UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In tha Matter of
Docket Nos. 50-445 and
TEXAS UTILITIES ELECTRIC 50=-446
COMPANY, ET AL.
(Application for
(Comanche Peak Steam Electric Oparating Licenses)

Station, Units | and 2)

AFFIDAVIT OF ROBERT C. IOTTI AND
JOHN C. FINNERAN, JR. REGARDING THE
EFFPECTS OF GAPS ON STRUCTURAL
BEHAVIOR UNDER SEISMIC LOADING CONDITIONS

I, Robert C. Iotti, having been first duly sworn hereby
depose and state, as follows: I am Chief Engineer of Applied
Physics for Ebasco Services, Inc. 1In this position I am
responsible for directing analytical work in diverse technical
areas, including analyses of the response of piping and support
systems to dynamic events, including earthquakes. I have been
ratained by Texas Utilities Generating Company to coordinate and
oversee the technical activities performed to respond to the
Licensing Board's December 28, 1943, Memorandum and Order
(Quality Assurance for Design). A statement of my educational
and professional qualifications was transmitted with Applicants’

latter of May 16, 1984, to the Licensing Board in this

proceeding.
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I, John C. Pinneran, Jr.., hereby depose and state as
follows: T am amployed by Texas Utilities Generating Tompany as
Project Pipe Support Engineer for the Comanche Peak Steam
Electric Station. In this position I oversee the pipe support
design activities of each organization performing pipe support
design work for Comanche Peak. A statement of my educational and
professional qualifications is in evidence as Applicants' Exhibit
1428.

0. What is the purpose of this affidavice?

A, In this affidavit we addreass CASE's allegations regarding
the affect of gaps (e.g9. bolt holea tolarances) on the
structural behavior of pipe supports under seismic loading
conditions., This affidavit is in partial response to Item 9
of Applicants' Plan to respond to the Roard's Decembar 28,
1983, Memorandum and Order (Quality Assurance for Design).

Q. What is CASE's allegation regarding these affects?

CASE argues that bearing type connections are inappropriate

for use as mechanisms for supporting structures during

seismic avents,

b What are the bases for this assertion?

A. Thare are two bases for CASE's arqument., Flirast, CASE arques
that in a bearing type joint it is impossible to predict how
many bolts are involved {(n the transafer of shear from the

support to the wall.! gecond, CASE argues that the presence

1 See CASE Proposed Findings of Fact and Conclusions of Law,
Sections VII, XXI.
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of gaps in the joints under dynamic conditions can be
“disastrous."? In both instances, there (s an underlying
concern by CASE that the Lolt holes in support base plates
are "oversized," thus creating “"gaps” that must be specially
analyzed. We will address each of the iLssues separately,
We will also put in perspective the question of “"oversized”
bolt holaes.

Refore addressing these mattecs, please explain the
Aifferance beatween bearing and friction connectiona and the
factors which seam to be of concern to CASE,

Bearing type connections are connections whare shear forces
betweaen the two joined components (in most instances at
Comanche Peak the base plates and the concrete), are reacted
by bearing of the bolt surface on the surface of the bolt
hole. FPriction type connections are those where the same
shear forces are expected to be fully reacted by friction
forces created by preloading the cornection bolta, For a
baseplate, the friction forces exiat between the baseplate
and concrete asurface and betwean the baseplate and bolt
wvasher surface. It must be recogniszed that friction
connections will ultimataly revert to bearing connesctions
when the shear load excesds the friation developed at the
interface plane. In the ultimate condition, all joints are

bearing joints.

CASE Exhibit 763 at ) Tr. AG0%-6424,
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Do you agres with CASE's assertions concerning the
distribution of shear in multiple bolt, bearing type
connections??

No., CASE's position (s premised on an arronecus assessment
of industry practice and bolt interaction theory. CASE
argues that ". . . the usual procedure (industry practice)
{a to assume that twe holes react the load regardless of the
number of bolts in the pattern (for pattarns of 4 bolta or
more)", Mot only is this not industry practice but it i»
contrary to sound angineering principles. This is readily
apparent Lf one conalders a pattern with, for axample,
twenty bolta., CASE would have one believe that it ia
incustry practice to assume that only twe bolta can react
imposed shear loada. Obviously, {f this vere the case, and
ne more than twe holts could be counted on to react shear
loada, svery bolt in a multiple bolt pattern would have to
be algnificantly overdesigned, If this were done, every
2onnection deaignud for shear might as wall be designed with
only two bolts to begin with, This obviously is an
L1logical remult, but one which flows Adlrectly from CASE's
position,

CASE's argument s also contrary to sound angineering
principles, recognined in authoritative texta concerning the
design of boltad joints, "Plastic Design of Stesl Frames,”

e - S . S A

g::l Proposed Findings, Section VII at 10, 11, and Section



by Lyan 3. Reedle (Attachment A), at pages 79, Adiscusses
the inherent plastic action that exists in elastic design.
Therein 1% is noted (at 8) that there are "a number of
examples . . . in which the ductility of steel has been
counted upon in elastic design knowingly or not -~ but
cartainly not through direct application of plastic design
procedures.” The author states (at 7) that "perhaps the
sutatanding example of this variance between elastic design
assumptions and the actual truth is to be found in tha
ordinary riveted or bolted joint." The author qoes on to
explain that inelastic (plastic) action occurs to assure
that all bolts will eventually participate in reacting the
shear load,

Another text which addresz.s this matter ia "Structural
Design Suide to AISC Specifications for Muildings," authored
by Paul F. Rice and Bdward 8. Hoffman (Attachment B). Rice
and Hoffman explain (at 268) that in designing bolted
gonnections for loading in shear “the use of an average
capacity for esach of the several connector elements sharing
the total load (s justified by allowing self«limiting
localized atresses determined by an elastic joint analysis
to axceed *the yielAd point and create i(nelastic localized
Aeformations of the connector materialas, or by inelastic
deformations of the connection elaments (1.19.4)." "Te
f1lustrates this prineiple, Rice and Hoffman employ a twe
bolt example, designed to account for inelastiec behavior



resulting from the cumulative effects of out-of-round holes,
holes exceeding the bolt diameter by 1/16", and hole
alignment. They conclude that both bolts share the load.

In summary reliance on inelastic action in bolted
connections to distribute shear actively to all bolts in the
connection is a well recognized and valid assumption in
elastic desiagn.

Do these excerpts agree with the positions taken by the NRC
Staff in this proceeding?

Yes. As Dr. Chen stated (at Tr. 6884) "it is usual practice
to assume that all the bolts will react equally to a shear
load: the rationale being that even though initially cne
bolt or possibly two, let's say, out of a pattern of four
will be engaged, some yielding of the fitsE_or second bolt
will lead to equal load sharing eventually."

Are the tolerances Applicants employ for bolt holes those
normally characterized in the industry as "oversized" bolt
holes?

No. The term "oversized" holes has a generally accepted
meaning in the construction trade. The 8th Edition of the
AISC Manual of Steel Construction is quite instructive on
this poirt. At page 5-58 of the Manual, Paragraph 1.23.4.3
(Attachment C) states "Oversized holes may be used in any or
all plies of friction-type connections, but they shall not

be used in bearinc-type connections." Table 1.23.4 on that
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same page is quite clear concerning what the Code means by
"oversized" holes. This table establishes tolerances for
standard and oversized hole diameters.

Do Applicants use "oversized" hole tolerances noted in the
AISC Manual in the design of pipe support anchor bolts?

No. Applicants do not utilize the oversize hole tolerances
for anchor bolts. Applicants use instead more stringent
tolerances. Applicants' specified hole sizes meet the
following requirements: holes for bolts up to 1" are to be d
+ 1/16" (where 4 is the diameter of the bolt), and holes for
bolts 1" and over are to be d + 1/8". AISC defines
"oversized” as 4 + 3/16" for bolts up to and including 7/8"
diameter, d + 1/4" for 1" bolts, and 4 + 5/16" for bolts
greater than or equal to 1 1-1/8" diameter. Although
Applicants' criterion for bolts with diameters equal to or
greater than 1" is 1, 16" larger than the "standard" by AISC,
it is 3/16" smaller than the AISC "oversized". Thus,
Applicants' specifications for bolt hole tolerances can
definitely not be called "oversized," as that term is
generally used in the construction industry.

What is the purpose of these bolt hole tolerances?

These types of tolerances are absolutely necessary to
facilitate construction. As demonstrated in this affidavit,
a reasoned consideration of the principles related to the
distribution of locads in these connections demonstrates that

such an approach is appropriate and acceptable.



What test data are available regarding the capacity of
anchor beclts to withstand the type of displacements which
could occur in the transfer of shear loads?

There are two sets of data zlready in the record regarding
bolt capacities in shear. Both Applicants' Exhibit 142D and
the Cygna response to Doyle Question 16 contain data which
demonstrate that bolts 1" and greater have more than enough
capability to deflect a worst case 1/8" and still carry
their full rated load capacity. (See Attachments B and C of
Applicants' Exhibit 142D, and Enclosure D16-1 to Board
Exhibit April 1984 No. 1 (Cygna testimony).) Attachment "B"
of Applicants' Exhibit 142D indicates that the 1 1/4" super
kwick Hilti bolt did not fail until approximately .7 inches
displacement. Therefore, the inherent safety factor to
failure for this bolt with a maximum displacement of .125"
(1/8") would be .7 divided by .125, or 5.6. Enclosure D16-1
indicates failure of a 1" Hilt! bolt at about .57"
displacement. The safety factor inherent in this bolt would
be .57 divided by .125, or 4.56. Further, Attachment "C" of
Applicants' Exhibit 142D indicates a lower limit for
slippage of a 1 1/4" Richmond Insert of about .4 inches.

Thus, the safety factor in this case would be .4 divided by



.125 = 3.2, This test data is indicative of the
displacement capacities of anchor bolts used at Comanche
Peak. The data demonstrates that Applicants' bolts
withstand the worst case slip of 1/8" that would be
necessary to distribute shear forces equally to all bolts in
the connection.

Is there anything else you would like to add regarding
CASE's assertions concerning the distribution of shear loads
in multiple bolt, bearing connections?

Yes. During cross-examination of Cygna in the April 1984
hearings, Mr. Doyle introduced a paper by James M. Pisher.4
Mr. Doyle used a portion of that paper (page 87, "Shear and
Anchor Bolts") in support of his position. Mr. Doyle argues
that Fisher concurs with CASE's position that "not all bolts
in a cluster” may be used to transfer shear. However, Mr.
Doyle apparently overlooked the fact that Mr. Fisher is
talking about anchor bolts used at the base of columns. As
shown on p. 4-126 of the AISC Manual (Attachment D), anchor
bolts used at the base of columns which have l-inch to 2-
inch diameter are permitted to have 1/2 inch oversize holes.
In addition, Mr. Fisher recommends on (p. 87) that bolt hole
sizes for anchor bolts should be 1.33 times the bolt
diameter. These tolerances are much greater than those
employed on pipe supports at CPSES. It is clear that the

condition described by Fisher is not the same condition

CASE Exhibit 1001 Tr. at 6605-6624.



- 10 =

appliable to designing joints for supports. This is best
illustrated by Figure 1. Figure 1 shows ultimate
deflections in shear and tension for different size Hilti
bolts. Also shown in Figure 1 are the deflections that
would be permitted if the bolts were loaded to their
allowable values. The true interaction curve is
approximated by a straight line between the ultimate
displacement in tension and in shear. Also shown is the
actual curve derived from combined shear-tension tests.
Similar curves are available in the Teledyne Report "Generic
Response to U.S. NRC ISE Bulletin 79-02 Base Plate/Concrete
Expansion Anchor Bolts."” Although the linear approximation
of the interaction curve is not conservative for high values
of tension displacements (which correspond to near ultimate
pull-out locads), it is more than adequate for sh~ar
displacements, which are the concern here. To illustrate
what these test data indicate, let us take a 1" Hilti
embedded 10 1/2" deep, and compute the margin of safety when
loaded to its allowable values in tension or shear. 1In
either case there is a margin of safety of 5. Let us now
assume that only one bolt out of many in the connection ;a
loaded in shear, as CASE argues should be done. Let us
further assume that it will deflect through a bolt hole gap
of 1/16" before the other bolts begin to take some of the
shear. This bolt alignment is the worst case condition fecr

imposing shear stresses in the bolt. (See Illustration 1l.)
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Let us further calculate the deflection of the Hilti bolt,
which would result from thermal expansion of the tubular
frame. A worst case of .0485 inches deflection is computed
by the method of Applicants' Exhibit 142D for a 1" bolt,
embedded to 10 1/2", (see Figure 2 of Applicants' Exhibit

142D).

ILLUSTRATION 1

If the direction of the lcad is as shown in Illustration 1,
bolt number 1 will take all the shear until it deflects
through the gap. In this ianstance, the gap is .0625 inches
(1/16"). If bolt number 1 is assumed to have already been
loaded to its allowable value (7000 lbs) it would have
deflected approximately .085 inches. Thus, the next bolt
would have crossed the gap and started sharing the locad, and
the thermal expansion load would have already been totally
relieved.

For the sake of being ultra-conservative, however, let us
further assume a totally unrealistic scenario, i.e., the
first bolt displaces as a result of its normal load, plus
the thermal expansion load (which would have been relieved

and thus is not truly additive to the other displacements),
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plus the gap, before the second bolt engages. This would
correspond to a gap for the second bolt of 0.085 + .0485 +
.0625 = 0.196 inches. From Figure 1, even under this
incredible condition. the margin of safety of the first bolt
would be .55/.196 = 2.8. In reality, the margin of safety
resulting from the 1/16" bolt hole gap is 5 since the second
bolt begins to share the load before the first bolt reaches
the deflection at which the load would equal the allowable
value. Even if the bolt holes are 1/8 larger than the bolt,
the real factor of safety would still be 4.4. And if you
were to play the same imaginary game of adding allowable
displacement, thermal displacement and gap one would obtain
a margin of safety of 2.1 (.55/.258).

To illustrate why the Fisher paper made the recommendations
it did, let us compare this situation to that examined in
the paper. The gap condition examined by Fisher may be as
high as 1/2 inch. The real margin of safety of the first
bolt engaged would only be .55/.5, or 1.1, for a 1" bolt
embedded 10 1/2 inches. This apparently is why Fisher
recommends consideration of shear distribution on a limited
number of bolts, rather than all bolts, where oversized

holes such as he was examining may exist.

What is your response to CASE's concernd with the dynamic

nature of the loadings?

CASE Exhibit 763 at 3 Tr. at 6605-6624.
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CASE contends that the presence of gaps in joints under
seismic conditions can be "disastrous." To the contrary, in
a seismic event the first quarter cycle loading would cause
preferentially loaded bolts to deflect in shear until the
other bolts engage. Once the bolts have deflected, the gaps
are uniform for all bolts. This is an over simplified
explanation of what is a very complex phenomenon. To
illustrate this point, refer to the above sketch. Bolt #1
will deflect until the second bolt engages (if the load is
high enough to cause such deflection). As the load
reverses, the locations of both bolts in the holes are now
the same and both will take shear and deflect a like amount,
and continue to do so, for the remainder of the dynamic
event. Therefore, only during the first quarter cycle can
there be preferentially loaded bolts. Thereafter, for
subsequent cycles the load will be reacted by all bolts and
there is no genuine concern for the capaéitv of the bolts to
accept these loads.

Are there any other matters that should be considered with
respect to CASE's concern regarding the potentially adverse
influence of gaps on a system's seismic reeponse?6

Yes. It is important to recognize that the effect of gaps
and other nonlinearities on the seismic response of systems
cannot be defined in absolute terms. The effect is

dependent on many factors, including the nature of the

Transcript at 13,705-13,717.
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excitation (magnitude and distribution of frequencies), and
the size, orientation and number of gaps. The situation is
further complicated by the fact that nonlinearities
introduce impacts and hence impact damping, which is known
to be related to the coefficient of restitution (CR) via the

formula:’

C = @ =

[2n8/[/TT=8)]
For steel on steelﬁ average restitution coefficients of 0.6
would lead to impact damping factors (8) of 8%, lower
restitution coefficients would lead to progressively higher
values of impact damping, and even with a very high
restitution coefficient (0.8) the impact damping would be
higher (3.5%) than the damping values recommended by the NRC
in Requlatory Guide 1.61. This would mean that to account
for just one of the effects of gaps, one would have to
employ damping factors for portions of the system that
exceed those specified by the regulations. Clearly,
consideration ¢f such effects would require complex analyses
which depart from accepted practices.
Another fact that should be recognized is that while the gap
is being transversed, little or no seismic input
acceleration is being experienced. Also, depending on the
nature of the gap (whether it is a gap in a bolt hole or the

deadband in a mechanical snubber, or the play in a strut

HEDL-SA-1769, D.A. Barta, "Analyses of Piping Systems with
Nonlinear Supports Subject to Seismic Loading", ASME P & PV
Third National Congress, June 1979 (Attachment E).
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assembly), a fraction of the seismic input may be introduced
via friction (if permitted by the vertical excitation for a
horizontal gap or vice versa). Thus, while transversing the
gap, material damping takes place without a corresponding
feed of energy from the seismic event. Obviously, the
combination of intermittent energy input while damping
continues produces a beneficial effect on the system
response.

All of the above-described effects cannot be accounted for
in the typical linear response spectrum analyses which are
used to design the systems at CPSES, and are only accounted
for with difficulty by performing nonlinear time history
analyses. Thus, absolute generalizations as CASE contends
should be made (CASE Proposed Findings at VII-1l1,12) simply
are not possible.

Is there a way to compare the results that would be obtained
from a nonlinear analysis which considers the presence of
gaps with those of the response spectrum analysis Applicants
employ, in order to assess the effect of the gaps on seismic
response?

In some respects, yes. However, in trying to compare
results of nonlinear time history analyses with response
spectrum analyses it becomes very difficult to distinguish
between the effects of having conducted a full time history
analyses (whether linear or nonlinear) versus a response

spectrum analysis, and the effects of the gaps by
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themselves. In other words, these two analytical approaches
are sufficiently dissimilar that one may not discern whether
particular results are attributable to differences in
individual variables or assumptions (e.g., gaps) or the
analytical technigques themselves.

In view of these uncertainties, it may be concluded that a
more viable approach to assess the effect of gaps in designs
which have been accomplished using response spectrum
analyses (as in the case at CPSES), is to compare the
support loads and ipe streases predicted by the response
spectrum (without gaps) with those which would be predicted
by nonlinear time history analyses of each system.

To respond fully to this question, however, would be a
virtually never ending and enormously expensive task.
Fortunately. a number Oof comparisons have been made between
results obtained by response spectra analyses and nonlinear
time history aralyses which simulate the actual gaps in the
system which provide reasonabale evidence of the effect of
gaps.

Two general conclusions can be derived from these
comparative studies and tests which simulate seismic
conditions in actual piping systems which are apt to have
some gaps in the supports, as would be present in any piping
support system. The conclusions which can be reached are

that:
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a) The seismic response spectrum method, which

ignores th2 nonlinearities, is more conservative

than the non-linear time domain method (wnich

includes gaps), and

b) The effect of gaps on reduction of response

frequency is negligible due to the transient

nature of the seismic acceleration loading.
Studies bearing out these conclusions are discussed below.
The study prepared by Barta (footnote 7) compares results of
the response spectrum analyses of an FFTF piping system to
those of the non-linear analyses which modelled the
deadbands (gaps) of mechanical snubbers. The gap used was
0.120 which is comparable to or in excess of that existing
in supports. Table 2 in that study compares the snubber
loads obtained by both analyses With the exception of two
snubbers, all other support locads were higher in the
response spectrum analysis, with the average b=ing about
1.45 times larger.
A second example, taken from a study prepred by Badrian3,
compares steam line stresses computed by response spectrum

and non-linear time history methods. Table 3 in that

reference provides the results. Here again, the response

Badrian, "A Seismic Analysis Review." Ebasco Services, Inc.
(Pebruary, 1977) (Attachment F).



A

spectrum method is more conservative by approximately a
factor of 2.3, although one point did show a higher stress
for the non-linear model.

Finally a third study? compared results of response spectra
analyses performed on 4 in., 16 in. and 28 in. pipelines
against those obtained by nonlinear time history analyses of
the same systems with varying gaps. Tables 3, 4 and 5 in
this study illustrate the difference in support loacds and
piping stresses that result from several modelling
assumptions. Once again., the results of the response
spectrum analyses are generally conservative with respect to
non-linear analyses.

In sum, existing studies and analyses indicate that the
effect of gaps are adequately bounded by analyses performed
using the response spectrum methodology (such as is employed
at Comanche Peak), and further analysis of these effects

using nonlinear time history analysis would be unwarranted.

Barta. Huang and Severud, "Seismic Analysis of Piping With
Nonlinear Supports," Plant Analysis, FFTF Project,
Westinghouse Hanford Company (Attachment G).
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(Robert C. lotti J

\

¢ . W ’

C. Finneran, Jr.

Subscribed and sworn to before me this 18th day of May, 1984.

- / yr- 4
R g A T POV u/f , &2

Notary FPublic

My Commission Expires May 31, 1587
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Art. 1.4]  Tacit Accepiance of Ductile Behavior 7

would require careful study prior to the agplication of plastic Jesign
to them.

1.4 TACIT ACCEPTANCE OF DUCTILE 8EHAVIOR

All but the most recent texts and speciications in the feid of structural
steel design have required that the fiber stresses should nowhere exceed
the yield point of the material whea a specified overioad is applied.
As shown in Art. 1.1 this has been an appropriate criterion for simple
beams because deformations start increasing rapicly at vield-point stress.
But if it were argued that yielding could not be permitted in any part
of a structure, then =uch of the past and present practice 'vould be
completely ruled cut.

Both in buildings and in bridges, specifications allow tle designer
to use average stresses due to bending, shear, and bearing that result in
actual local yieiding. Such cases occur in pins and rivets and at local
points. This ioccal vielding resuits from stress concentrations that are
neglected in the simple design formulas. Plastic action is thus depended
upon to insure the safety of steel structures. and experience has shown
that average or norm:ncl maximum stresses form a satisfactory basis for
design.

Perhaps the outstanding ¢xample of this variance between elastic
design assumptions and the actual truth is to be found in the ordinary
riveted or boited joint. The assumption commonly is m»<s uuat saca
fastener carries the same shear force. This is true for the case of two
fasteners ia a line. Then more are added (Fig. 1.3), then as long as
the joint remains elastic, the outer [asteners must carry the greater
proportion of the load. For the example with four sivets, if each rivet
transmitted the same locad, then between rivets C and D one plate would
carry perhaps three times the force in the other. Tlerefore it would
stretch chree times as much and would necessarily force the cuter rivet
(D) to carry more load than was assumed. The actual forces would
look something like those shown under the heading “Elastic” in Fig. 1.3.
What eventually happens is that the outer rivets yield, redistributiag
forces to the inmer rivets until all forces are about equal as shown.
Therefore the basis for design of a riveted joiat is really its vitimate
load and not the attainment of first yield. :

Tora greater extent than we may realize, the maximum strength of a
structure has always teen the domirant design criterion. When the
usuai permissible working stress has led to desigrs that were con<istently
too conservative, ther that stress has been changed. Present design

e e e s
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 procedures disregard local over-siressir ~\t points of stress-coneontratiod,

etc. and long experience: with similar .cuctures so-designed shows that
-his is a safe procedure. Thus, the stresses that are caleulated for elastic
design purpeses often are not true maximum stresses at all; they simply
provide an index for structural design.

A number of examples wiil now be given in which the ductility of
stoel has been countad upon in elastic design—knowingly or not—but
certainly not through direct applcation of plastic design procedures.
The fcllowing listing is in two categories: (1) factors that ere negiected
because of the compensating afect of ductitity, and (2) instances o
which the wnrking stresses have been ravised becaw:s the “nermal”
calue was too copservative. Follcwing the Lismizg, several examples in
each category will be discussed in further detail.

" 1. Factors that are neglected:

‘1) Residual stresses (in the saze of fexure) due to cocling after
roilinz.

(2) Residual stresses resuiting {rom the cambering of beams.

(3) Esection stresses.

(4) Foundation settlements.

(3) Over-stress at points of stress<concen:razion (holes. ete.).

(3) Bending stresses in angies connected ia tension by one leg only.

(7) Over-stress at points of hearing.

(8) Nonuniform stress-distribution in splices. leading to desigu of
connections on the assumption of a uniform distribution of
stresses among the rivets, bolts, or welds. (Disecrssed above.)

(9) Difference in stress-distribution arising from the “cantilever”
as compared with the “portal” method of wind stress apnalvsis.

.. II. Revisiots ia working stress due to reserve plastic strength:

(10) Bending stress of 30 ksi in round Dins.

(11) Bntin;muofwhiinpimindoubhshm.

(12) Bending stress of 24 ksi in framed structures a: points of interior
support.

Consider item (1) for example. All rolled members contain residual
stresses that are tormed cue to cooling after roiling or due to cold-
straightening. Figure 1.6 shows a typical W ghape (sketch g) with a
characteristic residual stress pattern (sketch 2). When load-carrying
bending stresses are applied (sketch ¢), the resulting strains are additive
to the residual strains already prasemt. As a result, the “final stress”
(sketch &) could easily invulve yieiding st working load. In the example
of Fig. 1.6 such yielding Las occurred both at the compression flange
:ipluduthnm&tbetenﬁonm;e (sketch ¢). Thus it is seen

O e e
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Ag. 1.5. wamhhhmdchpb-l-

taat cooling residual stresses (whose infuence is negiected and yet which
are present in all rolled beams) may cause )ielding in a beam even below
the working load. '

7.

(a) (e) (d) (@)

fg. 1.4 Residual itresses due fo cooling ofter rolling (bl When load-carrying siresses are
Wkkﬁd‘h‘mmdd‘mwu(‘“(ﬂ.

As a justification for neglecting erection stresses (sée item 3 on pege
8), Fig. 1.7 shows how an erection force due to dimensional inaccuracy
may introduce bending moments into a structure prior to the application
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. , . jeint ay well as the shear, 1.15.5), or s mmsrigid (trinsmitting a pre-determined fracticn o
g T ' the full moment capacity as a rigid joint and further lcads in shear as a tlexible joint wid

R
9

A Y, o Jrigh <t
> ;}.—':- o ,‘Ea corresponding angle change to suppiy rotation for the additional loads, 1.15.5;1.2).
¢ — A D et .

. mass, . - : - :
- g ol »:? { 1 Flexible Connections. “Flaxinle™ connsctions are designed to transmit shear witheu
’3“1,1 b 5; exceeding aliowable uait siresses on the connectors 15 a3 group or the conneciion as
S i GO o g:‘; whole. The use of an average capacity for each of several connector 2iements sharing 1k

N \.‘“ .. ‘o. ';

total load is justified by allowing self-limiting localized sirreses determined by an clasti
joint analysis to exceed the vield ceint and create inelastic localized caformations of
connector materials. or by in2iastic deformations of the cornection elements (1.15.4

-
[
5
o w9 88
ST ey

—— -

- The simpiest examples of localized deformaticn occur in the assembly of bearing-ty
-.;"'_'7;- T polted connections where the cumulative toierances permisted exist on (1) out-of-ro
&y 3 in the dolts, (2) oversize holes ( ). and 13) ceater-to-cenzer locauon ot the holes in ¢
'_.:'._; differen: siements ~onnected. The extrems legree of such inelastic action occurs with
2% two-bolt dearing-tvpe conneciion whers one Molt s oosely fitted and one is very tigh
* Until the material of the connected elemen: surrounding the lcaded bolt or the bol: yield
:“ and Jeforms 4*{;”!. the load is ot shared and 2 30 percent adjustment will be develope
,‘_E’ ; as the load increases. For larger 1and thus more important) members. more bolts or rive
3.*-; will be required and the degree of adjustment rejuired on each will be less. Lesser adj
o ments are required for a long line of bolts or mvats intended to share stress equally. E
‘0 if perfectly ftred. vielding and tnelasiic daformanions occus, maximum 3t and begnnin
i"‘" at the first loaded bolt Or rvet. and decresin; 10 3 minimum at the lasi. (See Figs. §-
h

"_.‘: ! ~o - e !
);w ‘r"' ace of Suppert §' | ——.
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A;‘ @~4 L~ : 2 dlly = ,{", Py

2 ’ ' FE - T ' ) 3
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'\5,.'4‘6,”,) increase until ;= iV/thFu

FIG. 5-1 Self-Limiting, Localized Deformations=Two Saits.
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and §.2.) After this locaiized ineiastic adiustment in the connectors for shear ir
mission. consider the :nelastic idjusiments that occur to reduce the “elastic theory
momen:s.

inelastic deformation in the connection elements, rypically angles, will occur and r
duce the restraint which would transmit momernt. The common double-angle shear
ing connection is extremely st:ff longtudinally for the transmission of shear, and i
depends upon the munor inelastic bearing Jeformations around 2ach fastener to equall
the shear stresses in the fasteners. The same doubie-angie member is relatively exid
and wiil twist to permit a relativeiv large angular rotation reducing moment t issi
(See Fig. 5-3.)
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Expenience and tests coniirm the practical assumptions of shear transfer only and i
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§-93 « AISC Specification (Effective i1 '1/Tx

TABLE 1.2%4
MAXINMU'M SIZEN® OF FASTENER HOLFS  INCHES

f

| :«»mmm i Standard Oversized” Shert-Siotted” Lomg-Suntea®
| 6"“".:' t Hule Hoie Hoie Houe |
: ) i Diameter Diameter Dimensicns imeasions

‘ $ % E d+Va ! d + e ! td * e g e €= omlu
t S U 1% | 1% % 1" Y
Lo2m | d+'s | d+Yy g+ Vg X1 & 'y g - x4

]

* Sizes are sominal.
" Not permutied [or riveied connections.

gouges greater than Y.-inch that remain from cutting shall be semoved b
grinding. All re-entrant corners shail he <nuped it D-free o 3 rui s o2 al lewst
L1 H
/;-inch.

1.23.3 Planing of Edges

Planing or {inishing of shearea «r *nermally cut «dges of piates or <hapes w..
not be required unless specificaiiy caued for on the drawings or incuaed in
stipulated eaze preparation (or weldiin..

1.23.4 Riveted and Buited Construction—Holes

123.4.1 The maximum sizes ol holes tor rivets and huits snall e as stinu-
lated in Tahie 1.23.4. except that iarger holes. required for toleraace un losation
ol anchur Doils in concrete foundat uns. may e used in column Lase cetalls

1.23.42 Standarg hules shall he provided in member-tu memrer connec-
tions. unless oversized, short-slotied. ur lung-slotied hoies in holted connections
are approved Dy the designer. Oversized and siotted holes shall not be used in
riveted connections. _

If the thickness of the material is not greater than the nominal diameter of
the rivet or bolt pius "s-inch, the hules may be punclhed. If the thickness of the
material is greater than the nominal diameter of the rive or bolt plus ' .-inch. the
holes shail be either drilled frum the sviid. or sub-punched and reamed. The die
for a!l sub-punched holes. and the drill for all sub-drilled holes. shail be st least
's-inch smaller than the nominal diameter of the rivet ur holt. Holes in A3i4
steel plates over s-inch thick shall be drilled.

12343 Oversized holes may be used n any or ail plies of friction-type
connections, but they shall not be used in hearing-iype connections. Hardened
wasners shall be installed over oversized holes in an outer piv.

123.4.4  Short-slotted holes may be used in anv or all plies of friction-type
or bearing-type connections. The slots may be used without regard o direction
of loading in friction-type connections, but the length shali be nurmal to the di-
rection of the load in bearing-tvpe connections. Vashers shall be installed over

-short-slotted holes in an outer ply; when hign-sirength bolts are used, such

washers shall be hardened.
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SUGGESTED DETAILS i
Column base plates

’ac-o" & -‘oA

Liad e

X205

'
]
'
)
.
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Sase olates are nOrMany CelaileC and $M20RC (O

Notes 1 MOi@ 5. 208 'Or ANSNOr DOl are narmally
mace oversize 10 facihiate eraction as
19 % 10 17 ==biy” Oversize
19110 2% = "1" aversize
Boits over 2% = 1" Quernize
2. The stadii'y of 3 column with itg shouid De
congiderec al all slages of srecto” s Dase
Jesigned accordingly 'ar ancnors and dase plate
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dyhamic degrees of freedom. These interfaces are described by specific forms
of forcing functions for the |inear analysis. Since the dynamic matrix

is {nvertad but once, option 2.5 is far more economical than cthe former, and
it was used throughout this investigation.

ANALYSIS RESULTS AND DISCUSSION
Single Degree of Freedom Results

The response of the simplified spring/mass mode! shown in Figure | to the
FFTF horizontal acceleration was determined with damping assumed to be 2% of
eritical. Gap sizes wece varied from zero to 1.0 inch 2.54 cm) and the oscil-
lator frequency, calculated by disreqarding 3&. effects, was varied from 1.0
o 30. HZ. The results, which are shown in Figure 7, reveal relatively szall
load magnification for all gap sizes at frequencies lower than the 2.5 H2.
seismic spectrum peak. At frequencies nigher than 5. Hz. load magnifications
due to i7pact against hard structure Decome increasingly larger with increases
in both natural frequency and gap size.

The response results shown in Figure 8 11lustrate the effect of 20% of
critical impact damping on response attanuation. The nonlinear responses are
less than the 2% of critical damped linear response spectrum at al! frequencies
lower than 5. Hz, Furthermore, the nonl inear responses remain lower than
the peak of the response spectrum up to a frequency of 10. Hz. The value of
29% critical damping for impact was chosen aroizrarily for this siudy.

However, some fuel issembly impact tests (1] shaw maximua redounds of less
than 103. The impact dacping coefficient was showa 1n (3] to be related
ta the coefficient of restitution Dy the following equation:

C. -e (-lul l=4 )

where, 8 = Coefficient of Impact Damping

cg® Coefficient of Resiitution

Maximum rebounds of less than 0% approximate a 203 of critical impact damping
coefficient.

Simulated Mechanical Soubber/Piping Results

A simulation of the combined civil structure, snubber and piping stiffness,
shown in Figure 2, was used to assess the seisaic response characteristics
over & range of snubber stiffness and damping values which were determined by
snubber characterization tests. The assumed piping mass and stiffness
s 1.0 inch (2.54 cm) nominal diameter pipa with insulation
and f111ed with sodium, and with & 141.6 inch (360. cm) span simply supported
at each end to ground. A mecranical snubber with variable stiffness and

vaiues was assumed to be actached at one end to the piping at m'.e
and at the other end to ground through civil suppart structure w'.h
The snubber gap was assumed to be .030 inch (.0/6 cm)
A range :ﬂm and damping values were
to




. TABLE 2

COMPARIZON OF LINEAR SPFCTRA AND NONLINEAR AMALYSIS
FFTF PIPING SYSTEM SNUSBER LOALS

Vi
l;}—

SEISMIC SNUSBER LOADS ~ LS&F*

SUPPORT LINEAR NONLINEAR | irmsor |
HO. SPECTPA ANALYSLS powlen |

1 - 3 3047 4140 )2 \
1 = ¥ 3289 1423 23 ;
g - 2 €071 3152 46 |
3 - X 2552 1315 18
3 - Y 229! 1776 A58
g . .8 4522 4376 het |
¢ - Y 1327 486 275 |
5 - Y 1815 2876 0.6} |
-3 5865 5514 r0p |
BA - 2052 2708 ,7,7;
A - 1 50526 5273 /s |
6§ - 1 10817 4716 2.2%
7 - X 9369 8526 770 |
$ i 4362 1760 149 |
7M - X 9835 3994 105 |
M o- Y 6088 4021 n87 |
9 - X 3670 2238 244 |
9 - 2 4227 %516 22!
TP 6888 418 | o0/ |

*1.0 LBF = 4,448 N.
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" ' ‘) TABLE 3 &9

MAIN STEAM LINE (2MS-32-2SB) OBE STRESSES

(‘ Uniform Respouse* ' |
Node Number Spectrm Method Time History Method Ratio of Spectrum
(EQ) (pS) (PSI) (PSI) (SEC.) To Bistory Methods

8 712 4,686 2,124 2.88 2.2
34 2 2,084 1,508 2.97 ) 1.4
1,153 835 2.97 1.4
35 4 1,234 683 2.95 1.8
2,229 1,338 . 2.95 . 1.8
36 5 1,601 503 2.83 3.2
) 886 287 2.83 31
37 6 4,609 1,976 2.95 2.3
1,985 2.95
38 8 1,461 1,744 3.12 .84
1,744 3.12
“
39 850 1,388 691 3.62 2.0
692 3.62
%) 9 1,635 421 6.01 3.9
2,956 747 6.01 3.9
41 10 3,291 1,075 5.78 3.1
1,821 607 5.78 . 3.0
42 12 3,324 2,403 9.85 1.4

* Does mot include relative anchor displacement effects
Sources of Data
1. Uniform Response Spectrum Method - Pipestress 2010
Calculation Number 1157 (July 6, 1976)

B g

I 2o Time.distory Method = BLAST run 'LOOP23D" -(Decamber: 275 1976)+ i ur e aiv:
....‘. .' .... . "I ° & . ..... . A .;'. .":!, . . . 5 . .; ._-,.- .'...‘ :-v"
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. ATTACHMENT G

SEISMIC ANALYSIS OF PIPING WITH NONLINEAR SUPPORTS

0. A. Barta, 5. N. Muang and L. K. Severud

Plant Analysis, FFTF Project
Westinghouse Hanford Company
Richiand, Washington

ABSTRACT

The modeling and results of nonlinear time-history seismic analyses for
tiree sizes of pipelines restrained Ly mechanical snoubbers are presented.
Numercus parametric analyses vere conducted to obtain sensitivity information
vhich identifies relative importance of the model and analysis ingredients.
Special considerstions for modeling the pipe clamps and the mechanical suubbers
based on experimental characterization data are discussed. Comparisons ars
also given of seimmuic responses, loads snd pipe stresses predicted by standard
Tesponse spectra sethods and the nonlinear time-history methods.

INTRODUCTION

In the high temperaturc and seismic enviromment of a nuclear pover plant,
a8 the Fast Flux Test Pacility (FFTP), mechanical type snubbing devices
used to restrain piping motions during seismic events. The snubber is
connected at end to the building support structure and at the other emd to
piping through s clamp assembly. During normal plant cpersting conditions,
these spubbers offer no significant resistance to thermal growth of the piping.
Under seismic conditions the spubbers lock up at very lov accelerstion levels.
Dynamic characterization tests wvere performed at HEDL on mechanical smubbers
to determine their stiffness, dynamic loss of motion due to free play in the
support linkages, snd conditions of lockup. The tests also disclosed that the
soubbers dissipate a large smount of energy per cycle vhich could provide a

1 As described in U. S. Nuclear Regulatory Camission Guides, such as in
(1]7 (2], two methods can be used in the seismic analysis, i.e., the response
spectra or the time-history method. Due to thecretical limitations and computer
izplemantation difficulties, the response spectrs method can not be used to
evaluate some of the essential support characteristics such as free play and
local damping at soubber 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 and local damping in the analysis Sut vith

Llnbcl in parentheses indicate references listed at the end of the paper.

s
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TABLE 3. 4 INCH PIPELINE
HANUER LOAD ~ LB. {1 LBF = k.AkB B)
. auw 1] mum 2 JRuw 3 JEUN b} RUN 5 pun 6| num 7] RuN 8] RUK 9 | RUN 10 RUN 11| RuUN 12 | RUN 13

H-91 | 9 13 107 19 39 39 38 9 9 39 38 39 28
N - Bx 62 168 105 0 16 0 0 0 0 0 o 12 109
-1 m 192 18 b3 | 51 51 50 51 51 50 51 53 (1]
R - 6x |529 9u6 L3} 10 107 89 | 15 70 70 65 79 u80 518
M- 57 105 125 9 33 k3] 33 33 26 ¥ 30 33 34 L3
H-52 |b L 200 0 k2 23 13 0 0 0 0 198 199
- | & 152 113 23 22 22 22 19 25 22 22 25 35
-4 |91 269 156 0 13 0 0 0 0 0 0 128 21k
-3 | 13 175 115 3 n n 3 25 36 29 )1 n 6
H-32 | 52 176 99 0 22 “ 13 0 0 0 0 917 gl
-x 36 210 211 L8 A8 L8 b8 38 55 L8 k7 55 L3
"-22 79 183 1k2 0 13 0 0 0 0 0 0 L) 113
- ax k2 359 180 20 60 ko 65 15 23 1k 26 210 2k
N~ sk i 82 22 22 22 22 18 23 22 21 21 hs
LOCATION MAXTMUM PIPING STRESS ~ PSI (1 K81 = 6.89 MPa)
NODE 1 12.1 3.3
pOTES: 1. PIPESD anslysis with rigld supports and using enveloping design seisalic spectra of Figures 10 and 11.

2. PIPESD snalysis with support and clamp flexibility end using enveloping seismic spectra.

3. ANSYS model with support and clamp flexibility same as in RUN 2 but using calculated selsmic spectra.

§. Nonlinear, time domain snalysis with support and clamp flexibility same aa in RUN 3 and combined with

snubber atiffness and ‘-hz charscteriatics.
Soubber gaps = 030 in. (.07 cm).

S, Sese as RUN & but with snubber gaps = .005 ia. (.013 em).

6. Bame ss Run & but with snubber gaps * .015 in. (.038 ca).

7. Seme as RUN b but with snubber demping reduced 508 .

8 Beme as RUN & but with clamp stiffness decreased 0%

9. Bame as RUN & but with clamp stiffness increased EH

10. Seme as FUN b but with time history compressed 108.

11. Beme ss RUN b but with time history expanded 10%.

12, Bane as BUN § but vith snubber demping scaled in proportion to the energy scross the soubber.

13. Structural parsseters same as in RUN 3 but with spatial components of seismic motion spplied separately

i

spatial responses combined according

to Regulstory Gulde 1.92, Article 2.2.




TABLE 4. 14 IDCE PIPELINE

SEISIC SUPFORT LOAD ~ LB. (1137 = L W8 W)

AR e N
Pl R

EE

e ol
BER wmn

3

gTRESS ~ PSI

—————

—

T 3043 6h32
3902 »n ms w098
1939 14076 1552 13666
226ea 200 w82 23078
N9 haasd So0cT 315
STWOM 35037 T 3a223 san2 16058

——————

CEeaow

-nﬂn-—uunnu-w—nrunuuv.-u.ﬂu-u&.-.-u-pnn
wd 105 sethod mdal Tummation.
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PIVESD linear analysis vith reactor vessel ledge flexibility but with rigid pipe supports.
~ PIPESD linear analysis with resctor vessel ledge flexibility and with flexible pipe supports.
ARSYS ponlinear snalysis with resctor vessel ledge flexibility, average clemy stiffuess, soubber

and demping charscteristics, soubber gaps = 0.030 in (0.076 cm).

sucbbar gape = 0.015 in (0.038 ca).

RUN 2 support etiff and bber dumpings = 200 1b sec/in (350 B-sec/cm).
sinimem blaxial clasp stiffMmesses at K-T7 snd B-9.

maximem blaxial clasp stiffnesses st H-7 and ¥-9.

time history compressed 108.

tise history expanded 108.

rero demping and 1.8 times the horizontal sccelerstion/time history.

10 but with snubber dasping scaled down la proportica to the energy across Lhe snubber.
11 but with spatial components of selemic motion spplied separately and spatial re-

combined according to Regulatory Oulde 1.92 Article 2.2.




