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the number of cycles and duration of loading,

.8, Calculation fo:r Brittle Failure Strength

$.8.1., General points,.

5.8.1.1. Based on the points of this section a calculation is
made for brittle failure strength of nuclear power equipment and
piping at the planning stage.

5.8.1,2. The points of this section do not cover calculation
of fastening parts.

5.8.1.3, The calculation for brittle failure strength of
equipment and piping components is made for all operating condi-
tions, including normal operating conditions (NOC), violation of
normal operating conditions (VNOC),emergency situations (ES) and
hydraulic (pneumatic) tests,

5.8.1.4., The main characteristics of the material used in the
calculation are the critical coefficient of stress intensity L
critical brittleness temperature Ty, and yield strength RTpO.Z‘

Change in the properties and materials during operation is
taken into consideration by adding to the calculation shift in
critical brittleness temperature because of various factors in the
operating process.

5.8.1.5, 1If the thickness of the walls of the calculated compo-
nents is less than the required thicknesses for determining that
the values Ky according to the points of GOST 25.506-85, critical
opening of cracks 5c or other characteristics (K., Jg) that can be
defined according to the aforementioned GOST may be used in calcu-
lations for brittle failure strength,















where j i8 the § or 2 coordinate; V4 L8 the function of stress change
over the thickness of the wall; s is the thickness of the wall in
the calculated secticn,

5.8,2.4, The value of the bending stress component is deflned
from the formula

W™ 0p=0y

where G, is the value of the stress change function over the thiek-
ness of the wall at point n.

For elements without anticorrosion facing point n is located
on the external or internal surface of the item in the zone of oper «
atlon of the maximum stretching stresses, For components with anti-
corrosion facing point n is selected on the external surface of the
item or on the interface of the anticorrosion coating and the base
metal in the zone of operation of the stretching stresses.,

5.8,3, Permissible values of coefficlents of stress intensity. /

1<

5.8,3.1, Permissible values of stress intensity coefficients
depend on the relative temperature (T-Tx) and the calculation case.
The dependence of (Kj]; on [T-Ty) is obtained as the envelope of
two curves defined from the initial temperature relationship Ky.
One of these curves is obtained by dividing the ordinates of the
original curve by the coefficient of the strength margin ny, the
other is obtained by shifting the original curve along the x-axis
onto the value of the temperature margin AT.

It is assumed:
for normal operating conditions (i = 1) ng = 2, &AT = 30°C;
with disruption in normal operating conditions and hydraulic (pneu-
matic) tests (1L = 2) np = 1.5, AT = 20°C;
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Figure 5.16., Welded Connections of Steels
of Grades 15Kh2MFA, 15Kh2MFA-A,
15Kh2NMFA, 15Kh2NMFA-A

Key!
2, VNOC an draulic (pneumatic) tests
(Kylg = 25Yo 27 9?2.gng0-5(T-T1? d
3. Es, fK1l3 = 35 4+ 53 ¢0.0217(T-T))

$.,8,3.3, Temperature relationships (Kyl; for steels of grades /98
12Kh2MFA, 1S5Kh2MFA, 15Kh2MFA-A, 15Kh2NMFA, 1S5Kh2NMFA-A and their
welded connections are presented in Figures 5.14 - 5,16,

5.8,3.1, For steels of the perlite class and high-chrome
steels and cheir welded connections with yleld strength at tempera-
ture 20°C established from the instructions of point 3.7 of these
standards and not exceeding 600 MPa (60 kg-f/mm*) generalized curves
of permissible stress intensity coefficients presented in Figure
$.17 can be used,

5.8.4, Critical brittleness temperature.

5.8,4,1, The critical brittleness temperature of a material
is defined from the formula



T‘- r‘.“ATf*AT.*Ar'l

wvhere Tyo is critical brittleness temperature of the material in

the original condition; ATy is shift in critical brittleness temper-
ature because of temperature aging; LTy is shift in critical brittle-
nees temperature because of cyclic fallure; ATy is shift in critical
brittleness temperature because of the influence of neutron irradi-
ation,

5.8.4.2, The values of Tyg, ATy, ATp and ATp (o1 the coeffi-
cient of radiation embrittlement Ap) are adopted from the data of
appropriate certification reportes on materials (base metal and
welded connections), specification data for materials or based on /99
technical solutions agreed upon with the USSR State Committee on
Inspecting Safe Operation in Nuclear Power, the maln materlology
organization and the main organization for developing strength
calculation standards.

The techniques for defining the value Tyqo, ATq, &Ty, &Tp (or
Ap) are presented in Appendix 2.

5.8.4.3. Values Tko,<ATT, and Ap presented in Table 5.11 can
be used,

5.8.4.4, Values ATy can be defined from the formula

AT.-”‘;W{NJ'

where N; is the number of loading cycles In the i-th operating mode;
[(Ny) is the permissible number of cycles for the i-th operating
mode; m is the number of conditions,

10
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TABLE 5.11.

VALUES OF FAILURE STRENGTH CHARACTERISTICS

Grade of Type of |Standard or rradiation
Base Material| Welding, |Spvecifications |T,,, °C [ATy, °C ature, | Ap, C (see
Grade of (see note 1) °c note 2)
Welded
Material
15Kh2MFA - TY S5.961- 0 0 250 22
11060-77, Ed. 270 13
‘_ e el 6-90-3315 290 14
15Kh2MFA-A - TU 108.131-75, o o 270 12
Ed. 479 290 9
T5kh28NMF2 - 70 108.765-78, [{] 0 290+15 109
e L el Ed, 4-83 = L = .
ISKhZ2NMFA-A - TU 108.765-78, -25 G 290215 23
i Ed. 4-83 SR
15Kh INMFA - TO 24-3-15-223- -10 0 = -
15, EG. 485, TU
5.961-11021-79,
- B4, 6-90-3305 2000000 | vy
10KhNIM - TU 14-1-2587-78 10 10 = - N
22K - T -11- - 30 30 T o e o
10GN2MFA = TU 108.766-78 15 10 - e
T5Kh2NMFA  EShS, wite TO 14-1-3833-83% 20 [ - -
Sv-16Kh2ZRMFTA
Flux OF-6 - _ —_—
RDS, electrodes OST 108.948. 0 0 = -
RT-45A, RT-45AA, 0]1-80
I5Kh2NMFA-A ADS, wire Sv- TU 14-1-2502- 0 0 29015 20
12Kh2N2MAA 78
{including VI,
ynj)
Flux FTs-16A Tu 108_.949_80
Wite Sv- TU 14-1-3675-83 ] — 0 290+15 20
CNMTA-VI 5o
Jux KF-30 TU 5.965-11090- S I
%os. elec- OST 108.348.01-B0 L 29015 Ead

trodes RT-45
AA, RT 45B
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wich s/Ry > §
Nl (K= 1) 9N/ R, )
With %> Kg %= Ky is assumed.
The quantity m can be defined by the graphs in Figure 5,18,
In the formulas Ry ig the radius of the curvature of concen-
trator in the calculated cross-sectlon; K¢ is the theoretical con-

centration coefficient (it le permitted to assume that [t is egqual
to the value Kg during stretching),

5.8,5.6. The coefficient | for zones of holes (connections of

sleeves, pipe unions, pipes) is defined by the formulas:
with s/R ¢ 0.8

ne[148(K, ~ 1)exp(=086s/R, )]
with s/R » 0,8
q.[‘ *1(‘.- '“‘,R. n‘no

where R; is the radius of the hole,

The guantity = can be defined by graphs in Figure 5,19,

$.8,5.7. A calcu.ation needs to be made only to the relative
temperature (T - Ty)* whose greatest value on the graph (Kjl; = f
(T-Tx] corresponds to the value [K;)*; defined by the formula

(K, )1 = 0,35 RFo.1(5/10°)'7,

where RTpo.z is in MPa; s is in mm, [Kj)*; is in MPa x m*.

16






5.8.6.2, Temperature [Tk] is defined using the condition

Kt (K ],

where K? is the coefficient of stress intensity and the cross-
sections of the structure under discussion during hydraulic (pneu-

matic) tests,

' . 1
J “ ]
0] u ~4-1
2
o 2t
20 -
w w
o i /109
" 0
- -
o BT W u o Ba of ¢ W,

Figure 5.19., Dependance of Coefficient ¥ on
Ratio s/R; for Zones Where There

are Holes
Key:
a, 8/R; ¢ 1
b, #/R; > 1

5.8,6,3, Values KT are defined according to the instructions
in points 5.8.2, 5.8.5,2 and 5.8,.5.3.

5.8.6.4, The value (Kjlp is adopted equal to the value K?
defined from point 5,8,6.3 and using relationship (Kylp = £(T-Ty]
we find the value [[Ty] -~ Ty]) and then, by knoving the value Ty we
establish the value [Ty].

18



5.8,6.5, Condition 5,8.6.2 must be fulfilled during the pres-
sure delay during hydraulic (pneumatic) tests, during delay for
inspection of equipment and piping and during heating to the testing
temperature.

5.,8,6,6, It is permitted that a complete calculation to deter-
mine temperature (Tp) not be made and it is assumed it equals 5°C
in any of the following cases:
1) conditions of point 5,8,1.9 are fulfilled (except point 4);
2) the following condition is fulfilled for the element under dis-

cussion
1
:“.8-!0'(%\]‘)
o1

with & in mm; (Kyl; in MPa x m3; RT o , in MPa; value (K], is
defined with relative temperature (5 - Tx), where Ty corresponds
to the moment of conducting hydraulic tests, while the value Rpo.z
is adopted at temperature 20°C,

$.8,7, Calculation in VNOS and ES modes.

5.8.7,1, Brittle failure strength is considered guaranteed
if the following conditions are fulfilled

Ky ¢ [K3]; for VNOC;
Ky < [Ky)3 for ES.

5.8,7.2, The calculation is made in the following sequence:
1) for different moments in the occurtence of VNOC and ES modes
the temperature fields and stresses defined in the calculated cross-
sections and for the components exposed to neutron irradiation the
distribution of neutron migration through the wall thickness is
also defined;
2) according to the instructions in point 5,8,2 for each of the

19
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stress flelds G, 6q and h are defined;

3) zone h is divided into intervals whose boundaries are designated
by coordinates 0, x3, x3 ..., X, the length of 2ne interval of
division must be no more than ] mm on sections where the stress
gradient is over 70 MPa/mm, and no more than 2 mm in sections where
the stress gradient is over 30 MPa/mm;

4) in limits of zone h values K; are defined assuming that the depth
of the crack egquals in value X1+ X2+ «ssy Xuy while the correlation
of semiaxes a/c = 2/3; the value x, must not exceed 0,25 s;

5) the sequence of moments in time t;, t,, ..., t, are selected so
that the values K calculated for one depth x; of two subsequent
moments in time differ from each other by no more than 10%;

6) at the points corresponding to the end of each interval X101 X324
¢sss Xp the valuee of the temperatures Ty, Ty, ..., Ty are estab-
lished ané (for structures subject to irradiation) values of neutron
migration Fy, F3, ..., Fpi '

7) for temperature values found T;, T3, ..., T, with regard for values
of critical brittleness temperature Ty relative temperatures are
defined (Ty - Ty)r (T2 = k), «uuy (Tp = Tx) and from the tempera-
ture relaticnship

[K,];-/[T— T.] or [Ki)y=/[T~ 1)

for each of the points x), X3, ..., X, values (K], or [K)]3 are
established;

8) at each point X, X3, +.., X, & comparison is made of the values
K) defined from point 4, and values [Ky); or [K)); defined from
peint 7 and fulfillment of the condition of point 5.8,7.)1 is verified;
9) the calculation should be made in limits to relative temperature
whose greatest value corresponds from the graph (Kyjly = £[T-Ty] to
the value (K;]; = JRTPO.Z(S/IO’)* or on the graph [Kjly = f(T-Ty)
to the value [K))*3 = 2RTp0.2(8/10')§, where (K)lp or (Kylj is in
MPa x m?¥; RTpo.z is in MPa, s is in mm, while th~ values f; and {,
are defined from Table 5.12.

20



TABLE 5.12., VALUES OF COEFFICIENTS P; AND P,

o 0.0 0.10 018 020 028
[} 026 0,380 0.408 0.445 0.465
% | & 0.5 () o0 | 0w

§,9, Calculation for Continuous Static Strength /111

§,9.1. 1n the verification calculation for continuous strength
all operating modes should be examined which occur at temperatures
exceeding Tl' including violations of normal operating conditions.
The condi*ions of strength of the structural components are pre-
gsented in Table 5.13 and are clarified in the following points,

§,9,2. A structural component calculated for continuous static

strength must satisfy:

1) conditions of strength adopted in selecting the main dimensions
in the entire interval of operating temperatures;

2) conditions adopted in calculation for static strength in the
entire interval of operating temperatures.

5,9.3. Relative stresses of categories (§)p and (8)gy, (S)gy
in calculating for continuous static strength of shells and piping
must satisfy the foll~wing conditions:

(0);<K [0]) & (). (O)ne€Ki[o].

where (6) is the nominal permissible stress,

[0]=RE/nw:

Nye 18 the safety margin adopted according to section 3.4; Ky is
the ccvefficient of reduction of stresses (0); to membrane defined
in the zones of membrane or low membrane stresses by the formula

2l
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