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NCMENCLATURE

» = area (in?)

a = angle (degree)

b = angle (degree)

C = pull (kip)

d = diameter of a circle (in)

d = deflection (10~ in)

E = modulus of elasticity (ksi)

F = thrust (kip)

F = flexibility (in/1b)

f = natural frequency (Hz)

g€ = acceleration (in/sec?)

[ = moment of inertia (in®)

J = polar moment of inertia (in")
L = length (in)

M = moment (in-kip)

M = mass (1b)

m = weight (1b)

m = reciprocal of Poisson's ratio
P = pressure (ksi)

PT = 3,14159265, ratio of circumference to diameter of a circle
R = r:eaction force (kip)

r = radius of circle (in)

S = shear force (kip)
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3 = stress (ksi)

SIF = seismic load facter

E

summation

|
"

torque (ft-lb, or in-kip)

thickness (in)

cr
"

mede 3rhape

<
"

natural frequency (radian per sec.)

z
u

= space coordinates in cartesian system

>
<

N

]

distance (in)

£
"

y = distance (in)

Z = section modulus (in?)
(F] = flexibility matrix
(1]
(M]
(vl

unit matrix

mass matrix

"

mcde shape

superseript:

T = transpose ¢f a matrix
subscript:

a = axial

b = bending, bolt

i z inside, internal

i =z row index of matrix

3 =z colunn index of matrix
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meridian

3
"

max = maximal value

Q = outside

P = piping

r = radial

3 = grear

t = tangential
y =  yoke

W sectional conditiona
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INTRCDUCTICN:

The seismic and operability analysis report of the following valves
has been performed for the designs detailed in MNuclear Valve
Division of Borg-wWwarner Corporation drawing numbers, as shown.
Design specifications are prescribed in Duke Power Company, Catawba
Station, Unita 1 and 2, Specification No. CNS-1205.00-6, Addendum
6, December, 1978, ASME Section III Carbon Steel Gate, Globe and
Check Valve.

The valve assembly is built to the criteria of ASME, B & PV Code,
Section III, Class 2 or ? Nuclear Valves and Duke Power Company
Safety Class B or C.

VALVE PRESSURE MATERTAL VALVE CPERATCR N.V.D.
SIZE RATING TYPE ASSEMBLY
(INCH) (LB) DWG. NC.
- 150 CARBCN STEEL MCTCR GATE u01JBB -4

In accordance with the design requirements, the valve(s) and
appurtenance(s) shall be qualified by the procedures and guidelines
of the Duke Power Company, Seismic Design Manual. Basically, two
modes of operation are considered: Upset Mode and Faulted Mode. For
Faulted Mode (Safe Shutdown Earthquake), a seismic load factor (SLF)
of 2.0g shall be applied in each of two orthogonal horizontal
directions in combination withk a SLF of 2.0 g in the vertical
direction, all action simultanecusly. The lpset Mode (Cperational
Bas:c Earthquake) is similar to Faulted Mode, except that the SLF
values shall be taken as 8/15 of the respective values of the Safe
Shutdown Earthquake.

Seismic Design Manual, Section 4.2 outlines a procedure for
qualifying rigid system by tre "equivalent static analysis" metred .
Tre method consists of performing a static structural analysis of
the equipment under equivalent static forces conservatively
representing the actual dymamic loadings. Seismic forces o1 each
component of the equipment are obtained by concentrating its mass at
its center of gravity and multiplying by tre appropriate seismic
load factors (SLF). Rigid systems are defined as systems which have
no natural frequency less than 32 cycles per second.

All the values wused within tris analysis are the actuval dimensions
taken from the detail prints. In all cases, the values are greater
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1.

INTRCDUCTICN:

than respective d_ and values required by ASME Boiler &
Pressure Vessel CBde, Table NC 3511-1,

Standard engineering practice shall be used to determine the maximum
stress conditions in all portions of the equipment. It shall be
demonstrated that the maximum stresses meet the acceptance criteria
for the selected valve assembly materials defined in Section 6.0 of
the Seismic Deaign Manual.

NVD has used the 100°F pressure rating of the applicable valve

pressure class along with faulted mode loading when calculating
stress levels. As a conservative approach, upset allowable streas
limits are compared to faulted loading, thus substantiating thre

design under all faulted and upset conditions.

Tre ASME Class 2 valve design criteria is based upon the rules of
ASME, B & PV Code, NC-3200 and standard engineering practices. The
allowable stress limits of 1.0 3, and 1.5 s, shall be taken

for the primary membrane (P,) and (local) primary membrane plus
primary bending ( (Py or 8 ) + Pg) stress categoeries,
respectively, for pressure bdundry components . The design stress
intensity values s_ for Class 1 components are cited in Table
I-1.1 through I-\.,‘}? ASME B & PV Code. For non-pressure boundary
cemponents, the stress limits are taken as 0.6 3, (BRISC
allowable working stress limit) for upset mecde andy0.9 sy for
emergency and faulted mcdes.

An idealized structure system ashall be modeled to simulate tre
vibratory mode of the valve assembly. The calculated minimum
natural frequency of vibration shall be examined to satisfy the
specification limit of 23 cycles per second.
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2. SIMMARY:
ASSEMBLY DRAWING NO. |
" MESCRIPTION OF — WATERTAL = ALLOWABLE  CALCULATED
UPSET MODE  FAULTED MCDE
VALVE SECTION  SPECTFICATION (KST) (KST)
BCDY,MAIN RUN SA182 F14 27.00 14, 01
BCDY, NECK SA182 F116 27.00 1,50
YOKE,LERS SA182 F16 18.00 7.04
BCLT,BONNET ASHU TY 630 115.00 22. %9
FLANGE , BCNNET SA182 F16 27.00 17.82
e s A IS REQUIRED CALCULATED
DESCRIPTION OF MINIMUM FREQUENCY NATURAL FREQUENCY
VALVE SECTION (CYCLE/SEC) (CYCLE/SEC)
ﬁm‘. ASSEMBLY 22,00 42.52
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3 VALVE ASSEMBLY:

Tre valve assembly has the general configuration which can be
represented in a simplified sketch as shown in Figure 2-1. The
approximate center of mass for each component is referenced with
respect to the valve body main run. An evaluation of the
structural integrity is made by reviewing the state of 3tress at
eritical sections aa designated in Figure 3-1.

A conservative estimate of the component dead lcad weight and
basic physical dimensions is obtiined from the drawings and
tabulated in Table 2-1.

As required in the seismic design specification, an evaluation
shall consider two modes of operation - upset mode and faultad
mede. In this streass anilysis, a conservative approach is taken
by qualifying the structure to the maximum design acceleration
and using the acceptance limits for the upset mode. This
maximun acceleration is based upen the seismic load factors for
tre faulted mede, and expressed as

"

[ SLFy + SLF; + (1.0 g + SLFy )]
(.0g+3.0g+3.0g) =5.20¢

Emax
Emax

"

Since the structure may assume any arbitrary position, the
maximum design acceleration shall be applied simultaneously
along the orthogonal axes of the valve assembly.

In addition, the valve shall consider the maximum cperaticnal
stem thrust (Fg,) and torque (T,) imposed by the
operator.

Tq = (Fgy)(stem factor)

where stem factor is determined basically in accordance with the
stem thread dimension assuming the coefficient of friction being
0.15. For the case of manual operated valve, a 150 1b (max.)
operator pull(C) is considered to be applied at the rim of the
randwheel .
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3. VALVE ASSEMBLY:

Center of Mass

—T Cperator

Catus

FIGURE 3-1 VALVE ASSEMBLY
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VALVE ASSEMBLY:

TABLE 3-1 COMPCNENT LCADS AND PHYSICAL DIMENSICNS

(1b) 206.
(1) 50.
(1b) 38.
(1b) 9.
(1b) 8.
(1b) 397.
(in) 30.
(in) 14,
(in) k 7.
(in) B
(in) 3.
(in) 1.
(in) 6.
(in) 6.
(in) 1.
(in)

(in) 2.
(ft-1b) 19.
(kip) _ 2.

(kip) 0.

000
000
000
000
000
000
100
750
600
500

850
000
000
500

750

813

250

12
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3. VALVE ASSEMBLY:

3.1 Valve Body:
An evaluation of tre maximum bedy stresses skhall be made for

the zones dencted on the preceding valve body sketch. The
valve body cross sections are loca*~ad in the main run and neck.

o Loading:
A measure of the maximum force resultants at each 2zone is
obtained by applying the maximum accelerations 8max 2long
the ortrogonal axes, simultanecusly.
3.1. 1.1 Plane 1-1: (Valve Body - main rum)
Assuming simple support conditions at the weld ends as

shown in Figure 13-2.1, the force resultants at the crotch
region can be derived as follows:

Mmax

Tmax = net exterral moment and torque
? (Myy 4 4moy oy 2+muy y

+(Myxa, MZmax) Emax

m
"

simple support reaction

Mnax/2Xq + (mq+mp+maemy+ing) gmay/2

Fi = thrust = (myempemyemyusing ) gmay/2
S1 =shear =R + C

M.‘ = moment = Rxj

Ty = torque = Ty, /2

Tre numerical values are tabulated in Table 3-2.1.
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3. VALVE ASSEMBLY:

, 9 W % Plane 2-2: (Valve Body - neck)

At plane 2-2, the force resultants, determined by assuming
the neck weight i3 one third of the total vaive body weight
(Figure 3-2.2), and can be expressed as:

Fo = thrust = Fgp + (mqempemaemy/3
*5) Emax

Sy = shear = (Mqempema+mu/?) guay + C

My = moment 3 [my(yq-yg)ema(y2-y5)+ma(y2-ys)
+(V/Dmy(ya-y6)] gmax

T2 = torque = mq(X3, Z3)max8max

The numerical values are tabulated in Table -2.2.
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2. VALVE ASSEMBLY:

?010103 lee 1.‘::

The force resultants at plane 3-2 (see Figure 13-2.2) are
derived as follows:

Fa

thrust = Fgyp + (Mmyamoaina+msg) gmay

shear = (m1+m2+m_:) €nax + C

Lad
1]

moment

(m4 (yq=y7p)+ma(y2-y7)
*3(y2-y7)] Emax

-3
~
W

torque = my(x3, Z3)paxBmax

The numerical values are tabulated in Table 3-2. 3.
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3. VALVE ASSEMBLY:

- 2,1 -1
FIGURE 3-2.1 MAIN RUN SECTION
% Operator
by Yoke & Stem
'3 Bonnet
@'03 Valve Body
5 Gate
FIGURE 3-2.2 MNECK SECTION
=, Operator
=, Yoke & e
.3 Bonnet
" Bdrics sopa
m5 Gate

FIGURE 3-2.3 THREAD RELIEF SECTION
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3. VALVE ASSEMBLY:

TABLE 3-2.1

F1 (kip)

Sy  (kip)

Ty  (inkip)
TABLE 2-2.2

Fz (kip)

My (in-kip)
T2 (in-kip)
TABLE 2-2.2

F? (kip)
Sq  (kip)
My  (in-kip)

I3 (in=kip)

SEISMIC LCAD RESULTANTS AT PLANE 1-1

SEISMIC LOAD RESULTANTS AT PLANE 2-2

SEISMIC LOAD RESULIANTS AT PLANE 2-3

u,u77
6.715
20.667

3.985
1.693

33.751
3.012

3.820
1.529
28.u07
3.013

17
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A VALVE ASSEMBLY:

. g Cross Sectional Properties:

For the critical zones on the valve body, the croas section
area and inertia properties are computed as follows, (Figure

-3)
A = Area = [(ro)z =~ (ri)z](pt)
. u u
L=Tlpa = Tnin = [(rg)” = (ry) " J(PT/H)
Jd =2 T'min

where r, = outside radius

"

ry = inside radius

All the numerical values are tabulated in Table 3-2.
1.3 Stresses:
3.1.3.1 Due to Seismic Loads:

Seismic stresses are derived {or the valve body, by using
the following expressions

S, = axial stress = F/A + M ro/T
84 = shear stress = S/A + T ro/d
where F,S,M.T are force resultants (see Section 32.1.1,

Table -2)

and A,I,J are cross section rproperties (see Section 2.1.2,
Table 2-2),

All the numerical values are tabulated in Table -4,
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FIGURE 3-3 CROSS SECTIONS OF VALVE BODY

t
i
stﬁ
i
.

FIGURE 3-8.1 MEMBRANE STRESS AT
PLANE 1.1

FIGURE 3-8.2 MEMBRANE STRESS AT
PLANE 2-2
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3

VALVE ASSEMBLY:
TABLE 3-2.1 CRCSS SECTICNAL PRCPERTIES AT PLANE 1-1

re (in) 2.560
ry (i) 1.990
I, (" 21.416
Ay (in) 8. 148
J.  (ia® u2, 831

TABLE 2-2,2 CRCSS SECTIONAL PRCPERTIES AT PLANE 2-2

re (in) 2,640
ry  (in) 2.810
I, (in") 88.910
Ay (in®) 16.819

Jy (" 177. 820

20
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2, VALVE ASSEMBLY:

TABLE 4.1 SEISMIC STRESSES AT PLANE 1-1

S, (ksi) .929

8y (ksti) 1.785

TABLE 4.2 SEISMIC STRESSES AT PLANE 2-2

s, (ksi) 1.619
8 (ksi) .162
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3. VALVE ASSEMBLY:

$1.%2 Due to Internal Pressure, Piping Rection and Thermal Effect:

Stress due to internal pressure, and piping reaction |,
thermal effect and other sustained or cccasional 1loads on
each plane can be obtained as follows

3.%.3.2.1 Plane 1-1: (Valve Bedy - main run)
A. Internal Pressure:

Tre membrane stresses due to internal pressure in the
meridian, tangent and radial directions are calculated by
following three equations respectively:

Pg ri/(2t)

g“

it = Py ry/t
r =z - Pg/2
where r; = inside radius (see Table 2-1)
t = wall thickness = ro=ri (see Table 2-2)

!*’3 = standard calculated pressure (or design pressure)

B. Piping Reaction:

Tre moment applied simultanecusly in Plane 1-1 due to
piping reaction is determined b;:

Mp B Zp s (Bending moment)

Tp = 1.2 Zp s (Toraional moment)

The stress (ksi) in meridian direction and shear stress due to
piping reaction will be:

R
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. A VALVE ASSEMBLY:

o

Sp = My rg/l
33 - Tp PQ/J
where Zp 2 g/ rgp
= section modulus of the pipe

and 3 is yield strength of the pipe .

€C. Thermal Effect:

Tre thermal secondary atreases due to transient effect
shall be calculated on the basis of a continuous ramp
crange in fluid temperature at 100°F/rour. Per ASME
Code, ND-35U5,2, the thermal secondary stress 3¢ can

be determined by:

ST = 841 + 8

wrere 8, , = stress component resulting from wall temp.
gradient (ASME III, Fig. NB-3545.2 (¢)=2)

8, = stress component resulting from wall thickness
variation

s Kz Kq dT

product of Young's medulus and linear thermal
expanaion coefficient

= stress index due to structural discontinuity
(ASME III, Fig. NB-3545,2(c)-1?)

may .m m temperature difference between thick
and trin walls (ASME III, Fig. NB-35u5,2(c)-4)

For those valves with higher temperature change rates
than 100°F/rour, tre thrermal secondary stress will be
determined per NB-3554, where the value of dT in thre
above formula is obtained as the product of C, and
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3 VALVE ASSEMBLY:

dT whick are the maximum magnitude of the
dif“pggée in average wall temperatures and the maximum

specified step chkange in fluid temperature respectively
(see NB-357U),

D. Stress Intensities:

Stress intensities can tren be calculated as:
3m=3a"'sim*3p‘37

B

8y = (8 + 3)/2 + [(3,-3,)%/8 + 3

35 = (8 + 8¢)/2 - [(sm-st)z/“ + 3,2]1/2

37 = 9840

r
"

21172
™

8122 84 = 82
ok Bl

3212 87 -

Tre stress intensities under both piping reaction maments
(bending, torsional) are crecked, and the worst conditicon
which is due to bending moment in this case is tabulated
in Table 3-5.1. From Table 3-5.1 the maximum stress
satisfies the allowable limit of the specified material
(see Summary), therefore the valve {3 assured of
operability and successful performance during and after
the seiamic event and piping lead.

In addition, the requirements for structural integrity
are met by satisfying the acceptance criteria in Section
6.0 of Duke Power Co., Seismic Design Manual. It is
crecked that tre piping loadings (bending and torsiconal
moments) capability of the valve body is greater tran tre
ad jacent piping,i.e.

R = (2, 8,0/(2y s,] > 1.2
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3. VAI.VE ASSEMBLY:

1322 Plane 2-2: (Valve Body - neck)

Tre membrane stresses are due to internal pressure in
three orthogenal directions and are shown as follows:
(Figure 3-4,2)

Pq ri/(2¢)

5_“

3¢ = P; ri/t
Sip = = Pg/2
where ry = inside radius (see Table 3-3)

t = wall thickness = ro=ri (see Table -1)

Ps = standard calculated pressure (or design pressure)

In addition, there ia a stress due to a thrust whick is
caused by main-seat as:

Sep = Fap/[(P1)(r 2-r;2)]

Tre thermal secondary atresses are the 3same as those
determined in Plane 1-1 (see Section 3.1.3.2.2.C.)

Stress intensities are then as follows:

g Sl RoR Bl
"%

= (8,+8.)/2 + [(gp-3¢
(3p+8:)/2 - [(s,,,-st)zlu + 8

[
r
"

)2/“ + 332]1/2
211/2
3 ] ‘

@
-
i

[
n
Ll

935 8
120 01-92

S23= 923

O e
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LB VALVE ASSEMBLY:

|
!
\
|
|
\
\
\
|

9212 33-94

Tre numerical values are tabulated in Table -5.2.
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3. VALVE ASSEMBLY:

TABLE 2-5.1 PLANE 1-1

2.560
ry  (in) 1.990
8, (ksi) 13.874
S5 (ksi) 1.810
3, (ksi) -.138
8,5 (ksi) 12,064

357 (ksi) 1.948
-14,012
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3. VALVE ASSEMBLY:

TABLE 2-5.2 PLANE 2-2

Py (ksi) 275
re (in) 1,640
ry (in) 2.810
8y (ksi) 3.358
s, (ksi) 2.0%
8y  (ksi) -.128
842 (ksi) 1.327
827 (ksi) 2.168

837 (ksi) -1, 96
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L VALVE ASSEMBLY:

.2 Yoke:

As required in the Specification, the yoke is analyzed for the
maximur seismic acceleration . An analysis of the yoke
structure i3 performed with the yoke and operator mass located
at each center of gravity as shown in Figure -5,

2,2.1 Loading:

The gross stresses in the yoke structure shall be
investigated for the critical zones as shown on tre sketech in
Figure 1.5,

As a conservative approach, the maximum force resultants at
the specified zone can be expressed as

n
"

thrust = Fge + (My+my) Bpax

S, = shear = (m1¢m2) [ - N

=
"

roment = [mq(yq-yg)+ma(yo=y5)] Gpax
+C (Y1-Y6)
TY = torque = Tq + (m,xa.mz;)maxgma

All the numerical values are tabulated in Table 3-6.
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3. VALVE ASSEMBLY:

3.4.2 Cross Sectional Properties:

The yoke legs have the cross section as shown in Figure -6,
and tke cross sectional properties can be determined as

follows:
A1A = area = 2 (a b + ayby)
Agp = shear area = 2 Ayy/? (approximation)
Tip = 20(ab)) + (agby )1/12
Z4p = section modulus = 14,/(b/2)

For a bent type structure, each cclumn has 3sectional
properties as follows: (assuming that the neutral axis 2-2
lies at the middle of tre larger area "a b" )

ba3/12 + (bya, /12 + a4bydy2)

gv-‘

A1A/2
IZA/(aIZ)

™~
R R

where

d1 = (a+ aqy)/2

Tre numerical values are tabulated in Table 2.7.
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3 VALVE ASSEMBLY-

FIGURE 3-5 YOKE
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VALVE ASSEMBLY:

TABLE 2-6 LCADING-YCKE

o X 8 =
<€ K K <

(kip) 1.581
(kip) 1.3
(in-kip) 20.703
(in-kip) 3,2uu

TABLE 2-7 CRCSS SECTICNAL PRCPERTIES--YCKE

(in) 1.050
(in) 1,620
(in) 0.000
(in) 0.000
(in") 8.302
(in?) 7.602
(in?) 5,068
(in?) 4,587
(in) 1.280
(1n) .39
(1n?) 1,801
(m.’-) .665

32
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2. VALVE ASSEMBLY:

2.2.2 Stress:

3020 ?-1

Yoke:
Considering the yoke structure as a cantilever beam, the

maximun stresses are derived by using the following
expressions:

Sa,tm = Fy/‘-m . ”y/Zm
33 = SY/ASA . TY/(d)(ASA)

Another possible bebhavior is illustrated by the bent-type
structure, where the two yoke legs are assumed to have
rotational restraints at both ends. (See Figure 2-7)

The possible maximum corresponding stress can be expressed
as:

sa.bt H pmax/(‘a) - M/(ZZA)

where

Prax = Fy/(2) + Sy n/(x)

M = VL/2

v s Syjz

The maximum principal stresses 3, and 85 and shear

stress s for tre yoke are obtained from the
formula: Ui

Sy = (8)/2 + [(8)2/ + 821172
8, = (35)/2 - [(8)%/8 + 821172

ss.max K [(33)2/“ + 332]1/2

where 3, = (3, pm+ %a,bt)max
Tre numerical values are tabulated in Table -8.
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3. VALVE ASSEMBLY:
s, — I
*
L
3, s Shear
Operator
& e
] - —-— Y
! v oF, f { R
=
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A
Tw v
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FIGURE 3.7 BENT TYPE STRUCTURE JL‘( v
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LS VALVE ASSEMBLY:

TABLE -8 STRESSES--YOKE STRUCTURE

L (in) 12.
h (in) 6.
X (in) 7
Sa.bm (ksi) i,
5 (ksi)

%a,bt (ksi) 6.
8, (ki) 7.
3,  (ksi) -

99 ,max (ksl) LE

90
20

. 500

548

763
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3 VALVE ASSPeELY:

e
0 (eta.)

NN/

B (d1a.)

-l P~

*‘._ € (dia.)

FICURE 3«9 FLANGE (Ref: ASNE B A PV Code, Figwe XI-3120-1)




Nuclear Valve Division REPORT NC. NSR HO\JB;"'-B

Borg- Warner Corporation R PAGE
7500 Tyrone Ave., Van Nuys, California 91409

3, VALVE ASSEMBLY:

.7 Bolted Body-Bonnet Joint:
L3 Loading:
The criteria for the bedy to bonnet flange joint 1is governed by
the rule NB-647.1 and NC-3647.1, and Article XI-000, Subsection
NA, Section III of the ASME, Boiler and Pressure Vessel Code. A
yoke with operator constitutes an extended structure and the
seismic forcas impose a moment and thrust on the bolted flange
oint. Numerical value) for these components are derived at
ane -7 (see Section 2,1.1.3), and resummarized in Table 110,
132 Stress:
.21 Bolt Stress:
The fundamental dimensicns of the flange, as srown in Figure
1.9, are tabulated in Table .11, (refer to ASME, Boiler and
Pressure Vessel Code, Figure X1.7120-1), Some othrer parameters
and dimensions which are defined ao follows are al%o tabulated
in the same table.
gasket parameters:
b° = NJ2
b = (1,195 /24 b0, 280
b = b, otherwise
where N = (d,.d,)/2
dy = outside diameter of gasket

4 = inside diameter of gasket

moment arms: (per Table X1-12%0-1, ASME Code)

R o2 (CoB)/2 = gy

Pp el « 0.5 g

Py = (CH)/2

Pp o (R« gy o bg)/2
All the notations used in this section are in sccordance with
those defined in Section XI«1170,ASME Code,Subsection NA,
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3. VALVE ASSEMELY:

Tre flange design pressure per NB-2647.1 and NC-23647.1 is:

Pep = P + 16 Ma/((P1)GD) + U Foy((P1)G2)
where Py = design pressure

Flange design bolt load (W) then is computed by the
procedures of XI[-3221.1:

Wz 0.785 G2 Ppo 4 2b(2.14 G m Pp)
where m = 3.0 per Table XI-2221.1

For a total bolt cross sectional area Abv the average
bolt stress is:

St. = w/P.b
Tre numerical values are tabulated in Table 3-11.
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3. VALVE ASSEMBLY:
TABLE 2-10 LCADING--PLANE 2-3
F 3 (kip) 2,820
53 (kip) 1.529
My  (in-kip) 28.407

Ty  (in-kip) : 2.012
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. VALVE ASSEMBLY:
TABLE 2-11 5
gy (in)
8 (in)
B (in)
G (in)
t {in)
A (in)
C (in)
h (in)
N (in)
b
R (in)
hg (in)
Py (in)
by (in)
Py (psi)
Ay (in®)
Pep  (psi)
W (kip)
% (ksi)

BCLT STRESSES

Energy
BORG m!nmm PAGE

1.268
1.313
1.572
275.000
2.667
861.182
59.631

2..393

REPCRT NC. NSR 401JBB2-u4
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3. VALVE ASSEMBLY:
322 Flange Stress:

Tre flange moment (M,) is computed by the rrocedures of
XI-2230 as shown in Che following formula:

Mo = Mp + Mr + Mg
where

"

Hphp, Mp = Hehp o Mg = Hohg
0.785 B2 Pgp
= 0.785 G2 Pen

T
o
0 "

Hp:H-H

1

Hr:H-HD

Stresses in the body flange and neck shall be determined
for the design ceonditions per XI-32u0. The method of
analysis wutilizes a number of parameters whick are
prescribed in the ASME Boilier and Pressure Vessel Code. (n
Figure XI-22u0-6, the parameter f is a function of the

ratios SJIQP and h/k,. Likewise, Figures
XI-3200-" t¥rough XI-32u0-2 provide the otrer parameters
(T, ¥, F, Z, U, V) required for the computation.
Cther parameters are:
d

L

U hy g2, e =F/h,
(te + 1)/T + t3/d

Finally, the maximum stresses are

Longitudinal hub stress:

Sy = (M) /(L g4%B) + (PyB/(4 gy)
Radial flange stress:

Sp = (1.33 te + 1) My/(Lt%B)

Tangential flangc stress:

Sy = Y My/(t%B) - Z s

All the numerical values are tabulated in Table 3-12.
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VALVE ASSEMBLY:

TABLE 2-12 FLANGE STRESSES

(in-kip) : 79.581
(ksi) 17.821
(ksi) 11. 646
(ksi) 8.666

80RG Snargy REPCRT NO. NSR U401JBB2-4
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LB VALVE ASSEMBLY:

,2.2.7 Dome Shape Bonnet:
Tre regquired minimum thickness of the read ang flange of a
dome shape bennet with bolting flange is determined by the
rules of NC-326.2, Section III of tre ASME, Boiler and
Pressure Vessel Code. A calculation is performed to show
that the sufficient wall thickness in N.V.D. design
satisfies the requirements.

Head thickness (minimum)

Yt = (5 P LY(6 9y)
Flange thickness (minimum)

te = Q + [1.875 M, (C+B)/(s, B(7C-58)110"5

where Q = [(P L)/(& s,)]((C+B)/(3C-B)]
P = design pressure
L = inside radius of the head
s = allowable stress of the material
C = bolt circle diameter
B = inside diameter of flange
M, = total mament (see Table 3-12)

The numerical values are tabulated in Table 3-12.
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3.

VALVE ASSEMBLY:

TABLE 2-12 DCME SHAPE BCNNET
P (ksi)

L (in}

C (in)

B (in)

3 (ksi)

Mo (in-kip)

ty (in)

te (in)

th.design”")

t't‘.design( in)

Energy
Equipment

REPCRT NC. NSR 401JBB2-4

PAGE

18.
79.

0

275
. 700
.250
. 400

000
581

.T79
.600

44
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MAXIMUM CEFLECTION OF CPERATCR:

Tre deflection of the operator and the valve assembly is
computed by using the static analysis ¢of the finite element
computer nrogram SAP6. The structural model is presented in
Section 5 of this report. The corresponding values of
acceleratien in X, Y and Z directions as specified in (he
specification are used in the computer program, assuming acting
simultanecusly. Table 4-1 tabulated the results of the
displacement in X, Y and Z directions obtained from SAP6 output
printout, and tre resultant maximum displacement of each nodal
point.

Tre maximum displacements shown in the table indicate that they
are sufficiently small and will not limit the operaticon of the
stem and operater. A review was made te assure that machining
tolerances do adequately accommcdate the movements.

Neuclear Valve Division 20nc s/ WARNER Eneray REPORT NC. NSR401JBB3-4
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TABLE 4-1

NCDE

20
19
18
17
16

Uy o0 N9 o W

DEFLECTTCNS

DX(IN)

.0093
.0082
. 0068
.0062
0067
. 0063
.0035
.0035
.0012
.0012
.0012
.0012

308 S/ WARNER =°"9Y

DY(IN)

-.0018
. 0001
- 2001
. 0001

-.0003
. 0005

-.0002
. 000U

-.0002
. C00u

-.0002
.0003
. 0001
. 0001
. 0001
. 0001

-.0000
. 0001

REPCRT NC. NSR401JBB3-4

DZ(IN)

0122
.0129
. 008y
. 0066
. 0060
.0073
.0034
.00uQ
. 0020
. 0021
.0020
. 0021
.0021
.0013
. 0005
. 0001
. 0000
.0C00

DMAX(IN)

.0162
.0153
.0108
. 0091
. 0087
. 0096
.00ug9
. 0054
.002u
. 0025
.0c2u
. 0024
. 0024
.0015
. 0005
.0001
. 0000
. 0001

46
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S NATURAL FREQUENCY:

. Energy
BORG J WARNER Equipment PAGE

Tre natural frequency for the valve assembly is determined by
idealizing the structure as a multi-maas asystem interconnected
by structural members as denoted in Figure 5-1. A finite
element computer program, SAP6 -- Structural Analysis Program
for static and dynamic analysis, is used to calculate both thre
deflections and natural frequencies. Details for the use and
interpretation of the SAP6 computer program are available in thre
User Manual, by SAP Users Group, Civil Engineering Department,
University of Southern Califernia, Nov. 1977.

In the structural model,

20 nodal points are assigned to

represent various components of the valve assembly, along with
12 concentrated lumped masses. The structural characteristics
are described by means of geometrical properties for 10

designated cross sections.
the beam members

These quantities are calculated fer

(MTYP=2) on the dynamic model. The whole

system is considered to be restrained oniy at the two weld ends
of the boedy main run, and have 3ix degrees of freedom at each
otker nodal peint (2
description of the nodal points is shown below:

translational. 3 rotational). Tre

Nedal Point Mass Point Description

1,2 weld ends of bedy main run

3,4 a,b valve bedy main run

5 c valve body center + gate/disc/seat
+ 1/5 stem

6 d valve bedy neck + 1/5 stem

7 El valve body neck flange + bonnet
+ 1/5 stem

8 center of yoke-body/bonnet joint

9,10 durmy ncdes

11,12 f.g yoke flange + 1/5 stem +clamps/bolts

13,14 h,i yoke "leg"

15,16 .k yoke top + 1/5 atem

17 center of yoke top

18 1 adapter/yoke-operator joint

19 dummy node

) m C.G. of operator

REPCRT NC. NSR40iJBB3-4
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NATURAL FREQUENCY:

Due to the fact that the geometry varies throughout its lengh,
each structural member is defined by the minimum geometrical
properties for the segment. Solutions derived with this
approximation will result in the lowest natural trequency as a
conservative approach. The dumy nodes 9 & 10 are justified to
account for the curvature effect of the yoke leg, and dummy node
19 is to serve the transaction from node 18 (adapter or
yoke-operator jeint) to node 20 (center of gravity of operator).
For shell type yoke design, the equivalent cross section
properties to beams are used (beams 8 & §9). Tre mass moments of
inertia for all mass points except operator are computed by an
engineering approximation of the actual mass distribution and
the radius of gyration. Slight discrepancies in data will rave
negligible effects on the final computer results. Tre mass
moment of inertia of the operator, however, is provided directly
from the supplier.

Table 5-2 through Table 5-4 list the input data of the nodal
point ccordinates, the geometrical properties of the structural
members as well as the masses and mass moments of inertia. The
first three mcdes of the natural frequency are tabulated in
Table 5=-1.
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TABLE 5-1 NATURAL FREQUENCY

MCDE 1 42,520
MCDE 2 53.200

MCDE 3 73.020
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TABLE 5-2
NCDAL PCINT
1
2

W O =~ O N

10
1
12
12
1
15
16
17
18
19

80RG #f NARNER -""9Y

Equipment pACGE

NCDAL POINTS
X-COORD. Y COCRD. Z CCCRD.
-6.00 0.00 0.00
6.00 0.00 0.00
-2.98 0.00 0.00
2,98 0.00 0.00
0.00 C.00 0.00
0.00 3.00 0.00
0.00 8.00 0.00
0.00 11.85 0.00
-1.59 11.85 0.00
1.59 11.85 0.00
-2.11 11.85 0.00
2.1 11.85 0.00
-1.88 16.65 0.00
1.88 16.65 0.00
-1.66 21.45 0.00
1.66 21,45 0.00
0.00 21.U5 0.00
0.00 23.85 0.00
0.00 30.10 0.00
-7 30.10 2.8

REPCRT NC. NSR 401JBB3-4
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TABLE 5-2 BEAM CRCSS SECTICNAL PROPERTIES

BEAM NC. AREA TCRSICN J MCMENT 11 MCMENT 12

1 8.15 u2.83 21.116 21.416

2 8.15 u2.83 21.416 21.416

3 16.82 177.82 88.910 88.910

4 23,84 278.68 139, 3u0 136,30

5 20.46 78.14 29,072 39.072

6 1000.00 20000.00 1000C. 000 10000. 0C0

7 uu uwo 320.76 165. 381 165. 381

8 .27 1.04 2.068 .59

9 & S 1.550 132

10 1000.00 20000. 00 10000. 000 12000. 000

TABLE 5-4 MASS AND MASS MCMENT CF INERTIA

NCDE MASS M.M. I-X M.M.I-Y M.M.I-Z

3 .037 0.000 .02u 0.000

o 037 0.000 .02u 0.000

5 .128 0.000 .08u 0.000

6 Quu 0.000 .059 0.000

7 .098 0.000 . 152 0.000

1" .022 0.000 .032 0.000

12 .022 0.000 .032 0.000

13 .018 0.000 .026 0.000

14 .018 0.000 .026 0.000

15 .021 0.000 .030 0.000

16 .021 0.000 .030 0.000

18 .008 0.000 011 0.000

20 53 14,356 26.052 29.980
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6. CONCLUSICN:

The following valves have been evaluated and qualified in accordance
with the ASME Boiler and Pressure Vessel Code, Section III, Muclear
Power Plant Components, Division 1, Subsection NC, 1974 and tre
requirements in Duke Power Company, Catawba Nuclear Station, !nits 1
and 2, Specification No. CNS-1205.00-6, Addendum u, December, 1978,
ASME Section III Carbon Steel Gate, Globe and (heck Valve.

Qualification is based upon thre analytical procedure defined in Duke
Power Company, Seismic Design Manual for rigid mechanical systems

In accordance with the design specifications, it Fras been
demonstrated that the valve assembly satisfies the design criteria
for stresses and deformaticns. A finite element computer program

SAP VI has been used to evaluate the natural frequency of the valve
assembly. With conservative quantities for mass and inertia, specifi-

cation limit of 33 cycles per second, which classifies the component
as a rigid system.

VALVE PRESSURE MATERIAL VALVE OPERATCR N.V.D.

SIZE RATING TYPE ASSEMBLY
(INCH) (LB) DWG. NC.

u 150 CARBCN STEEL MCTCR GATE u01JBB -4
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STATIC DEFLECTION TEST RESULTS

REPORT NONSR401JBR3-
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REVISION A

ATTACHMENT TO REPORT NO. NSR 40/J8§3-00%

The following active valve was tested per NVD Report No. 1681, as required

by Duke Specification No. CNS 1205, 00-5.

RESULTS OF TEST

NVD PART NO. %9/ TBA3-00Y DUKE ITEM NoO. 2 A-4%90

SERIAL NO. Y96 45 DESCRIPTION_J “/s0 /4 &m72 70,

DIRECTICN OF LOAD X

MAGNITUDE OF LOAD_//S50 LAS

SEAT LEAKAGE TEST PRESSURE </ 0 PSIC

CYCLE NUMBER
1 2 3

TEST

OPEN TIME
(Seconds) &.2 Y2 ¥.4

CLOSE TIME ’ B
(Seconds) 9" # ¥, 4 6‘ 4

SEAT LEAKAGE 0./ ce £

SEAT LEAKAGE ,3ee A
(Reverse)

Test Performed by:
Witnessed by:

Photograph of setup on next page.
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