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ABSTRACT

Currently, there is no technical standard and regulation for seismic analysis of non-nuclear safety piping. Accordingly,
ASME Sec.IIl ND, a standards applied to safety class 3 piping, is applied. However, the technical standard applied
for other than seismic analysis is ASME B31, which leads to controversy. In this study, the feasibility of applying
ASME B31E was confirmed by reviewing rulescomparing technical standards, and evaluating piping allowable stress
margins. The evaluation revealed that applying ASME B31.1 as a technical standard is too conservative compared
to ASME Sec.Ill ND. On the other hand, ASME B31E (issued at the request of the industry) clearly presents
the technical standards for seismic analysis of ASME B31 piping, and shows a similar level of conservatism compared
to ASME Sec.IlIl ND. It is expected to reduce the controversy over technical standards for seismic analysis of

non-nuclear safety piping by applying ASME B31E.
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B,, B,= primary stress indices

C, = dimension associated with socket welds

D, = outside diameter of pipe

i = stress intensification factor

k = allowable stress multiplier

M, = resultant moment loading on cross section due

to weight and other sustained loads
M), = resultant moment loading on cross section due

to occasional loads, such as earthquake
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P = internal design pressure (=F,)
P,

ax = peak pressure

R = nominal bend radius of curved pipe or elbow
r,, = mean pipe radius = (D, —t,)/2

S, = material allowable stress

Sy = stress due to occasional loads, such as earthquake
5, = material yield strength

t, = nominal wall thickness

n

Z = section modulus
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Table 1 Status of applied code of seismic analysis for
non-nuclear safety, seismic cat. I, II piping
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Table 2 Comparison of occasional load equation indices®
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Stress Index Stress Index
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Table 3 Comparison of stress indices by piping products
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Table 4 Cases of piping stress analysis
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Fig. 1 Fuel building 142ft FRS(OBE & SSE).
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Fig. 2 Aux. building 125ft FRS(OBE & SSE)

Table 5 Comparison of allowable stress for A312 TP304

k Allowable
, k, , stress
Egﬁﬁfén Ans(t)r\gssb le ;,95’1 Yield.'étress ;f;{ psi min.
muliplier multiplier (k= ),
P kyXSu)
Eq(1) OBE
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Level B
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Level D
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Eq() B3E| 24 | 16700 | 15 | 25000 | 37500
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Table 6 Piping design data for Case-1

Specification
From 100
Node points
To 370
Outside Diameter(inch) 4.5
Schedule 408
Wall thickness(inch) 0.2370
Material A312 TP304
) Pressure(psig) 300
Design
Temperature(oF) 200
Max. Pressure(psig) 285
Operating Temperature(oF) 120
Pipe 10.79
Weight .
(LBS/FT) Fluid 5.52
Total 16.31
Seismic Category I

Fig. 4 Stress ratio for Case-1(ASME Sec.IIl ND, SSE).
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Table 7 Top 20 Highest stress ratio for Case-1.
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Fig. 7 Stress ratio by piping products for case-1 (Top:
Elbow, Bottom: Straight Pipe).

Table 8 Piping design data for Case-2

Specification
Node From 100
points To 615
Outside Diameter(inch) 0.84
Schedule 408
Wall thickness(inch) 0.109
Material A312 TP304
Design Pressure(psig) 200
Temperature(oF) 200
Max. Pressure(psig) 75
Operating Temperature(oF) 130
Pipe 0.851
Weight(LBS/FT) Fluid 0.132
Total 0.983
Seismic Category I
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Fig. 8 Stress isometric drawing for Case-2.

Fig. 9 Stress ratio for Case-2(ASME Sec.lll ND, SSE)
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Fig. 10 Stress ratio for Case-2(ASME B31.1, SSE).
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Table 9 Top 20 Highest stress ratio for Case-2

ASME

ASME SecIll ND  |B31.1 & B3IE B3I ASME B3IE
! . 283 | Eq. 3
“ (Ea. D B3 28) | Fo | @Y
(Node Point) | Total stress . | Total stress . .
i Stress ratio psi Stress ratio | Stress ratio

OBE| SSE | OBE| SSE| OBE | SSE | OBE| SSE| OBE| SSE

1

(450, Socket Weld) 24595 29221 | 0.768) 0.584| 17873 | 21235 | 0.892| 1.060| 0.477| 0.566

2

(40, Socket Weld) 23849 28911 | 0.744) 0.578] 17330 | 18544 | 0.865| 0.925| 0.462( 0.495

3

(165, Socket Weld) 233701 27103 | 0.729) 0.542| 16983 | 19695 | 0.847| 0.983| 0.453| 0.525

4

21| 1.32
430, No Weld) 22458 26482 | 0.701] 0.530] 22457 | 26482 | 1.121] 1.321] 0.599] 0.706

5

(480, Socket Weld) 19581 24212 | 0.611] 0.484] 14229 | 17595 | 0.710] 0.878) 0.379| 0.469

6

490, Socket Weld) 19212 23719 | 0.600| 0.474) 13961 | 17237 | 0.697| 0.860| 0.372| 0.460]

7

2
(170, No Weld) 18970 22468 | 0.592| 0.449) 18970 | 22468 | 0.947| 1.121| 0.506| 0.599)

8

(2017, No Weld) 17562 19530 | 0.548| 0.391| 17561 | 19529 | 0.876] 0.975| 0.468| 0.521

9

2018, No Weld) 12455( 18544 | 0.389] 0.371| 12455 | 18544 | 0.622] 0.925| 0.332( 0.495

10

460, No Weld) 11907 18337 | 0.372] 0.367| 11907 | 18337 | 0.594| 0.915| 0.318 0.489

11

(615, Socket Weld) 15852 17650 | 0.495| 0.353| 11519 | 12826 | 0.575] 0.640| 0.307| 0.342

12

(190, Socket Weld) 13859 17388 | 0.433| 0.348) 10071 | 12636 | 0.503| 0.631| 0.269| 0.337

13

(500, No Weld) 14300 17204 | 0.446| 0.344| 14300 | 17204 | 0.714| 0.858| 0.381| 0.459

14

(155, Socket Weld) 14530 17145 | 0.453| 0.343| 10559 | 12459 | 0.527] 0.622| 0.282 0.332

15

(180, Socket Weld) 13212} 16758 | 0.412] 0.335| 9601 | 12178 | 0.479] 0.608| 0.256| 0.325

16

(2005, No Weld) 12827 15383 | 0.400 0.308| 12827 | 15383 | 0.640| 0.768] 0.342( 0.410

17

2019, No Weld) 13735 14684 | 0.429) 0.294 13735 | 14685 | 0.685] 0.733| 0.366| 0.392

18

(2004, No Weld) 11906 14157 | 0.372| 0.283| 11906 | 14157 | 0.594] 0.706| 0.317| 0.378

19

(2016, No Weld) 13149 13642 | 0.410| 0.273| 13149 | 13642 | 0.656] 0.681| 0.351] 0.364,

20

(2029, No Weld) 10374 12026 | 0.324| 0.241| 10374 | 12026 | 0.518] 0.600 0.277| 0.321
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Fig. 11 Stress ratio of 20 node points for Case-2 (Top:

OBE, Bottom: SSE)
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