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ABSTRAC'l' 

The modeling and results of nonlinear time-history seismic analyses for 
three sizes of pipelines restrained by mechanical snubbers are presented. 
Numerous parametric analyses were conducted to obtain sensitivity information 
which identifies relative importance of the model and analysis ingredients. 
Special considerations for modeling the pipe c~amps and the mechanical snubbers 
based on experimental characterization data are discussed. Comparisons .. ar·~ 
also given of seismic responses, loads and pipe stresses predicted by standard 
response spectra methods and the nonlinear time-history methods. 

TilTRODUCTION 

In the high temperature and seismic environment of a nuclear power plant, 
such as the Fast Flux Test Facility (FFTF), mechanical type snubbing devices 
are used to restrain piping motions during seismic events. The snubber is 
connected at one end to the building support structure and at the other end to 
piping through a clamp assembly. During normal plant operating conditions, 
these snubbers offer no significant resistance to thermal growth of the piping. 
Under seismic conditions the snubbers lock.up at very low acceleration levels. 
DYn.amic ~~aracteriza~ion tests were performed at HEDL on mechanical snubbers 
to determine their stiffness, dynamic loss of motion due to free play in the 
support li~es, and .conditions of lockup.. The tests also' disclosed that the 
snubbers dissipate a large amount of energy per cycle which could provide a 
significant amount of piping system damping that may exceed that· commonly used 
for seismic response spectra analyses of nuclear piping. 

· 1 AS described in U. s .. Nuclear Regulatory Commission Guides, such as in. 
(1], [2], two methods can be used in the seismic analysis, i.e., the response 
spectra or the time-history method. Due to theoretical limitations and computer 
implementation difficulties, the response spectra method can not be used to 
evaluate some of the essential support characteristics such as free play and 
local damping at snubber locations. Thus, the response spectra method is 
limited to linear analysis. On the other hand, the time-history method is able 
to include support nonlinearities aud local damping in the analyois out. with 

·lNumbers.in parentheses indicate references listed at the end of the paper. 



tradeoffs such as numerous .. time. integration .. steps and .. r.eJ...ati:vely_ high computa
tion costs. This type of analysis is referred to as nonlinear analysis. 

In the FFTF seismic analyses the locked up snubber supports initially were 
assumed to be rigid. Later while considering the support flexibilities but 
excluding snubber free play and damping, seismic loads calculated for some pip
ing systems were higher than desired. Time domain analysis, which included the 
effects of nonlinear support characteristics were then carried out. The linear 
response spectra analyses, with 2% damping, were performed with the PIPESD com
puter program [3] including the 10% method for closely spaced modal summation 
[1]. ·The ANSYS program [4] was used for the nonlinear time-history analysis. A 
previous study of nonlinear supports has been presented in a paper [5:] wherein 
the single-degree-of-freedom, three-span piping and a 16 in. (41 em) piping sys·
tem were examined. This paper presents results of additional time-history non
linear seismic analysis for three sizes of pipelines on the whole piping system 
basis, incorporating snubber models based ~n test determined snubber character
istics. 

SNUBBER ASSEMBLY TEST DATA 

Several different sizes of mechanical shock ar.restors (snubbers), are 
used in the FFTF plant. From tests e.imed. at rev<!aling the dynamic characteris
tics of these mechanical snubbers, stiffness, damping and free play data were 
developed for each size of snub"Qer \Uled in the plant. Typical characteristics 
are shovn in Figures 1, 2, and 3. As these figures show, the dynamic character
istics are both frequency and load level sensitive. Further description of 
these test findings and characterization is given in another paper [6] to be 
presented at this conference. 
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Figure 1. Typical Snubber Stiffness Characteristics 
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Figure 2. Typical Snubber Damping Characteristics 
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PIPING SYSTEM> ANALY"ZED 

Three sizes of piping systems were analyzed: 
• 4·in. (10 em) pipeline, see Figure 4 
el6 in. (41 em) pipeline, see Figure 5 
• 28 in. (71 em) pipeline, see Figure 6. 

The 4 in. (10 em) pipe system has 14 seismic supports; 7 rigid vertical 
supports and 7 horizontal restraints using. small snubbers. The 16 in. (41 em) 
pipe system bas a total of 19 seismic supports with medium to large size 
mechanical snubbers. At some locations, two snubbers are used to prov:j.de re
straint in a single direction. The 28 in. (71 em) piping bas 13 seismic sup
:Ports and the snubbers range from medium to large in size. 
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Figure 4. 4 Inch Pipeline Model 
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SYSTEJ.! DXNAr.CC MODEW 

The main ingredients of the system ~amic models include: 

• Pipeline mass and stiffness models 
• Interfacing large components models 
• Piping supports (snubber, etc.) models 

Pipeline Mass and Stiffness Models 
The 4 in. (10 em) seismic model for the original PIPESD linear analyses con

tained 144 dynamic degrees of freedom. For the nonlinear analysis, the ANSYS 
0 finite element model was constructed using ll6 'dynamic degrees of freedom. This 
reduction in model size was possible without sacrificing any of the natural 
vibration characteristics of the original model by ·very selective choice of mas
ter degrees of freedom and eliminating onJ.y those which represent stretching and 
contraction of straight sections of piping. Piping masses which represent degrees 
of freedom in coordinates normal to the piping longitudinal axis were distributed 
at node points spaced about 6 to 8 diameter lengths apart along straight runs. 
Degrees of freedom in the piping axial coordinates were represented by lumping 
the entire mass for ·each straight section at one node point. In addition, the 
node points at the beginning and ending of all piping elbows contained masses 
which represent degrees of freedom in all three coordinates. Comparable linear 
analyses using both the PIPESD and ANSYS finite element models produced no sig
nificant differences in either system natural frequencies or in piping seismic 
ioads. The masses were lumped, as shown in Figure 4 •. 

The 16 in. (41 em) seismic model for the original PIPESD linear analyses 
contained 291 dynamic degrees of freedom. For the nonlinear analysis, the ANSYS 
finite element model was constructed usi.ng 183 dynamic degrees of freedom with
out sacrifice of the more important natural vibration characteristics of the 
original model. A comparison of the PIPESD and ANSYS models is shown on the 
basis of the natural frequencies for the first 36 vibration modes in Table 1. 

The 28 in. (71 em) s.eismic model for the original PIPESD analysis had 258 
dynamic degrees of freedom but was successfully reduce~'! to 172 for the. ANSYS 
time-history analysis. Both.the 16 in. (41 em) and 28 in. (71 em) pipeline 
models had mass points spaced about one to twc diameter lengths apart. along the 
pipeline. A comparison of the PIPESD and ANSYS models is shOWD on the basis of 
support loads in Table 2. 

TABLE 1 

VIBRATION MODE FREQUENCIES FOR 16 INCH PIPELINE MODELS 

MODE- Ff!EQm:NCY " UZ MODE FREQUENCY "' HZ 
' NO. PIPESD ANSYS NO. PIPESD ANSYS 

I MODEL M:>DEL : . MODEL MODEL 

I 1 5.58 5.19 I 19 15.61 15.60 I 

2 5.61 5-79 I 20 15.70 16.31 
3 5.63 5.81 I ~ 15.73 19.?5 I 4 6.15 6.61 I 22 16.00 19·93 
5 6.15 7.33 23 19.32 20.32 
6 6~8o 7.89 I 24 20.04 21.07 
7 7-52 8.81 I 25 21.27 21.11 
8 8.31 9.56 26 22.28 21.92 
9 8 .. 67 9-95 I 27 '23.07 22.27 

10 '9.72 10.51 
! 

28 23.20 22.84 
11 10.01 10.52 29 23.21 23.49 

. 12 10.68 10.63 I 30 23.88 23.54. 
I 13 11.22 10.79 31 24.10 24.93 

I 14 12.15 111.93 i 32 24.12 

I 
27.51 

15 13.00 13.01 !. 33 25.34 27.53 
I 16 13.03 I 13.03 34 27.50 

I 
27.56 

i 17 1].20 1·.1.3.36 ·: 35 31.31 32.45 I I I i 18 13.60 ° i 13.93 ' 36 33.88 33.01 



SEISMIC 

SUPPORT 

NUMBER 

R- 2 X 
R - 2 y 
R- 2AX 
R- 2AY 
R - 3 z 
H - 5 Y 
R - 6 Z 
R- 7 X 
R - 7 Y 
R - 9 X 
R- 9:.Y 
R- 11 X 
R- 12·z 

TABLE 2 

LINEAR ANALYSIS SEISMIC SUPPORT LOADS 
FOR 28 INCH PIPELINE MODELS 

SUPPORT LOAD "' LB 

· PIPESD ANSYS 100 

MODEL MODEL 

18474 19942 
22182 22599 
17562 18972 
28242 28925 
25307 25488 
18020 18592 
28694 28980 
23050 24796 
12110 12940 
23307 24098 
22991 23255 
18505 19487 
25819 26732 

NOTE: 1 LBF ., 4,448 N 

( ANSYS 
PIPESD -1) 

% 

+8 
+2 
+8 
+2 
+1 
+3 
+1 
+8 
+7 
+3 
+1 
+5 
+4 

Interfacing Large Comoonent Models 
Both the 16 in. (41 em) and 28 in. (71 em) pipelines had large components 

such as vessels, pumps, and heat exchangers that had to be modeled with between 
20 to 33 degrees of freedom to adequately model their dynamic characteristics. 
Lesser degrees of freedom gave inaccurate system response. 

Piping SuPports 
A typical piping support is presented schematically in Figure 7. The 

support model is depicted in Figure 8 where snubber free play values are used 
directly from test results. the equivalent support stiffness is calculated from 
the series combination of clamp, snubber and civil structure stiffnesses, and 
the equivalent damping is equal to the square of the ratio of total stiffness to 
snubber stiffness multiplied by t_he snubber dampi_ng coefficient: 

Cmodel = (Ktotal~Ksnubbcr> 2 Csnubber 

The snubber damping is represented by a single damper element acting in 
parallel with the equivalent spring. In theory, the snubber damping should 
act in parallel with only the snubber stiffness so the energy dissipation by 
the damper would coincide· with the kinetic energy across the snubber. Since 
the energy dissipatio·n is proportional to the square of the displacement, the 
model damping coefficient should be equal to the square of the ratio of total 
stiffness to snubber stiffness multiplied by the snubber damping coefficient. 

The mass~ ~· represents a large ground mass used at all ground support 
locationg. For 4 in. (lO·em) pipiug, the ground masses were all assumed to be 
J;.O x 10 mass units, and 1.0 x lOts!!!~:;; @it!J were assumed for 16 in. (41 em) 
and 28 in. (71 em) piping systems .. This was done in order that the applied 
forces at all support points coUld be scaled equally to produce the proper 
ground acceleration. In addition, the ground, masses were sufficiently large 



to preclude interaction with the piping_ eyst~ masses, thereby preserving 
the piping system natural vibration characteristics. 

As described in [7], and depicted in Figure 9 the stiffness of the FFl'F 
pipe/ clamp assembly is typically slightly nonlinear, being stit'fer when the 
load is compressing the pipe. Also, the stiffness varies with the load level 
and depends on the type of loading configuration, such as loading along the 
clamp splitline or 90 degrees away. In general, a constant stiffness model 
is used and parametric seismic analyses with different stiffness values are 
run to account for the range of stiffness in the applied load range. This is 
justifiable· for the unidirectionally loaded clamp. But another effect should 
also be considered for the biaxially loaded clamp. 

The loads and deflections on a clamp which is loaded biaxially as illus
trated in Figure 10 are coupled. This coupling could be modeled by a 2 x 2 
·stiffness matrix as:. 

The piping analysis usually ignores the cross coupling stiffness terms. 

/ 

PIPE CLAMP 

d 

CIVIL STRUCTURE ----1 

Figure 7. Typical Snubber With Pipe Strut Extension. 
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Figw-e 10. Pipe/Clamp Cross Coupling Effects 

Even though the stiffness terms can be represented by constant values as 
in the unidirectionally loaded clamp and handled by the ANSYS stiffness matrix 
element, the·gaps for the snubbers to which the clamp is connected could not be 
coupled in the model with ANSYS.· Moreover, to add'fUrther complication, the 
two seismic loads Pv an~ PH vary in both signs and magnitudes. depending on the 
phase angle between them. Accordingly, it was deemed that the only economical 
way to carry .out the analyis was to represent a biaxial type support by two 
uniaxial uncoupled models as shown in Figure 8 and in each direction use an 
"effective" uncoupled stiffness. Then, using conservatively estimated high 
o.nci 1011 bounde on Kvv !ldld Kmi• the sensitivity of the bia.lf.i.al clamp stiffness 
was assessed. The findings are discussed later in the paper. 

FFTF SEISMIC K>T!ONS 

The seismic· response spectra used in this investigation correspond to the 
vertical and horizontal accelerations at the operating floor of. the reactor 
contai!llllent building. They were generated from a Design Basis Earthquake (DBE) 
acceleration/time history using damping at 2% of critical. The enveloping 
seismic response spec·t;ra a:re sliov.u _in Figures 11 and 12. 

Acceleration/Time History 
The vertical and horizontal acceleration/time histories used to generate 

the response spectra are 20.48 seconds duration; however, less than 2.4 seconds 
of the histories are need~>.d to det~ne the ~.responses. of the piping. 
The 2.4-second acceleration/time histories used in this analyses are shown in 
Figure 13. The truncated acceleration/time histories are not base line 
corrected. However, the structural loads depend only on relative displacements 
and are not affected by the rigid body motions of the entire piping system. 
The 2.4-second time histories were divided into eqwi.l .01 second intervals. The 
data were ,generated by using ANSYS PREP6 preprocessor at each ground mass point . 

. · Tho:· calculated respon:Je opcetro. for the original. and truncated time hi.fl
tories are shown overlapped with the enveloping respon:Jc spectra, Figures ·11 
and 12. There .are quite large differences between the calculated response 



spectra and the enveloping response spectra, especially;.in the horizontal direc
tion belOW' 2 Hz, but only small differences are seen between the two calculated 
response spectra for frequencies over 4 Hz. 
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SEISMIC ANALYSIS PARAMETERS 

In consideration of the sensitivity of piping response to the various 
~suwptiono, approximations, ~nd parameter~ addressed in this study, a large 
numb.er of parametric seismic analyses were accomplished, inciuding snubber and 
SUJlllOrt stiffness, 4Eilllping and free play and the nonlinearity of pipe/clamp 
stiffeners. Usually in seismic analysis an important effect is the-proximity 
to which the most dominant of the piping vibration modes are tuned to the 
frequency of the peak seismic input motion. In the response spectra analysis, 
to account for inaccuracies in predicting the natural frequencies, the design 
spectra are usually broadened and smoothed. In the nonlinear time-history 
analysis, an-analogous "-frequency broadening"- was achieved by varying the time 
histCJL".Y ull.ta interv!Uo. A 10% oampres~;i.nn A11d expansion o:r" the 2. 4-second 
acce~eration time his~ol~ was chosen to change the frequency content of the · 
seismic motion relative to the piping natural frequencies. This is based on 
the guidelines in the Nuclear Regulatory Commission Review Plan [2) for linear 
time-history seismic analysis. 

The ANSYS reduced linear transient dynamic analysis (Option 5)was used 
throughout-this investigation. This option is a numerical integration method 
in which the mass,· damping and stiffness matrices are constant and the time 
interval is constant throughout the transient. It also offers a "-semi-linear" 
variation which allovs i.nterfaces (gaps) between any of the dynamic degrees of 
freedom. These interfaces are described by specific ··forms of forcing fUnctions 
for the linear analysis. In order to obtain the complete histories of piping 
system displa~~ent, streso.and force, both a displacem~nt pass and streas pass 
were needed. 
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ANALYSIS REStn..TS AND DISCUSSION 

Seismic responses of three, 4 in. (10 em), 16 in. (41. em) and 28 in. 
(71 em) diameter piping systems were determined for various nonlinear conditions 
with variations in snubber free play, damping and stiffness, variations in 
piping clamp stiffness and variations in the seismic acceleration time histories. 
All of the response resuits are tabulated as piping hanger loads and piping 
elbow stresses in Tables · 3, 4 and 5. PIPESD linear analyses results are includ
ed in these tables for comparison. 

4 Inch Pipeline 
Referring to the 4 in. (10 em) piping support loads in Table 3, the first 

two columns (Runs 1 and 2) are linear analysis results. It is seen that, at 
all locations the loads with flexible supports (Run ·2) are much greater than 
the loads (Run l) assuming·rigid supports. The increase in loads for the more 
flexible system may be attributed to the frequency_ effect of tuning the piping 
system closer to the peak seismic response spectra frequency. The vibration 
mode frequencies of the first 20 modes for the 4 in. (10 em) piping with rigid 
supports and with flexible supports are shown in Table 6.• 

The loads tabulated as Run 3 were determined by linear, frequency domain 
analysis with all structural characteristics identical to those used in Run 2. 
However, in Run 3, the 2% damped calculated seismic response spectra was used 
in place of the enveloping design spectra. A significant reduction in support 
loads at all locations occurs with the use of the calculated ·spectra. The 
loads of Run 3 provide a base for comparison of linear frequency domain analysis 
results with the subsequent nonlinear time domain analyses results which are 
shown as Runs 4 tbrough 13. · 

The support loads in Run 4 were determined by nonlinear analyses with 
nominal values of snubber damping and gaps equal to .030 in. ( .076 em) included. 
It is seen that at many locations the seismic motion is not sufficient to close 
the gap and a zero-load condition results. It should be noted that all vertical 
piping supports are linear struts and, as shown by analysis Runs 4 through 7, 
the vertical support loads are unaffected by changes in the damping and tree 
play values for the horizontal mechanical snubbers. This is an important ob
servation since it demonstrates that local damping, even in larger quantities 
as provided by the snubbers, may have minimal effect on some portions of the 
system. 

Run 5 loads were determined with all conditions identical to Run 4 except 
the snubber gaps were reduced to .005 in. (.013 em). Reduction of gap size 
results in ~general incr~~~e in leado at all onubbor looationi. Thii inerea&Q 
varies from 13 lb (58 N) to 42 lb (187 N) depending on location. 

Run 6 loads.were determined with all conditions identical to Runs 4 and 
5 except the snubber gaps were opened back up to .015 in. (.038 em). Predict
ably, support loads are greater than in Run 5, but less than in Run 4. At three 
of the seven snubber locations, the seismic motion is not sufficient to close 
the gap and the loads are reduced to zero. 

In Run 7, loads were determined with all conditions identical to Run 4 
· except the snubber damping values were reduced by 50 percent • Support loads 
in Hun 'I are sUbstan'tia.Lly greater than in Run 4 at -ruw: uf Lhe ae·veu :>uubbe:;,' 
locations with a maximum increase of 225% at hanger H-lX. 

Runs 8 and 9 were performed with all conditions identical to Run 4 
except·the.clamp stiffness was decreased and increased by 30 percent 
respectively. Six of the. fourteen support loads were affected by variations of 
clamp stiffness vith the loads decreasing or increasing with, respectively, 
decreases or increases in clamp stiffness. The load variations amount to an 
average of ± 18% of the nominai values of Run 4. 

Run 10 is a study with the··time history compressed 10 percent to assess 
the effect of possible variation in structural properties which would produce 
an increase in the seiscic motion frequencies relative to the structural fre
quencies. The effect of this variation was to reduce, by a minimal· amount, the 
support loads at six locations with th~ lo~ds at the other eight locations 
remaining the same as in Run 4. 

Run 11 is a· study with the seismic motion time history expanded by 10% 
to al>sess-tae effect of_.possible variation in structural properties which would 
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produce a decrease in the seismic motion frequencies relative to the structural 
frequenc;;e;;:::.~_The. e~fect c:>.£: this variation was to producP. a sli.;ht increase in 
load· at tvo locations with the loads· at all ·other .locations remainins about the 
same as in Run 4. 

Run 12 is a duplication of the conditions in Run 4 except the damping 
coefficient at each snubber location was scaled down to coincide with the energy 
across the snubber only instead of across the entire support.system as in Run 4. 
The results show large increases in load at all snubber locations and small in
creases at the vertical rigid struts. 

Run 13 is a time domain analysis with structural parameters the same as in 
Run" 3 except the loading in Run 13 was applied in each of the three orthogonal 
axes separately. The spatial component responses were combined by the square 
root of the sum of the squares according to [1). The loads of Run 13, except 
at some of the horizontal supports, are generally lower than those of Run 3. 



TABLE 3. 4 IiiCH PIPELINE 

HANGER HANGER LOAD "' LB. ( 1 LBF = 4. 448 N) 

j NO. 1Rill1_1~~-R_UN ___ 2~_RUN ___ 3_+l!_R_~ __ 4 ___ R_u_N_5 __ ._R_UN __ 6-+I-R_UN ___ 7_+-_RUN ___ 81--~-UN __ 9~~~R_UN __ l_O __ ~·R_UN __ l_l_.~_· _R_UN __ l_2~_R_UN __ l_3 __ ' 

' H - 9Y : 94 ! 134 ·T 107 I 39 39 ' . 359~ 11 38 39 39 !I 39 38 
H - ax i 62 168 I 105 o 16 o o o , o o 
H - 7Y I 77 192: : 144 51 51 50 51 51 I 50 51 

I ~ = ~~ I £~~ ! ~~~ I 4~~ l~ 1~1 : ~~ 11~~ ~~ l~ I ;~ 1~· I H - 5Z I 439 i 446 200 0 42 23 33 0 0 0 0 
I H - 4u 1 67 1 152 113 23 22 22 22 19 25 ,~ 22 22 
I H - 4Z 191 I 269 156 0 ' 13 0 I 0 0 0 0 0 
I H - 3Y 73 .,1 175 '1115 31 31 31 31 25 36 ; 29 I 31 
I H - 3Z 52 176: 99 0 22 9 I 13 0 0 0 I 0 

I H - 2Y : 36 I 270 211 48 I 48 408 I 48 38 55 !I 48 I 47 
H - 2Z 79 . 183: .,. 142 0 i 13 0 0 0 0 I 0 I· H - lX :<42 I 359• 180 20 ' 60 40 65 15· 23 !, 14 26 
~ 54 ' 131 I 82 ~·2 22 22 22 18 25 22 21 

39 
72 
53 

480 
34 

198 
25 

128 
31 
97 
55 
84 

210 
21 

28 
109 

44 
518 

43 
199 

35 
214 

36 
94 
43 

113 
241 

45 

j L:::~~" 1- ! l MAXIMUM PIPING STRESS"' PSI (1 KSI =' 6.89 MPa) ! 
i NODE 1 ~----~12~.-l--~----~-----------Tr----.,-----.r-----r------!------.------+,--3-.-3--~------

NOTES: 1. PIPESD anuysis with rigid s11pports and using enveloping design seismic spectra of Figures 10 and 11. 
2 .. PIPESD anslysis with support and clamp flexibility and using enveloping seismic spectra. 
3. ANSYS mod~l with support and clamp flexibility same as in RUN 2 but using calculated seismic spectra. 
4. Nonlinear, time domain analysis with support and clamp flexibility same as in RUN 3 and combined with · 

snubber stiffness and damping characteristics. 
Snubber gaps= .030 in. (.076 em). 

5. Same as RUN 4 but with snubb~r gaps= .005 in. (.013 em). 
6. Same as Run 4 but with snubb~r gaps= .015 in. (.038 em). 
7. Same as RUN· 4 but with snubber damping reduced 50%. 
fl. Same ·as RiiN 4 but with clamp stiffness decreased 30%. 
9. Same as RUN h but with clamp stiffness increased 30% 

10. Same as RUN 4 but with time :1istory compressed 10%. 
11. Same as RUN 4 but with time :1istory expanded 10%. 
12. Same as RUN 4 but with snubb~r damping scaled in proportion to the energy across the snubber. 
13. Structur&l parameters same a3 in RUN 3 but with spatial components of seismic motion applied separately 

and spatial responses combin~d according to Regulatory Guide 1.92, Article 2.2. 

l . 

1:. 
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16 Inch Pipeline 
The seismic responses of the 16 in. (41 em) piping are tabulated as. sup

port loads and piping elbow stresses in Table 4 • Due to the physical orienta
tion of the piping system, the seismic loading along the z-axis produced by far 
the most predominant component of the total response. Therefore, for economical 
considerations, a sensitivity study to assess variations in seismic excitation 
frequency relative to the structural natural frequencies and also to assess 
variations in piping clamp stiffnesses was carried out by applying seismic 
loading in the z-axis only. 

Run 3 was performed with the seismic acceleration/time history compressed 
by 10% to simulate a lowering of the structural natural frequencies relative 
to the seismic excitation frequencies. This resulted in slightly greater 
responses at most locations in the piping system. Predictably, a 10% expansion 
of the time history resulted in a general reduction of the responses as shown 
by Run 4. . 

Runs 5 and 6 were performed with conditions identical to those in Run 3 
except that piping' clamp stiffnesses were varied from the minimums in Run 5 
to the m·aximumo in Run 6 with the greatest variations of ± 36% at support 
number H-3. Clamp stiffness variations had a very minimal effect on the 
responses primarily because the total .effective support stiffnesses are affected 
mostly by the more flexible snubbers. 

The responses tabulated as Run 7 were determined by selecting the maximum 
'1alues from Runs 2 through 6 due to z-axis loading and combining them with the 
x-axis.and y-axis.responsP. comuonents by the method of .the square root of the 
sum of the· squares, according to [ 1] • Responses determined by linear analysis 
methods, shown as Run 1, are much larger at au locations than the maximums of 
the nonlinear analyses. 
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TABLE 4. 16 INC! PIPELINE 

SEISMIC ! SEISMIC SUPPORT LOAD "' LB. (1 LBF • 4,448 N) 

SUPPORT 

! 
LINEAR NONLINEAR 

NO. AllALYSIS AllALYSIS 

i RUN 1 RUN 2 RUN 3 RU!I 4 I RU:I 5 :w.: 6 I Rtr.l 7 

l! - 1 X ; 6283 91 95 87 ' 99 i33 

! 
1390 

B - 1 Y 3347 104 154 113 i 153 135 726 
11- 2 z : 5074 949 1200 965 ; 1207 1224 1224 I 
H- 3 X ; 10786 569 634 557 629 684 ' 907 ' l!- 3 y ; 2645 328 403 317 334 395 : 812 i 
H- 4 X 29512 3165 3170 I 3044 I 2826 - 2882 i 3579 
H -- 4 Y i 25456 352 324 408 364 394 ' 58o 
!! - 5 y 2883 0 0 I 0 0 0 942 : I 
B- S Z 

I 
"12566 2189 2178 I 2262 2172 2190 ' 2262 

H- 5AY 6926 0 0 12 6 15 i 882 
R- 5AZ 9357 3237 3262 3236 ! 2989 2999 ' 3262 
H- 6 Z 36525 3896 3996 ; 3719 4157 4150 4160 
D - 7 X I 17212 I 1526 1613 I 1406 

' 
1707 1672 I 4376 

B- 7 Y i 10441 1983 2219 

i 
2189 ; 2241 2232 ! 3818 

H - 7AX ' 85026 

I 
3275 3304 3158 3212 3209 I 5048 I 

H - 7AY ' 14240 2240 2187 2153 2203 2209 I 4472 ' ! 
B - lOZ ! 31668 6272 5945 ' 6204 ; 6168 6167 6281 

PIPING STRESS- "' PSI ( l PSI a 6. 89 !CPa) 
! 

i PIPING 

::LBOW NO. 1 

l 
6 
8 
9 

11 
13 

16185 
15844 
36563 
56989 
63906 
57404 

I 3267 5738 
3567 3902 ! 13526 15353 

1 22031 22644 
~ 7831 8196 

35037 35737 

3043 5767 5ne 6432 
3573 3739 3714 4098 

14076 15462 15451 15666 
21310 22131 22182 23076 

7179 7965 8o07 9189 
34223 35357 35372 36o58 

NOTES: RU!I l - PIPESD analysis with support tlexibility, using 2S damped DBE seismic spec~ra 
and 10% l'!e'.hod ~dal summation. -

RU!I 2 - Nonlinear, time llistory analysis with snubber stiffness and damping char
acteri.-.:ics, snubber gap a .030 in ( .076 =-l. 
Average clamp stiffness. Normal time history. 

RUN 3 - Same as RUN 2 but with time llistory compressed 10%. 
RUN 4 - Same as RUN 2 but with time llistory expanded .10%. 
RUN 5 - Same as RUN 3 but vi tb minimum clamp stitfness. 
Rllll ll ~ s"""' as RJJN 3 but vitb III.Ui11111111 clBIIIll et1ftlless. 
RUN 7 - \Iaximum resoonses from ftllUS 2-6 du~ tu z-axis luu.dinK cCJmbint:Cl wi~!'l re::~ponst>l" 

d.e to x-axis and y-axis loadings according to Regulatory Guide 1. 92, 
Articl.e 2. 2. 
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28 Inch Pipeline 
Table 5 summarizes the seismic responses for the 28 in. (71 em) pipeline. 

Runs 1 and 2 are linear analysis results with rigid and flexible supports 
respectively. The loads with flexible supports in general are much greater 
than the loads assuming rigid supports except at the horizontal supports of the 
isolation valve. The general increase in loads vith flexible supports is 
attributable to the frequency effect of tuning the piping system closer to the 
peak seismic response spectra frequency .. The special cases for the levering 
of the horizontal support loads at the isolation valve are due to the changes 
in modal responses in that region. The vibration mode frequencies of the first 
20 modes for the 28 in. (71 em) piping with rigid and flexible supports are 
also shovn in Table 6. 

Analysis results for various nonlinear conditions are shovn as Runs 3 
through 12. Runs 3 through 9 used the truncated 2.4- second acceleration/ 
time histocy. Runs 10 through 12 used the same vertical acceleration/time 
history. but the horizontal acceleration/time.·history vas multiplied by 1.8 to 
account for the torsional effect of the reactor containmetit building. In 
addition, the snubber damping coefficients in Runs 11 through 12 vere scaled 
dovn to coincide vith the energy across the snubber only instead of ac~oss the 
entire support system. 

The observations and discussions regarding the 4 in. (10 em) line are 
applicable to the 28 in. (71 em) line also. The effects of snubber gaps can be 
seen by comparing the results between Runs 3 and 4. The effects of snubber 
damping can be seen by a comparison of the results between Runs 3 and 5 as veil 
as between Runs 10 and 11. The effects due to biaxial clamp supports as seen 
from Runs 3, 6 and 7 are negligible because only two biaxially supported clamps 
exist in the entire pipeline. The effects of varying the seismic motion 
frequencies relative to the piping vibration frequencies by compressing and ex
panding the time histories can be seen by examination of Runs 3 • 8 and 9. 

Run 12 vas performed with the same structural parameters as in Run 11 
except the seismic motion in Run 12 vas applied in each of the three orthogonal 
directions separately. The total responses are the square root of the sum of 
the squares of the three spatial components according to [1]. The differences 
between the results of Runs 11 and 12 are considered to be minimal. 

It is noteworthy that the magnitude of the piping elbov stresses are 
closely proportional to the hanger loads. It is also noteworthy that the non
linear analysis results with zero snubber damping, nominal support stiffnesses, 
uollii:o..ll snubber ~c.p:1 o.nd the hori~~:ontQJ. time his;tory vhi('b A.cconnt.~; for the 
reactor containment building torsional motion (Run 10) compare closely 
with the linear analysis results vith the same support stiffness (Run 2) but 
without the snubber gaps. In addition, by comparing Run 13 vith Run 1 the 
loads predicted using clamp flexibility, snubber gap and damping. and support 
flexibility are about the same as, or slightly less than those predicted using 
the enveloping design spectra and rigid supports. 
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TABLE 5. 28 INCH PIPELINE 

HANGEll LOAD "'LBS. (1 LBF = 4.448 N) 

HANGER : LJNI'~R AN.AJ.YSJS I NONLINEAR ANALYSIS 

NO. RUN 1 RUN 2 ! RUN 3 I H:JN 4 I RUN 5 RUN 6 i RUN 7 I RUN 8 ' RUN 9 l . RUN 10 I Run 11 j 

II - 2 X 33944 160111 5026 50)11 ! 0259 5016 5831 1 5502 61oa I 17307 11564 : 
H - 2 y !14o6 9749 '•59} :.667 6119 4563 4602 I 4376 4069 I 15752 6336 ' 
H - 2AX 24016 13271 5o40 5001 5927 5079 5021 5039 5133 : 1 .. 563 10173 
H - 2AY 8599 13247 3439 3496 7466 3436 31140 3366 3502 : 10419 . 6776 
H - 3 z 11100 30095 5475 5647 132;11 5475 5476 5217 56C.6 : 32725 23603 
H - 5 Y 4949 6976 2657 2668 4491 2665 2646 2453 2601 : 8602 59'•5 
H - 6 Z 7919 27626 5531, 5645 11743 5538 5530 5244 5763 : 29360 22729 
II - 7 X 5596 17521 2371 2376 477? 2266 2hl9 2152 2465 1 16055 5962 
H - 7 Y 7588 7496 1739 1710 3752 1667 1628 1584 1821 . 5849 . 4460 
H - 9 X . 4654 20374 1722 1646 2860 1719 1718 1604 1611 15917 5615 
K - 9 Y 6501 26646 1523 1674 7804 1525 1520 1402 1697 1 18366 9033 
K lLX 4676 14215 2891 2993 6316 2890 2692 2669 3034 i 14155 11180 
K - l2Z 5560 20670 3565 3671 6973 3579 3607 3416 3754 ! 15609 12332 

ELBOW PIPING ELBOW STRESS "' PSI (l PSI = 6.69 KPa) 

NO. 

l 7692 I 20598 7513 1500 I 7510 

! 
7515 7746 

I 
7451 26320 15163 ! -5 16214 17521 6617 -3564 - I . 8630 6506 6174 I 6774 21053 14720 

6 10745 I 16779 6376 o5318 6362 636o 5692 I 6565 29304 16305 I 8745 I 26512 5328 - I 

5698 5162 25104 13386 1 5315 - 5335 ! 5320 
10 :t.3o68 1 26703 6865 T036 - : 6666 666:1.. 7642 7442 24536 :1.5974 i 
12 6654 : 19308 ! 5037 4962 - 5033 5037 4695 52:1.4 16959 12354 

NOTES: RUN l - PlPESD linear analysis vi-h reactor vessel ledge flexibility but vith rigid pipe supports. 
RUN 2- PIPESD linear analysis viT.h reactor vessel ledge flexibility and vith flexible pipe. supports. 
HUN 3- AUSIS nonlinear analysis vith reactor vessel ledge flexibility, average clwmp stlffn~aa, snu~~er 

tes1. data of stiffness anti damping characteristics, a:~ubber gaps = 0.030 !.n (0.076 em). 
RUN ~-Same as RUN 3 but vith sn•bber gaps = 0.015 in (0.038 em). 

RUN 12 

10266 
7042 

11074 
6594 

24862 
5676. 

22216 
6670 
4281 
7924 
6492 
8666 

115:i4 

16712 
10631 
15338 
10861 
:1.2403 
l.0646 

RUN 5- Same as RUN 3 but vlth RUI 2 support stiffnessea and snubber damplnga = 200 lb-aec/ln (350 N-sec/cm). 
RUN 6 - Same as RUN 3 but vlth miaimum biaxial clamp atiffnesaea at K-7 and K-9. 
RUN T - Same as RUN 3 but v!th ma.::imum blaxl al clamp at! ffnesses at H~ 7 and H-9. 
RUN 8 - Same· as RIIN 3 but vlth tioe history compressed 10%. 
RUN 9 - Same, as RUN 3 but with tine history expandt!d lOS. 
RUN 10- Bwne. as RUN 3 but vlth zero damping and 1;6 times the horizontal "CCt!lerbtlonh.tme history. 
RUN 11- Same· as RUN 10 but vl th saubber damping sealed dovn in proportion to the ent!rgy across the snubber. 
RUII 12- Same sa RUN 11 but vlth spatial components of seismic motion applied separately and spatial re-

spo~sea combined according to Regulatory Guide 1.92 Article 2.2. 

I 
' 
i 
I 

I 

! 
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TABLE 6. !'!PIN(; ~'HEQliENCIES 

I FREQUENCY 4" PIPELINE 16" PIPELINE 28" PIPELINE 
(liZ) 

RIGID FLEXIBLE FLEXIBLE I RIGID 
r . FLEXIBLE 

SUPPORT SUPPORT SUPPORT SUPPORT 
! 

SUPPORT 

1 
; 

5.81 5.09 5.58 4.25 3.76 
2 : 7.60 . 6.35 5.61 5.98 4.24 
3 8.62 6.61 5.63 5.99 4.45 

I 4 ' 10.76 9.60 6.15 6.36 4',66 
5 14.57 10.15 . 6.15 

' 7.31 5.33 

I 
6 16.87 12.43 6.80 ! 7.38 5.53 I 

7 18.47 12.57 7.52 ! 8.36 5.86 I 
8 18.65 13.14 8.31 i 9.19 ! 5.98 I i 9 22.86 13.54 8.67 ' 9.91 I 5.98 

10 23.87 14.18 9.72 ! 10.87 6.24 ! ll 25.81 15.78 10.01 i 12.55 ! 6.4! 
' 12 27.26 16.10 10.68 15.27 6.73 i 

13 30.84 17.30 

I 
ll.22 I 15.34 ! 6.95 I ! i 14 33.07 18.51 12.15 ; 15.36 8.06 

j I 
15 35.27 . 20.25 13.00 i ;1.5.57 ' 8.34 I ; 

I 
16 35.72 21.45 ! 13.03. . 16.39 ! 8.56 
17 36.91 22.71 i 13.20 ! 16.56 9.56 ' 18 40.22 23.80 13.60 i 17.41 10.07 
19 46.68 26.92 i 15.61 i 19.30 ll.01 
20 52.76 27.39 15.70 : 19.70 ' ll.33 

' 

CONCLUSIONS 

1. Flexible supports can cause significantly higher piping seismic re
sponse than expected if the supports are rigid. This effect is more 
significant as the pipe size gets larger. 

2. r:~.rgP di.ameter pipe cla!!!P!> @d the pipe thin wall are significant 
sources of support flexibility. When both horizontal and vertical 
seismic restraints are attached to the same clamp, the vertical and 
horizontal clamp/pipe stiffnesses (KVH and ~,) are cross-coupled. 
To evaluate the cross-coupling effects, effe~five principal vertical 
'and horizontal stiffnesses (Kvv and KHH) can be determined and 
parametric pipeline seismic analyses can be run without the cross
coupling stiffness .terms. The pipe/clamp flexibility is often the 
major source of support flexibility of large diameter pipes. 

3. Piping systems with nonlinear supports, like other nonJ.inear systems, 
present considerable difficulty in predicting their seismic responses. 
Seismic parametric : studies with lilrge var.iations in pertinent 
par~ters provide a practical way to assess design sensitivities 
and margins. 

4. Nonlinear time-history seismic parametric analysis of pipelines, 
including reasonable models for supports that can represent snubber 
damping, gaps, and support flexibilities is practical for a design 
analysis tool. However, economic considerations still indicate that 
linear response spectra seismic analyses should be used for most 
designs of power plant piping. 

5. Results of the nonlinear time-history seismic analyses and parametric 
studies herein reported indicate that the effective system damping 



in pipelines supported by mechanical snubbers may be much larger 
than the 2% to 3% values ·of the Regulatory Guide 1.61., [ 8]. 
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