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# Our "procedure™ covers a larger number of. "planes” than are included in the
valve assemblies covered by this analysis; please disregard those that do

‘ not apply.

As designated on the General Arrangements in the Appendices, FPlanes A, B, &
C are on the power actuator end of the valve assemblies, and AA, BB, & CC
are on the opposite end.
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3 __ different types o_t butterflﬁr valve assemblies are analyzed in this report

wvhich apply to the following item and tag numbers.

’ Continental
Appendix Iten No.
A 0
02

03

n

12

10

Customer
Tag No.

27A0V-114

27407-113
2716v.1 n
27A0V-112
27A0V-1 15
2740V-116
27A0V-11 '{

27A0V-118

 27A07-101A

27A0V-101B

27MOV-113
27TMOV-117

Size
zh-

2"
2L"

ZA'

20"

ml

. '20.

20.

20"

20'

3.
3'

P e %)

T?pe
9222

9222
9222
9222

9222

9222

9222
9222

9222

9222 -

9220

9220

Actuai.or

" Bettis 733 SR

Phil Cear HZBS Manmual

Bettis 733 SR
Fhil Gear H2BS Manmud

Bettis 733 SR
Phil Gear H2BS Manual

Bettis 733 SR
Phil Gear H2BS Manud

~ Bettis 732 SR

Phil Gear H1BS Manual

Bettis 732 SR
Fhil Gear H1BS Manumal

Bettis 73'2 SR

Fhil Gear H1BS Manual

Bettis 732 SR

Phil Gear H1BS Manual
Bettis 732 SR
Fhil Gear E1BS Manual

Bettis 732 SR .
Fhil Cear _BIBS Manual

Phil Gear SMB 000/5-HOB!
Fhil Gear SMB 000/5-HOB!



FISHER CONTROLS COMPANY
CONTINENTAL DIVISION

SEISMIC ANALYSIS Page 2
cD72-234

CUSTQMER'S SEISMIC REQUIREMENTS

Calculations shall be prepared to demonstrate that these valve assemblies

are capable of withstanding inertial loadings of 0.62 g. horizontally and

0.28 g. vertically, acting simultaneously, in addition to normal operating
loadings.

Calculations shall also demonstrate that the extended parts of valve have a
natural frequency of vibration greater than 50 cpe. "
The g-factors used were based on the option outlined in Stone & wﬁbmr
Engineering Spec. APO-70, paragraphs 23.1b and 23.3 (Design Basis Earth-
quake).

PURPOSE
The purpose of this analysis is to prove methematically that the egquipment
gupplied by Fisher Controls Company is capable of performing all functions
intended within the customer's specifications.
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PROCEDURE:

-

Three "combined stress values,” the maximm and minimm ncrmal stress and the
maximm shear stress, will be calculated for each area (Plane) being analyzed
via our éompnter program. Only the total tensile stress, Sy, and the total
ghear stress, Sy, are used as input in the combined~gtress-formulas; and these
“walues, which were arrived at through numercus contributing calculations per-
formed within the program, are listed on the printout. The formulas appli-
cable to these contributing calculations will be shown in this report with
supplementary explanations as required.

A couputer printout sheet is included in this report for each PLANE analyzed,
' and the location of these planes are marked on the Gemeral Arrangements. See
Appendices. -

CRITICAL AREAS: The critical areas which might be considered under seismic
inertial load conditions are Planes A, B, C, D, E. F, G, H, and J. FEowever,
as limited by the number of components in this valve assembly, all these
Plane designations are not always applicable.

Planes A, C, E, and G are reserved for bolt systems between the valve body and
first bracket, between first and second brackets, etc. These apply only to
parts located along the shaft centerline including mounting brackets for

rotary and manual actuators.
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PROCEDURE (Cont'd.)

-

Planes designated B, D, and F apply to the weakest cross-sections of the afore-
mentioned first three brackets. Planes H and J are only used relative to a
linear actuator bracket - Plane H being the weakest cross-section and Flane J

the bolt system between the linear actuator and the mounting bracket.

NON-CRITICAL AREAS: The valve body is considered to be rigidly mounted in the pipe-
line and is stronger than the mating pipe. Previous calculatisns have shown that the
stresses due to seismic loading on the internal parts of the valve (disc, shaft, etc.)

are insignificant., Therefore, these specific parts are not analyzed in this report.

STRESS CALCULATIONS: The three combined stress values for each plane were calcu-
lated using the "Principal Stress Formulas." The "Maximum Shear Stress Theory"
of failure is used as specified in Section III of the ASME Boiler and Pressure
Vessel Code, paragraph NB-3212. .

The total load at any of these planes consists of the normal operating load, plus
the weight of those components suppdrted by the critical area multiplied by the
seismic G-factor. The latter is considered to act at the center of gravity of the

assembly involved.

The effect of the seismic inertial load acting on a plane is reduced as the distance
from the valve centerline to that plane increases, because less components are in-

volved; for example, the seismic load on Flane C is less than on Flane A, etc. The

valve body is considered to be rigidly and integrally comected to the pipeline.
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PROCEDURE (Cont'd.)

-

COMPUTER PRINTOUT: Each printout contains two sections: the ANSWERS, given on
the lower part of the page; and the VARIABLES on the upper part. The answers
include: total tensile stress, S;; total shear stress, 8g3 maximm effective
shear stress, S, max; maximm effective normal stress, S, max; and the minimuon
effective normal stress, S, min. Normal stresses are compressive if negative

(-); otherwise they are tensile.

All variables pertinent to calculations for the plane being analyzed are listed
on the printout. See pages 6 to 9 for explanation of symbols.

This provides the customer with basic background information contributing te
the answers, and enables the engineer perfoming these calculations Lo check
the variables entered into the computer. Zeros will be used for variables where

no numeric value prevails.

The top line of each printout sheet contains the lpecific PLANE - designation
and the corresponding ITEM NUMBER. FPlease refer to page 1 for the location of
the General Arrangement Drawing for each item, where plane locations are marked.
NOTE: Each PLANE must be cross-referenced to a particular ITEM NUMBER.
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DEFINITION OF VARIABLES

V.II Distance from plane being analyzed to center of paviti of first component
2 Distance from plane being analyzed to center of gravity of second component
¥3 Distance from plane being analyzed to center of gravity of third component
Xy Distance from plane being analyzed to center of gravity of fourth component

X7 Distance from plane being analyzed to center of gravity of linear actuator
mounting bracket.

o

Distance from plane being analyzed to center of gravity of linear actuator.

Y9 Distance from mounting surface of linear actuator bracket to its center of
gravity

110 Distance from mounting surface of linear actuator bracket to center of gravity
of linear actuator.

Y11 Distance from edge of linear actuator mounting surface to centerline of nearer
‘ bolts in X-direction.

12 Distance between linear actuator mounting bolts in X-direction.
THE ABOVE MEASUREMENTS ARE ALONG CENTERLINE OF VALVE SHAFT (X-direction)

Y1 Vertical distance from shaft centerline to center of gravity of firet component
Y? Vertical distance from shaft centerline to center of gravity of second component
Y3 Vertical &Mee from shaft centerline to center of gravity of third component
Y Vertical distance from shaft centerline to center of gravity of fourth component
Y5 Vertical distance from bottom edge of component to centerline of lower bolts

Y6 Vertical distance between bolts

Y7 Vertical distance from shaft centerline to center of gravity of linear actuator
mounting bracket

Y8  Vertical distance from shaft centerline to center of gravity of linear actuator

Y9 Vertical distance from mounting surface of linear actuator to its center of

. gravity.
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DEFINITION OF VARIABLES (Cont'd.)

21 Transverse distance from shaft centerline to center of gravity of first
component . '

22 ‘Transverse distance from shaft cenmterline to center of gravity of second
component.

23 Transverse distance from shaft centerline to center of gravity of third
component.

7, Transverse distance from shaft centerline to center of gravity of fourth
component . "

25 Transverse distance from idge of component to centerline of nearer bolts
26 Transverse distance between bolts.

27 Transverse distance frem shaft centerline to center of gravity of linear
‘ actuator mounting bracket.

28 Transverse distance from shaft centerline to center of gravity of linear
actuator.

29 Transverse distance from edge of linear actuator surface to centerline of
nearer bolts.

210 Transverse distance between linear actuator mounting bolts.

Weight of first component
Weight of second component
Weight of third component
Weight of fourth component
Weight of linear actuator bracket

5 S E35 % 5

'Weight of linear actuator
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DEFINTTION OF VARIABLES (Comt'd.)

Vertical seismic G-factor

Horizontal seismic OG-factor

Valve torque required (actuator torque required)

Effective lever length of linear actuator

Total root area of bolts

Section modulus about transverse centroidal axis of area being analyzed
Section modulus about vertical centroidal axis of area being analyzed
Cross sectional area of plane under analysis

Distance from valve shaft centerline to centroid of onme half of cross
sectional area.

Shear force - due to seismic loading and force of linear actuator.

:‘:rdnml moment due to actuator output, horisontal and vertical seismic
m.o i

Vertical bending moment due to vertical seismic load and linear actuator
outpul

Horizontal bending moment due to horizontal seismic load
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"  DEFINTTION OF ANSWERS

Refer to computer printout under "Stress Sumary"

8, Total tensile stress due to loading
S, Total shear stress due to loading
Sy max Maximm equivalent shear stress calculated via cambined stress formula

S, max Marximm equivalent normal stress (usually tensile) calculated via com-
bined stress formula

Sp min Minimm equivalent mormal stress (usually compressive) calculated via
combined stress formula

Seyp  Yield stress in tension of material at section under analysis
8.1p Yield stress in shear of material at section under analysis
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PLANES A, C, E, AND O

These are all bolt systems and are subjected to both tensile and shear stresses.
In review, only the total tensile and shear stresses are shown on the printout
gheet. The formulas necessary to make the step by step contributing calcula~-
tions to arrive at the above values, are performed within the computer program.
These will now be listed and explained., (Definition of symbols on pages 6 through
9.)

CALCULATE TENSILE STRESSES: Tensile stresses result from bending moments caused
by the seismic inertial load acting at the center of gravity of the assembly of
components supported by these bolts and the actuator force. The magnitnde of
this stress is greater in the bolts where the maximm strain occurs, and the
gtrain produced in the bolts is proportionsl to their distance from the edge of
the component, wbich acts as a pivot line. This pivot line is perpendicular to
the action line of the force so can be either vertical or horizontal depending

on which load is under study.




FIsHIER CONTROLS COMIPANY
CONTINENTAL IDIVISION

‘ SEISMIC ANALYSIS Page 11
PLANES A, C, B, ARD G (Cont'd.)

'.By taking moments about a horigontal, then a vertical pivot' line, we developed
the following formulas: (A1) and (A2) respectively (N = total number of bolts)

(A1) Tensile load per bolt (Due to vertical seimuic load) =
VSM

T2
¢ Tg+ Y )(0.5W)

Ig + I

Were VM (Vertical seismic moment) = (Gy + 1)(ZX W)

Note #1: Where W = total weight of components supported by the plane being
analyzed; and X is the distance from this plane to the center of
gravity of these components, measured in a direction away from the
valve centerline.

. (A1.1) For Planes A & B, VSM = (Oy + 1) (X Wy + Xp Wp + I3 W3 ¢ === etc.)

(41.2) For Flanes C & D, VSM = (G, + 1) (X, Wy ¢ X3 Wy + I) W) ¢ ---- etc.)

(A1.3) For Planes E& F, VM = (G, + 1) (13'3’&");’:7'7’18"8)

(A2) Tensile load per bolt (Due to horizontal seismic load) =
HBM

152
25026

+ Ig+ 2 (0.5N)

Were HBM (Horizontal bending moment) = (Gn)(ﬁi W)
Refer to "Note #1" above.
(A2.1) For Planes A & B, KB = (Gy) (X; Wy + X Wy + X3 W3 ¢ =-ux etc.)
(A2.2) For Planes C & D, HBM = (Gg) (Xp Wp + X3 W3 + X) W) ¢ ---c ete.)
‘ (42.3) For Planes E & F, HRM = (Og) (X3 W3 ¢ Xj Wy, + X7 Wy ¢ Xg Wp)
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PLANES A, C, E, AND 0 (Cont'd.)

(A3) Tensile load per bolt (Due to actuator force)

- Bending moment dne to actuator force
152

m + !5 + 16 (0.5¥%)

Where "Bending moment due to actuator torque" = -Ygi- (k) = (Fy) (K)
£ = distance from centerline of actuator to plane being analyzed

F, = force exerted by actuator

(A3.1) For Planes A & B, above bending moment = (Fy) (Xg)
(A3.2) For Flanes C & D, sbove bending moment = (F,) (g - length of first component

(A3.3) For Planes E & F, above bending moment = (r‘) (Xg = length of first and secon
camponents)

(A3.L) For Planes G, above bending moment * (r,) (Xg - length of first, second, and
third components)

- 1.22,2
(AL) Bolt area, Ay = 0.785 (Dp - ===) (N) Where:

n R st
l% = bolt diameter
n = threads per inch

(AS) Then total tensile stress, Sy = Total load . (M.) = (42) + (13)

Bolt area . ')
CALCULATE SHEAR STRESSES: The total shear stress will be found by combining
all forces causing shear stresses, then dividing by the bolt area. Some forces
act in direct shear and others in torsion.
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PLAKES A, C. E, ARD G (Cont'd.)

2 :
(A6) Direct shear force due to seismic loading, ¥, = (zw)“(o' +1) + qnz
shere W = total weight of components supported by plane beirng analyzed

%R
(A6.1) For Planes A & B, r,-(w,owzoVJowh+w7+wa) (6, +1) +6g .,

(A6.2) For Flanes C& D, Fy = (Wp + W3 ¢+ W, +¥ +w§)\](o,¢1)2*032

’ 2 2
(A6.3) For Planes E& F, P.l - (W3 + "h - V-I + WB) \((0' + 1)+ Gy
Note: Seismic factors are added vectorially for direct shear
(A7) Shear force due to actuvator, Fp = _V_rﬁ‘n.. ‘ (EL = effective lever length)

The VIR, "Valve torgue required”, also called "actuator torque”, is a
function of construction materials, shaft size, valve size, disc inter-
ference and pressure drop; and this value is calculated using proprietary
methods.

(A8) Shear force due to torsional roments, F3 = &ﬂ____?;‘;gm moment

For Planes A & B, F; = VIR ¢ (Oy#1)(Wy2y + WaZp* WaZ3+ W,Z),+ W27+ Welp)
0.5 BC

Oy (WyT,¢ Wolp* WyTa+ WT) + W,Yo+ Wg¥g)
0.5 BC

For Flane C & D, Fy = Same as above formula, except delete the terms containing Wy
For Flane E& F, Fy = Same as above formula, except delete the terms containing W, anc

shere: Bolt circle diameter, BC -\}!6)20 (26)2

(A9) Then total shear stress, S, = total shear force , (A6) + (A7) + (A8)
total bolt area (Ak)
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PLANES A, C, E, AND O (Cont'd.)
CALCULATE THE COMBINED STRESS VALUES (ANSWERS ):

(A10) Use the "Principal Stress Formulas”

2 2
Sp, max = o ‘\J(?ﬁ) o 5o Note: These nswers are on
2 2 the computer printout under ,
- "Stress Sumary."” The yleld
5 89 2 ) stresses in both tension and
S, min = b - (_) + 8 ghear are also given for come
2 i 2 parison.

S max = Snux-snnin
2

See formula (AS) for the value of 35
See formmla (A9) for the value of Sy
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PLANES B, D, AND F

These are the most severely loaded cross sections of the first three brackets
and are subjected to both tensile and shear stresses. For all practical pur-
poses, we can consider the loading at Plane B to be equal to the at Flane A,
the load at Plane D to be equal to that at Plane C, and the load at Flane F to
be equal to that at Flane E.

Again, only the total tensile and shear stresses are given on the computer
printout sheet. The formulas for the step by step calculations leading to the
above values, which are performed within the computer program, will now be
 listed and explained. (Definition of symbols on pages 6 through 9 ).

CALCULATE TENSILE STRESSES: The same loadings that cause tensile stresses on
Planes B, D, and F also act on Flanes A, C, E, and G. The explanation given
for the latter four planes also gpplies here.

The total tensile stress, Sy, listed on the computer printout, is a sumation
of three individual tensile stresses caused by the vertical and horizontal
bending moments and the actuator force.

Moment . VM

(B1) Tensile stress due to vertical bending moment =
Section Modulus

The VSM is calculated using formulas Al.1, A1.2, or A1.3 as outlined on page 11.
Note: The section modulus, which depends on the configuration of the cross-
pectional area, must be calculated for each plane analyzed.



FISHER CONTROLS COMPANY
CONTINENTAL IDIVISION

‘ SEISMIC ANALYSIS Page 16
PLANES B, D, AND F (Cont'd.)

' (B2) Tensile stress due to horizontal bending moment = o

n

The HEM is calculated using formulas A2.1, A2.2, or A2.3 as outlined on page 11.

See Miote" under (B1) above (concerning section modulus).

(Actuator force) (K) _ (F,) (K)

zll zt'

(B3) Tensile stress due to actuator force =

X = distance from actuator centerline to plane being analyzed. See
formulas A3.1, A3.2, A3.3, and A3.L which include values of K for each

plane.
(Bi) Then total tensile stress, S, = (B1) ¢ (B2) + (B3)

‘ CALCULATE SHFAR STRESSES: The same loadings that cause shear stresses on Flanes
B, D, and F also act on Flanes A, C, E, and G.

The total shear stress, 8., 1isted on the computer printout, is a sumation of
individual shear stresses caused by the vertical and horizontal seismic inertial
loadings, and the actuator output.

(BS) Shear stress due to direct seismic shear forces = Force
Area of Section

The force and area will vary, depending on the plane being analyzed.

For values of "force”, see formulas A6.1, A6.2, and A6.3 on page 13.

(B5) Shear stress due to torsional moments = Total torsional moment
(R) (Area of Section)

Whers "R" is the effective radius (See "Definitions of Variables")

‘ The "total torsional moment" varies with the plane being analyzed
and 1s covered in detail by formula (A8) on page 13.

(B7) Total shear stress, 5, = (B5) + (B6)
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«(B8) CALCULATE THE COMBINED STRESS VALUES: (ANSWERS)
Use the same "Principal Stress Formulas" as given under (A10) on page 1k.

See formula (Bi) for the value of S,
See formula (B7) for the value of Sy
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GALCULATE THE NATURAL FREQUENCY OF VIBRATION

These calculations are based on the following assumptions:

(1) The valve body is firmly clamped and unable to move relative to the
pipeline.

(2) The extended parts of the assembly are cantilevered from the valve body
and act as a mass at the end of a cantilever beam. The cantilever bean
has a uniform cross section equal to the section with the least moment
of inertia. Thus, the value calculated is lower than the actual natural
frequency.

(3) Damping effects are not large enough to significantly alter the natural

frequency.

The spring constant, K, and the natural frequency, Fy, are calculated using
the following formulas:

.. S—EUI Where:
E = Modulus of elasticity
By - AL I = Moment of inerti
N~ e . (Cycles per second) ent of inertia
2n

L = Length of cantilever, in.

g * Acceleration due to gravity,
1n/nc2

W = Weight, 1lb.
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CALCUTATE THE MNATURAL FREQUENCY OF VIBRATION (Cont'd.)

—=e— POWER ACTUATOR EXD o |t —— OPPOSITE END ——»
Ttem 01 - 0L 05-08, 11, 12 09, 10 o1 - oy |05-08, 11,12
E 30 x 10° > I
1 3.6 3.6 1,216 87.4 87.L
L +1k.72 12.38 T35 15,12 13.02
K 0.976 x 106 1.64 x 106 0.235 x 105 | 2.276 x 108| 3.56L x 10
. g 386 >
‘ W k73" L02 269 266 217
Fy L2 200 92 289 Loo

. These calculations demonstrate that the extended parts of the valves have a
natural frequency of vibration greater than 50 cps, thus meeting the customer's

specifications.
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SUMMARY AND CONCLUSIONS

Based on the calculations shown in this report, we have demonstrated that the
primary steady state stresses, when combined with the inertial loading re-
sulting from the response to a ground acceleration of __0_2_8 g. acting in the
vertical.and _2-_6_2_ g. acting in the horizontal planes simultaneously, produce
combined stresses which do not exceed __ 75 % of the minimum yield strength

of the mater‘ai as stated in the customer specificatiams.

Also, calculations verify that the extended parts of each valve assembly

have a natural frequency of vibration greater than 50 cycles per second.

In summary, this seismic analysis proves mathematically that the equipment
supplied by Fisher Controls Company is capable of performing all functions

intended within the Stone & Webster Engineering Corporation specifications.
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