. If there is one set of taper pins in the disc, pull shaft
justments" section. (Irey 4) out of body and remove dice (key 21. Two sets of

taper pins indicate that stub shafts are used. Ech shaft por-
11. Replace valve in pipehne per the " Installation" tion must be pulled out of the body; do not attempt to dnve

section. the shaft portions through the disc.
-

r
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Type 9200 |
|

OV 4. Moving clockwise around the retaining ring (key 7
CAUTION ngure 3 or 4). tighten each set screw 1/4 turn. Continue

until the T-ring contacts its seat at one point. I
When installing a new disc, also inst 311 a new
shaft and taper pms. Attempting to use a new 5. When contact at one point has been made, return to
disc and old shaft will require dnlling new taper the set screw selected as the starting point, Move around !

pin holes in the shaft. therecy weakening the the retaining ring in a clockwise pattern, and wherever there I
shaft. The weakened shaft may fail in sernce. A k %=rance between the T-nng and its seat, tighten the set
new shaft may be used with an old disc. using at that point 1/4 turn. Bypass any screws where the, ,

,

the taper pin holes in the old disc as guides for g .. .% is in contact with its seat. j
drilling taper pin holes in the shaft.

6. When contact has been made at all points on the
4. With inboard bushings (key 19) installed, place valve T nng tighten each set screw on Specifications B-1 and C 1 jdisc in the body / or large valves, block the body in the an additional 1/4 turn. No further tightening is required on

~

honzontal positior,. Be certain the clearance under the body st,ecifications B 2 and C-2. i
b equal to at least one-half the disc diameter. With the disc
vertical, use a hoist of suitable capacity to place the disc in 7. Replace the valve in the pipeline per instructions given '

the body. Be cerain the taper pin holes are on the actuator in the " Installation" section.
,

side of the body.

5. Align the disc shaft hole with the packing box holes in Double-Thrust Beanngs
the bod ./

It is unlikely that the thrust bearings will require adjustment.
,

6. Insert the shaft through the body and disc. Make cer, if it does become necessary to adjust the beanngs, proceed

t-in the key seat in the shaft is on the actua:or side of the as follows. Key numbers used in the following steps are ;

bodw shown in figure 6.

fa 7. Replace bushing retainers and packing box parts (keys 1. Making certain the valve disc is in the closed position, i

V8,17,16.15. and 13). remove valve from pipeline.

8. Install taper pins. The disc should be centered in the 2. Loosen the screws found in each clamp-type collar (key |

body bore. 27)-

9. Re-insta!! T-ring arrr; retaining nng per instructions in 3. With the valve disc closed, center the disc in the body {
bore. ;the ~~ Replacing T-Ring" section. For Specifications B-1. B 2,

C 1, and C-2, adjust the T-nng per instructions in the "Ad- '

|
justments" section. 4. With the valve disc centered, position one clamp-type

;
collar against each end of the betring bracket (key 21) hub. '

10. Install the valve in the pipel.ne per instructions in the Then, tighten the screw in each collar.

~~lnstallation" section.
5. For -Specifications 8-1, B-2, C-1, and C-2 va.ves, adjust

T-nng per the procedure above if the adjustment was dis- "

turbed in centenng the disc.

6. Replace the valve in the pipeline per the " Installation"
Specifications B-1. B-2, C 1, and C-2 T-Ring section.

Adjust the T-nng as required to compensate for wear and to
retIin satisfactory shutoff capability. Actuator Linkage

,

1. Rotate valve disc to the fully closed position. Due to the large number of different types of actuators that
can be used with the Type 9200,it is not practical to present

2. Loosen all adjusting set screws (key 54, figure 3 or 4) detailed instructions for the various types. However, to
,

simphfy this ad ustment and to ensure proper valve discso that there is clearance between the T-ring and its seating i g
surf!ce at all points around the T-nng. closure, an internal travel stop is normally furnished with the ;

valve. When checking or adjusting the linkage. the d:Sc may
O 3. Select one adjusting set screw (key 54) as a starting be closed until ccntact is made with this travel step. Adjust

point and tighten that screw 1/4 turn (clockwise rotation). linkage to close the disc to this point.

6
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C) ngure s. Typ, s200!

Ordering Replacement Parts Parts Reference Key P.r, Nam.

" * ' " ' $'To order replacement parts, specify the key number and Key Part Name
, ,,

name of each part required from the Parts Reference ~ sec-
1 Body 45 Lantern Ring lLubncating

tion. Also state the original material of the part, if known, 2 Valve 0.sc and purging packing
the desired quantity, valve type number, size, sanal number, 3* Taper Pin bones only)

and all other pertinent nameplate informater* The correct 4 vane Shaft 46 Fitting (0-nng packing

part will be selected based on this information.
-R ng (Specifications 47' O R ng ( ing packing
A. B-1, and B-2 only) boxes only)

In all correspondence with the sales representative, mention 7 Retaining Ring 48' O-Ring (0-nng packing

the serial number of the valve. 8 Allen-Head Cap Screw boxes only)
9 Travel Stop 49 O-Ring Follower (0-nng

10 Set Screw packing boxes oniy)
11' Kev SO Hex Head Bolt (0-nng
13 Packing Follower Nut packing boxes only)
14 Packing Follower Stud 51 Spacer Block

15 Packing Follower 52 Washer
16* Packing Ring 53 Compression Ring
17' Packing Washer (Specifications B 1,
18 Retainer Bushing B 2 C 1, and C 2 only)
19 Inboard Bushing 54 Adjusting Set Screw
20 Busheng SpecifNat:ons B-1. B-2,
21 Beanng Bracket C 1, and C-2 only)

22 Lock Washer

,/%
/ )
%.J

* Recommended Spare Part 7
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SEISMIC VERIFICATION FISHF.It CONTif 01.S COMIMNY
CD75-46 Coxrixvsr.u. Invasiox

,
.,~s

'

w

FChPOSE:

The purpose of this report is to develop closed form solutions to a specific

geometry which verify the ccmputer solution using Seismic 4.

.

PROCEDURI:

A specific geanetry is first defined, to be analyzed by conventional techniques

and Seismic 4 For ease of hand solution, the model used is a single cantilever

beam with two eccentric masses rigidly connected to the free end of the beam.
.

|-
i

The cross-sectional properties of the beam are then varied to incite various vib-

,

rational modes of the cant.11ever beam, EG axial, simple bending, bending plus

tju torsional and torsional.

Included in Appendix 3 is the develop =ent of the equations for frequency for the

various modes.

J
s

) The reactions and stresses are verified by a conventional summation of forces and

mements taking into account the seismic and gravitational loads. 'The seismic leads
~

| in this report are su=med by the square root of the sum of squares (SRSS) method.

l.

]
'd Each appendix is then presented as a complete system including cceputer printout,

i
closed form solution for fraquency, and stress verification calculations for each

! of the aforementioned modes.
.
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I. FURPOSE:

j The purpose of this engineering standard is to es:ablish a standard =ethod
of three di=ensional seismic analysis of actuator-valve asse=blies subjected,

to triaxial seis=ic loading.

II. FRCCEDURE
t

! II.A The Order Engineer is assigned the respor.sibility for perfor=ing a
i seismic analysis. The for:a: for :he seismic analysis is outlined

. in this standard.
:

i

II.A.1 The seismic analysis vill nor= ally censist of a copy of-

this standard; a ecver le :er st- 'rizing the resul:s
along vita a listing of the applicable order acnbers, and-

{ tag nu=bers; a se: of asse=bly drawings depicting the
| construe:icas analy:ed; a ske::h of the analytical =cdels;
' copies of the c:=puter cu put sheets listing the input and

cueput data along vich :he acceptable values; and copies of, ,

i seismic tests of the valve =cunted accesseries (if required) .
'

I

II.A.2 Unless the custe er's specifica: ion states otherwise, the

.( folleving vill be assu=ed:

! (1) The valve is installed in a hori ental 'ipeline with
the valve shaf: =cunted horizontal (Figure III-1) .

L (2) The stresses due to seis=ic leads are to be c==bined
j by square root of the sus of the squares (S RS S) .
2

(3) The acceptance cri:eria cen:ained in See:1 n 7!!!
of this standard are to be used.

,
(4) The resonan: frequency is not required.

{ II.A.3 An Engineer (Senior Design Engineer, Oesign Engineer, or
5 Engineering Associate) other than the one perfor=ing the'

}} original calcula: ices is responsible f=r reviewing the
j seis=le analysis and signing he cover let:er along vi:h

the originator of :he report.*
-

r

i 11.3 The Engineering Coordina:Or is assigned the responsibility for =ain-'

: ;
'I taining and distribu:ing :he seiscic analyses.

'f 11.3.1 The analyses are :o be reproduced and the originals filed

,
in a per=anent area in a sys:e=atic canner.

-4

I II.3.2 The analyses are no: :o be revised. In the event : hat the
valve construe:ica changes af ter the analysis is perforced,,'s

_ a new analysis shall be perforned superseding :he old

( ) x- analysis.
i

r

1
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III. NOMENCLATlJRE

III.A Equation Sy=bols ,

All variables will be defined near the equations or figures in which

they appear.

! III.B Special Sy=bols
f

(1) (b Joint-'

Vec:or ou: of the plane of the paper.
} (2) GD

-

Vector int the plane of the paper.(3) 6) -'

~

(4) It Concentraced = ass at a =odel joint.-

! Ela=en: nu=ber.(5) 5 -

i (6) GD
'

Join: nu=ber.-

Ele =en: neu:ral axis.
'

(7) : 0 -

. .

j (8) g---- s - 11gid link.I

/~ (9) pNJ - Mc=ent about an axis nor _al to plane of paper.(3f
i /' ' ~ ' (10) GD: 5) - Mocen: about an axis in the plane of the paper.

(11) [ } Ma:rix-

i i (12) ( } Vector-

-

3 III.C Coordina:e System of :he Actuator-Valve Asse=bly

fi All rectangular coordinate sys:e=s used are right-handed. The pri=ary
,} coordina:e sys:e= is illus: rated for a typical asse=bly in Figure III-1.

The pri=ary coordina:e sys:a= will be referred :o as :he svste= coordin-'

,

a:es.

III.D Gecce:ric variables -

,1
.

The gecce:ric variables listed in Tables III-l the III-4 are used :o
provide cross-sec: ion and bol: joint input data to the cc=pu:er progra=

,
| (SEISMIC 4) that perfor:s the seis=ic analysis. In addi:icn, :he systa=|~t coordinates for each join: of the fini:e elemen: =edel, the inter:cnnec-3

|
tion be:veen :he ele =tnis and rigid links, the c=ns train: condi:icas

,

| between ele =ents and beundaries, the lu= ped inertia preperties of the
, accessories and :he seis=ic and opera:ing leads =us: be specified.l ;

i
l }

.,
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N_Y
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TABLE III-l
STANDARD " 7' CIT CROSS-SECTIO::AL PARA.'ETERS

GECMETRIC FIGC?E
VAMA 3I.ES NDGERS DESCRIPTION UNITS

a III-2 Dia=eter or Length inches
i

| b III-2 Length inches
j except (i) -

|

| III-2 (1) Angle degrees
i
'

c III-2 (e)(h) Length inches

e, et, c2 III-2 Ihickness inches

rt, r2 III-2 Fillet Radius inches

|*

: I -. ;

+t 1 -

y a
7._-

h ['' t|i a ,

i,

!! y
-

iV
} !

I' | 1
: a *

y q

$ RECTANGLE TEE

4
Figure III-2(a) Figure III-2(b)

} 4 g " -.-

1 _

| *I + d

~

--

L a-

/ I b | f'
;

.
- t i t,

_

f | d
'

: a r, bg-) --

L/

{ CHA.'r_ Agg;g

Figure III-2(c) Figure III-2(d)

.
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f

m,e .

'
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I
|

_

~t,W 4t %2
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Figure III-2(g) Figure III-2(h)

,
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e
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TABLE III-2

NONSTANDAAD C20SS-SICTIONAL PARAM?.T. IRS (STRAIG'dT ILEF_NI)

310MITRIC FIGURI
- i V GIA3 TIS' NUM3ERS DISCRIPTION

* UNITS

A III-3 Area - // dxt x3 (inch)2' d
i.

I h III-3 3ending Momen: of Inertia =

1 // (x3)2 dxt x3 (inches)'d

i

h III-3 Twisting Mc=ent of I:ertia.I (inches)'

f I

b III-3 3ending Mc=ent of Inertia =*

// (xt)2 dxt x3 (inches)"d

I
4 83 III-3 Shear deflec: ion fae: ors

|' associated vi:h x1 and x3
directions, respectively.,-

[| . L.I III-3 Dis:ance fren cen:roid :o
'S

~ 5
shear center in xt and x3

(L directices, respec:1vely.3 inches

III-3 Angle from reference direc-
;

tion :o xt principal direc-
tion. degrees

:q , 23 III-3 Coordinates in cross see:ica inches

q' q ', 23' III-3 Reference direc:icus
:

| : ., 03 Ct = xt, C3 = x3 coefficients'

for bending stress conpu acion inches
il )

f c: Coefficien: f=r :orsicnal .

I shear s:ress cenpu a:1cn a:

-- { stress point." inches

i
a

! , }
. . ,

il
: o
! !! , ~. 3. " - Refer to references in Section X.

H,!
.

O(
,

a
;

a

1 -= -=-= . .. . .

*
|
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TABLE III-3

|. NONSTXIDATO CROSS-5EC~IONAI. PARA.".IMS (CURVED ELIMINT)'

!
,

L
,

,
"I;XIn:C FIGURE

b' . /A LW.IS NtM3ERS DESCRI?TICN UNITS

.A III-4 Area = // dxt x2 (inches)2d
,

j ;-'' III-4 Inplace 3ending Mc=ent of
' Inertia = II (x2) dxt x3 (inches)"d

i

h^
;+ III-4 Sacccd Mc=en: of Area

= // (xt) dxt x (inches)"'
d

:2 III-4 Tristing Mc=en: of Inertia.I (inches)"

.:;, <2 III-4 Shear deflectica factors
associated eith xt and x2, i

directices, respectively.-.

s
- ! III-4 3ending Mcdulus

=R2 ft (xt [R-xt]) dxt x2/ d

e I2 (1 + C1/E * C2/R") (inches)"

:;, c: III-4 Coefficients to define bend- (inches)2,
ing Modulus I.* (inches)"; ,

I 1 'III-4 Radius to Cen::cid of Area inches
M

r_ x3 III-4 Coordinates in cross section inches
..

t
i

0: Ct = xt and C: =x3 coef-
,;. ,

ficients for bending stress.

j cc=putation inches
.

O Coefficien: for eersional
shear stress ce=putation a:
stress poin:."

_

.

.

'

2, 4, 5, 6 _ gefe 3 gefe:ences 1: see:te 3,.,

A
*

( ,) k.m

!,

_

|
. -

i

m_____ 'w. . . ~ . -. a crrn- - .-m - -- ,-war m e w_ra
_



t

.-f | ENGINEERING STAND ARD l '"' ES in |A
' '' # #SEISMIC ANALYSIS FOR RCTARY 7ALVE

ASSE'GLIES FOR %'CLE.u SERVICE #Y 3 lit 12 77
,7 MALLTCWN. CWA PAGE 10 CF

k! '|
I ' 155' |1 |'. l' | '. t .

I t1
.ss

I *

**X a
.

[

r
$3ES S
PCIN T. y

| IN (SHEAR CENTERg j TNISTING AXIS)
o,

k X2 I :8

'. CENTRCIC C ~x
(SENCING AX S) / 3

p p

{
CIRECTCNS

#2

CENTRCICAL
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T13LE III-4
BOLT JOINI PARAE. sS

CE. M.IC TIOURE
f VARIA3LIS NT.?. 3ERS DESCRI?I ICN UNITS

:T3I III-5 Joint Neber at which bole
reactica is referenced.

.

i 71 III- 5 vector parallel :o bol: axis
3

$ Ve V3 III-5 Vectors (which are orthogonal
2

co V ) in bolt joint plane.
tj

a

C D III-5 (a) N=4"i 3 cit Dia=e:er inches
b

3,
Nu=ber of :hreads per inch (inch)-I& | c

!Q 7

f| g Root Area =

1r/4 (D - 1.22687/n)2; b
-

1 for all Unified Anarican
l Threads. (inches)2

f] N III-5 (b)(c) Nu=ber of bol:s, or

III-5 (d) Nu=ber cf bol:s in line."
,

'. YSH, 2:53 III-5 Coordina:es in 72 and V3
;

direc: ion, respec:ively, fre=*
|

reference join: 53I to cen:er'

|
+i of boli join pa::ern. inches
t'
II D III-5 (b) Dia=e:er of Seit Circle. inches
:i

,

o III-5 (b) Angle fron V2 direction to
Sol: No. 1. Only 0 or ISO /N
per=1tted. degrees

i S 'III-5 (c)(d) Spacing between bol:s on
! line = S/ (N-1) inches
1

.
YO III-5 (c) Distance trc= pivot edge to

bolt line for leg pattern, or inches'

:| III-5 (d) Spacing between bol: lines for

]i
pad pattern. inches

''I, ZT, Z3 III-5 Distances fre= pivot edges :o'

. .

bolts . inches

m

(V} 7 - Refer to References in See:1on X.
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IV. MCDELING OF THE AC*UATOR-7AL7E ASSEM3LY

IV.A Mathe=atical Model Cc=ponents and Features

The model for the actuator-valve asse=bly is construe:ed fr:= cvo
basic types of beas ele =ents each with distributed nasses. These
ele =ents are referred to as a thick stra125: bar and a thick cu-red
bes=.5 The ends of these bean ele =ents are referred to as join:s

in the =odel. The joints can have as =any as six degrees of freedom
or as few as zero degrees of freedes (c==pleta fixt:7). ~here are

an ecu '*k *"- doin: vich independent displace-five types of joints: d

ments and rotations; an auxilia-r 'etne vi:h dependent displacenents
and rotations; a boundar r joint vi:h at least one degree of fixt:y;
a sorint boundarr foin: vi:h at least one degree of elastic cons::aint;
and a reference j oin t_ (which =ay be ene of the above) at which bolting'

forces and =o=ents are ce=puted or :he center of a curved ele =ent is
tefined.5

i IV.A.1 Thick Straigh: 3ea=
i

The Ele =ent Coordinate Sys:e= 1,:: which forces and _o=ents are
co=puted for the s:: sigh: bea= ele =ent is illustrated in.

.

Figure 17-1. The 2-a-is lies along the cen:roidal axis of the'

I- bea= frc= the join a: end two to end one. ?csitive direc:icas
- of rotation about the 1, 2, and 3-axis obey :he right-hand rule.

The coordinates in the cross-section, xi, x3, are in the direc-
3tien of :he 1 and 3 axes (Tigure III-3) . The tvis:ing axis

of the bea= is parallel to bu: need no: coincide with :he
cent.roidal axis. Shear deflection 2 1.s censidered in the
derivation of the s:iffness and = ass ._a: rices.

d
[ I I,
r

d
R i n

: LENGTH =
) [ TWISTING Axis|, . . . .

Iu 2 '.5 _. _. _. '$ : 2_. .

JOINT AT ENO I 3I k Y3 JCINT AT END 2

i CENTROICAL AXIS
(
?

i! FIGURE IV-1
'i

- ELEMENT C00RDI:iA"'I SYSTDt 70R A T'iICK S 2AIGh*T 3EA?!
I

Ii

i
2, 3, 5, B - Refer to References in Section X.

l

.-
3I
i i
t '
?

{ .-_ __ . _ . . ..

i'

E.
- --

- - sun.c ' = w _ - g y"-
*

_ -- ~ ~ ~ - -_W"



?

ENGINEERING ST AND ARD l '" IS u7 |Ab, ' Ny ,2*J.Qg-4
at ;,i | ' '! . ,. -''

. SZISMIC ANALYSIS OF ROTARY VALVE
"Y_ 7. h 8 7 "ASSDi3LIIS FCR SUC:.F_G SERVICE -

'

MALLTCWN. ICWA PAGE ia CF

| | !| | | | | | | |

IV.A.2 Thick Curved Bea=

The elenent coordinata sys:en in which forces and =o=en:s
are ce=pu:ed fcr each and of the curved bes= elenen is
illustra:ed in Figure IV-2. The positive direc: ion of :he
1-axis always is ::vards the center of curva:ure. The
3-axis is tangent : the centroidal axis. The radius of
curvature is :he dis:rnce fr = :he cencer of curva:ure :o
the cen:: cidal axis of the curved bea= elenent. Posi:ive
direc:icus of :c:a:ica abou: :he 1, 2, and 3-axis obey

the righ:-hand rule. ~he coordina:es in :he cross-sec: ion,

21, 22 are in the direction of :he 1 and 2 axes (Figure
s

III-4). ~he shif t o' bending axis fres centroidal axis
;

and shear deflectien' is censidered in the deriva:ica of
the stiffness and = ass natrices.

I

l
4

/ 3
.

CENTER OF CURVATUR E
i

I ANGLE2
JO!NT AT END 1

RACiUS
\

l

'

( 2 3
3

~

|| C ENTR O10 AL JOINT AT END 2
|t AXIS:-
i

|
|i

1

|t
|| FIGURE I7-2

4
| ELEGNT C00RDINATE SYSTDi FOR A Td!CR CUR 7ED 3EA'4

.

|4
|: 1

|I i
:4

!
2, $ Refer :o leferences in Sec:icn X.-
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IV.A.3 Element End Releases 9

There are nornally six degrees of freedce considered
(three displace =ents and three rotations) at each
joint. Any of these degrees of freedom say be
specified as constrained or unconstrained, or as having
an elastic connection to the adjacent ele =ents.
Figures IV-3 thru IV-6 describe typical release =ech-
anisms. In Figure IV-3 end two of a straight ele =ent
is released for degree of freedom six (rotation about
3-axis) representing a pin joint. In Figure I7-4i ,

|
degree of freed:m two (displace =ent along 2-axis) is
released representing a slida connection. In Figure

;
IV-5, a ball joint is =edeled by releasing all rota-

| tions (degrees of freedo= 4, 5, and 6). Figure IV-6

! has an elastic connection to adjacent elenents at
j and two in the axial and transverse directions.
|

i

'

PETCONNECT'ON SLIDE CONNEC-'ON
-

Figure I7-3 Figure IV-4$ p), k
g .,

A t i

2_ @i () 2 | 1
*

-f,
.

1: ,

i '/ // !I '
,/

\ g/
\

-
-

-

. ( 2 - I C
*

M[[r2 |
I

~
t .

,d /'

e

||
Figure IV-5 Figure I7-6

:) BALL CONNECTION BI-AXIAL SPRING CCN:iECTION
n .

!

F
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IV.A.4 Rigid Link ol

A figid link between any auxiliary join: and any equilibriu=
jalhe can be modeled exae:ly. A kine =atic transfor=acion of
the element's stiffness and = ass =acrices is used for this
pufpose. Rigid links ensure tha: the rotation of all join:s
s6 46hnected are the sa=e and that the displace =en:s of all
jaints are related :hrough the vector distances fre= each
6thet. Ihe rigid link =echanis= =ay be used to accura:ely
s6 dei elements joined off their centroidal axes Figure I7-7,
di extre=ely idelas:ic ne=bers of a physical scrue:ure as
ih6v5 in Figure 17-3. In :he latter example, any :vo of :he
thfee iddica:ed rigid links =ay be specified.

_ . - - .--

Q----4_
. e

. . _ ._ ._.
i

RIGID UNK_. - '

5i51555 'liin CENHOIOAL AZIS NOT ALIGNID
figure IV-7-

I

L n
|

-

# , u == -;= ~ *
% ~

'
j N

' \
/ i. ____

i STIFF CONFIGUR ATICN
( +1 N %

-w
'

j

/( I \'%- s%

I _, - \
-

i %
|

! RIGIO LINKS
1

-_ __

l
,

EL.m_.INTS JOINIJ - iRCt;G*d INII.ASnc .v__w3ER..

FIGURE IV-8
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IV.A.S Lu= ped Inertia Properties

Each elastic element in the =achematical =odel has an
t

}i associated censis:en: = ass = atrix which accounts for a
; unifor distributien of = ass.5 Inertia other than
I this =ay be defined for accesseries, rigid por:1cus,

i that were not =cdeled elas:1cally (e.g. , Figure IV-8)
{

and shaf:-disc asse=blies. The inertia preperties =ay
be specified as lu= ped = asses acting a: any joint or at5

! any ccordinate fro = any joint. The lu= ped _ ass =ay
act in all er only in sc=e of the system cocrdinate'
direc:1ons. For ex2=ple, a = ass a:: ached :o a shaf:
suppor:ed by a jcurnal and :hrust bearing =sy be spec-
ified to act in the transverse directices of :he jour-
cal and in the axial direction of the thrust bearing. Centroi-
dal principal =c=en:3 of inertia aligned to :he system
coordinates =ay be specified at any joint.

,
'

t 3
! IV.A.6 Spring 3oundaries and Constraints

Boundary joints of :he =edel nay be attached :o the
,

external beundary with either c==plete or elastic fixity,

!

in any of the six syste= degrees. of freed:= (three ::ans-a

lacional and three rotational). ~hus, a hanger =ay be,

(g) :odeled by = cans of uniaxial spring, and the piping or'

s'' body (assu=ed rigid) =ay be =odeled by specifying ce=ple:e
fixity.i >

1 llIV.A.7 Cross sectics Properties
y

Ihe built-in standard cress sections in SE!SMIC 4 as de-|

1 picted in Figures III-2 =ay be used :o define the properties
of a=y seraight er curved ele =ent. For special c:nstructi:ns,

4 f
( the Order Engineer =ay inpu: nenstandard properties as

described in Table III-l and Figures III-3 and Fig-'

ures III-4 to ft: the nedeling need. -

r
7. MATHE!A ! CAL ANALYSIS

i| The SEISMIC 4 cc=puter program e=picys the =odeling features as described
in Section IV.A to yield response to seismic ex itation and operational leads'

j and to ec=pute system resonant frequency.
l 12

$i V.A Synthesis of Stiffness, Mass and Load Matrices
ti
d The exact stiffness and censistent = ass =atrices are derived fer each

ele =ent (Sectice I7.A.1 and IV.A.2) . A three colu=n load = atrix is
4
i

5, 3, 11, 12 - Refer to References in Section I.n
t
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deteredned fr:= the = ass =a:rix for unit gravitational leads in each
of the syste= direc:icus. Any required release (See:1cn 17.A.3) or
lef" =:1c transfor=azica (See:ics !7. A. ~+) is performed. The resulting
matrices are : hen transf ormed fr== their ele =ent to the syste= c:-
ordinates and accu =ulated ferming the syste= stiffness and cass
matrices and three colu=ns of the sys:e= load = atrix. Lu= ped inertia

pecperties (Section IV.A.5) are added to :he sysee: = ass =strix and
appropriate forces are added :s :he three unit gravi:a:1ccal lead
columns. Cpera:1:nal leads c:her than deadveigh:, censisting of*

concentrated forces and :::en:s a: any joint, ce= prise a fourth cel-
um= of the syste= lead _a:rix. Prescribed bounda:y conditices
(Section !7.A.6) are then i=pesed en the syste= =atrices, yielding:

(K} Syste: S:iffness Ma::1x, sf==e:-ic (usually banded) ,

(M} Syste= Mass Ma:rix, sy==e:ric (usually banded),

(?} Sys te: Lead Ma rix, cecpesed of three unit gravi:ati:nal
load colunns and cne cpera:1ccal load celu=n. ,

i

V.3 Gravitational and Operational Lead Solu:1cn
7

'
' The deforsstion due to the static unit gravita:icnal and opera:icnal

,.

( }
loads derives from the solu:1cn of :he ma:rix equa:icn:

(K] (I] = [7] (7.3-1)

where [I] and [7] vere defined in See:ica 7.A, and [X] is a fcur ecl-
u=n defer _atica ra::ix; c'..e firs: :hree are responses to the unit

graviational leads in each of the syste: ecordi=a:es and :he fourth
the response to :he :perational leading condici:n not including dead-
Weight. Each celu=n of {X] c:nsis:s cf deflec::ces in the systa= X,
Y, 2 directions, rc acices abou: :he sys:e= I, Y, 2 directicns for
each equilibriu= jets:. *he cc:respending def: =atiens f : auxiliary
joints are ::cputed by e=pley=ent of .he kine =atic transf:::ati:ns
(Sectica 17.A.,).

V.Q Determina:ica of :he Tundamen:al Rescnant Frequency

A.cceple:e seis ic analysis of any structural syste= includes the
strue: ural analysis for the dyna =ic leads caused by the vibra: cry
earthquake notion of its supports. here are =.ro general methods of

_

analysis for dyna =ic leading depending upcn the :haracteris:i:s of
the_syste=. ~he equivalent static analysis, vnich is empl:yed here,
i,s applicable and conservative for actuator sys:ers that can be shcun
:p have no natural frequencies less than a spe:1fied a: cunt. hus,

che leves: or funda=en:al frequency us: be ce=puted.

)

9
i
i
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The funda=en:al resonant frequency is found by decernining the s=allest
eigenvalue, A, and corresponding eigenvector (u} from :he unda= ped free

j vibration equation:13
1

((K] - 1 (M]) (u) = fo) (v.C-1)
.

where [K] and (M] are the system stiffness and = ass =atrices (Sectica
V.A), (u} is the eigenvec:or corresponding to the s=alles: eigen-
value 1, and is nor=alized in the SEISMIC 4 cc=puter progra= so that4

the lar;;es displace =ent or rotation at any equilibriu= joint is plus:

! or =inus one, {0} is a null vec:or.-

*
*

: The fur.da= ental resonant frequency, f, is then deter =ined by:
4

,

i f = [A"/ (27) (V.C-2)
l<

i; the algorith=I'' used to de:er=ine values fer 1 is based on an
' iteration procedure en equa:1on V.C-1 using as starting values thec'
i unit gravitational defor=ations (See: ion V.3).

> t

h L- 7.D Calculation of Ele =ent Forces and Mc=ents15
.

The force and =ccent respense of the ends of :he ele =ents due to the;g)~W four colu=n load = atrix (F] (See:1cn 7.A) are determined frc=:a

| I (p] = (k] (S) - (=] (g] (7.D-1)

where (p] is a four colu== = atrix censis ting of the ele =ent forces
and =c=ents at each end (thus, twelve rovs),

'

[k] is the ele =ent stiffness = atrix,

'

(=] is the ele =ent = ass =a:rix, both described in'

j Section IV.A.1 and See:1on IV.A.2,
,

! - (g] is a four colu=n = atrix; the firs: three consist
| of uni: gravitational loads , the fcurth a null;

|
| ||'

colu=n, andi

| j (S] is a four colu=n matrix censisting of the defor=ation
| b response :o unit gravitational and cperational loads

extracted from the system solution atrix (I] (Section
'

j V.B). The extraction of (S] frc= II] involves trans-
| 3 formation frem systes to element e:d ecordina:es

j (Sections IV. A.1 and IV.A.2) and a::ounting for any kine-
i matic transformations (!7.A.4) or releases (I7.A.3).
I
:

| 0
h. ..*, 15 - Refer to References in See:1cn I,
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hI Calculacion of;Junc:1on-Reactions

'The resultan: reac:fons (?] due to the four basic leading condi:1ons
~

, Section V.3) is deter =ined ac all boundary joints and at any speci-( _

fied cut in-the =edel. .The ele =ehe~ forces and ac=ents (p] (See: ion
~V.D) for all ele =ents joining a: a bue.dary or on one side of the cut
kre employed: co. deter =ine the june:1on reaction. The rigid link

.
'c'ransfor=atica (Sectica IV. A.4) is'~perfor=ed en (p] prior to trans-

Fermation 4:c=-the ele =en: ccordinates (A.1 and A.2) to the syste=

icoordinat e (See:1ca-III..C) and adding :o (P].
- --- - .. ~..

5 Tic. 'D5IDld. NATION OF SEISMIC,AND;0?IRATIONAL FORCES AND MCMENTS

-IM 'resultan: ele =an: end (p] (Section.V.D) and junction (?] (See:icn V.E)
Fesc'tions (forces and-nc=en:s) . fe each of the unit leading condi:1cns =ay

'% ' ticeri= posed, because of, the linear. nature of elastic, s=all defor ations
y Eystems,11 to yield;the-reae:icas for any '=agnitude and direc:icn of
; WeiF=i'c excitation and a=y;ac:ua:cr orientatics with respect to gravitational

Yud irei~s=ic acceleration.
'

' ,G ih B'i~s seis=ic analysis; cc=puter program, the capability is provided for
\/ he Ypecification of-any ver:1 cal gravita:1cnal directica with an associated

hiirirental directicas.

' G-levels for 'each of :he :vo mutually perpendicularC:-level 'and two differen: " ~~~ ~

~ ~

j tie 'Grde~r Engineer =ay; define the vertical. gravitational direc:ica by speci-
) j'yfng to the SEISMIC.4:cc=puter p cgrs= a clue; either X-I'?, Y-UP, 2-U?, or

~

y

i 3XI:.' (along with the. vertically devnvard vector, (V}) . Ano:her clue =ay be
_

We'd to ' define one hori ental. direc:1cn, (31}, (the other hori: ental direc-

Vfo~n D2} is sucuallyj perpendi.cular). "

i ~'i'he 'cW responding seisnic_ directicus and their iec:or ce=conen:s vi:h respect-
4

' o the sys:e= coordina:as for.:7pical specifications are shews in Figure VI-1.s

[Th~eresultantreactionsontheele=en ends or june:icus for the operational4 T

.i -1 cad ~-is a superposition of. :he four:h colu=n of (p] or (?] with some linear
T6=bi=a:1cn of the first.three rows.cor esponding to the acceleration of.

, ^piavfey-in the (V}_direc:icn,.:o_ account._for deadweight.
,

._ _

'

;i

i
!
t

I
'

1
_ _ . _ .

2 _:gefer to References: co Section X.
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VII. Dr..:..dINA!!CN OF S~'RESSES

The stress analysis of the ac:uator-valve asse=bly is carried out for the
locatiens specified by :he engineer. All straight and curved bea= ele =ent
ends =ay be selected. All bolted joints connecting one sec:1on Oc another
or to the body =ay be selected. ~he portion of the strue:ure on ei:her side
of a bolted joint is represented by a plane designation. The plane being
defi. ed for the ends of the ele =ents that load the joint (refer to Figure
VII-l .or :ypical loca:1ons where s:resses are ce=pu:ed) . Tne numerical
designa: ions ref er :o subsec: ions in Section VII that f ollcw. A detailed
explanacion of the =ethods for deter =ining the stress c =ponen:s is presen:ed
i= each particular see:1cn.

In general, the stresses a: these locations are arrived at in the folleving
=a=cer. The ele =ent end and junction reac: ions for :he seis=ic and oper-
acional leads were calcula:ed as described in See:1on 72.

hor =al and shear stress c:=ponents for each of these four independent lead-
ing conditiens are ce=puted in accordance with the procedures in :he fol-
leving subsections. T e seis=ic nor=al and shear stress ce=penen:s de-

en specifica:1ces are c:=bined in any of three ways: direct
pending ub (Square Rect of :he Su= of :he Scuares), or the su= of the#_ su=, SRSS
absolu:e values. Each ce=bined seis=ic nor al and shear s:ress ce=ponen:

"d I~ is ei:her added to, or sub:rac:ed fr:=, the operational stress c:=ponent,
,

whichever yields the c:=bined c =ponent with the larger =agni:ude. Either

the =axi=u= absolute prin:1 pal s:ress, 7 ax, or the =axi=u= stress intensity,
S=ax, U is then ce=puted (Equations VII-1 :hrough 5) in accordance :o
specifica:1:ns.

(c/2)2 + (:): (ytr_1)r -

max, 3

(a/2) + r_ (VII-2)e =
p
=ax

(a/2) - r. (VII-3)e =
p

largest of 2 r.ax, or ic, - ces. n) (VII-4)S =
::axmax,

largest of cp or (cP m ! (VII-5)? ax =
,

!
'

*** l' - Refer to References in Section I...
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where c is :he surface fiber s:ress at a pois: en beas or the average

|
axial s tress in a bel:,

i
d ; is a shear stress a: a po1== on a beas or the average shear

stress in a bol:,
-

is the -mrdmm shear stress,

o is the =aximum principal stress,p
,

f sax

! is the =ini=us principal stress, vich :he :hird principal0
7
21: stress assu=ed zer: (bea= surface point or average thr: ugh

bol ) .'

4

P ax or. 5 .ax, desigza:ed the ":o:al" seress is c pared agains: :he appr:pria:e
stress 1* d- '- Cec 10: VIII of this standard.

'.. i

~ I VII.A 3eas 5::ess Ocepu:ation

The end fc::e and =c=ent eac:10:s far each af :he four indapenden:
i lead ccedi: ices c = prise each colu== of (p], derived in See:1cn '7.D

- and transfor:ed 1: See:1e VI,

p, ,
.

Q y1(1)

F (II2

F (1)1 '

3

3;(1)

x2(1)
; o

'3 (1)l

+:? } (;I:.A-;)3
< ) =

i -) ritz)
:
t

F (2)j f
-

2,

7 (2)"3

,

? Mg(2)
4

k
,

i

|j x2(2)
-

I i 3 (2)3
. .

'.g where F(j) i = 1, 2, 3 and j = 1, 2 are :he reaction fotees in the! - 4

eleme :, i direc:1cn for and j of :he bea=, and^

p{T.

\
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0)
, M are the reactica =cren:s.

L<

i
(p} represents any <:olu=n of [?] .

In the following subsections, the beam stress-reaction relatiens are
presented vi:h a ske:ch cf the reactica sign conven: ions 'Fi g .:r es,
VII-2 and VII-4).

A both ends of the bea=, at several selected poin:s en the cross-

! section, a surface fiber stress, r, and a shear s:ress, r, is cceputed.
e and : are then iner:duced in:o equations VII-l to 5 for :he ec=pu-
cation of the ":stal" s:ress at each point.

71I.A.1 Straigh: 3eas Stress

The end reacticus as, described in Section 7!!. A are aligned
with the ele =ent coordinates as shewn in Figure VII-2.

4

o

F(!) F(2)i i

M (1) M (2)!
1-

e 3 8 8
i )
! /\
t

_ (1) -(2) | \|
'i F (1) - r3 r2 ~ | I

- (2)
',

3 ; 2 3
i i i

$I (2 |
'y J 2)

(I) (I) s

!,, 1
t

I, M2 @ M3 M2

JOINT AT END I JOINT AT END 2''

Figure VII-2
,

.

The stress at any poin: on the cr:ss section, at either
* end, =ay be deter =ined frc= :he forces , F , F , F , and the1 2 3,

| =c=ents, M . M , M , (sup erscrip t (1) or (2) denoting end,t 2 3

j vill be esi::ed in :he folleving text), :he cross-sectional pro-

t perties for the end, A, I , I;, I , the bending stresst 3

coefficients, C , C , and :he :crsional shear stress
1 3

coefficien:s, C, as described in Table !!!-2 and
;

Figure III-3.

Thus, the fiber s:ress!5 13
.

in
_ 2 1,/!, - C.M /I2) (VII. A 1-1)e = + (F /A - C.2: . .3. .

tU)t
*

I - Refer to Ref erences in Sec:icn X.
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The shear stress nay be vri: en, conservatively, assering

} that the :orsional shearl acts in the sa=e direc:1cn as
the ::ansverse ce=penen of shear and the ::ansversa con-'

ponent, which is :ere en :he outer surfaces, is taken as
') an average acress :he see:1on:

i
(E )2 + (7 )2/A] (VII . A .1-2 )[|(CM /I ) | + 3

s T" 1 32 2

In the above equations, :he - si;;n is e= ployed for end one
of the ele =e=: and the - sign for end 2.

For s:andard secticus (Figures III-2) A, I , I , I , andt 2 3

sets of C , C , and C are deter =ined in the SEISMIC '. c:=-
t 3

puter pr:grz: frc :he input para =e:ers described in
Table III-1.I1 S e coefficien:s for the stress peines
are chosen at ex:rene fibers an:i near points at. which-

the largest inscribed circle ::uches the beundarj. For
:he standard secticas, points, indicated by encircled
nu=bers, are sh .ra en Figures VII-3. No:e cha: Ct = x1
and C3 = x3

For constandard cross-sec:1:ns C, C1 and C3 are entered
directly along vi:h the other secti'en properties (Table
III-2).
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VII.A.2 Curved 3ean Stress

The end reactions as described in Section VII. A are:
aligned vi:h de elenen: end coordinates as shewn in

1

f
Figure VII-4

t

V i
i
L
i
,

3- . duto
iF

1 3
gIoe

l JOINT AT END I R (23 (2)
IO {l Ik,'

M(3 u[(r}
p

,. 2 >

1 *

F(,)2,

{ \
F(2)i ie ~

N 2,;,,.

N4 s

fCy % g2)' - -

. .
;

h
d ' JOINT AT END 22

!!
If Figure VII-4

I. !
[

The stress a: any point en the cross-sec: ice, at either.

p end, nay be de:arnined fre= the for:ss, F , ?:, F and the
1 3

ac=en:s, M , M:, M , the cross-sec:1cn proper:tes for thet 3f t and I , the bending stress coefficients , C ,end, A, I, I 3 1-

C , the eersional shear s:ress coeffi:1en:, C, and :he
[ 2
j radius :o :he centr:td, R, as described in Tab * e III-3.

4 and Figure II!-4

The fiber stress 5 (3:
i

3 + M /R)/A - C RM /[Z(R - C )] + C M /I } (VII . A . 2-1)e = 1 {(F 2 I 2 1 21 l

The shear stress =ay be wrt::en, using the sane conserva-
- tive assu=ptices as in the developnent of equatica VII.A.1-2.

= i ( |(cM /I ) { -/(? )2 - (7 )2/A1 (VII.A.2-2): 3 3 t 2

A
!, ) ( - ?efer :o Refarences in See:ica I.
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where the ' sign is e= ployed for end one of the ele =ent and
the - sign for end 2.

For standard sections (?igures III-2), A, 2, I , I3 and setst
of C , C2 and C are deter =ined in :he SEIS!!IC a ce=putert
pecgra::: in the same manner as for the straight standard crass-
seccions,ll Figures VII-3.

j Eacause of the dif ference in ccordinate sys:e=s, (xt, x2. X3)
' for a curved ele =ent corresponds to (xt, -x3, -x2) for a

straigh: element (ce: para Figures IV-1 and IV-2) . Taerefore , for
a curved ale en: Ct.- xi and C = x3 in 71gures VII-3. 7er

;

; ccustandard cross sec:iens, C, Ci and C2 are entered direc:ly
with the c:her section proper:1es (Table III-3).'

18
1 VII.3 3ol:ed Jcist Stresses
\

{
The junction reactions, [?}, described in See:icu V.E and transfer ed

j go yield three independent seis=ic loads and the operacional lead in-
I ciuding deadveigh: as described in Sectica VI, are the basis f:: ce=-

,

5 I putati:n of bol: Jcia: loads and stresses. Each of :he fcur independ-
I ~,- est eclumns of [?], designated {?}, has force aci =c=ent cc=penents in

I g) the sys:e= cecrdinate direc:1:ns X, Y and Z.
\. -

'y
,

) '
1 x
,

k 7
7i

*!
7* ) (VII.3-1)(P} =4
M
'x

g,
"J M

7
t
* M

z
, ,

.:

h (P} is transfor=ed :o the bel configuratica c: ordinate systas de-
{V } and (V } , and then shif tedfined by specified vectars, {vt}, 2 3

1 go the reference center of the configuratica by :he specified,

{
coordinates TSE and ZSE, described in Table III.0-a and Figures
IILD-4.

(vg} is parallel :: the bol: axes in the direc:ica teward the ele =ents
used to define :he juncti n reactions (Section V.E) .

The transfor:ed lead in the bol: configuration coordinate syste= is
designated (3):'

g
, i

U f __ ___
5 , 13 - Refer :o Refayences i_a See:icn X.

i
I
(
,%.
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_2 ,

.

, ,
,
-1

f2
* s
| {5) =<~3> (VII,3-2)
* mt
.

m2

m3
f

.

where ft (i = 1, 2, 3) are the ferees acting at :he reference center of
the configuration in the Vi directica, and =i are the sc=en:s.

f . f . 31 sill be used em ce=pu:e two average shear stress cc=-2 3

and T3, and f , s2 23 vill be used to cc=pute averageponents :: t
axial stress, c.

T2 and T3 are shear stress ce=penents in the V: and V3 direc:1cns.
These shear ce=penents for each independent seis=ic lead and :he
opera:1cnal lead will be conbined in the stecified canner (Sectica VII).

,

Af ter cenbina:1ca, a single shear stress, ;, will be conputed,
which, along w1:h c, will be increduced in:o equatiens VII-l :c 3

9j, for cenpu:atien of ":ctal" s:ress in each bel::

;=3 ( 2)2 + (;3)2 (VII.3- 3)
;

I=plici: in :he ec=putatica of :: and 3 is the conse:-tative assurp-'

,

tice : hat the shearing forces are resisted by the bol:s and no: by
frie:1ca be: ween the flanges. -

*

In the folleving Sections v!I.3.1 and VII.3.2, :he s:resses e and
'' for each bol: in the configura:1cn will be ec=cuted so that there
,

is equilibrius with the lead (3} and flange reac:icas.
.

I

s

t

1
:

!
,

t

/

f k *

(/ 3_

__

V

1

9
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VII.3.1 Bolt Circle

The forces and =ccen:s on the bol circle configura:ica
consisting of N bol:s nay be depic:ed as in Figure VII-5.

f3
1

@ | Sm3
#SO LT 2D

A '
SOLT" I

.

V2
~

4 l

Co 1
"V *f 24 ; 2[,_ '

4
'

GENERAL( | OlRECTICNS
h m2

Y #SOLT N

I:
'

V

Ifl
| W|-

.

1
|

0 S
I _rrT1 *' rr T1

[ h O hhfz8k's's's' b id '

"f 2
r/ -

fj //MXer, /
e '

//.

.

I

Figure V!!-3
30L7 CIRCLE
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1

The specified parame:ers for the bolt circle, N, 33,

D and A are described in Table III-4 and Figure I!!-5(b).
3

The angular location, $4, in degrees, for :he 1:h bol:,

f (i = 1, 2, 3, ...N), is?<

6 $g = 360(i. - 1)/N + o (VII.B.1-1)

Y The inplane forces, f . f , vill be assu=ed to be distri-2 3y bu:ed unifor:ly :o each belt. In addition, :he tvis:ingt

I coment, st, will be equilibra:ad by equal tangential shear
f forces vi:h c:=ponents in the (V:) and (V ) direc: ions.3

(
1 '

3 Thus,
't

V,(1) (f . sin c (2=t)/D)/N (VII . 3.1-2)= 2 i2

?

I
b v(1) - (f3 Acos s (:=t)/D)/N (VII . 3.1- 3 )
T, . g3
1 i,

The average :ctal shear stress componen:s on the ith bol:I ,,I,
are thus,

(i' ns''(\
!

r t .= -7,(1) /A. (VII . 3.1-a)
-2 o

*

i
n

T2 .= V,(1) /A. (VII.3.1-5)*I
:
) y! - ~3 o

s'
ii vhere D is :he bol,: circle dia e:er, and
i1
e!
!- A. is :he roo: area of each bol:

o

f , and bending =ceen:s, =2, =3, will bej The axial force, t
assumed to be in eq"''''-du vi:h the bol; axial forces,

. .

thus, :he axial f orce in the ich bol: is:j
.

A(1) = [ft + (4/D)(=2 sin 0 n3 ces o )]/N (VII . 3.1-6)'' -

i

! 4 It can be shown that for a: least thres evenly spaced
)
!

bol:s (i.e., N = 3),
i s

9'

I A(1) = f (VII . 3.1- 7)t
i=1j

i ,,
#

\ . j'
l

.,

i

$

t
i,

<



. . . .. ... .

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

ENGINEERING STAND ARD " IS u7 |A
SEISMIC ANALYSIS OF ROTARY VALVE M I ^ / # / ~'~

,

s ASSEM3 LIES FOR NUCT EAR SERVICE AM D @,1 | n . i t, 7 7
s

( ) AfALL'CWM. ICWA PAGE 35 GF
s .

| | | !*.. |
~-

| | | | | |

5

E A(1) (7 sin 4 ) = m2 (VII 3 1-8)D

i=1
.

N
}IA ces 4 ) = m3 (VII . 3.1-9 )

i=1

The average axial stress for :he ich bolt is, thus,

c=A /A (VII . S .1-10)
b

For the opera:icnal lesding conditics a gasket ferce,
F , c.ay be specified which adds to the axial force. Thisg
total, if positive, is used := cc:putr the axial stress
for each bol: under cperational c=nd'_tions ; if negative,

a for those bol:s with A(i)ges react in ce=pression andit is assu=ed tha: the fJan
- F /N < 0 is assu=ed :ero.g

= A(1) + (F /N)/A. (VII.3.1-11)o opera tiona., g o,s
| T
! 1

L./ V11.2 7 Holi.ed Joint Lag Configura:ica

1 A co _.only used bolted connec:ics between ec=penents in
an actuator-valve asse=bly is desig .ated a leg Configur-
ation with a single line of N evenly spaced bolts on a
rectangular, nearly inelas:ic pad. Figure VII-6 depicts
a typical configura:1cn with :he forces and =ccents acting.

The specified para =e:ers for this configuration, N, S, ~:3,
ZT, YO, YE and A3 are described in Table III-4 and Fig-
ure III-5(c) .

,

;
The dis tance, V, fren the reference cen:er to the 1:h bol:

j
; (i = 1, 2, . . 3) in the V3 direction is:

' a

|
| V(1) !(N + 1 - 1 - 21)/(2(3 - 1)) (VII . 3. 2-1) ,-

3,

I

The inplane forces, f , f , are assu=ed to be dis:ribu:ed3

unifor=1y to each bol:. In additioc, the tvis:1:g eccen:,
st, is assumed Oc be distribu:ed as shear forces, V.$i) in' ,

the V direction en each bolt, which are proportional to
Vji)2.

V(i) = si (N-1-21)g (VII.S.2-2)

! .9
f

,

i
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vich,

C = 6/ (S N- (N * 1)) (VII.B.2-3)g

h' It eat be shown :ha: :hese shear forces do indeed equili-
brate with the :visting =ocent.

L

~ N
I V(i) V(1) = st (VII. B. 2-l.)%

3
1 m

i=1
i

Thus, the shear forces en the ith bolt in the 73 and 73
,

4 directicas are:
.

I V(1) = f /N V(i) (VII.3.2-5)i f2 32
,#

t
. 5 v(1) = f /N (VII.3.2-6)3f3i.
I1 and the average :etal shear stress co=ponents on the ich

i bolt is:
1 -

f;(J'9 T2 = V / A. (VII . B . 2-7)
:s -2 =

,

{ T3 = V(1)/A. (VII.3.2-8)
f3 o,

i

* where A. is the ::o: area of each bols.r

;| 0

{! The axial force, f , and bending nonene, s3, is assu=edt
It to be reacted by a total load, i ', for all the bol:s andt
j! a contact reac:ica at either the inside or cu side pivo:

! ~ edges (Figure VII-6). Both possible pivo: edges are

; postulated; the One that yields tension for :he bol: load
and the s a lles: ce=oressics through the pivo: reacti:n is4

i selected.
i
2

' 8 For contact on inside edge i

I.
i'=ft + m3/TZ (VII.3.2-8).g t

i For contac: en cu: side edge
:

{ f' =ft - n3/To (VII.B.2-9)i

r

#
t,

.

ACg$.

.

.

-1
.i

^

i
_
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! Tot :, contact which i=plias =3 = 0

(VII.3.2-10)f'=fi1

For the condi:icn that neither postulated centac: edge
yields bol: tensien

f'=0 (VII.B.2 ll)
i,

I

j Next, it' and =2 will be assu=ed to be reacted by indivi-
! dual atal loads in each belt, Afi) , and a pivo: ranc:ica

about ei:her the ::p or boc::s edges (Figur- VII-6) de-'

pending upcc the sense of n2-;

.

If :: =0
'

A(*) = f '/N (VII .3. 2-12)
*

i

,

If m2 * O (Fivo: abou :cp edge)

!f .
A(*) = [ f ' (S/2 - :I) - =1]IS CN - 1)/(N-1) + Z31/C (VII . 3. 2-13)

*

t 3

: t

':fy .

( T where
K.,/ 2

^
2

C = N {S (N ' il + (S/2 + 23) ] (VII.3.2-14)
3 12(N - 1)

! If n2 > 0 (Five: abou: bot:en edge)
i

|' A(*~) = [ f ' (S/ 2 + I' ) - :: ] [ S (i - 1) / (N - 1) + T] /C (VII.3.2-15)t 7

where
2 ,

C,. = N (S (N t) - (5 / 2 -- ZT)'] (VII . 3. 2-16 )-

.2 (h. - 1),
.

for which f , n2 3, may reverseFor the seis=ic 1 cads, t
4all together in sign, equations *.~.I.3. 2-8 :hrcush 2-16 ,

are reevalus:ed yielding anc:her set of axial loads, A *)k7;
'

.

for each bol:; the largest value fer each bel: is retained
e

i and then the average axial bolt s:: ass is :a' en as:t
.. t

e A(**)/A (VII . 3. 2-17)
b

,.

VII.3.3 Sol:ed Jetn: Pad Configuracien

}
The bel:ed c nnec:1:n between cenpenen:s in an ac:uater-

, valve assenbly :ha: :=nsis:s of a nearly inelastic rec-*

,p
s
%.,

i i
e i
k

'

f
' !,

f
f

M. r a. >a
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: angular pad with two parallel lines, each with N evenly
spaced, bolts, is designated a pad configuration. Fig-
ure VII-7 depicts such a configura:1cn with forces and

( mesents ac:ing.

~he specified para =eters for this configuration, N S,
Z3, ZT, TO, YE and Ab are described in Table III-4 and

; ; Figure III-5(d)

s
;Ihe 1cca:1on of :h N :h he':d , say be vri::en in cer=s of

d
1

the ccordina:es, V , V! in :he plane parallel :o

4 vectors, (V:}, (V }, respectively.2,

4

: For 1 1 1 1 N

I Vfi} = T0/2 (VII .E . 3-1)
:

I',

if V = S (N + 1 - 21) / (2 (N - 1)) (VII . 3. 3-2)
;i k
~' For N + 11112N

*

V(1) = -TO/2 (VII . 3. 3-3 ); 2
.1:

i
1 V(i) = S(3N e 1 - 21)/(2(N-1)) (VII . 3. 3-4)

'

. 3I

kj and the dis:anca is:
! i

(Vfi))2 , (y{i)): (VII .3. 3-5)k d =,g
:
I
! The inplane forces, f . f , are assu=ed :o be distributed! 2 3
8 unifor=ly en each of the 2N bolts. In adeitior, the :vis -

ing :::ent, st, is assu=ed :c be distributed as tangen:1 ally i'

| ,j,
actingshearforces,V[i) pr:,portional to the distance, d ,, i
frem the reference center of the bol: pattern.'

'

j V,(1) - =t d / '2N C ) (VII.3.3-6)t 3
ii

| i!
| '!
t >,

*

s I
i

| ',
,

:,

4,

;; -
2- e

g

\ ~ ,. - . - - .- ,n .
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vhere:

c = 1/[(Y0/2): + s2 (3 u t)/ (1:(3 . t)) j (vrr,3,3_7)
3

It can be shewn that these shear forces ,do equilibrate
with the tvis:ing moment:

2N
I v(f) d (VII . 3. 3-9)m i ==t

i= 1

Taking the c:=penents of V(1) in :he 72 and 73 direc:1ces3
and adding to the shear devel: ped by f2 and f3 yields the two
shear for:e cc=ponents on each of :he i bol:s.

7,(i) = (f: - c v3(i) st)/(2:n (VII.3.3-9)y
2 -

3 * Q V(i) 31)/(23)V(1) = (f 2 (VII.3.3-10)q

{ and the average Octal shear stress c:=ponents on the
ich belt are:

} /A- (VII.3.3-il)r2 "7
o

= V,(1)/A (VI! . 3. 3-12 )l r3 -3 0

where A. is the root area of each bol:.
i

3
|

The axial force, f , and the bending =c=ent, s3, ist
assured to be reac ed by :c:al leads on the inside ::w
of bol:s (1 :o N) fi >! , the cu: side ::v of bel:s
(N + 1 :o 23), f[0),'and ei:her a reaction on :he inside
or outside pivo: edges (?igure 71I-7).

Various pivoting nechanis=s may be postulated. For fg
> 0 and s3 = 0, no pivoting abou: the V3 axis occurs.

f g(I) = f(o) = f /2 (VII . 3. 3-13)f

t t

For m3 > 0, pivoting is on :he inside edge

f(I) = YE T (VII . 3. 3-l!.)t 7

f f ) = (YZ A YO) ! (VII . 3. 3- 13 )

$

- -



V _..l. .
_

-...-_n.-...-... .. . . _ _ _ . . . - - . . -- -.

- ENGINEERING STAND ARD l"iS1:7 |U
-

^

1.. y e =
">r.pld &= %

-

~- +

As JEIS: TIC ANALYSIS OF ROTARY VALVE si ' 6.. | '' 7 '. . ' 'o
- 4

\ q' r_ ASSDi3 LIES FOR NUCLEAR SERVICI AMa@.9.]q.n.-?*

- _ plt.TCWPL | CWA PAag I.2 QF
~ ~ ~ ~

| | | | | | | | | | |"' M H |4 *-7F
,

where:

.Y ,= .( (.f /_2)(Yo + YE) + m3 ]/( (YE) 2 (yg 70)2 ] (vII.3.3-16).

.1 .t.

Joe;ss < 0, pivoting is on the outside edge:

f g(I) = (YE + YO) Y IvII'3*3~17}O

.ff = YE Y
O

yhar_e:

.o .= ((f /2)(Yo - 2 YE) - m31/((YE)2 . (yg 70)23 (ytt,3,3 13).Y4 .t

-Ior ft 1 o and =3 = 0, : hen ft is assumed resc:ed entirely
py 3he~ vo con:ac: edges:

F(I) -- f(c) = 0 (VII . 3. 3-19 )t i

f(I) aed i(o) are assu=ed :o unifor:ly load in the axial
i t

j fi act,ien each bolt in :he respec:ive ::ws, : bus,

A(i) = f(I)/N 1 1 1 1 N
'- -

t
c i.

A)-

ff#)/N N + 1 1 1 1 2N (VII .3. 3-20 )> =

i
(

', ,Uext, an addi:icnal load, A(1) , on each bol: caused by 2:
^

} is cc=pu:ed based en :he assu-p: ion of pivoting abec:-

either tr.e ::p or bo:::= edge (Figure VII-7) depending upon,

th. e_ s_ e. n. s e ci =.~ .,i s
.

,

.!

| If =2 =04

.
,

! I
' '

A(1) = A(* ' 'I) = 0 1111N (VII . 3. 3-21)
=*A '

,|
..

I 1
; If m2 > 0 (Pivo: abou: bo:::s edge)

1

$! h* (m2/2)((S(N - 1)/(N - 1) ' Z3]/C 1111N (M I.3.3-22)= =
3

|
i hV *E*;

| C = ;i[(S/2 + 23)2 3 2 (N + 1)/(12(N - 1))] (VII.3.3-23)
i -3
1 . -

,

.

i,

i
.-. --- . . . . _

-

-4

1
-

-
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If m: <0 (Pivo: abou: tm edge)

A(i) - A(i + N) + (m /2)[S(i - 1)/(N - 1) + ZT]/C. (VII.3.3-24)
- -

. , *

where:
.

C. = N((S/2 +;;T)2 ,$2 (N + 1)/(12(N - 1))} (71I.3.3-25)
6

The tota 1 axial load on the ich bolt is then:3

', A(1) = 3(1) + X(1) for 1 1 1 1 2N (VII.3.3-26),

i

l For seis=ic loads for which !:, m:, =3, =ay reverse all
toge:hef ~1n sign, equa: ions VII.3.3-13 through 3-26, are
reevaluated yielcing another se: of axial loads, A(1), for

~

e.ach tol:; :he larges: value for each bol: is retained,
,

then the j erge bol: stress nay be :aken as:
~

i-

i. p p .A(1)/A (VII.3.3-27)3

.,

( ) VIII. ACCI?TANCI CRI~IIIA
v

If the purchaser's desig= specifica:ica does not include accep:ance cri:eria
or if the acceptance criteria are ince=ple:e, this section vill be used to

; de:er=ine :he accep:2, bili:7 of :he equip =en:.
,

VIII.A. Tressure Retaining $_tructures

|
t Table VIII.A.-l

i

Valve Section Stress
Classifica:ics Analyzed Limits 1'O'3'"'5'i

- . . - . .

(e or :L) ' ob i 1.55Bonnet m,

. I

I cs < 0.65
i,

I
~

2 25i Active Solting e <

,i
i
,

!

| 3cnnet (e or et) e ob 5 Sym
|
' en 1 c.6Sy
em

f / Non-ac:ive Bolting rm1 2S
:

,.

-

m

~ %"''f De2
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, VIII.A. Pressure Retaining E es (cen:inued)
f o Table VIII.A.-l
I
'

l. The symbols are d'efind as follows:

em - general sembrane acress. This stress is equal.:o :he average stress
across the solid sec: ion under consideration, excludes discontinuities
and concentrations and is produced only by =echanical loads.

i et, - local sesbrane stress. This stress is the sa=e as es except that
it includes the effect of discontinuities.,

eb - bending stress. This s::ess is equal to :he linear varfing por: ion
of the stress across the solid section under consideration, excludes
discontinui:1es and concentrations, and is produced only by =echanical
loads.

| es - shear s: ess. ~his s:ress is the average pri=ary shes: s:ress
'

across a sec: ion loaded in pure shear.

Sy - yield strength,
t /'

S - stress intensity for Class i valves or :he allevable striss for ClassfO 2 and 3 valves taken from Appendix 1 to Section III..Q
2. The stress lini: for cast iron, ASTM A48 Class 30, is 15000 psi for all

cases.

g 3. For the purposes of selac ing the appropria:e nacerial properties and
) stress li=1:s the ac:uator yoke, the yoke locknut or actuator-to-bonnet

bolting shall be assu=ed to be at a= bien: temperaeure while the bonnet,i
* and the bonnet-to-body bol:ing shall be assu=ed to be at :he service

temperature.

J|
4 The value for S for =a:erials not lis:ed in Appendix ! to Section III

shall be deter =ined in the folleving nancer:

For Class 1 valves the lesser of:
,

1/3 of the =ini=us specified tensile streng:h
,, , or
..,| 2/3 of the =ini=um specified yield strength.

'
4

For Class 2 and 3 valves the lesser of:
,a:
;5 1/4 of the mini =us specified tensile strength
}! or

,}| 5/8 of the sini=us specified yield s::eng:h.

1 These values shall be selec:ed for :he appropria:e :emperature as,
') J specified in note 4

}
4,
e .

.

.e

_ _ _.
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5. A cas:ing quali:y fac::: of 1.0 shall be assu=ed in sa:isfying hese
li=1:s f:: Class 2 and 3 valves.

6. For bol:ed join:s :he bol: pres::ess is assu=ed :o be equal :s 25.
The bol: vill no: he considared evers: essed un:i1 :he bel: s::ess

,

exceeds the bel: pres : ass.
1

VIII.3. Non- : essure Re:aining S::ne:ures

For non-pressure re:aining s:Tue:ures :he stress lisi: vill no: exceed i
90% of the specified =ini=u yield s:reng:h of :he sa:eri:1.

.

>

:
t

.Lm...S...,. 0 .... S.A ,h,3I, u ... . .a.a . .s..

!

Revisions :: :his standard zus: he app::ved by :he Oire:::: Of Ivaluaci:n [i Analysis ' -

i-

?s X. RITERCCES
| i
; /
'~# (1) Ren k and Young, " Formulas for 3:ress and 9:: sin," Ch..n:a 9 (::::e- ,

spends to P.). j,
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MAT. DESCRI?! ION TOUNG'S FOISSON'S MASS * ALLONASLE
No. MOD /10(6) RATIO DENS /10(-4) STRESS /10(3)

1 SAMPLE MATERIAL 31.415 0.0 0.0 27.000
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Attachment 12 - Material Properties Data for Ethylene-
Propylene Elastomers
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Sebei,mg ciastomaric seals i
. . ,

r nuclear SerVICO !"

r-.

ompression set tests have proved more reliable than p-

tensile tests in the selection of elastomer compounds
'

f r use as seals in a nuclear environment

By ROBERT BARBARIN, Parker Hannifin CorplSeal Group

in the earfy 1960s, the primary test Typic.z.I applicatictn for elastomeric tests are frequently omitted as con-
used in selecting elastomers for seals in and arcund nuclear reactors temporary entaria for nuclear seal
re:ctrr seals was a tensile test cen- incluce the static seals in pressur- compound selsetion.
ducted on unstressed slaos of the ized conduits containing radioactive

Of the three major types of radiationcompounds after they had been sub- f|uids, and the dynamic seals in from nuclear fission, only gammajected to irradiation. These standard structural hydraulic snubbers. rays are normally considered atests bad the unfortunate ability to Mazard to elastomer seals that arem:kJ compounds look very appeal- Compression set
completely anc!osed ,n conventionaliing t3 the nuclear engineer while Compression set may be defined as
metal grcoves. Alpha and beta rayscompletely failing the primary re- the percent by whicn a seal fails to are effectrvely stopped by than metalquirements of seal engineers. To- return to its criginal dimensicn after
carriers. Gan aa rays, however,d:y, a test has been developed compression, expressed as a per-

which promises to satisfy the cent of its de!!ection. This loss c; easily perietrate the typical elasto-
d: mand. of both engineers. This is a dimensional memory is due to menc seal gland,s and cause cume

!ative changes in the compounds
test to determine the compressicn changes in the elastomer's arrange-
set Of seals which are simultaneous- ment and density of molecular (see Tacle 1).
ly squeezed (as they would be when cross-links. As the change in cross- All elastomers tested to date have
insta!!:d) and irraciated (as they linking progresses, the seat will shown excessive compression set at
mCy be when in service) over gradually take en the shape of the 108 rads, yet a number of com-

clonged periods. The new data confining grcows and relax the force pounds showed acceptable com. F
vide criteria by which com- that it exerts on the confining sur- pression set at 10' rads of gamma '-

nds may be selected for long faces. radi.ttien dosage. f
nG, normally requiring replacement ,.

Only during conservatively sened- Since this nonnally occurs before Therefore, no elastomer known to-

uled five-year reactor overhauls. tensile property changes, the tensile <tay should be considered for {
CT;ble 1. Effects of gamma radiation on the principal propettias of elastomenc compounds most of*en considered

f;r seats in and around nuclear reactors. Compression set tests were conducted at room temperave and 25%
deflection, for the number of cays noted, wnde under radianon from cocalt stnps in a.r.

.

;

Generir 3r Radiation Hardness in Tensde Elengaticn Modulus in Tear Compression Set Test
8:se F fmer Dosage in Pts on Shcre Strength in in % @ Psi @ 100% Strer gth Days CS in % of -

(Compound Rads "A'' Sca!e Psi G Break Break Stretch in t/in. Deflec- Original
No) (Pts Chance) (% Chance) (% Change) (% Change) (% Change) ted Deflection

Silicone Onconai 69 807 117 cod 63 93 L6
(S455-70) 107 72 ' r3) 733(-9) 89 (-24) - 63 (0) 93 31.4 -

108 85 (+16) - -- - - 93 90.5

Silicone Originai 66 1010 149 695 70 93 3.8

(S604-70) 107 69 (+3) 1020 (+1) 129 (-13) 833 (+25) 621-11) 93 20.0
109 85 (+19) 939 (-7) 31 (-79) - 29 {-59) 93 92.4

, Ethylene Orsinal 78 1450 213 689 164 93 16.2
Propylene 107 78 (0) 122') (- 16) 176( '7) 740 (+7) 148 (- 1C) 93 46.6
(E515-80) 108 84 (+6) 1030 (-29) 79 (-6-. -- 71 !-57) 93 96.2

Ethylene Original 70 2080 233 554 174 93 6.7
Propylene 107 73 (+3) 2140 (+3) 194 (-17) 808 (+46) 163 (-6) 93 28.6
(E740-70) 108 79 (+3) 1700 (-18) 96 (-59) - 70(-60) 93 90.5

Fluorocarbon Original 75 1510 190 634 128 93 14.7

(V747 75) 107 76 (+1) 1580 ( 4 130 (-32) 1120 (+77) 87 (-32) 93 66.7*

109 88 915) 1180 (-22) 29 f-85) -- 82 (-36) 93 93.3

_ Polyurethane Orqinal 66 3560 582 342 305 56 17.1

42 70) 107 67 (+1) 3570 (0) 491 (-16) 444 (+30) 374 (*22) 56 55.2
108 66(0) 1420 (-60) 201 (-65) -- 146 f-521 56 91.4

Fluoro- Original 68 1050 180 520 72 128 13.3
128 67.6silicone 107 72 (+4) 668 (-36) 97 (-46) - -

- - - - 128 07.1(L677 70) 108 84 (+1r
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cpplicatforr wh;rg 10' rcds dosaga ties aft;r cxposure t] 10' rads. At not be recomm:nded oectus; they
will be O ceeded between scheduled this desig2, two silicon;s, two til t:sted Cut at mIrgin:I or ex-
overhauls. nitrifes rnd on] ethyl na propyf:no cessiv2 compr:ssion s:t. The results

ccmpound exhibit acceptable com- for polyurethar.e are particularlyg
pression set. A second ethylene revealing; the tensile, tear andpsunds frequently considered for propylene compound, as well as modulus tests were either un-nuclear seals, showing their origtnal polyurethane, polyacrylate, fluoro- changed or actually improved by 10'proporties and those same proper-
carbon, and fluorosificone, would rads, but the compression set rose

from approximately 17% to over 55%.

Temperatures and f|ulds
| | Service temperatures and/or fluids

ypqmgwfrww W/w/Z?' M M often degrade an elastomer faster
, p: , WE/ @4. and more severely than gamma, , . ..

a
y (r 9 Y radiation. This is illustrated clearly

| W
I W-0 ' by comparisons cetween Taoles 1y ' , '

i . .'
effects of camma radiation without *

\ and 2. While Table 1 shows tnekN6W ~
.

v;

R
C fluid or temperature influer.ces,

% Compression Set =g X 100 Table 2 shows the effects of fluies
and temperatures frequently en-

1
countered in nuclear reacter en-

I | vironments but without the gamma,
' N A I radiation. It is interesting to r ote

V V V that the polyurethane degradation
/ T! documented in Tab!e 2 was the

[CS=^0%}l' (CS=60%) J

'
,

CS=10% result of temperature, but tnat it

would doubtless have been at-

d tributed to radiation if it had oc-
curred its a reactor.g .

coWned Ns of radadon,
i SEAL. LNG FORCE VS COMPRESSION SET temperature and fluid are seldom a

simple addition of their individual

effects, but are synergistic. How-
. Figure 1. Compressicn set (the percentaea of initial deffection which is ever, knowledge of all three char-

unrecovered when a seat is reieasec) cirectly a'fects tne force tnat a
compression seal can maintain on its seating lines. Th.s factor, which is acM y.cs W each compound .WW
increased by ractation. is a prime critenon for the setection of seals for help in the selection of the best

I reactors. compounds for testing.

Table 2. Effects of fluid immersion in crincip" rea:.ar fruics on polyurethar e and ethyfene propytene
elastcmers consicered for seals in and arcunc nucie:r reacters. Note severe effects cf temperature excursions

,

on properties of polyuretnane compouncs comparec to the propert.es of most ethylene procytenes.

Generic or immers:cn Test Hu:c Harcness in Tensde Elongation Mcculus in volume Compression
Base Polymer immersed 3 hrs @ 340F Pts on Shcre Strengtn in in % @ Psi @ 100% Change Set in % of
(Compound * 3 hrs @ 220F ''A'' Scafe Psi @ Break Breax Stretch in % Original
Noi + 18 hm G 250F (Pts C % al f% cwa) i% Chanm) f % Chaacal ria fiart ia n

Polyurethane Or.ginai crecert:es 95 7240 470 1590
(P4611) G E SF 96 Silicone (200 ds) e9 (-6) 4250 (-41) 537 (+14) 1370 (-14) - 0.8 119.2

GE SF1154 Silicone 89 (-6) 3650 (-50) 550 (+17) 14CO (- 12) - 0.3 cance!!ed
Water 89 (-6) 4680(-35) 576 (+23) 1180 (-26) +2.3 95 5

Polyure:hane Or.ginai oracerties 66 3780 699 350
(P642 70) GE SF 96 Silicone (200 ds) Detericrated - 1.7 cancelled

GE SF1154 Silicone Deteriorated -2.2 cancelled
Water Deterrorated-

Ethylene Originai crope ties 73 2390 177 991
Propylene GE SF 96 Silic:ne (200 ds) 73 (0) 2800 (+17) 207 (+17) 865 (-13) - 1.5 19.9
(E740-75) GE SF1154 Suicone 70 (-3) 2660 (+11) 193 (+12) 800 (-19) +3.0 17.8

Water 74 (+1) 2600 (+9) 182 (+3) 873 (-12) 0.0 14.4
Ethylene Original prccertres 88 2330 146 1230
Propylene GE SF G6 Silicone (200 ds) 91 (+3) 2330 (0) 146 (0) 1500 (+22) - 2.5 44.9
(E652 90) GE SF1154 Sibcone 89 (+1) 2430 (+4) 143 (-2) 1490 (+21) +0.4 cancelled

Wate- 90 (+2) 2450 (+5) 145(-11 1430 (+16) - 1.0 42.0
Ethylene Original prccerties 61 1450 273 279
Propy!ene GE SF 96 Smcone (200 ds) 61 (0) 1680 (+ 16) 317 (+16) 296 (+6) - 4.5 29.6
(E529-65) GE SF1154 Sihcone 50 (-1) 1520 (+5) 279 (+2) 290 (+4) - 2.1 28.4

Water 61 (0) 15901+10) 295 (+9) 276 l-1) - 0.1 29 8
Ethy!ene Origina: crocert:es 74 1610 239 563

. '
Propylene GE SF 96 Sacone 1200 c/s) 72 (-2) 1350 (-16) 2C9 (-13) 578 (+3) - 3.4 25 4
(E692 75) GE SF1154 Sehcone 72 (-2) 1620 (+ 1) 219 (-8) 549 (-2) +0 8 30.5

Wa tar 73(-1) 1100(-32) 171(-281 545 f-3) +0.2 16 7

Powtn ENomumo<cEctueER is77 59
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HIGH TEfCit E
' POLYURETHANE LOW SET

BODY 0, SPRING'

- h
i

i

by a design which compenwu tar pocr compress en set under radration. An 0-ring with susenorFigure 2. ExceHent tensile tear ind modulus procetes cf eclyurethane under radiation may be preservedi

t
compression set can be usec u a spnng to energae a polyurethane seat body with supenor :easde} properties.

Base polymers vs variations
!! can be very misleading to ascribe terials containing fluorine or switerng to the E740-75 ethylene
Cither fluid, temperature cr radiation chlorine. Even if the fluid is com- procyane for reactor service.

patible. and the radiation tolerance'

resistant properties to a r;eneric can ce accepted at 10* rads, such Werk to overhaul periods-

class of elastomers. Variatit,ns in spec'ications as the AEC's RDT Com:cunds that are reccmmendedc:mpounding within the generic
[ ci'ss can cause wide differences in

M11-1T may prohibit their use. for service as seals in reactor en-
properties. Early tests of nitrifes, for Polyurethane takes a rather high viron.mnts should have ample re-
cxample, discouraged their use in compessen set in radadon even ma;rn g life at regu!arly scheduled,

'

)r' actor environments for many though !s unstressed physical over a;.! intervals to permit routkes ,

/ ye:rs. However, later tests of cther properties nold up well at rcom tem- reciacement without stretening theiri

litrile formulations showed that perature after 10' rads. It would net pr:je: ed life. Many engineers who
their ccmpression set properties be a preferred material for 0-nngs incwre acout seals ask for 20 to 40

~

were among the best when sub- cr other ccmpression type seals. It years u service even thougn shut-
jected to gamma radiation. probably would serve well m an O- gewf. rd overhaul is scheduled at S-

ring energced Is,p seal, however, if or C rear intervals.
Ethylene propylene is a case in the O-ring is raciation-resistant (see Destg"rs working with elastomericpoint. The standard Parker E515-80 Figure 2), or in lip type seats that are seats rust learn to work to the over-c:mpound (see Tables 1 and 2) ce. activated entirely by continucus hautpeds and n t to the reacterveloped nearly twice the compres. fluid pressure.
si:n set and lost significant!y more life. em then, it is important to test

While pol vrethane compounds are elasteners under the ccmbined de-tnnsile and tear strength than E740- i
ra factors anticipa!ec for75-another ethylene propylene not genera!!y recommended for use

fa"-* '~* - tlication to earn a high con-compound. The E740-75 material in water fluids, it should be pointed
g;e

ha compression set charactenstics out that the racid' deterioration of ~

Cmilar to the silicones and nitriles the P4611 and F642-70 compounds No brket recommendation can
tested and also has much better reported m Table 2 was due pri- logim te made for the one best
resistance than the latter to water marily to temperature, seal c0"cound for nuclear reactor 3
and silicone fluids commonly used Nitrile compounds' resistance to or r:c -%ctear applications. Whde
in reactors. .he E'40-75 ethylene propylenegamma radiation van,es greatly, de- .

pending on the specific formu- comp =d exhibits the best ccm-
Silicones are deceptive in that they lation. Thus far, N674-70 and N741- binate. cf radiation, fluid and tem-
show excellent compression set 75 are unique in their ability to peraru9 tolerance of all the known
characteristics under radiation, but tolerate 10' rads with little compres- ,on 9, ers for reactor seats, even,

show poor resistance to water and sion set. These two fermulations, thrs emi!ent compound should bc
the silicone fluids. This severely therefore, may become quite useful evah a 2: under the combined con-
limits their usefulness in reactors. in some nuc5 ear acplications. Even cinces f:r the specific application.
Fluorcelastomers (fluorocarbons these formu'ations, however, could Tonsos tests alone cannct predic!
End fluorosilicones) haic long been not be recommended for long-term etast:Ws response to radiation

equited by many engineers with use if the sealed fluid were hot air or envirc snts. This may not only
th] best available" primarily other chtical fluid / temperature ccm- lead a43/ frcm the optimum mate-
'cTuse of their outstandmg tem- binadens* rial, be may lead to a compcund

that dwetops excessive compres-erature range. Not only do test Polyacrylates are like polyurethanes sicr seletriy in its exposure to gam-risults contradict this optimism, in that they have a low tolerance for rna raccon. ENDwith neither recommended for more
th1n 10' rads, but fluoroetastomers water, especially at higher tempera-

t;nd to degrade rapidly in water or tures, while being quite compatit;!e
witn sdicone fluids up to 350 F. Theirst:am. Also, some reactor specife- n a dmecompression set prcperties underctions fcrbid the use of any ma- radiation usuaHy would sur;g%t circle n: en neader Sernce CardL
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TABLE M.4-4

HARSH ENVIROt31DIT 2ONE t!4 - BOU'7 DING '

ENVIRotmD;TAL CO!DITIONS IN THE REACTOR BUILDING '.

.

Temperature ('FJ 145-134 134-128 128-115 115-111 111-110.5
<9 .

Pressure (i n . if. G .) -0.25 ' 0.25 -0.25 -0.25 -0.25
-

-

Relative Hunidity (%) 95 95-75 75-30 30-
'

30-

Duration (days) 0-1, 1-3 3-13 13-29 38-100
Radiation (See Figure h5.4-3) :

*

.

-
' .

Sub2cne H4A - -
,

llore than 20 feet frc outer edge of SGT5 charecal filter -,

1 x 10 rads (garcna integrated)

6iittN%:w n & s: Q@ h'
~

W

bb- h 'I EEkI _ d dMMEhn f r y :[M eGhg y g. g$ .[%s q;h kqu?'ye

O! D +
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.(si g wMyg; a?:in t 2 4 M k tf2 1'd :; & w$ = i;7n = p W ". w w $ ~ &.

-WMh.%.9%M'; hgg;M. 'W& f,g: a. s-iK6p
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Note: --

Te per2.ture and relative hu;:idity change linearly over the einedur tion to the next value.
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TABLE M.4-13 .

EAP.S.*-! E'TVIRONME7 CONE H6 - SE* NICE CONDITIONS

IN THE REACTOR BUILDING (GDIERAL ACCESSISLI AREAS)

.

DUPATION
RELATIVE NO. OF DAYS '

,. . . ,~. TEMPERATUP2 hTIIDITI IN 40 YEARS
_ (*F) (%) PLANT LIFE-

100 49 3-

'

98 49 57 .

96 ' - 48 . 19,7

94 de 234,
.

,

92' 48 355
.

90 48 -3291

( 85 42 . 1167
,

81- 40 9305 .

'

$adiction: 2's:106 rads sc=.ma (integrated) -

i Pressure: -0.4 inch W.G.
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