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1.0 INTRODUCTION

' One of the staff recommendations on Response Combinations in the Report of
the U.S. Nuclear Regulatory Commission,'Piping Review Committee published
in December 1984 [1] is that “"the independent support motion response
spectrum method should be allowed as an option in calculating the response
of multiply supported piping with independent inputs." The staff also
recommends rules for the combination of the individual group level
responses, individual modal responses and directions (see attachment).
These rules do not properly consider the modal correlation and the
correlation between support motions.

Impell Corporatidn proposes to use the multiple level response spectrum

(MLRS) approach but using the corresponding and appropriate correlation ] .
coefficients to combine group, modal and directional responses. The

methodology, based on random vibration theory, was developed by A. Asfura

et al [2, 3, 4, 5] and it has been incorporated in Impell's computer

program SUPERPIPQQ(RV-SUPERPIPE).
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2.0 METHODOLOGY

2.1

A detailed explanation of the methodology is beyond the scope of this
document. References 2, 3, 4, and 5 give all the theoretical background
for the generation of the correlation coefficients and the derivation of
consistent combination rules. A brief summary of the combination rules
for the dynamic and pseudostatic component of the response is presented.

Dynamic Component

3 5 B 17t
R=T4& 21 & 121 Rix Rppikdll

- R ¢ Total dynamic response.

Rik : Maximum dynamic response of mode i (with proper sign) due to the
excitation at group level k.

n : Number of considered piping modes.
na ¢ Number of group levels.

pikj1 ¢ Correlation coefficient which account for the correlation between
modes i and j and the correlation between group levels k and 1.
This correlation coefficient is given by:
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where

N I éj) Ordinate of the acceleration cross-cross
‘response spectrum for modes i and j and
group levels k and 1 [2, 3].

) Sk(“L’ £.)  Ordinate of the acceleration floor response
i i
spectrum for mode i at group level k.

These correlation coefficients are function of the modal properties of the
building, the design ground spectra and the modes of the piping.

In thevcorrelation coefficients, the directional correlation can be
included defining each direction at a support group location as a
"different" group level.

2.2 Pseudostatic Component ¢

na na
-rs = 3
P=[& 21 PR bl

P- : Total pseudostatic component.
Pk : Response due to static displacement U, of group level K.
bk] . Correlation coefficient between the displacement of group levels

k and 1.

This coefficient is given by

bk1 : ck]
lUkIIU]I




Ck] : Term proportional to the corariance of the displacements of the

. group levels k and 1 [4, 5] which is given by:
” N N T
Cr = :2 ‘%‘ 1 4 PO,IJ sg(wl) Sg (WJ)
I1=1 J=1
where
N : Number of considered building modes.
rI :

Effective building participation factor,

Sg(wl): Ordinate of the design ground response spectrum for building
frequency NI,

Po» 13° Correlation coefficient for closely spaced building modes

(CQC type coefficients).
. The coefficients by, are function of the modal properties of the
building and the design ground spectra. Again the correlation between

directions can be included directly in these coefficients.

2.3 Total Response

Standard procedures. Absolute sum or SRSS of R and P depending on the
case.
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4.0 EXAMPLE

. This example represents a real pipe line (1ine AC-03 at SONGS-1) which is
attached to a building composed of three different structures. Figures 1
and 2 show the models of the buiding and the pipeline respectively, and
Table 1 and 2 1ists the modal properties of them. The building represents
a reactor building. For analysis purposes, the building was considered
responding in only two directions (X and Y directions). The input ground
excitation corresponds to a R.G. 160 design ground spectra scaled to 0.4G
ground acceleration applied in the x~direction. The pipe line is a
three-dimensional system which is attached to two different structures in
the building (see figure 1 and 2). The support levels are located at
elevation 35.9' on the containment and at elevations 30.0' and 45.0' on
the interior structure. It is noted (Figure 2) that each support level
consists of a group of piping supports which are considered to have the
same input motion. Because the piping system is connected to two
different structures, the pseudostatic component of its total response are
considered. Time history and multiple response spectrum analyses are

. performed. For the response spectrum analysis, the following
combination rules are used.

. Combination 1:

Dynamic Response

Level Combination: Absolute sum.

Modal Combination: Grouping Method (R.G. 1.92) )

Pseudostatic Response: Absolute sum of the responses due to the static
displacement of each support level. '

Total Response: Absolute sum of the dynamic and pseudostatic response.




Combination 2:

Dynamic Response: Use of correlation coefficients.

- Pseudostatic Response: Use of correlation coefficients.

Total Response: Absolute sum of the dynamic and pseudostatic response.

For this example, only the bending stresses and the support loads are
presented. The maximum bending stresses evaluated using time history
analysis and response spectra analysis are presented in Figures 3 and 4,
respectively, for 54 points along the pipe. Figure 3 shows the dynamic
component of the response using time history analysis. Figure 4 shows
equivalent curves for the total responses.

It can be observed that the proposed combipation rules accurately predict
the dynamic and total responses along the pipeline. It is also observed
that the use of this new combination technique may result in an important
response reduction with respect to results obtained by the standard
methods currently used by the nuclear industry. For this example, on an
average, the reduction is approximately 25 percent for the dynamic
component of the bending stresses and 9 percent for the total bending
stresses. Tables 3 and 4 present similar results for the reaction at
the supports.

It is observed that the new methodology is in agreement (for design
purposes) with the time history analysis. Also, these tables give the
average reduction obtained in the support loads by using the proposed
combination rules instead of the standard combination rules. This example
shows that the combination rules given herein can become powerful tools in
the requalification of existing piping systems for a higher level of
seismicity and for snubber redugtion evaluations.

In this'exam§1e, the Qynémic coﬁpénent and thé'pseudoétatic compopent'ﬁere”
q]ways combined using absolute sum. Results were also obtained by
combining them uSing the SRSS rule. In this case, these results were in
general unconservative and so, are not presented herein.
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MODE FREQUENCIES MODAL PART  DAMPING
(CPS) FACTORS RATIOS (%)

1 3.2 -1777.30 13,0
2 3,84 o443 3,0
3 6.39 ~1266.60 13,0
I . 15,58 36, 74 2,0
5 19,45 4,11 4,0
6 19,79 85,94 7.0
7 33,46 5,47 4.0
8 36,30 0,005 4,0

TABLE 1. BUILDING PROPERTIES -




MODE

DN

FREQUENCIES
‘ (CPS)

4,69

7:19
11,65
12,83
13,66
17,78
21,05

25.69

MODAL PART FACTORS

X

-0,0048

-0.0386
0,0097
-0,0035
0.,0059
0.0090
0.0192

"'0 ' 00’42
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Y
0.0029
0.0038
0.0328

~0,0003
~0,0222
0.0008
0.0010

-0,0044

TABLE 2. PIPING PROPERTIES

Z

-0.0204

0.0043

0.0020

-0.0351

0.0012

-0,0116

-0.0065

-0.0192

DAMPING

RATIOS (%)

5.0
5.0
5.0
5.0
5.0
VS.O
5.0

5.0







Nodal
Point

23

60

35

110

115

Type of
Support

Anchor

Anchor

Single

Single

Single

Force (1b) Time

or Moment History
(1b-ft)

"Fx 133.60

Fy 77.22

Fz 47.83

Mx 132.81

My 94,33

Mz 293.92

Fx 83.25

Fy 35.82

Fz 73.31

 Mx 86.36

My 114,51

Mz 34.32

Fy 29.85

Fz 46.65

Fy 52.78

Fz 76.92

Fx 985.67

Combi?ation

179.66
104.18

75.73
241.87
139.51
394.64

83.76
35.64
114.86
140.91
148.17
42.25 °

39.39
94.19

121.90
127.79

1319.93

Mean ratio

Standard Deviation ratio
Average reduction

TABLE 3. DYNAMIC SUPPORT LOADS

)

Comb. 1 RV-SUPERPIPE RV—SUPERPIP%

1.34
1.35
1.58
1.82

1.48

1.34

1.01
0.99
1.57
1.63
1.29
1.23

1.32
2.02

2.3
1.66

1.34

1.49
0.34
21.5%

19¢.75
108.00
47.47
150. 61
94.75
356.96

83.34
31.73
85.06
94.68
121.87
43.50

29.21
54,82

96.4Y
100.71

940.37

L ] .

1.44
1.40
0.99
1.13
1.00
1.2}

1.00
0.89
1.16
1.10
1.06
1.27

0.98
1.18

1.83
1.3

0.95

1.17
0.23







Nodal
Point

23

60

35
110

115

Type of
Support

Anchor

Anchor

Single -

Single

Single

Force (1b) Time Combination
or Moment History 1

(1b-ft)

" Fx '287.80 316.45
Fy 168.44 172.86
Fz 92.56 120.28
Mx 221.79 323.02
My 82.50 149.26
Mz 671.48 . 710.68
Fx 148. 34 222.79

Fy 100.20 78.29
Fz 138.47 187.29
Mx 96.00 159.11
My 269.29 369.60
Mz 103.38 124.35
Fy 57.67 64.66
Fz 76.04 122.28
Fy 53.59 123.46
Fz 76.86 127.79
Fx 978.91 1331.42

Mean r§tio

Standard Deviation ratio
Average reduction

TABLE 4. TOTAL SUPPORT LOADS
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Comb. 1

L L

1.10
1.03
1.30
1.46
1.81
1.06

1.50
0.78
1.35
1.66
1.37
1.20

1.12
- 1.61

2.30
1.66

1.36

“1.39
0.36
]5.%

RV-
SUPERD]D
I 53

329.61
177.22

92.37
231.78
104.69
673.03

222.70

75.16
157.74
113.99
370.84
126.00

54.70
83.00

97.88
100.71

951.84

RV-
SUP
U ERPIP%D

1.15
1.05
1.00
1.05
1.27
1.00

1.50
0.75
1.14
1.19
1.38
1.22

0.95
1.09

1.83
1.31

0.97

1.17
0.25
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FIGURE 1. BUILDING MODEL
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SLl: Elev. 35.9' Containment

SL2: Elev. 30.0' Interior Structure
- SL3: Elev. 45.0' Interior Structure

o

4
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FIGURE 2. PIPING MODEL (AC-03 SONGS-1)
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: ATTACHMENT

NUREG-1061, Volume 4
December 1984

2. STAFF_RECOMMENDATIONS ON_RESPONSE_COMBINATIONS

2.1 Introduction

This section of the Task Group report treats questions regarding the
use of independent support motion (ISM? methods in place of the presently
approved uniform response spectrum (URS) techniques specified in SRP
Section 3.9.2. Additionally, issues relating to the sequence of
combinations between directional and modal components and to the treatment
of high frequency modes are included. )

2.2 Historical Development of Technical Issues

The NRC position on multiply supported piping with independent
seismic inputs was developed at a time (during the early 1970's) when the
urgency to establish criteria did not allow for a complete assessment of
the problem. As a consequence, criteria were selected that would provide
conservative results without, however, indicating the effect that these
criteria might have on overall reliability. These criteria were based on
the following conservative assumptions: ’

1. A single uniform response spectrum that enveloped all the independent
response spectra applied to the different support groups was used.

2. With peak group displacements occurring at the same moment,
these peak displacements were combined in the most unfavorable way to
calculate the seismic anchor motion (pseudostatic) component of
seismic response. ,

3. The inertial and pseudostatic response was absolutely combined to
obtain the total response.

Recent studies have indicated thét, in most cases, analyses based on
these assumptions can considerably overestimate the seismic response when
compared to time-history solutions that do not embody these conservatisms.

An item that was not addressed during the early '1970's is' the
combinational sequence between modal and directional components of piping

response. This combinational sequence is a consideration only when

closely spaced modes comes into play, under which conditions combining
directional components first will give a more conservative result. This
issue is not addressed in the SRP or in regulatory guides but is treated
in branch technical positions. Recent studies have shown that in some
situations the. choice of one sequence over "another Tleads to maximum
differences in ‘response estimates of about-20 percent. However, in the
majority of practical cases where this item was addressed, the results
show only minor differences in final responses. Therefore, present
thinking is that this dissue is more an academic one than an issue
serjously impacting safety.







. Difficulties with combining high frequency modes by the square root
of the sum of the squares -(SRSS) approach were pointed out in 1979 in the
course of responding to Task Action Plan A-40. Here high frequency modes
means modes beyond the maximum input excitation frequency where dynamic
amplification is essentially zero. For this situation, the high frequency
modes are all nearly "in-phase with the input motion, and, as a result,
in-phase with each other. This implies that the algebraic combination of

. high frequency modal responses is appropriate.

2.3 Summary and Assessment of Available information

Brookhaven National Laboratory (BNL) in a report prepared for the
Nuclear Regulatory Commission eéntitled "Alternate Procedures for the
Seismic Analysis of Multiply Supported Piping Systems," NUREG/CR-3811, May
1984, recommended that "The independent support motion response spectrum
method should be certified as acceptable for the evaluation of the dynamic
component of response." This recommendation was endorsed by this Task
Group's consultant and the NRC staff -- however, with a significant
exception. BNL (with support from NUTECH) advocated that combinations
between support groups be by the use of the SRSS rule. The NRC staff and
our consultant recommended the absolute sum rule instead. Westinghouse
offered the view that absolute summation should be implemented "unless the
groups are from different structures (or if from the same structure, they
can be shown to be phase uncorrelated), then SRSS should be used." For
the dynamic and pseudostatic component of response, our consultant and BNL
both endorse a newly developed procedure called grouping by attachment
points (BNL offers an additional option, grouping by elevations, for
preliminary design). In this grouping procedure, structural support
points that are attached to a rigid floor or structure (so that the same
translationary motion, without rotation, is experienced) are considered as
one group of supports. Supports should not be considered rigid for any
frequency. After the individual group responses .are determined, they are
combined by the absolute sum method. The aforementioned BNL NUREG report
demonstrates ‘that significant reductions in predicted responses can be
achieved without leading to unconservatisms. It is the consensus of all
parties that the total response should be obtained by combining the
inertial and pseudostatic responses by the SRSS rule, which would be a
relaxation over the present absolute sum rule.

Evaluations of the issue on the sequential combination of directional
and modal components indicate that it is relatively insignificant and our
recommendations reflect this observation.

Available evidence also strongly supports the algebraic summation.of’

.h%gh'frequénqy modes or a procedure .equivalent to- algebraic summation.

After the high frequency modes are combined by algebraic summation, this
quantity’ is combined with the response to lower frequency modes by the

- SRSS rule to obtain the total response.

2.4 Recommendations for Revisions to Present NRC Criteria

There are three principal recommendations for the material of this
section as follows:







2.

Independent Support Motion Method

The independent support motion response spectrum method should be
allowed as an option 1in calculating the response of multiply
supported piping with independent dinputs. This method should be
implemented under the following rules for response combination.

a., For Inertial or Dynamic Components

(1) 6roup responses for each direction should be combined by
the absolute sum method.

(2) Modal and directional responses should be combined by the
SRSS method without considering closely spaced frequencies. .

b. For the Pseudostatic Components

(1) For each group, the maximum absolute response should be
calculated for each input direction.

(2) These should then be combined by the absolute sum rule.

(3) Combination of the directional responses should be by the
SRSS rule.

c. For the Total hesponse

Dynamic and pseudostatic responses should be combined by the
SRSS rule.

Sequernce of Combinations

Any sequence may be selected between spacial and modal components,
that is, modes may be obtained first or spacial components may be
combined first. The reason is that consideration of close]y spaced
frequencies need not be taken into account.

High Frequency Modes

Algebraic combinations should be used for high frequency modes as
described in ‘the position paper on Response Combinations in Section
B.2 of Appendix B to this report. The high frequency modes should be

~combined with low frequency modes by the SRSS rule.
"The procedure for 1ndependent support motions should be added to SRP

Section 3.9.2, -Regulatory Guide 1.92 should be modified to reflect the
inclusion of the high frequency modal effects.

2.5 Recommendations for Additional Study

The studies delineated below reflect the Task Group's view as to

fruitful fields of future effort.







] Investigations should be undertaken to establish the transition
frequency between high and low frequency when implementing the
algebraic summation rule for high frequency modes.

(] Additional effort on phase correlation between groups and the
impact on the BNL recommendations {s needed, BHNL, using the
Lawrence Livermore National Laboratory (LLNL) data from Zion,
were unable to quantify the-{influence of phase correlations.
Thus, uncertainties exist as to potential limitations on the
recommendations. . . .

0 Additional effort 1{s warranted on appropriate methods for
calculating the effect of closely spaced modes. . '

2.6 Qualitative Value Impacts of Recommended Revisions

The revisions discussed above regarding multiply supported piping
with {independent inputs will lead to more accurate and more realistic
estimations of piping behavior. Significant predicted reductions in
response (by a factor of two or more) can be expected in general for all
response quantities. Adoption of these procedures could lead to the
removal of pipe supports from operating plants without violating code
allowables. On the other hand, for very stiff piping systems, -the high
frequency mode combination recommendation could result in higher response
predictions under certain conditions. The degree to which these response
predictions increase depends on the importance of the high frequency modes
in deciding the total response.
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