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ABSTRACT

Recommendations are presented for establishing screening estimates of pressure
capacities for fluid system components subjected to Interfacing System LOCA
(ISLOCA) conditions for nuclear power plants. Included in this evaluation are tanks,
heat exchangers, filters, pumps, valves, flanged connections and pipe. Tabular
values are presented for stainless and carbon steel pipe as well as flanged
connections with various bolt materials and prelcads. Simple analysis methods
together with expected variabilities are discussed for plant specific components
which must be evaluated independently. In addition to failure or leak pressures,
tabulated leak rates or leak areas are included where applicable.
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SCREENING METHODS FOR DEVELOPING INTERNAL PRESSURE
CAPACITIES FOR NUCLEAR POWER PLANT COMPONENTS SUBJECTED
TO INTCRSYSTEM LOSS OF COOLANT ACCIDENTS (ISLOCA)

1. INTRODUCTION

A probabilistic risk assessment of a nuclear power plant requires the
determination of the pressure capacities of one or more fluid systems designed for
low pressure and temperature to withstand pressures and temperatures above the
design levels due to intersysterm LOCA. The probability of failure as a function of
intarnal pressure has previously been developed (References 1, 2, and 3) for several
representative PWRs as part of the USNRC Task Action Pian for Generic Issue 105,
Intersystem LOCA in LWRs, dated February 13, 1980. The purpose of this report is
to present guidelines for estimating pressure capacities of similar components in
other plants using the insights gained in the above three investigations. Emphasis is
placed on providing estimates of both median pressure capacities and the vanability
associated with the median over the expected temperature range of interest using
simplified analytical methods or tabular values for common component
configurations or generic components such as pipes and bolted flanges.

included are guidelines for evaluation of tanks, heat exchangers, ¢ ers,
pumps, valves, and bolted flange connections. Wheare possible, an attempt has
been made to provide guidelines which are expected to lead to realistic estimates of
median capacities for the component, but include conservatively large estimates of
the variability, using 8 minimum of analysis.. For controlling compoenents, however,
a more detailed evaluation may be warranted, and care should be used to dentify
any plant specific detail which could invalidate capacities develcped using the
guidelines presented here. Several examples of such details are discussed in the
following sections.

It is assumed that the pressure capacities have a lognormal distribution.
This assumption is made because a lognormal distnbution has been shown to be a
valid description of the variability in material strengths. In addition, for a random
variable that can be expressed as the product and guotient of several random
variables, the distribution tends to be approximately lognormal, irrespective of the
distributions of the independent base vanables. Thus, when some variahiity 18
introduced to account for analytical modeling assumptions or use of genernc
capacities instead of site specific capacities, this vanability can easily be combined
with that associated with material strength with some assurance that the overall
variability will be at least approximately lognormal, even if the distribution for
modeling 18 not known.

With the pressure capacity assumed to be a lognormal random variable and
denoting it as P, the probability of failure occurning at a pressure less than or equal
to a specific value p 1s expressed as:

Inrp’ﬁl} (113

a. |

{ .
-~ J

Pj = ProblP < pl = @

where: Py = probability that failure occurs at a pressure P < o
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P = random pressure Capacity

B~ = logarithmic standard deviation of P

P = median pressure capacity

@) = cumulative distribution function for a standard normal
random variabie

In equation (1-1), the prassure canacity for a given failure mode is
probabilistically described by the following expression,

P=P-M-§ {1-2)

in which P 18 the mediar Lressure capacity, M s a lognormally distributed
random variable having a unit median and a logarithmic standard deviation [
representing the uncertainty in modeling, and S is also a lognormally distributed
random variable with a unit median value and a logarithmic standard deviation Bg
representing the uncertainty in the material properties. The overall uncertainty in
the median capacity, B., is obtained by taking the square root of the sum of the
squares of Bpy and Bs.

The median pressure capacity represents the internal pressure level for which
there is a 50% probability of failure (leakage or burst) for a given failure mode, The
median values are evaluated from limit state analyses for different faillure modes.
The uncertainties, Bpy and Bg, are associated with variability due to a lack of
knowledge related to differences between the analytical model and the real
component, Modeling uncertainties are associated with the assumptions used to
develop analytical models and their ability to properly represent the failure condition.
The strength uncertainties are associated with variabilities related to the material
resistance. Examples of the sources of strength uncertainties include: varability in
steel yield and ultimate strengths, stress-strain relationships, and the influence of
elevated temperatures on material strength.

Uncertainties will exist in the estimated pressure capacities due to differences
between the analytical idealizatior. of the structure and the real conditions. There
are numerous possible sources of modeling uncertainties. Examples of the sources
of modeling uncertainties include: assumptions used to develop the internal force
distributions, failure criteria, and the use of empirical formulae. Moreover, since the
uncertainties are dependent on the particular failure mode under consideration, they
must be evaluated on a case-by-case basis, Howevar in many instances, the
evaluation of these uncertainties would require very detalled analysis and/or
extensive data which may not be available. As a result, it was necessary to use
subjective evaluation and engineering judgement to estimate these uncertainties.
The estimates of variability presented here are expected to be conservative and
while considered appropriate for screening, additional analysis could be expected to
result in reduced variabilities in some cases.

1-2
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Bolted flange connections such as manways or other access hatches
invulving elastomeric seals must also be evaluated using sepsrate techmaues.
Silicone rubber or EP O-ings can usually be relied upon to provide a seal at
temperatures up to about 200°F in a steam environment provided flange lift off
does not occuf, even though the elastomer may be severaly degraded. 1If flange
separation occurs due to relatively low bolt preload, however, extrusion of the
elastomer foliowed by leakage may occur, even at low ball stresses. Also, if the
elastomer is exposed to accident temperatures for a significant ume period,
compression set may occur such that much of the rebound of the seal is lost. Very
small increases in pressure may thei. cause leakage in cases where relativaly lang
temperature exposure times occur, even f the seal s not extruded. Evaluation of
elastomer.c seals involves consideration of the bolt clamping force, bolt length, type
of elastomer, and time and temperature of normal operating condition as well as
accident condition. Such evaluation should be based on the specific configuration
under consideration.

2.1 Factor of Safety on Design Pressure

~ Controlting modes of failure for circular tanks with d'shed heads designed to
ASME Code criteria include both hoop failure in the cylinder and plastic collapse of
the head due 10 internal pressure. In general, hoop taidure is expected 1o control at
low temperatures, However, at increased temperatures in the range of 400°F or
tugher, plastic collapse of the head may control for typical tank designs. However,
buckling of the head does not necessarily lead to farmation of a crack. Median
factors of safety for hoop failure at room temperature can be expected to range
from about 4 to over 15 based on the design pressure. A median factor of safety
of about 6.5 together with a lognormal standard deviation, R, of 0.4% s
recommended for screening for cylinder haop failure at room temperature. At
increased temperatures, a decrease in the median factor of satety of about 20% for
stainless steel tanks together with an increase in B to about 0.66 at €00°F i
expected. The increase in 0 reflects the additional uncertainty in material pr_perties
as well as uncertainty regarding increased thermal nozzle loads resulting from piping
systems designed for cold service. No reduction in the median factor of safety for
carhon steel tanks is required for temperatures up to 600°F and the same R (s
recommended for carbon steel,

Both asymmetric and plast.c collapse failure modes exist for dished “wads
subjected to internal pressure, For steel heads, the plastic collapse will govern.
Buckling of the head does not automatically lead 1o crack formation. It is
recommended that a probability of crack formation of 0.2 be used. given buckling
of the head. It is recommended that a median factor of safety of 1.6 with a & of
0.5 be used for dished head buckling at BOO°F compared to design pressure at
room temperature,

A summary of expected factors of safety sbove dasign pressute for steel
tanks lincluding heat exchanger shells, filters, atc.) is shown in Table 2-1.

Although the above variabilities are large, they sre intended to provide &
reasonable, yet conservative estimate for tank or vessel pressure capacity without
conducting any analysis other than knowing the design pressure (and assuming a
design temperature of 300°F or less). Assuming a room temperature hydrotest
pressure equal to 150% of *he design pressure was conducted. a probability of
fallure of less than 0,001 is indicated at the hydrotest pressure. While this may be
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too conservative, it provides for corresion or mechanical or thermal fatigue cracks
intrody 2ed since the original hyd-otest.

2.2 Tank Analysis

if a8 more accurate estimate of pressure vessel median capacity and
variability is <equired, simple analytical methods are available. This subsection

“presents the recommended analytical expressions together with recommended

material properties and associated vanabilities.  All material properues are
considered to be median centered unless otherwise noted. All vanabilities should
be assumed to be assocrated with faidure pressure and include provision for material
strength and strain variations, tank modeling uncertainty, possibility of partal
through-wall cracks, and nozzle loads from thermal strains in the attached piping.

2.2.1 Cylinder Hoop Failure

Failure in & cylindrical vessel due to hoop failure can be caleculated from the
simple relationships:

By s Ot t
1+ &)
where. Py is the median failure pressure
a¢ is the median failure stress
t is the wall thickness (nominall
r is the initial inside radius
and €4 is the median hoap strain at falure

Ths thicknass, 1, may include prowision for corrasion allowance if applicable.
Values of g4 and € for *wo representative tanks matenals at discrete temperatures
from room temperature to 800°F can be found in Tables 2-2 and 2-3,

Buckling ot dished heads due to internal pressure can he calculated from
analysis conducted by Galletly and his co workers (References 4 through 7) using
the BOSOR-5 (Reference 8) computer program. The methods recommended here
use the resuits of Galletly modified to provide appropriate median pressure
capacities together with estimates of variability based on very limited test results,
The median plastic collapse capacity. Py, for dished heads may be calculated from:

r

for 2:1 semi-ellipsoidal steel heads, and

oyl + 2405,,1(7,;'21!1'04

PO = 22.4 {2-2)

(201199 (g s200-79

for torispherical heads, where P, is the median plastic collapse pressure, and
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whera Oy 1s the yield stress

t is the head thickness
r 18 the radius of the attached cylinder
€ is the yield point strain

r is the toroidal (knuckle) radius
and Ry

is the radius of the spherical portion

These expressions are valid for most tanks and vessels with dished heads
used in typical nuclear power plant applications. Specifically, the ranges of
parameters studied (Reference 4 through 7) were

200 < r/t < 750
30 ksi < oy < 60ksi

and *the strain hardening slope, S, = 0,5, and 10 percent for semiellipsoidal heads,
and

280 < rit < 750

1.5 < Rg/r < 3

0.12 < rplr < 0.36
20 ksi < oy, < 75 ks

and the strain hardening parameter, S, = 0 and 5 percent for torispherical heads,
Again, it 1s estimated that a probability of crack formation of about 0.2 exists, given
head collapse. Median material properties for typical nuclear power plant
applications are shown in Tables 2-2 and 2-3. Plastic collapse, P, has been shown
to control for steel heads. Should another material be encountered, asymmetrical
buckling. P, should be evaluated using methods outlined in Reference 1.

Variabilities associated with both cylinder hoop fallure and dished head
buckling are shown in Table 2-4. Ssparate variabilities for stainless and carbon
steeis are given, These values are considered representative for most tanks,
vessels and heat exchangers. However, for unusual configurations such as thin-
wall vesseis with large thickness tolerances, etc., increased variabilities may be
required. Except for extremely short cylinders or other unique configurations, leak
areas associated with either cylinder hoop tfailure or dished head failure should be
considered as large, uncontrolled leaks in the context of ISLOCA.

2-4
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Table 2-1. Factors of Safety For Steel Tanks

Temperature Median Factor Lognormal Standard
(°F) of Safety (Design Press) Deviation, R
R.T. Cylinder Hoop 6.5 0.45
600 Cylinder Hoop 6.5 Carbon Steel 0.66
5.2 Stainless Steel
Dished Head 1.6 0.5
Collapse
Table 2-2. 304 Stainless Steel Material Properties (Use for Tanks)
Median Median
Temperature Yield Failure Median Youngs
(°F) Sirength, oy Strength. o¢ Elongation, & Modulus, E
(ksi) (ksi) (%) (psi x 1078
R.T. 37 67 20 28.3
400 23 57.9 13 26.5
600 19.8 54 .6 12 25.3
800 16.5 51.2 11.8 24 .1

2-5
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Table 2-3. S§A 516 Grade 70 Steel Material Properties (Use For Tanks)

Median Medan
Temperature Yield Failure Median Youngs
(°F) Strength, gy Strength, dy Elongation, € Modulus, E
(ksi) (ksi) (1%) (pst x 1078
R.T. 46 75.6 6.2 295
400 40 78.3 3.7 27.7
€600 37 78.5 5.8 26.7
800 34 63.9 7.9 24.2
Table 2-4. Lognormai Standard Deviations (Use For Tanks)
Temperature Lognermal Standard Deviation, B
(°F) Cylinder Dished Head
Stainless Carbon Stainless Carbon
Steel Steel Steel Steel
R.” 0.19 0.16 0.19 0.22
400 0.30 0.22 0.23 0.25
600 0.33 0.24 0.23 0.27
800 0.37 0.2V 0.24 0.30

2-6



3. PIPE

Both stainless stesl and ~s:0on steal pipe i$ used in nuclear power plant
applications which may be susceptible to ISLOCA conditions, Type 304 stainless is
the most common matenal used for stainiess steel pipe although type 316 and
occasionally other types may also be used. SA 106 Grade B s representative of
l carbon stee! inaterial in the more commonly found apphcations. Pipe may be
considersd @ genetic component as opposed to vessels which are often designed
specitically for a given plant. Consequently, tabulated failure pressures have been
developed for both 304 stainiess and SA 106 Grade B pipe for use u, ISLOCA
l pressure capacity evaluations,

Tables 3-1 through 3-3 show the median failure pressuras for 304 stainless
pipe for different pipe sizes and pipe schedules for a range of temperaturs = from 70
to 800 °F. Three discrete values for different assumed corrosion allov.anoes are
: included. Most systems of importance for ISLOCA are not subject to continuous
flow and erosion effects can narmally be neglected. Linear interpolation may be
used with the above tables to establish an intermeadiate corrosion pressure capacity
if desired. Similarly, Tabies 3-4 through 3-6 show similar information for SA 106
Grade B pipe.

Type 316 stainless steel exhibits somewhat higher strengths than 304 at
increased temperatures. For 316 stainless pipe, the values in Table 3-1 through 3-3
may be increased by 10% for temperatures of 400°F and greater. Since failure
pressures are dependent on both tailure strains as well as stresses, care must be
taken in ratioing Tables 3-1 through 3-8 to include other materials.

il Dk sE 28 B P 2EE

Variabilities included in pipe failure pressures include consideration of scatter
in the strength and uniaxial elongation material properties, vanation in properties
with temperature, biaxial strain and gage length etfects on failure stran. thermal
bending strain, branch connections, flanges, and the possible existence of partal
through wall cracks. Variabilities as expressed in terms of a lognormal standard
deviation for both stainless and carbon steel pipe are shown in Table 3 7 together
with the median faillure stresses used to establish the failure pressures presented in
Tabies 3-1 through 3-6.

3-1
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. Tabie 3-2. 304 Stainless Steel Pipe Faillure Preasures
CORROSION ALLOWANCE = 0.020
Pipe FAILURE PRESSURES
. ‘ dize Scheduls or D 4 400rF SO0 A00°F |
i (ie) (in {im) , I
Ve 408 1900 161 #592 875 LBbA 6487
; 80 1.900 1 15281 11468 10609 10026
k- 160 1 900 1,397 21647 18580 17202 10041
s 405 ;a;g 2087 '7‘1;‘2 ;;g gg 5418
5 r 1.
L 60 e ;68 21166 18187 16908 o
- 3 108 2,600 3.260 4399 294 a7z 2563
P 1,500 3068 7074 606G [T 5338
80 3 600 2500 1 $17¢ LT B0&7
160 1,800 2624 17631 16133 1408 15%00
3
] 4 :82 4 500 4 900 T 2230 207¢ 1961
. 4 500 4026 5966 £100 4755 4503
80 4 800 3826 $170 7871 1306 6027
180 4,500 2430 16450 14119 13149 12418
, Py 108 € 62S 8357 1985 1704 1645 1498
i 408 8626 b 0685 4748 a7 3700
80 6 62€ 5761 7918 E794 6322 5975
120 6628 § 801 10806 #4360 B714
f 180 €825 5186 R 127TR 11883 11239
# 1&? 8 625 8.020 178 1480 1359 1284
- 8 626 8128 aas 2688 2503 P36
a08 8625 7 881 d1eR 3598 a348 3161
) ) 4625 7625 6067 5880 HEEE 5249
120 BEES 7 188 10746 9823 BSB4 LR
ll 140 res 7001 12821 V0747 10002 2452
; 160 B82S 1813 14383 12384 11498 10885
: 10 108 10 750 10 420 1540 1322 1230 1163
. 2 10.780 10,280 2484 2132 1984 1875
408 10.780 L] 3811 »nn 3044 2877
’ 80 10750 6% 6631 £891 5297 5006
1 120 10 750 -1 10049 BA2E HOZH 7586
140 10,780 87 12396 10640 9902 8357
[ 160 10.750 6500 14388 12349 11494 10861
8 12 108 12,750 12 390 1429 1927 1142 1079
l 2 12.780 12 260 2078 1784 1660 1569
g 12,780 12 000 agr4 2810 2616 2472
[ 40 12760 11,938 3578 3072 2656 2701
O 12,750 11,476 8469 S§70 5184 4899
120 | 12180 10.750 10080 BEs0 8060 7B\
147 12.750 10,500 11648 9997 9304 8793
160 12.780 10136 14128 181 11984 10680
14 108 14.000 13 624 1366 1M 10890 1030 ,
20 14.000 13378 2420 2077 1833 1827
$19 14,000 13260 2568 2845 2369 2236 i
40 14.000 13.18 as 3082 2812 2658 i
80 14.000 12 500 6464 548 8163 4875
120 14.000 11614 10082 8628 8030 7584 |
140 14 000 11 800 11838 101 s 8936 !
160 14 000 11 188 13711 11768 10962 10360
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CORROSION ALLOWANCE = 0020

Table 3-2 (Continued). 304 Stainless Steel Pipe Failure Pressures

sihe

tin)

16

18

24

2! BE33BR
888RLqs 3238888

i
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FAILURE PRESSURES
400 HOOF
1021 51
1807 16582
2211 2058
040 FERE]
Sa62 5083
8390 THOY
10264 9863
11661 10883

S0
1508 1488
1658 8@
3051 2839
£402 5028
8a41 Ta58
GRar 3165
11607 10803
951 #95
1752 1630
2881 2693
5354 4583
8270 7637
2960 9270
11820 10781
230 865
14850 1350
2800 606
5278 4912
8358 7776
“7H0 083
11426 10634
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Table 3-3. 304 Stainless Steel Pipe Failure Pressures
CORRO SION ALLOWANCE = 0 040
Pipe . FAILURE PRESBURES i
Size Schedule 00 e} 700 A00F 600"F 8O0 :
i n) i |
14/ 408 1900 1610 7218 6195 8766 5449 |
80 1.900 1,600 11806 10133 #al 881z
180 1900 1.837 19992 17159 19970 15081
z 408 2ar8 2087 6104 529% 4876 4608
80 2478 18438 10160 8721 8118 7670
160 2378 1685 19058 17042 588 1 1 AGaE
3 108 3,500 820 27186 233 2170 2060
408 2500 3068 6349 5450 5072 4783
: 80 3500 2900 2923 BE17 7897 7491
: 160 2500 7604 16787 14409 13410 12672
! 4 10y 459 4280 2078 1784 1660 :::
| 408 4500 4026 5416 4648 4306 _
| 80 4 500 2626 8592 7a74 HABE |
: 160 4 500 3438 16807 13667 12627 11832
|
| € 108 6 625 6 357 1637 1408 1307 123%
| 408 6625 & D6E 4380 3749 J4%d :
80 6,60 5 761 7831 B4F4 8018 5685
3 120 €608 £ 601 10502 9014 8390 7928 1
; 180 6625 8.189 14481 12412 11562 10917 |
| 8 108 8625 8 229 1435 230 1146 1083
| 20 b 625 8126 266 2455 2088 2159 |
| 408 BE2S 7 581 3911 3387 3124 m -
u 80 8 625 7828 6677 £731 :
| 120 8828 7189 10438 8953 83798 78E0
| 140 8625 7001 12204 10476 9749 #2013
. 180 8625 6813 14068 12075 11238 10620
| 0 - 108 10.780 10.420 1328 1140 1061 o0z
| 20 10.750 10250 2266 1946 1611 712
| 408 10 780 10.020 2590 3081 2868 2710
80 10.760 8564 68400 5483 §112 4831
120 10,750 9064 9805 8416 7833 ?
140 10.769 8750 12143 10422 9700 9166 -
180 10780 8 500 14128 12126 11286 10665 .
| 12 108 12 750 12.3 1281 1073 999 944
20 12.760 12 1887 1628 1518 1432 |
S1d 12.780 12.000 3090 2662 2468 2332
40 12.780 11 808 2383 2012 Zm 2561
80 12 760 11.976 8295 8402 5028 4762 I
| 120 12.780 10.750 48B4 483 7885 7461
| 140 12750 10 500 11487 866 g156 8633
l 160 12.750 10126 13903 11833 11106 10485 _
{ 14 108 14,000 13824 1202 1092 960 208 .
20 14,000 13,37 2285 1935 1801 1702 |
Sidt 14 000 13.260 2798 2407 2235 12 i
40 14 000 13128 3362 2877 2678 guo '
80 14,000 12.500 6287 5306 5022 4746 I
120 14,000 11 814 9855 8467 7680 7447 .
140 14 000 11,800 11645 u9¢ 5302 6791 |
160 14 000 11 168 13813 11699 10798 10201 :
I
|
I
36 |
|







Table 34, SA 106 Grade B Pipe Failure Pressuras

CORROSION ALLOWANCE = 0000
Fipe , FAILURME PRESSURNES
Size Schedule &? 0 0 ADF 60 AOOF
(i) {in)
we o | o | oML HROmE W
! 180 15 1487 230% 20k e 17920
| 4 © g 198 LA R :
l 160 a7 1 688 22218 24311 n_ms 17088
i' 3 108 . : 4026 4407 e 1
| Sl W m % M
l 160 gwo 2624 1R258 1 18Ea4 {wr
4 108 4500 4 9260 3081 [z 3188 2398
L 408 a,g 4 026 6430 7047 5010
f 80 45X 3826 P35 10544 rers 7447
160 4500 3438 16894 18480 \TESY 13146
i 108 c_.g £ a57 2306 2623 201 1704
405 £ € 085 5060 6527 6170 &
. a0 6625 & 761 B 877 waas >
1 120 6 606 §.601 11178 12230 11442 B
E 160 € 625 5189 15138 16564 15406 nrr
! 8 108 8625 8329 1944 21a7 1080 1512
20 8 626 8125 S66 ae8 344t 2618
a0%s 8 628 7 a1 4413 4830 4518 5434
; B0 8625 7628 7173 7850 7344 5581
, 120 ;.g 7 188 10ph 11956 1188 #501
, 140 H 7 001 12687 13R85 19088 wore
i 180 8625 asia 1 15918 14893 AEREE]
1 10 wa A 78 10.420 1732 1EP 1774 13.8
| . 20 0. 10,260 p 2820 2738 o676
408 10.750 10,020 2985 4361 4DHO 3100
: 0 10.760 9 564 678 7423 0944 8077
! 120 10.780 9064 10173 11154 10418 7916 :
I 140 10.750 8750 12501 13601 12788 a7e7
! 160 10,750 § 500 14477 15844 14823 11265
l 1? 108 12750 12380 ézsﬁ 1738 1627 1237
I 20 12 750 12 250 2443 w286 1737
Sid grg 12,000 3418 a4 3500 2660
i 0 750 1108 3720 4071 24809 288
80 12.760 11,976 BA06 7228 a7en 5140
I: 120 12 760 10760 10178 11156 1048 7018 .
_ 1480 12750 10,500 11720 12826 11993 8118
: 160 12750 10.126 14173 154611 14511 11028
14 108 14000 13 624 1509 1852 1545 1178
20 14.000 13976 2666 297 2617 1989
Sid 14.000 13,280 W 3388 3170 2409
. a0 14,000 13,128 Wk 3990 ars3 2837 !
1 80 14,000 12 600 6563 7183 8720 5107 !
!_ 120 14000 11814 10120 11078 10361 787% '
: 140 14 000 11,600 11888 13012 12173 wet2 ]
: 160 14,000 11188 13748 16044 14074 10698 4
| 5
J 1
s 38
h
]
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Table 3-5. SA 108 Grade B Pipe Failure Pressures

CORROSION ALLOWANCE = 0.020

“ipe FAILURE PRESSURES
Size Schedule els) D ?0F 400°F BOO°F BOO'F
{in) {in)
112 408 1.800 1610 [RE 084 BERS 6608
) 1900 1 500 18126 14365 13439 10214
180 1 900 1.337 21594 73414 21804 16647
2 aos 2475 2087 TOM 7781 7260 6518
80 2375 1 a0 19470 12224 11436 8601
160 2378 1.680 20818 2283 21417 18277
3 108 3 500 3.260 3385 3872 3435 2611
aus 3500 1068 6988 7648 7186 5438
a0 4500 2 900 10561 11588 10813 8218
160 3800 s Bza 17426 18070 17840 12869
4 108 45800 4 260 568 2610 2629 1998
405 4 500 4026 SHDE 6452 6036 4585
B 4 500 387¢ G063 EEAL] a2re 7062
160 4 500 2438 16268 17782 16646 12661
[ 108 & 625 ¢.a57 1962 2147 2008 1526
a0s 6,626 6.085 4589 5132 4801 648
BO €625 5.761 7823 2561 BO09 GOR7
120 8628 5501 10777 1768 11034 #8388
160 6628 5188 14714 16103 15068 11448
] 108 BE2% 8329 1681 1840 172y 1308
20 8028 8125 3006 3389 3170 2408
405 8625 7961 4138 4830 4238 a1
B 5625 7625 GHEE 76836 7050 5358
120 8 6a6 7188 10820 11823 10874 8264
140 8e2s 7.001 12374 13543 12669 2620
180 BE25 6813 14225 15568 14564 11068
10 108 10 760 10,420 1522 166E 1668 1184
20 10 750 10260 2454 2686 2613 1810
408 10,760 10.020 ares 4122 3866 2431
80 10.750 @ 564 6553 7172 8710 5099
10 16,760 § 064 8932 10870 10169 7728
140 10.750 H 780 12261 13408 12543 9833
180 10.780 8500 14220 15583 14559 11085
12 108 12,7860 12,390 1413 1546 1446 1
) 12780 12250 2064 2048 2108 1
Sid 12.750 12.000 3236 3541 3313 2018
40 12 780 11 838 as37 871 a521 27h2
80 12.760 11376 6413 7019 6566 4990
120 12.750 10780 #av2 10813 10210 7769
140 17 60 10 800 11514 12598 11786 8957
180 12760 10.126 12856 16274 14288 10860
14 108 14.000 12 1349 1476 1381 1080
20 14 000 12,376 2382 2618 2448 1881
S 14 000 13280 2831 3207 3001 2260
40 14.000 13126 3478 B808 aseg 2707
80 14.000 12.500 6388 6661 6540 4971
120 14 000 11 814 9935 10873 10172 7730
140 14000 11.500 11699 12804 11878 #1034
160 14000 11188 13851 148%0 13874 106544
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Discussions of the effects of these parameters on the leak pressures and
loak rﬂo’i of leak areas of flanged connections may be found in References 1
through 3.

Although the tlange leak charactenstics are plant specilic 10 the extent that
different boit materials and bolt preloads are used. tabular values of Gross Leak
Pressure (GLP) and leak rates and leak areas for vanous flange ratngs and pipe
sizes have been developed. Two sets of tables coresponding 1o *soft” and “high
strongth® bolts are presented here. For 8 given pipe diameter and flange rating, the
recommended procedure requires the determination of the plant specitic boit
matenal, and a determination of the expected imitial bolt prestrass and joint
relaxation. To account for relaxation and cyclic creep for those cases where lock-
up between the flange and compression gauge ring does not ocour (normally all 150
ik flanges and 300 and 600 Ib flanges with low bolt stress and high gasket loading
stitfness) a median joint relaxation of 26% is recommended with the range from ©
to 26% taker as a 30 varation. Once the required parameters have been
determined, the GLP as well as the leak rate or leak area at discrete values over the
range of 0.28 to 2.0 times GLP can be calculated. Results for low strength bolts
are given in Tables 4-5 through 4-29 and for high strangth bolts in Tables 430
through 4-84. Vanabilties expected for bolted flange laak rates are shown in Table
4-65. A variability in leak area of 0.12 s recommended for all pipe diameters and
flange ratings.

4.2










Table 4-3. 400# ANSI| Flange ar 1 Gasket Data

., GASKET svsrresncsnc?® Pragoure| *--eeescmmrsssBOL TS omereerennnnnns *

Diameter | OD D Width Area Area | Number Diameter Area Lon%lh
(in) (in) (i) (i) (sqin) (sqin) (in)  (sqin) (i

Flanges

1-1/2 2.760 2125 02500 1865 3.547 4 3/4 0.3340 2125

2 3375 27850 02,00 235 5940 8 &8 02256 2375

2:1/2 3875 3250 02500 2748 B 208 8 3/4 03340 2625

3 4750 4000 0.3125 4234 12566 8 3/4 0.3340 2878

4 875 5000 03750 6332 19635 8 7/8 04612 3.1286

6 8.250 7.188 04688 11.275 40674 12 7/8 0.4612 3.628%

8 10.375 5.188 0.5313 16220 66.296 12 1 06051 4128

10 12.500 11.313 0.8313 19.767 100.508 18 1.4/8 07896 4825

12 14.750 13.375 0.6250 27488 140.500 16 1-1/4 09985 4875

14 16.000 14,6256 06250 29 943 167 g8 20 1-1/4 09985 5125

16 18.250 16.625 0.7500 40939 217.0/¢ 20 1.3/ 12319 §637%

18 20.750 18.688 09688 59822 274279 24 1.3/8 12319 5625

20 22.750 20688 09688 65909 336129 24 1-1/2 14899 5875

24 27000 24750 10625 86.161 481105 24 1.3/4 18983 62375

Bolt aress correspond to tensile Stress ares

4-5
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Tables 4-5 through 4-29
LOW STRENGTH BOLTS

Tables 4-30 through 4-54
HiGH STRENGTH BOLTS
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Table 4-30. 150# Flange Gasket Stress, Gross Leak Pressure, and Leak Rate

INITIAL BOLT STRESS = 15000 psi
JOINT RELAXATION = 0%

Flange | Eff Gasket Act Gasket Gasket Gross Leak| Leak Rate Leak Rate Leak Rale Leak Fate | Leak Area Leak Area Leak Area Leak Arsa | Bolt Stress
Diameter Strass Strass Deflect.  Pressure at GLP at 25GLP at S0GLP &t 7S5GLP [at 1.25GLP & 1.5GLP a! 1 75GLP at20GLP | at 20GLP
(in) {psi) (p3) (i) (psi) (mgfeec) (mgisec) (mg/sec) (mg/sec) | (sqn) {sq in) {sq in) {sq in) {psi)

Fianges
1-12 4555 4555 0025 2455 62 10 23 4a0c 0.00 000 c oo Q.01 38823
2 5745 5745 0.025 2570 22 3 8 13 200 000 0.0 oo 40544
212 4924 4924 0025 1963 57 B 8 33 000 ao;m oo oo 42064
3 3157 3197 0025 1243 531 72 168 3086 a0c 01 0.01 002 40435
R 4275 4275 0.025 151 118 15 35 66 om o001 a2 oo2 38178
& 3555 3555 0025 1010 336 38 85 7 om oo o002 03 34941
8 2471 24N D.0zs 568 2412 223 553 1118 oo o0 003 04 31825
10 4200 4200 0025 753 173 13 34 7 001t o0z 003 o0s 30046
12 3020 3020 0028 494 2960 59 176 375 oo 003 004 005 27545
14 38a7 7 0025 550 388 26 67 146 ao2 0.03 005 0.06 27Tn
16 3547 3547 0025 563 4’4 30 76 163 oo o4 0.06 007 27620
18 3060 3060 0025 548 826 64 161 339 ooe 002 og7 cos 27314
20 3472 3472 0025 563 451 33 as 181 o0 005 oo8 on 27541
24 3arz2 3ar2 0024 512 575 as 100 218 004 0907 on 01 Fige -
el as—————————— e——p— T U— - - p— - — — S SO S e — ——

Bolt Yield Stress = 111,700 psi (SA193.87)
DGmax = 0.050 in
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INITIAL BOLT STRESS = 50000 psi
JOINT RELAXATION = 0%

Table 4-36. 150# Flange Gasket Stress, Gross Leak Pressure, and Leak Rate |
|

Flange |EH Gasket Act Gasket Gaskst Gross Leak] Leak Rate Leak Hate (Leak Rate Leak Rate | Leak Area Leak Area Lesk Area Leak Area | Bolt Sirass
Diameter ! Stress Stress Deflect Pressure at GLP &t 25GLF at SOGLP at 75GLP [at 125G1P a 15GLP &l 1. 75GLP at 20GLP | ot 20GLP
{in) (psi) {psi) ) {psi) {mg/sec) (mg/sec) (mg/sec) (mg/sec) | {sqin) {sq in} (sq i) (sq in) (psi)
Flanges
1-312 15182 SO00 0050 w349 2 O 1 1 oM oo oo o2 100427
2 19150 11400 0050 ©799 1 0 o 0 oM o0 Qo2 003 107255
2-1/2 165414 800 0050 5224 2 0 1 1 om oo 003 004 111964
3 10657 6350 0 050 3358 16 | 6 piss oo o2 004 00s 109181
. 4 14261 8500 0080 4203 3 1 1 2 oo oGa J0a 005 106205
' [ 11845 7150 0050 2967 & 1 3 & 002 004 0.06 0086 102613
gg »” 8237 4965 0.050 175 68 9 20 a8 203 006 000 012 97880
10 13999 B500 0 0SS0 2412 5 1 1 2 004 207 on 915 96218
12 10067 100 0.050 16847 27 3 7 13 004 009 013 G118 91818
14 12128 7350 0050 1834 N 1 2 5 o005 an 0.6 o221 82436
16 11824 7150 0050 1876 2 1 3 & 006 012 018 025 82067
18 10200 €200 0050 1826 23 3 & e co7 015 o222 G30 91047
20 11572 TOK0 0.050 1897 12 1 3 7 ans 018 o227 .36 91833
28 11239 6900 0050 1707 15 1 E] 7 012 024 036 ca8 3406

Boft Yield Stress = 111,700 psi (SA193-87)
DGmax = 0.050 in
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