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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

Docket Nos. 50-445
50-446

TEXAS UTILITIES ELECTRIC
COMPANY, et al.

(Application for
Operating License)

(Comunche Peak Steam Electric
Station, Units 1 and 2)
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AFFIDAVIT OF ROBERT C. IOTTI AND
JOHN C. FINNERAN, JR. REGARDING
CINCHING DOWN OF U-BOLTS

We, Robert C. Iotti and John C. Finneran, Jr., being first
duly sworn, hereby depose and state as follows:!

(Iotti) I am employed by Ebasco Services, Inc. as Chief
Engineer of Applied Physics. 1In this position, I am responsible
for directing analytical and design work in diverse technical
areas, including analyses of the response of piping and support
systems for dynamic events, including earthquakes. I have been
engaged by TUECO to coordinate and oversee the technical

activities performed to respond to the Board's Memorandum and

B Except as otherwise indicated, each Affiant attests to all
parts of this affidavit.

840629
SAE7SERRR B



Order of December 28, 1983. A statement of my educational and
professional qualifications is attached to Applicants' letter of
May 16, 1984 to the Licensing Board.

(Finneran) I am the Pipe Support Engineer for the Pipe
Support Engineering Group at Comanche Peak Steam Electric
Station. In this position, I oversee the design work of all pipe
design organizations for Comanche Peak. I have previously
provided testimony in this proceeding. A statement of my
professional and educational qualifications was received into
evidence as Applicants' Exhibit 142B.

Q. What is the purpose of this Affidavit?

A. The purpose of this Affidavit is to respond to CASE's
concerns regarding the practice of cinching down U-bolts.
These concerns have been summarized by the Board and can be
categorized into the following four areas:

1. The acceptability of cinching down U-bolts as
a resolution of the potential instability of non-
rigid U-bolt supports (see the December 28, 1983
Memorandum and Order at 27 and 33, and the
February 8, 1984 Memorandum and Order
(Reconsideration) at 20).

2. The use of SA-307 (or SA-36) steel in U-bolts
which are cinched-down considering the ASME Code
prohibition against the use of such material in
friction type connections (see December 28, 1983
Memorandum and Order at 28 and 33, aad February 8,
1984 Memorandum and Order (Reconsideration) at
22-4). A fair restatement of this second concern

is that there needs to be reasonable assurance
that adequate clamping force can be produced and



maintained by the U-bolt connection to prevent
rotation of the U-bolt cross piece assembly around
the pipe.

3. The forces and stresses that are induced in
the U-bolt itself (see December 28, 1983
Memorandum and Order at 33-41, and February 8,
1984 Memorandum and Order (Reconsideration) at
24-5).

4. The local (and global, if any) stresses
induced in the pipe by the cinching down practice
(see December 28, 1983 Memorandum and Order at
33-41, and February 8, 1984 Memorandum and Order
(Reconsideration) at 25-6).

In overview fashion, how have you responded to thes

concerns?
To address each of these concerns, ’pplicants committed to
provide the following (see Applicants' Plan to Respond to

Memorandum and Order (Quality Assurance for Design) at

(items 3, 4 and 5)):

"3. Provide evidence that the use of U-bolt
cinchinc is appropriate to eliminate potential
local instability without introducing adverse
effects in the piping and the U-bolt itself.”

"4. Provide evidence that there are no adversec
long-term effects from U-bolts caused by heat-up
and cooldown and related friction on the pipe."

"S5. Provide evidence of the acceptability of
stresses on pipes caused by thermal expansion in
local areas around cinched U-bolts."
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The primary method used to obtain this information is
testing. However, Applicants have also performed finite
element analyses2 of the tested configurations. The reason
for also having finite element analyses performed for the
tested configurations are two-fold:

1. Data obtained by tests are limited to
locations where strain gauges are placed. A tool
is needed to obtain information at other locations
and to interpret the data obtained by test. This
tool is the finite element model of the tested
configuration, which is correlated to the test
data at the locations where data are directly
available.

2. A model is needed to predict (with good
confidence) the behavior of configurations which
are different from those being tested, i.e.,
different pipe size, U-bolt size, preload, etc.
The finite element model, once it is verified
against the test results, can be used for this
purpose. Moreover, it can also be used to verify
the adequacy of other, more simplistic models,
which are developed to assess U-bolt loads, pipe
stresses, and stability questions.

Before describing the test program, its results, and the
results of the finite element analyses, are there any items
of apparent misunderstanding that you wish to clarify?

Yes. We would like to clarify an apparent misunderstanding
by the Board. On page 28 of its December 28, 1983

Memorandum and Order, the Board states:

These finite element analyses employ idealized but realistic
models of the piping and U-bolt cross piece assemblies,
subdivide the models into many "finite elements" and
theoretically predict the states of stress and strains in
each of the elements.




"The fact that this material [SA-3073] was

incorporated into the U-~bolts is not surprising,

since thuy were not initially designed to be

cinched down and to develop friction forces to

hold the pipe."

The Board is apparently under the impression that no
U-bolts at CPSES were initially intended to be cinched down.
This is not the case. A significant number of U-bolt
supports at CPSES were always intended to be cinched down.
On only 2 relatively small number (less than 15) was the
initia) design changed such that U-bolts were cinched down
because of potential pipe support instability. It should be
noted that there are other U-bolt supports at CPSES which
are not cinched down, e.g., U-bolts on rigid frames used as
one- Or two-way supports.

For the Board's information, Table 1 provides a partial
list of the cinched-down U-bolts at CPSES. Considering
normal, upset and emergency loads, the ten highest loaded
U-bolt supports for each pipe size are given in this table,

except for the smaller and the larger pipe sizes which have

less than 10 such supports.

Even though the Board refers to SA-307 material, the
designation of the U-bolt material is SA-36. Applicants
recognize that the material is the same in any case, with
A-307 being the designation employed for headed bolts.



There is another item which we wish to clarify with the

Board. This item deals directly with the second concern,

i.e., the use of SA-36 U-bolts where SA-307 bolts (similar

to SA-36) are prohibited by ASME Code Table XVII-2641l.1-1
Note 1. We do not take issue with the fact that the
material employed, SA-36, is known to relax4 under applied
thermo-mechanical loads. We do, however, take issue with
the Board's apparent characterization of the U-bolt/cross
piece connection as a friction connection, and therefore,
with the Board's implied conclusion as to the applicability
o€ Note 1 of ASME Table XV1i-2461.1-1 (quoted below) *to this
connection.

"Friction type connections loaded in shear are not

permitted. The amount of clamping force developed

by SA-307 is unpredictable and generally
insufficient to prevent complete slippage."”

Relaxation is here denoted as a characteristic of certain
materials which when stressed to certain levels will not
maintain that level, but will "relax" to a lower stress
level. For instance, a bar loaded to an initial stress of
40,000 psi and then held at constant strain and temperature
may after a time period have a remaining stress of only
30,000 psi. This time dependent stress reduction is called
stress relaxation. The total strain remains fixed, but a
part of the elastic strain is replaced with inelastic
strain. It should be noted that stress ralaxation stops
after a material reaches a certain level of stress, e.qg.,
for material such as SA-36 this level is approximately 1/2
of the yield stress.




This note is clearly intended for a friction type connection
in which the load, as transferred in shear, is reacted by
the friction between the two surfaces bolted together. 1In
the case of the U-bolt (as shown in Figure 1), the load is
intended to be carried by the bolt in tension or by the
cross piece in compression, and not in shear. Further,
slippage between the U-bolt nut and the surface of the cross
piece (either plate or built-up tube steel) as would occur
if Fs exceeds 2f + qu (See Figure 1) is perfectly tolerable
provided there is sufficient tension in the U-bolt to
maintain contact between the pipe and the U-bolt and the
pipe and the cross piece, which is needed to keep the U-
bolt/cross piece assembly from rotating (slipping) about the
pipe. Significantly, the U-bolt/cross piece connection is
not a friction type connection, and is not intended to be
loaded in shear. Obviously, it could be loaded in shear
under U-bolt lateral or axial3 loads, but in this instance
it is inconsequential whether it acts as a friction or a
pearing connection. Accordingly, we do not see the direct
relevance of the ASME Note (quoted above) to the U-bolt

"clamp" configuration used at Comanche Peak.

Lateral direction is defined as the direction .ormal
(perpendicular) to the pipe axis and parallel to the plane

of the U-bolt. Axial direction is the direction of the pipe
axis.
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We disagree that the use of SA-36 threaded rods is in
contradiction to the ASME Code, and hence that their use is
a design error. As we have already stated, we do agree that
the relaxation® characteristics of this material are a
concern only to the extent that a sufficient clamping force
must be maintained to insure contact between pipe and U-
bolt/cross piece. The test program specifically addresses
this question along with others.

Describe the objectives of the testing program.
The test program had seven overall objectives:

1. To determine the relationship between applied
torque and the tension developed in the U-bolt;

2. To determine the force required to initiate
slip between the U-bolt or cross piece and the
pipe as a function of preload (applied torque):

3. To determine the load (and stresses) induced
in the pipe and the cross piece as a function of
preload;

4. To determine the additional loads (and
stresses) induced in the pipe, the cross piece and
the U~bolt by differential thermal expansion of
the pipe with respect to the U-bolt/cross piece,
and internal pipe pressure;

5. To determine the additional load (and
stresses) induced in the pipe, U-bolt and cross
piece by application of mechanical loads, which

Relaxation has been previously defined (see note 4). Here,
however, Applicants wish to inform the Board that stress
relaxation does not continue but ceases after the material
reaches a certain level of stress. For a material like SA-
36, the level of stress at which stress relaxation ceases is
in the range of one half of the yield stress.



are applied in both directions of intended
constraiant. This is done to verify any preloading
eifects in the U-bolt/cross piece assembly:;

6. To determine method and extent of U-bolt
material stress relaxation (i.e., loss of preload)
under applied mechanical load, thermal cycling and
normal plant vibration, to verify whether for the
expected torque levels (preload), material
relaxation would result in sufficient loss of
preload to impair the capability of the U-bolt
assembly to function as intended; and

7. To determine whether the U-bolt assembly would
be stable under a seismic event.

In that the objectives of the tests rely on the preload
(torque applied to the bolts) in the field, how did you
determine the range of preloads to use?
Until now, the Board's sole information regarding the
preload level that would exist in the field was based on the
Brown and Root Design Change Notice No. 1, dated October 8,
1982, to Construction Procedure No. 35-1195-CPM 9.10 Rev. 8,
which states:

"When U-bolts are specified on the design document

as not having any clearances, the U-bolt shall be

snug tight so that the U-bolt cannot be moved by

hand . . « . Snug tight is defined as the

tightness attained by a few impacts on an impact

wrench or the full effort of a man using an

ordinary spud wrench."
This process has been interpreted by Mr. Doyle as resulting

in approximately 800 in-1lbs. of torque (May 4, 1983

Surrebuttal Testimony of Mr. J. Doyle, at 11-12). Mr. Doyle
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made no attempt to quantify whether this value of torque is
applicable to all pipe sizes and all pipe schedules.
Applicants have done so.

To determine the range of torques which exists in the
field, Applicants inspected the torque of a randomly
selected representative sample of cinched down U=bolt
supports. The results of this sampling are summarized in
Table 2. This data was used to determine the range of
torques to be applied to each of the test specimens. From
the data, Applicants established that for the four inch
pipe, tests should be conducted with preload varying from 5
to 60 ft-1bs. Similarly, a torque range of 10 to 100 ft-1lbs.
was established for the 10-inch pipe tests, and a 20 to 240
ft-1b. range was established for the 32-inch pipe tests. 1In
all cases, the upper value equals or exceeds the torques
measured in the field for that particular pipe size. The
240 rt-1lbs. was selected for the 32-inch specimen, even
though it is considerably higher than the maximum value
measured in the field for similar diameter pipes. However,
since the torques noted in the field were progressively
higher on larger pipe sizes, this was viewed as a

conservative approach and reasonable upper bound.
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Is it possible that there might be considerably higher
torques applied to U-bolts in the plant than those which you
have described and were used in the tests?

We consider that this likelihood is very remote. For the
smaller lines, as is discussed later in this Affidavit,
initially high torque values that would stress the U-bolt
above 1/2 of the yield stress would have decreased as the
material relaxed to a state where the stresses are about 1/2
of the yield.’ For the small lines (below 10 inches), then,
the upper value of the torque that should be present in the
field is that which corresponds to a U-bolt load which is
stressed to about 1/2 yield.

The maximum torque achieved in the torquing process for
10-inch pipe would place the U-bolt at about the 1/2 yield
stress. Above the 10 inch size, we would not expect the
torquing process itself to result in values significantly
above 1/2 yield stress. Accordingly, while relaxation may,
in rare instances, be a factor in larger pipes, generally
torque will not be so high that significant relaxation will

occur.

The viiue of 1/2 of yield stress is not a precise figure and
shouid be interpreted to denote a level of stress in the
general neighborhood of 1/2 of the yield stress, at which
level of stress material stress relaxation stops.
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Hence, the effective torque for all pipe sizes will be
the lesser of the value corresponding to a U-bolt stress of
half-yield or the value achieved by a man with a torque
wrench or impact wrench. Applicants believe that 240 ft-
lbs. is a reasonable upper bound for the torque achievable
by a man with a torque or impact wrench. On occasion,
higher torques m2y be measured because painting introduces a
shear resistance to torquing the U-bolt nut. However, these
higher torques would not correspond to the actual preload in
the U-bolt, which was achieved by torquing with the clean
(not painted) threads.

Would you describe the tests that have been conducted and
summarize the results?

A total of seven separate tests have been performed. The
description of each tes., including purpose, test
configuration, instrumentation and results is provided in
Attachment 1. Four specimens have been tested. They are:

a 4 inch Schedule 160 pipe with a 1/2 inch U-bolt; a 10 inch
Schedule 40 stainless steel pipe with a 3/4 inch U-bolt; a
10 inch Schedule 80 carbon steel pipe also with a 3/4 inch
U-bolt; and a 32 inch pipe (same size and schedule as the
main steam line) with a 2 3/4 inch U-bolt. We conclude from

these tests that the U-bolt cross piece essentially can
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perform effectively as a clamp provided that sufficient
prelcad is established in the U-bolt. A brief summary of
the test results is set forth below:

(1) Torque versus Preload Test

The objectives of this test were twofold. The first
objective was to establish the relationship between torque
applied to the U-bolt nuts and the resulting tension in the
U-bolt as a function of pipe size. This information is
needed to fully establish whether the particular connection
behaves like the traditional tolted connection in which the
; tension in the bolt is given by the following linear
relationship:

t = KTD
where K is a constant (assumed to be 0.2 by Mr. Doyle, see
CASE Findings at IV-14), t is the applied torque, D is the
bolt diameter, and T is the tension in the bolt. The second
objective of the preload test was to determine the strain in
the pipe as a function of preload. This latter information
18 used to verify the adequacy and accuracy of the finite
element analysis models.

The results of the torque versus preload test indicate
that a roughly linear relationship exists between the torque
imparted to the U=-bolt nut and the tension developed in the

U-bolt. While the test does confirm the approximate
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linearity of the formula t = KTD, it indicates that the
values of K vary between 0.22 and 0.35 for the type of
threads present in the U-bolts. Thus, for this type of
bolted arrangement, more torque is generally needed to
develop the same tension in the bolt than would be estimated
by using the conventional formula t = .2TD to which Mr.
Doyle refers. It is noted that there is also a slight
variation from linearity (which appears to increase with U=
bolt size) within the range of specified torque values for
each U-bolt size. This variation is not significant for the
range of torque values which exist in the field.

In addition, the test reflects that maximum pipe
strains (and stresses) caused by preload are generally found
in the circumferential direction, are compressive in nature,
and occur generally right below the cross piece. In the
10-inch schedule 40 stainless steel pipe, strains similar in
magnitude are also seen near the U-bolt contact area, but in
this instance they are longitudinally oriented. The
magnitude of the stresses varies from §ipe size to pipe size
and, of course, varies with preload. The relationship
between maximum stresses and preload is nearly linear for
all pipes. Refer to Figures 5 through 8 of Attachment 1 for

the maximum pipe stresses caused by preload alone.
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(2) Friction Test

The objective of this test was to determine the force
on the U-bolt needed to cause slippage between the U-
bolt/cross piece assembly and the pipe. Since the direction
of slippage (which is of primary interest for stability) is
in the plane of the U-bolt, i.e., rotation around the pipe,
the slip force is determined by applying a tangential load,
i.e., in the plane of the U-bolt, to the cross piece, shown
in Photograph 5 of Attachment 1.

The friction test produced two results. The first
result is the force required to cause slippage between the
U-bolt support assembly and the pipe in the plane of the U-
bolt (i.e., the force that produces rotation about pipe
axis). This force is that required to overcome the friction
developed between the pipe and the cross piece at the line
of contact between the two, plus the friction developed
between the pipe and the U-bolt. The latter friction force
develops asymmetrically around the U-bolt pipe contact area.
The lateral force applied to the cross piece produces a
moment which causes unequal tension in the two U-bolt legs
with correspondingly unequal normal forces and friction

developed in their respective contact areas with the pipe.
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From this test, the lateral forces as a function of
preload which overcome asymmetric friction were determined.
This lateral force required for slippage is indicative of
whether the U-bolt/cross piece will rotate (slip) under the
application of seismic forces. The seismic force applied
through the strut can vary in inclination about a 5?7 cone
from the strut axis. This 5° cone is allowed by CPSES's
maximum permissible offset, which includes effects due to
installation tolerances, thermal and seismic motion and pipe
rotation. Therefore, there can be a lateral force (tending
to rotate the U-bolt/cross piece around the pipe), axial
force (tending to move the assembly along the axis of the
pipe) or combined axial and lateral force acting on the
assembly which equals the sway strut earthquake force times
the sine of the inclination angle. The maximum value of
this lateral or axial force is 8.7 percent of the sway strut
force. (See Figure 1 for descriptive explanation of the
forces mentioned above.)

If the lateral force required for slippage exceeds the
maximum value of the lateral component of the sway strut
force, then the U-bolt assembly cannct slip and rotate about
the pipe. The U-bolt assembly would then be laterally

stable, i.e., capahle of transmitting and receiving the
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applied loads. This stability issue is the one upon which
the Board focused its attention, i.e., rotation of the
assembly around the pipe.

Although the assembly would not slip and rotate about
the pipe under these circumstances, a slight roll with no
slippage will occur to balance the moment created by
application of the lateral component of the seismic force to

the cross piece. This roll in no way impairs the stability

of the assembly. It is the roll which creates the asymmetry

in the tension of the U-bolt legs and the consequent
frictional force asymmetry, and it corresponds to the
physical behavior of the assembly which wants to align with
the line of application of the force.

In addition to the rotation about the pipe,
insufficient axial friction force between the U-bolt
assembly and the pipe would permit motion of the U-bolt
assembly along the pipe axis. As will become apparent in
later sections of this Affidavit, this axial motion, when
occurring without rotational motion, can only result in an
axial movement of the assembly which reduces the strut
inclination angle. This motion would continue until che
inclination angle reduces to a value at which the axial
component of the seismic force equals the axial, frictional

resistance force. This conclusion, which is borne out by
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the vibration and seismic test results, provides further

assurance that axial motion alone does not cause concern

with stability.

The second result of the friction test is the
determination of the coefficient of friction which exists
for the typical U-bolt/cross piece pipe assemblies. The
coefficient of friction is determined to vary between 0.12
and 0.225 for stainless steel pipes and 0.19 to 0.52 for
carbon steel pipes. The variation in the friction
coefficient could not be correlated to surface conditions.
With the exception of the 10-inch stainless steel Specimen,
no polishing of the contact surface between the pipe and the
assembly was observed after all the testing. This is
strongly indicative of little if any surface yielding at the
contact points. Some surface polishing was observed cn the
10-inch stainless steel pipe used in the tests. In fact, an
increase in the coefficient of friction for this specimen
was observed when the friction test was repeated utilizing a
new U-bolt placed on an untested surface of the pipe.

(3) Load Distribution/Strain Measurement Test

The objective of this test was to determine the
stiffness of the assembly. The test was performed to
provide information to refute Mr. Doyle's allegations that

in addition to the preload, one should add thermal expansion
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and mechanical loads directly to the support/pipe
connection. Applicants do not disagree that thermal
expansion loads are additive to the preload, but ran this
test to demonstrate that the U-bolt/cross piece pipe
connection behaves as a typical preloaded joint, whereby the
total mechanical external loads are not directly additive to
preload.

This test was conducted on the 10 inch stainless steel
pipe/U-bolt assembly only. The choice of the test specimen
was predicated on the fact that this specimen results in the
most flexible connection of those tested, and thus, is the
least likely to behave as a preloaded joint.

The test results indicate that for pretorquing levels
ranging from 33 ft-1lbs. to 100 ft-1lbs. (these levels
encompass most of the torques that are present in the plant
on 10-inch piping), the behavior of the pipe assembly
closely resembles that of an ideal preloaded joint. For the
latter, no increase in compressive or tensile loads would be
experienced until the applied load exceeds the preload.
Figures 17 through 20 of Attachment 1 indicate a relatively
shallow slope of the U-bolt load/applied load relation (for
the ideal preloaded joint the slope would be zero). The

slope of the line is approximately the same for the joint



acting in tension as in compression. This indicates that
regardless of the direction of externally applied mechanical
load, this load is not directly additive to the preload.

For instance, from Figure 17 of Attachment 1, an
externally applied load of 7200 1lbs. on a U-bolt assembly
initially prelocaded to 9600 lbs. causes only a 3600 1lb.
increase in load, i.e., U-bolt final load is 13,200 1lbs. and
not 16,800 lbs. as one would obtain by directly adding the
external load to the preload.

Thus, although the three mechanisms referred to by CASE

on page IV-8 of their Findings are considered, namely

preload, thermal induced loads, and mechanical loads, only

two are directly additive (preload and thermal). The
percentage of mechanical load addition depends on the
relative stiffness of the U-bolt/cross piece and pipe.

Measurement of the strains (stresses) registered by
strain gauges placed in the cross piece during this test
confirms the validity of the strains measured in the U-
bolts. Finite element analyses of the cross piece (with the
bracket welded on the two sides parallel to the long side of
the plate) confirm that the plate behaves essentially as a
cantilever. Correlation of che stresses that would result
from application of the load applied by the

il

tension) with those measured via the strai
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For instance. the test stress derived from the cross piece
strain gauge readings corresponding to a U-bolt tension of
6,200 1lbs. (per leg) is 17.1 ksi. Attachment 2 provides the
model and results of a finite element analysis of the cross
piece. The model and analysis employed are linear. This
model was executed for an arbitrary load cf 20 1lbs. and
hence the results are for a load equal to 20 1bs. in each
leg of the U-bolt. Stresses resulting from higher (or
lower) loads can be computed by linear ratioing. Thus, the
stress computed from the finite element analyses, when a
6200 1b. load is applied, is 16.4 ksi.8

(4) Thermal Cycling/Thermal Gradient Test

The objectives of this test were twofold. One
objective was to determine the additional load on the
support and pipe (and resulting stresses) caused by
differential thermal expansion of the pipe with respeci to
the U-bolt. (The results of testing for this objective are
set forth in Attachments 2 and 3 and were used in the finite
element analyses.) The second objective was to assess the

relaxation of the U-bolt preload caused by long-term

This finite element analysis was performed prior to a final
precise measurement of the cross piece dimensions. As a
result, s.me dimensions are not exactly equal to the
dimension ~f the cross piece utilized in Attachment 3. The
small differences in dimension do not affect the conclusion
of this study.
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temperature cycling to determine whether material relaxation
effects would reduce the preload to the extent that slipping
of the U-bolt/cross piece can occur.

In this test, the specimens were cycled between room
temperature and the maximum operating temperature. The
maximum operating temperatures are 560°F, 250°F, 250°F, and
560°F for the 4 inch, two 10 inch, and 32 inch pipe
specimens, respectively.

Results of this test indicate that the temperature
distribution in the U-bolt is not uniform, regardless of
whether the assembly is insulated or not. Temperature
distributions achieved in the U-bolts at steady state are
reported in Attachment 3. This Attachment reports on the
results of the finite element analyses conducted in parallel
with the testing program. The temperature distributions in
the U-bolts are used as input to the finite element
analyses.

Figures 21 through 24 of Attachment 1 show the loss of
preload resulting in the U-bolts when the specimen
assemblies are cycled between room and maximum temperatures.
The thermal cycling was terminated after 10 cycles, as it
became evident that the U-bolt had relaxed to a final stress
state after a few cycles. The results of the thermal

cycling tests indicate that the 4-inch specimen had relaxed
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from the maximum preload value (corresponding to a torque
level of 60 ft-1lbs., which is the maximum measured in the
field) to a value which is approximately 64 percent of that
value.

For the 10-inch schedule 40 stainless steel specimen,
the relaxation is small, if any, as shown in Figure 22 of
Attachment 1. Regarding the behavior of the 10-inch
schedule 40 specimen, further explanation is necessary. As
the specimen was heated during cycle one, the preload
immediately dropped to about 4000 1lbs. from the initial
value of 4500 1bs. This behavior is contrary to what was
expected, (i.e., additional thermal load of approximately
700 1lbs. per leg should have increased the preload from 4500
to 5200 1lbs. per leg). This behavior is indicative of an
initial fit-up which caused the initial preload to revert to
the lower preload corresponding to a better fit as soon as
the heatup started. Problems with fit-up are also evident
by the sudden relaxation of preload in one of the legs
during the cycling. Thus, essentially no thermal cycling
relaxation was experienced by the 10-inch schedule 40
specimen. This is not unexpected since the maximum

temperature of the specimen is 250°F.



For the 32-inch specimen, the relaxation cannot
determined from the data (see Figures 23 and 24 of
Attachment 1).

specimen is subjected far more severe

thermal cycling than the 10-inch specimen. Thils specimen 1S

A

5

-
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(o) S
cycled from 107 p to 560°F, with an initial maximum preload

which induces : sses in the U=-bolt body which are
approximately ! percent. of the yield strength.?

final thermal cycle at ambient temperature, the stresses
the U-bolt are reduced to about 54 percent

is also not unexpected. Materials with the characterist
of A-36 exhibit relaxation characteristics at low
temperatures (low temperatwres being defined as below 60
which ca'se the streas2s in the material to drop to abou
1/ of yxeli.ln Also, these materials exhibit the
characteristic that most oaf the strain relaxation occurs

very soon after the high stress is created. For instance,

the C, Mn, Si eel: »f which U-bolts are made) tested for

This value is based on 5 ksi minimum yield of

le
If the material initial stress s*ate 1s above a
yvield stress, the material would relax even without
cycling, bur prnbably at a slower rate. If the materil
initisl stress state is below the nom | 2 vield ¢
thermal expansion s esses might

)’

bove 1/2 yield, from w




relaxation at initial alr corresponding to yield
strains, relaxed to almost | f the strain in the

2

hour and remained at th ! « 100 hours.ll
This means that maximum relaxation of each

specimen, B 3 \ the minimum preload that wou

remain in field applications n be predicted with

reasonable assurance. At the temperature and stress

existing in the l1l0-inch sched: stainless steel

specimens (25G°p and 16 ksi, respectively), no relaxation

was expected and none

This is also true for the 32-inch pipe

jata are not conclusive, but certainly
S . Furthe nformation regardinc

eristics the specimens is provide«

vibration tests.

The objective of this test was t« termine whether
long-term temperature exposure

relaxation so that preload woul« ~reased or lost.
The creep test C (¢ lucted on 1l three specimens

following c tic ( Y -herm cycling test. The

specimens were maintained at 1@ ] peak temperatures fc

-

"Compilation of St
oo

Alloys," ASTM




over 24 hours. The results show that after the initial
relaxation achieved during the thermal cycling test, no
further relaxation occurred. This indicates that at these
temperatures creep is not a concern.

(6) Accelerated Vibration

The objective of this t : o determine whether
normal vibration level: in the plant could cause material
relaxation, and consequently, loss of preload. In order to
simulate 40 years of accumulative effects of piping
vibration, this test was run as an accelerated vibration
test utilizine vibratory forces rying in frequency from 5
to 200 Hz at an amplitude equal to the maximum expected OBE
force for the pipe tested (4000 lbs.' as well as at lower
forces (1000 and 1500 1lbs.). The time duration of this tes
combined with the amplitude of the vibratory (sinusoidal)

forre resulted in an overall energy input to the test

specimern exceedinc by orders of magnitude the energy that

would be induced by an earthquakelz (borh operating basis

and design basis earthquake). An initial 4000 lb. test was

run in excess of 30 seconds, ti o t 3 >re run with a 1000

Apprlicants recognize that the e erg yarted to the
piping/U-bolt assembly during the 30 second duration of a
design basis earthquake larger than the energy imparted
uring any 30 seconds of the test. Applicants therefore
also performed a seismi test of the 10" Sch.

utilized a force equiva - to that of the SSE. This

is described later

4
-

N
il
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1b. force for 2.5 minutes and a 1500 1lb. test was run for
270 minutes as described in more detail later. This test
simulates conditions far more severe than expected in the
plant for normal vibration levels.

The major results of this test are noted below.
Insufficient assembly prelnad will permit the assembly to
rotate about the pipe and also to walk axially along the
pipe axis in either direction with respect to the location
of the strut. This can occur because the low preload
permits the asymmetric tension in the U-bolt legs to relax
sufficiently upon application of a sufficiently large
compressive external load within the S° inclination that the
frictional force between the U-bolts and the pipe, and/or
friction between the cross piece and the pipe, is overcome
by the lateral or axial component of the externally applied
force. This permits slippage of the U-bolt and/or cross
piece along an erratic helical path (if the applied external
load is inclined both laterally and axially). The axial
motion away from the strut, i.e., the motion that would lead
to an increase in the angle of inclination, can only occur
if the assembly is permitted to rotate. With rotation, the
lateral component of the force is increased as the size of

the angle increases, and the axial component at the new




location of can also be higher, causing

piece to move away from the application of the compr

orce.

With rotation inhibited by sufficient preload,

axial motion will be in a direction toward the applied

and will occur durina che pull portion c } cycle at
cross piece contact point. The direction of travel is
preordained since slip occurs axially only during he
portion of ti e, (During the push portion,
friction i d at this point to
component of the sway strut force incr
piece/pipe contact load.) This behavior 1is
accelerated vibration and the seismic tests.

In preparation for the full accelerated vibration
a constant amplitude sinusoidal force

pplied to the pipe for a period exceedi

the frequency of excitation being
(These frequencies are at or near
spectrum of CPSES.) This
excitation imposed by
an OBE for a 10-inch
was interrupted to avoid
the test machine. At

seen toO 0
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assembly was still capable of transmitting the same load,
approximately 4000 1lbs., (thus acting as a stable support
for 30 seconds or more) Applicants consider this to be
insufficient preload. This was confirmed by a second two
and one half minute pretest conducted at a sinusoidal force
of 1000 1lbs. having a frequency sweep from 5 to 200 Hertz at
2 octavesl3 per minute. At the 20 ft-1lb. preload, although
the assembly was acting as a stable support, it still
rotated and walked, although in a slower manner. The
pretest was then rerun with the preload torque increased to
35 ft-1lbs. The input sinusoidal force had an amplitude
equal to 1000 lbs. with the same frequency sweep. No motion
of the assembly was observed during the 2 1/2 minute
pretest.

To run the official acceleration vibration test, the
preload torque was increased to 50 ft-1lbs. The official
accelerated vibration test was run at 1500 lbs. (swept from
5 to 200 Hz and back at 2 octaves per minute) for 270
minutes. The assembly was observed to move initially

axially (in the direction that reduced the strut angle),

13

An octave is a doubling of frequency. Thus, from an initial
frequency of 5 Hz, the frequency of the excitation will be
10 Hz in 30 seconds, 20 Hz in one minute, 80 Hz in 2 minutes
and 160 Hz in 2.5 minutes (200 Hz takes slightly more than
2.5 minutes).



then to
but inconseqguential cocking i e latter part
No rotation was observed.
At the end of the test, the applied sinusoidal force
was increased to 4000 lbs. With this preload, the
was also vibrated for a period of 3
frequeiicy being
at a rate of 20 octas
done to avoid damage to the hydraulic actuator.
accelerated test conservatively »Hounds the seismi
excitation imposed by an OBE, s not only
(4000 l1lbs.) equal
inch pipes, but he freq: vV ranc > £ h OBE is narrower
Moreover, for the OBE, the
the high frequencies are much lower than the 4000
which was applied for all frequencies.
the assembly was noted during these 3f
was the same axial motion of

-~

3 ] t occurred during the ) min

reduced the angle of 1in«

e observed behavior confirmed that the assembly 1s

stable at that preload torque

theorized behav




At the end of the official accelerated
the relaxation of the prelcad was also measured. The
initial preload stress (based on U-bolt body area initial
strain = 311 micro inch/inch) was equal to 9020 psi.
Significant relaxation was not expected since the initial
stress was below half of the yield stress. After the
initial repositioning of the assembly, which reduced the
preload, no further decrease in preload was observed,
indicating that the vibration per se had no effect .a
relaxation.

(7) Seismic Test

The objective of this test (an auxiliary test to
accelerated vibration test, n d al ) was to test
effect on the assembly cf tl > § force, 7000 1bs.
Although the overall energy inputted in the tested system
the cfficial accelerated vibration test (discussed above) is
clearly much greater than that inputted by the ign bases
earthquake (SSE), Applicants wanted to test the
peak force on the specimen assembly and
inputting an energy rate comparable to

expected from the SSE. Therefore, a ) SE€ i test with a

sinusoidal force applied at a frequency « 9 Hz (roughly

corresponding to the peak of the

spectrum) was




the SSE. lth } inusoidal force was tc
magnitude )00 ¢ in reality the average force
magnitude reached a maximum of 9500 lbs. initially,
decreased linearly to 8600 1lbs. after 21 seconds and
remained at 8600 lbs. throughout the remainder of the test.
(Egg Figure 1 of Addendum 1 to Attachment 1.) FPreload was
applied via a 50 ft-1lb. torque.

The test was to have been repeated at the resonant
frequency of the test specimen (established to be at about
75 Hz by sweeping the frequency range with a lower amplitude

1 : " 8 5
force) .4 However, at this higher frequency, the hydraulic

actuator was incapable of transmitting the required 7000

lbs. of £« 2 to pla: I t rut connections
exceeding the displacement output of the actuator
frequency). The maximum force output of

approximately 1300 lbs. he enerc hi frequency is
neglibible. While the 1300 1% (7 H: test was aborted
after 4 seconds, it | i \ adc ional qualitative
information that the U-bolt

to running the nominal 7000

run to adjust test equipment and instrumenta

The combination of the tes un é frequency correspond
to the peak of the flc sponse um and of the t

- ) o 7 . % = , . o v - -~ tat 11
run At the resonant Ifrequency Lhe 3 ¢ specimen woul

encompass the worst sSsliltuat n 1At cCcal be encountered 1n

field.
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none of the three trial tests can be considered official, we
note that the performance observed was in all cases
consistently the same as that in the official test. Thus,
what was observed in the official test was systematic
behavior of the assembly. In the official test, the
assembly did not rotate, but moved axially toward the strut
(confirming the theoretically predicted behavior) a distance
of about 1/2 of an inch. After that, it remained in place.
The same motion had been observed for the three trial tests.

Although the 75 Hz test was also unofficial, it was
observed to result in no.rotational motion and barely
perceptible axial motion (toward the strut).

At the end of the nominal 7000 1lb., 9 Hz test (actual
force in excess of 8600 lbs.) the preload value in each leg
of the U-bolt was measured to determine whether strain
relaxation had taken place. Strain relaxation was expected
since the applied force coupled with the initial preload
stresses the U-bolt to above 1/2 of yield stress. In this
instance, with an initial preload of 4484 lbs. in both legs
of the U-bolt and an applied external force of 8600 1lbs.,
the peak tension in the U-bolt would be approximately 6600
lbs. (see Figure 17 of Attachment 1), resulting in a stress

at the threaded area which is about 10 percent over 1/2 of
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yield.1l5 since prior to stabilization of the applied force,
a higher amplitude force was seen, more relaxation could be
expected and was in fact seen during the initial
stabilization period. The remaining prelocad, measured after
completion of the test indicates relaxation of approximately
12-13 percent to a stress level below 1/2 of yield stress.
What do you conclude from the results of the tests regarding
CASE's allegation concerning instability?

We conclude that the U-bolt/cross piece assembly can perform
effectively as a clamp provided that sufficient preload is
established in the U-bolt. (It should be noted that a clamp
also requires preloading.) We further conclude that even if
the preload level was insufficient, but still present in
some amount, the U-bolt support would vibrate, but still be
capable of suppurting the necessary loads, thus behaving
"stably."

To provide further assurance that the preload on all
affecced cinched down U-bolts is adequate, Applicants will
conduct a 100 percent inspection of the torque of all such
U-bolts (380). At the time of the inspection, to remove

questions regarding stability, Applicants will assure that

15

Using a yield stress equal to 36 ksi and recognizing once

again that the 1/2 yield stress level at which relaxation

ceases is not a precise figure, but a more imprecise range
of stresses near th: 1/2 yield stress at which relaxation

would stop.



such U-bolts are torqued to levels at which the assemblies

will be stable in the absolute tri . sense, i.e., no

rotation, and axial movement, i vy, is toward the strut.
(To check the torque of a U-bolt requires essentially no
more effort than torquing the U-bolt to prescribed values.)
The levels to which U-bolts will be torqued are set forth in
Table P of this Affidavit.

The results of the tests conducted for vibration and
for seismic response confirm the stability of the assembly
when preloaded to these values. These values are set forth
later in this Affidavit.

What are your conclusions from the results of the
regarding the stresses in the U-bolt and piping?
The only conclusions that can be derived from the
program regarding the piping stresses are limited
obtained during the preload test. The test results

no unacceptable stresses in the pipes for the preload

conditions. Measurement of the strains on the pipe from
which stresses can be obtained, is limited to locations rear
but not precisely at the location where peak stresses are

expected to occur, i.e., under the cross piece and U-bolt at

the points of contact.
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Because of this limitation, Applicants' plan to
determine such stresses relies on measurement during tests
of strains (stresses) at selected locations along the pipe
axis and around the circumference near the cross pieze and
the U-bolt, to serve as reference data points for the finite
element models. The stress distribution in the pipe
resulting from the application of preload, thermal
expansion, internal pressure, and externally applied loads,
is developed using the finite element models which will be
described later. Detailed discussion of the stresses in the
pipe is thus deferred to later sections of this Affidavit,
which summarize the results of the finite element analyses.

Several points need to be made regarding the potential
high stresses in the U-bolt. First, the preload applied in
the test is larger than that expected in the field.l6
Hence, actual field stresses will be lower. Second, if
initially the bolt is preloaded to stresses exceeding
approximately one-half the yield stress, the material will

relax, and the preload will consequently drop until a stress

16

The preload applied in the test is larger than that expected
presently in the field. However, for large pipes such as
the 32 inch tested specimen, Applicants plan to increase the
preload over that which is now present, to ensure adequate
margin for stability. For the larger pipes and large
diameter U-bolts, however, the U-bolt stresses are low. For
instance, stresses in the 2 3/4 inch U-bolt of the 32 inch
specimen preloaded with 250 and 500 ft-lbs. are
approximately 1000 and 2000 psi, respectively.



state of about 1/2 f Le 1« 8 achieved The deformation

required for this
preload still exists

The minimum preload necessa

the preload level which would exist s about

f

1/2 xi@ld. For the 4-inch specimen, for ne ! , the
preload torque that would correspond ) stresses equal to
1/2 yield is approximately 30 ft-lbs., and the minimum
torque conservatively estimated to be for stability is
25 ft-ibs. (finite element analyses would predict about
ft-1bs.), (see later discussion of results of finite element
analyses). Third, normal j vibration will not
significantly affect tl! load onc . hats elaxed t
"final"” condition. Here, final denotes t! condition
which the stress in the U~bolt is about 50 percent
yield stress and no further relaxation takes place. Fourth,

scismic loads would not affect the "final con

(as is evident from the accelerated vibration

1 =i &
tests)l8, Fifth, st mnducted by Applicants have

iemonstrated that .8 adequate ma-gin between

Deformation is negligible since total straii S I 1ltered

relaxation occurs because part ! . LC straln

onverted to ‘ » st

}so‘ﬂ'}

1
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failure of the U-bolts.l? There is thus no concern with

failure for stresses that might be initially above the yield
stress.

The stresses in the U-bolts were measured during all of
the tests. With the specimens torqued at the highest
preloads (60 ft-lbs., 100 ft-1lbs., and 240 ft-1lbhs. for the
4", 10" and 32" pipe, respectively), the maximum stresses in
the U-bolts occurred during the thermal cycling test.

First, we discuss the results for the 4-inch pipe. During
torquing, the stress in the U-bolt for the 4-inch pipe
reached 35,360 psi (near yield) in the U-bolt shank.
(Within the first hour or so, due to relaxation, these
stresses would have decreased to about 1/2 yield.) During
torquing, the threaded area of the bolit exceeded yield
slightly: yielding of the threaded area was noted in the
test. (However, due to the self-limiting nature of the
load, this would have no adverse impact on the material.)

After initial material relaxation (if any, since the
initial state of stress depends on actual preload and if
preload is lrv there will be no relaxation) application of a

mechanical load in the U-bolt tensile direction such as

19

See Affidavit of R.C. lotti and J. C. Finneran, Jr.,
attached to Applicants' Motion for Summary Disposition of
CASE's Allegations Regarding One-~Way U-bolts Acting as Two=-

Way Restraints (May 23, 1984).
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might occur during an earthquake would add some load.
Because the joint behaves as a preloaded joint, and because
the pipe is very stiff (4" Schedule 160), most of the load
goes into the pipe and little into the U-bolt. (The finite
element analysis conducted for a compressive load confirms
this joint behavior). The increment in load experienced by
the U-bolt would cause some further relaxation which would
reduce the stress to 1/2 of yield stress again.

Secondly, we discuss the 10-inch pipes. For the 10"
Schedule 40 stainless steel pipe, U-bolt strrsses measured
in the shank for preload conditions corresponding to the
maximum torque (100 ft-lbs) were 12,838 psi. No appreciable
increase in load resulted from thermal cycling. (Actually,
there was a decrease indicating release of some form of
mechanical binding). Externally applied loads, such as
seismic loads, would increase the stress when directed so
that the U-bolt tension is increased. For the maximum
postulated external load (7000 1bs.), the stress would
increase by about thirty percent, placing it near 1/2 yield.

The 10" Schedule 80 carbon steel pipe was not tested
during thermal cycling since the behavior of the

corresponding stainless steel specimens is more severe. U=

bolt stresses in the 10" Schedule 80 pipe test were measured




to be 17,164 psi in the shank (22,650 psi in the threaded

area), when the preload corresponds to a torque of 100 ft-

1lbs.

Finally, for the tests of 32" pipe, the preload value

(240 ft-1bs. torque) placed negligible stresses in the 2-3/4

inch U-bolt.

Data on stresses in the cross piece are available only

for the 10-inch and 32-inch tests. The geometric

configuration of the 4-inch pipe prevented placement of

strain gauges in the cross piece locations where their

readings could be correlated to the readings of strain

gauges placed on the U=-bolt.

For the 10~ and 32-inch cross piece specimens, no
stresses exceeding 23,000 psi were observed. The stress of
23,000 psi occurred in the 10-inch stainless steel specimen
cross piece when the maximum mechanical load was added (as a
pull) to the maximum preload. (It should be noted that
sincc'ﬁoint acts as a non-ideal preloaded joint, the
external mechanical load is not fully additive to the
preload.) These stresses are less than the allowable, 0.75
times the yield stress.

In summary, we conclude that application of the maximum
torques to the U-bolt pipe assemblies can potentially result

in high but acceptable local pipe stresses and can further



result in high stresses in the U-bolts. est results were
not intended to provide, by themselves, sufficient
information to assess the significance of the pipe stresses.
We defer discussion of that aspect to later sections of this

Affidavit. We do not kelieve that the stresses produced in

the U-bolts present a concern. o begin with, high stresses

occur only if large preload values are applied (i.e., near

the maximum used in the test) to small diameter U-bolts.
Large preload values are generally not present in the plant
supports, nor are they needed to assure stability of the
supports under seismic excitation (see note 15 in reference
to large pipes and large diameter U-bolts). In those
instances where high prelocad torques may be initially
present, the characteristic relaxation behavior of the
material employed (A-36) will reduce the preload value, and
hence, the stresses in the U-bolt, to acceptable levels.
Moreover, tests conducted for Applicants have demonstrated
that there is adequate margin between yield and failure of
the U-bolts. For instance, tests showed that for the

olt employed for the 4-inch specimen, the margin
is about > 1. Therefore, there is no concern with

possible failure of the U-bolt even if it were to be

initially pretorqued to the largest values noted

field

.




With regard to the cross piece, no unacceptable
stresses have been noted. However, there was no test of the
4-inch pipe corresponding to the conditions in which the U-
bolt experiences the largest load. Finite element analysis
of this configuration indicates that bending stresses in the
cross plece are determined by stresses in the U-bolt.
Initial high preload values on the U-bolt could produce
stresses in the cross piece that exceed allowable values on
an elastically calculated basis. However, since U-bolt
stresses ultimately revert to one half of yield, the cross
piece would not have stresses above allowables at that
point.

Please restate why Applicants finite element
analyses in addition to the tests,

The reasons for the development of the models and the

execution of the finite element analyses have already been

stated, but can be briefly summarized again: (1) without a

LE

theoretical model, explanation of results from tests may be
a theoretical model is needed to extend the

information provided by te: into the location of the tested

ALL \

specimens where the tes provides no information, and (3) a

theoretical model, ] 2d by test comparison, must be used

predictions

configurations whi
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Please describe the finite element analyses used in your
evaluation.

Each assembly tested was modeled utilizing MSC NASTRAN
Version 63. This computer code was chosen because it is
universally recognized and accepted by industry as having
the capability of providing analytical solutions that
accurately characterize the local stress, gap, friction
effects, and plastic material behavior (if any) that are
important for assessing the pipe and U-bolt assembly stress,
and the support stability. A detailed description of the
finite element models developed for each test configuration
and of the modeling technique used is provided in Attachment
3.

Why is not all the information essential to respond to the
Board's concerns available from the tests?

Some of the information can be derived directly from the
test program. For instance, the Board's concern regarding
forces and stresses that are induced in the U-bolt itself
can be obtained directly from the test results. The forces
and stresses in the U-bolt which result from torquing,
torquing plus thermal expansion, and externally applied
loads are direct outputs of the preload, thermal cyeling,

and loading portions of the test program.



On the other hand, to unequivocally answer the Board's
concern with pipe stresses and how they are influenced by
cinching the U-bolt and related stresses, a mix of
information derived from test and analyses is required.
Where the peak stresses occur, they cannot be measured.
Also, it is not feasible to completely cover the pipe
specimen with strain gauges (inside and out) to obtain the
stress distribution in the pipe. In this instance, the
finite element model is used to extend and complete the test
data. Finally, there are concerns which can only be
answered by test. Examples of these concerns are the
relaxation characteristics of the assembly under long term

vibration, thermal cycling, and preload. The thermal

eycling, creep and accelerated vibration tests have provided

answers to these concerns. No analytical tool could have
done it.

Finally, test results are far more persuasive than any
theoretical model with regard to demonstrating behavior. 1If
the test shows that the assembly does not move, then it is
impossible to argue that it did. This is different than
having a static, theoretical model predict that it should
not move. Endless arguments would ensue over the

correctness of the prediction.
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The thermal loading condition was based on temperatures

associated with the normal operating condition. The

pressure louds were based on normal operating pressure. The

applied loads

evaluated (representing the external

mechanical loads) were generally higher than the loads that

the support strut would be expected to carry. The strut

loads noted below in Table A were dependent on the line size

considered.

4”
10"
10"
32"

This load was

TABLE A

Mechanical Loads on Sway Strut

Sch. 160 2,000 1bs.
Sch. 408 10,000 1lbs.
Sch. 80 10,000 1bs.
Sch. Main Steam 100,000 1bs.

applied at the maximum permissible offset of

5° from the U-bolt axis parallel to the U-bolt legs. The

preload values, based on torque values appropriate for each

pipe size, are as given in Table B below.
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TABLE B

Maximum and Minimum Analysis Torque Values

4" Sch. 160 Max. value 60 ft-1bs.
Min. value 9 ft-1lbs.*

10" Sch. 40S Max. value 100 ft-1bs.
Min. value 46 ft-lbs.*

10" Sch. 80 Max. value 100 ft-1bs.
Min. value 11 ft-1lbs.*

32" Main Steam Max. value 240 ft-lbs.**

* These minimum values are different from the
minimum values employed for the test. They are
values derived from iterative finite element
analyses per-formed to help dafine lower bound
values required for stability. The finite element
analysis predicts that the assemblies would behave
stably ¢ . these and even lower values. (No
optimization was done.)

** No minimum value analysis was conducted for the 32
inch model.

The results of the analyses are given in Attachment 3. The
maximum stresses in the U-bolt legs for the four cases
considered were determined to be the following for the

different torque values.
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TABLE C

Maximum Stresses in U-Bolts

4" Sch. 160 60.5* ksi
10" Sch. 40s 22 ksi
10" Sch. 80 27.5 ksi
32" Main Steam 7:5 ksi

* Calculated on an elastic basis. Actual
stresses will be lower and includes the
preload, thermal expansion restraint,
externa) mechanical load and radial pres-
sure expansion. Stresses are calculated
in the threaded area.
These stress values are based on the U-bolt threaded area
and compare generally very favorably with test results.
Deviations are oxpiainable and are due to differences
between real configurations and idealized representations,
e.g., fit-up, relaxation, and out of roundness. The loading
case resulting in the highest U-bolt leg stress was Preload
+ Thermal + Pressure. When the push load was applied, the
l2g forces were unloaded.
The stresses in the pipe for the maximum preloads
evaluated for each pipe size were obtained from the finite

element model. The maximum preload torque values were used

since this loading level produces the highest stresses in
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the pipe. Tabulated below in Table D are the maximum pipe
stress intensities for the four load cases evaluated without
the effect of mechanical piping stresses.20

TABLE D

Maximum Calculated Stress Intensities*

4" Sch. 10" Sch. 10" Sch. 32" Main Steam
Load Case 160 (ksi) 405 (ksi) 80 (ksi) 3 (ksi)
Praload (P) 26,1 48.5 29.9 4.9
P + Thermal (T) 39.3 60.6 34.9 21.6
P + T + Pressure (Pr) 42.9 58.6 32.9 34.4
P+ T+ Pr + Push 44.8 73.4 44.4 47,2

* Excludes external mechanical load.

It is evident from these results of the elastic finite
element analysis that elastically calculated stresses can
exceed yield. These stresses occur locally at the point of
contact between the cross piece with the pipe, if the U-bolt
is torqued beyond a certain value, which is generally in
excess of that which can be expected in the field and is
always above the value which is required for stability.

To investigate the effect of plastic deformation
resulting from excessive U~bolt torquing, the elastic finite

element model was modified to include the nonlinear material

20

The reader can determine how the mechanical piping stresses
(i.e., those due to all effects other than the clamping
action) affect the values of the stress intensities given in
this table, from the table given on p. 59 of Attachment 3.
From this Attachment total maximum stress intensities are
64.14, 74.21, 54.69 and 47.17 ksi for the 4", 10" Sch 40S,
10" Sch 80 and 32" pipes, respectively.
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behavior. The finite element model chosen for this analysis
was that for the 10" Schedule 40S pipe. An elastic/plastic
analysis on this pipe/U-bolt assembly would therefore be the
most indicative of the effects that local yielding would
have on the conclusions reached regarding assembly behavior
and distribution of stresses. The results of the
elastic/plastic analysis show for an approximate 100 ft-1b.
preload, small plastic deformations of only those finite
elements adjacent to the line of contact between the pipe
and cross piece. The distribution of stresses for the
elastic/ plastic analysis is the same as for the elastic
analysis and is discussed in Attachment 3. This result
confirms what has been observed in the test, namely that no
visible yieldings of the pipe take place. (Therefore
yielding, if any, is inconsequential.) (Refer to pp. 17-18
of the Affidavit and the observation that little if any
surface yielding (pclishing) was noted after all tests were
completed.)

Does the ASME Code provide direct guidance regarding
acceptance criteria for local stresses induced by external
attachments such as these U-bnlt clamp assemblies?

We are not aware of any direct quantitative guidance
provided by the ASME Code regarding this issue. However,

the ASME Code provides qualitative guidance in regard to



- 8% =

consideration of the effects of local external attachments
(Sections NB-3645, NC-3645, ND-3645, and NF-3121). CYGNA,
in its oral testimony presented in the May hearings
corroborates our position. This qualitative guidance given
in the Code leaves to the designer the responsibility for
quantifying the acceptance criteria.

In view of this lack of direct guidance, what did you use as
acceptance criteria?

Applicants do not believe that it is proper on their part to
establish firm acceptance criteria for industry regarding
this situation. This does not mean that we are unmindful of
our responsibilities to satisfy the intent of the ASME Code
as expressed in NB-3111, NB-3624.1, NB-3645 and the
corresponding articles in section NC and ND. We have in
fact formulated acceptance criteria for CPSES to meet the
intent of the ASME Code. The bottom line, however, is that
the testing program and finite element analyses have
demonstrated that cinching of U-bolts as done at CPSES and
generally by the industry produce no adverse effects on
piping and supports for the range of pretorque values which
are either representative of the worst conditions
encountered at the plant or required to ensure stable

behavior of the U~bolt assembly.



Tn what follows, therefore, ) establish

of our interpretation of the intent the ASME Code

n the acceptance criteria which we have adopted,

by showing how the conclusi reache
accentance criteria match those derived
finite element aralysis. The following
information from the results of the fir
enable interested ties to f« v ¢ of the
lusion reached by plicants O u .and how the
@8 given 1in abl Lt is necessary
the reader to refer
wnhat acceptance criteria have yo iopted
results of the ! » element analyses?
answer thi juestion we need to define the
stresses which have been measured and/or
finite element 1alyses ai ompare th
Lnterpretati
Of the possit
gible
load learx
\ined mechanical

have shown
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characteristics of a secondary stress.2! Finite element
analyses and tests indicated that very small deformation at
the contact area between the pipe and the cross piece result
in relief of the local stress without affecting the stresses
in the adjoining areas. Therefore, the stress2? it is
clearly local. Finite element analyses show that the
locally high stress reduces to the general level of stress
within one meridional (along the circumference) element on
either side of the contact area.

The finite element analyses further indicate that the
stress is composed of both a membrane and a bending
component with the latter being predominant. The membrane
portion is a secondary mean stress which the ASME Code

defines as the local grimarx membrane stress, and which the

Code includes in equation (9), Section III. The bending
portion is a secondary bending stress which the ASME Code
does not single out, but includes in the general category of

the secondary stresses of equation (12) Section III.

21

22

Secondary stress is defined as a normal stress or a shear
stress developed by the constraint of adjacent material or
by self-constraint of the structure. The above
characteristic of a secondary stress is that it is self-
limiting.

By stress here, we mean the stress caused by the preload
proper and also stresses which result from the presence of
the preloaded U-bolt assembly such as radial thermal and
pressure expansion constraint stresses and stresses induced
locally by external mechanical loads at the line of contact.



One way to locok a* the intent of the Code is to
classify the entire local stress (mewbrane plus bending) as
the primary local membrane stress to be inputted in a
modified equation (9) with allowable stress intensity limits
increased to 3Sm to account for the presence of the local
bending stress (whi.h would have to be limited tvo BSm by
itself or in combinstion with the primary membrane
stresses) One can infer from the Code that
of a sne-time load, a doubling of the allowable limits of
rquation (9) is permissible without inclusion of secondary

ending stresses.23 Since we are including secondary
bending stresses in equation (9) (the secondary bending

stress i3 »Hy far the major component of the stresses caused

by preload while the primary local membrane is very small),

and do not further raise <ne allowable limit cver that which

can be inferred from the Code for a one-time load
application, we are conservative with respect to what the
Code intent would allow.

An alternative approach which we believe to be not as

censervative, is to place the secondary bending stress into

equation (12), and to evaluate the remaining, small local

For example, equation 10a of the Code in Class 2 Rules for
single, nonrepeated anchor movement allows a stress equal to
3§ ., where S_ is the material stress allowable for cold
coriditions.




membrane stress with the regulation equation (9) (allowable

limit = 1.55m). Applicants have chosen tc examine both

alternatives in their evaluation of the pipe stresses.

Evaluation Using the First Alternative (See p. 66 for

second alternative.)

Equations (9) and (12) are employed here, since the
maximum piping stress due to the applied loadings is
considered to be composed primary and secondary stress.
In the evaluation of the pipe, it is necessary to separate
the primary and secondary stresses. The classification of
the stresses is given below:

© Pressure membrane stress - primary stiress

© Preload - local primary membrane stress (includes
secondary bending)

Thermal and pressure pipe growth restriction -
secondary or peak stress

© Pipe hanger load (mechanical loads) - primary stress

¢ Pipe hanger thermal load - secondary stress

The rules of Subsection NB may be used to qualify a
Class 1, 2, 3 or NNS (non-nuclear safety) piping component
if the designer is willing to comply with all aspects of
ASME Code Section NB. Subsections NC, ND and the ANSI B31.1
piping coda evaluate primary and secondary stresses only by
limiting the principal stresses caused by pressure and

moment loading in the pipe. By evaluating stress




intensities (as opposed to principal stresses),

localized stresses, and the effects of cyclic loadings
(fatigue), one is clearly enveloping the intent of sections
NC and ND of the ASME Code and ANSI B31.1 by an NB
evaluation.

Based on the above, the evaluation of acceptability of
pipe stresses induced by the U-bolt pipe support is
generally addressed using Section NB3600 of the code. NB-
3600 (which governs the design and qualification of piping
systems) gives little specific guidance to the method tha

should be used to evaluate stresses similar to those caused

L.

by the U-bolt pipe support. However, using equation (9) and

equation (12) of NB-3600, an assessment of these stresses
can be made since they provide a means of evaluating the
stresses caused by the loading applicable to piping in the

vicinity of the U-bolt. A total stress limit equal to 3Sm

(where Sq is an allowable stress intensity for the material
144

defined by the Code) is used for each equation.
The loading considered for each of the code equations

jiven below:




gquation (9) of the Code with : 3 _limit.

This equatior must consider (a) primary membrane
pressure stress?4 (b) piping moments at the hanger location
due tc pipe deadweight and seismic load, (¢) maximum stress

due to preload of the U-bolt, and (d4d) s due to the

-

applied hanger load. The applicable stress limit is 35wl

siuce preload of the U-bolt is a one-time applied load
(e.g., similar to building settlement) and includes local,
through-wall bending (secondary bending).

2. Equation (12) of the code with a 3S limit.

e

This equation must consider (a) thermal stresses due to
the restriction of pipe radial thermal growth at the U-bolt,
(b) stresses « he restriction of pipe radial pressure
growth at the U=bolt,25 and (¢) piping moments at the hanger
location due to longitudinal thermal expansion of the pipe.

Tabulated below in Table E are tie 3,'1 stress limits

for the pipes in question.

For convenience, these pressure stresses resulting fror
restraint of radial growth due to prersure expansion have
also been included in this equation, although such stresses
would be secondary. They have also been included in
equation (12) so that these stresses have been accounted for
twice.

See previcus note.




TABLE E

3S~1 at Normal Operating

i

Pipe Size Temperature

4" Sch. 160 50.52 ksi
10" Sch. 408 60 ksi
10" Sch. 80 60 ksi
32" Main Steam 58.26 ksi

A conservative estimate is obtained for the mechnical
stresses in the pipe resulting from sources other than the
U-bolt assembly itself. This is necessary since all local
sources of load must be considered when comparing the pipe
stress state at the U-bolt location to the above stress
limit. Because of the multitude of supports involved in
this evaluation, individual piping moments at the support
locations, calculated from detailed stress analyses, have
not been used. Rather, they have been considered in a
general manner. The piping stress due to other mechanical

loads has been conservatively estimated assuming that the

stress was at its maximum allowable limit (I.Ssm). This
il

code allowable stress level (1.58“) is used for the
following three reasons:

1 SSE induced stresses need not be
secondary or peak stress eva'uation.

2. SSE piping seismic levels are in the same order of
magnitude as those associated with the OBE (operatin

' F g
basis earthquake) stresses.

. In general, the stresses in the pipe will not
he code allcwable.




The stress calculated using equation (9) that results from

the maximum pipe moment has been determined by subtracting

the pressure stress from the allowable stress (I.SSﬂ) and

multiplying by the ratio of stress index associated with

high stress points (e.g., elbows). The maximum equation (9)
moment stress is given in Table F below for the different
pipe sizes.

TABLE F

Maximum Equation (9) Moment Stress

ALLOWARLE EQ (9) PRESSURE EQ (9) MOMENT STRESS EQ (9) TOTAL STRESS
PIPE STRESS 1.55 STRESS AT PIPE HANGER AT PIPE HANGER

r

4" Sch. 160 25.26 ks! ks! 12.146 ks!
10" Sch. 40S 30 ks! ksl 6.048 ks!
10" Sch. 80 30 ks! 2 ks! 9.23 ks
32" M5 29 13 ks!

16.95 ks!
10.45 ks!
11.83 ks!
ks! 6.7 ks! 13.80 ks!

The equation (12) maximum mechanical piping stress is

determined in a similar manner: allowable stress (BSm)

times the maximum ratio of stress indices values. The
maximum equation 12 moment stress values at the pipe hanger
locations are noted below.

TABLE G

Maximum Equation (12) Moment Stress

e ]

EQUATION 12 PIPING
PIPE SIZE ALLOWABLE STRESS MOMENT STRESS

Sch. 160 50.52 ksi 22.49 ksi
Sch. 40S 60 ksi 10.63
Sch. 80 60 ksi 15.15
MS 58.26 ksi 13.34

ksi
ksi
ksi




The total stress intensity for each of the pipi

evaluated is given in Table H.

TABLE H

PRELOADED APPLIED I'OTAL STRESS
TORQUE STRUT LOAD LINTENSITY

4" Sch. 160 60 -1bs. 2,000 1lbs. 64.14 ksi
10" Sch. 40s 100 -1bs. 10,000 1lbs. 74.21 ksi
10" Sch. 80 100 -lbs. 10,000 1lbs. 54.69 ksi
32" MS 240 -1lbs. 100,000 1bs. 47.17 ksi
Splitting the above total stress intensity into primary
(equation 3) and secondary (equation 12) stress intensities
results in the following (Table I).

TABLE I

Maximum Primary and Secondary Stress Intensities

EQ. 9 Eqe 12
(PRIMARY STRESS Q. 9 (SECONDARY STRESS EQ. 12
INTENSITY) ALLOWARLE INTENSITY) ALLOWARLE
(ks!) (ks!) (ks!) (ks!)

4" Sch. 160 31.60 50.52 32.54 50.52
10" Sch. 40S 6C.61 60 13.6 60
10" Sch. 80 38.15 60 16.54 60
32" MS 30.57 58.26 16.6 58.26

As can be seen from a comparison of the above maximum stress
intensities to the eguation (9) and equation {12) allowable

stresses, the 10" Sch. 80, 32" MS, and 4" pipes meet the

stress criteria established herein. The 10" Sch. 40S pipe

essentially meets all of the allowable limits.




In the preceeding discussion you have used "general

piping
moments at the support location. How do you know that they
are representative of the actual piping moments? Moreover,
in the presentation of the mechanical stresses reported in

Attachment 3, it is stated that these general piping moment

stressec are "realistic" values. Please compare the Code

primary piping moment stresses (NB, NC and ND Equation 9)

2

«nd secondary thermal piping moment stresses (NB Equation 12
and NC and ND Equation 10) to actual, randomly selected,
computer piping analysis stresses.

In Table 3, summaries of stresses associated with straight
runs of pipe for 4, 10 and 32 inch pipe are given. The
piping lines and locations were randomly selected by Gibbs
Hill. The maximum stresses from this summary calculated
using Equation 9 stresses for each of the pipe sizes given
are compared to the Attachment 3 mechanical pipe stresses.

This comparison is given in Table J.




TABLE J

Comparison Between Equation (9) Stresses Computed by
Attachment 3 Method and Stresses Calculated by Gibbs & Hill

Attachment 3 Stresses

Mechanical Primary Piping
Primary Pipe Pressure Stress Moment Plus
Pipe Size Moment Stress (ksi) - (ksi) Pressure (ksi)
4" Sch. 160 12.146 4.8 16.95
10* Sch. 40 6.05 4.4 10.45
10" Sch. 80 9.23 2.6 11.83
32" MS 6.7 7.1 13.8

Gibbs & Hill Attachment - Stresses

Randomly Selected Maximum
Primary Piping Moment Plus

Pipe Size Pressure (ksi)
4" T3
Q" 7.063
g 10.6

As seen from comparing the primary piping moment
stresses presented in Attachment 3 with the randomly
selected maximum primary pipe stresses presented in Table 3,
the Attachment 3 stresses are all higher. The maximum (NC &
ND) pipe stresses, calculated using equation 10, compiled at
random straight run piping analysis locations (see Table 3)
are compared to the Attachment 3 Code (NB) Equation 12

stresses in Table K below.



TABLE K

Comparison Between Attachment

Equation 12
Stresses and Gibbs & Hill

Stresses

Attachment 3 Stresses

Equation 12 Stress
f1

(ksi)

4" S<h. 1690 22.49
10" Sch. 40 10.63
10" Sch. 80 15.15
32" Sch. MS 13.34

i

Gibbs & Hill Table 3 Code (NC & ND)

Equation 10 Stresses

Equation 10 Stress

BEEE Size (ksi)

4" Sch. 160
10" Sch. 40
32" Sch. MS

From the above tables, it can be seen that the

i

Attachment 3 values calculated using equation 12 are higher

than the randomly selected equation 10 stresses compiled by

Gibbs & Hill. Therefore, the primary and secondary stresses

used in Attachment 3 (Code Equations 9 ari 12)

Qi i

are
conservative when compared to Gibbs & Hill's randomly

selected cases.

In Attachment 3, "realistic" mechanical pipe stresses were

determined based on ASME Class 1 rules: how will these

stresses vary considering ASME Class 2 and 3 rules?
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Using Code Equations 9 and 12 requires that the mechanical
stresses in the pipe resulting from sources other than the
U-bolt assembly be included. Because of the nurber of
hangers involved, this information was not supplied to
Westinghouse for evaluation purposes.

In order to conservatively estimate the magnitude of
these mechanical stresses, a generic procedurs was developed
and is discussed in Attachment 3. 1In the development of
these mechanical stresses, it is assumed that tune pipe is
stressed to its maximum allowable value at a high stress
intensification point (e.g., elbow). It is assumed that the
piping moment which results in this maximum allowable stress
also occurs at the U-bolit hanger locations. To obtain
stresses due to piping moments, Class 1 rules are used in
Attachment 3. If Class 2/3 rules are used to determine the
piping moment stresses, the mechanical pipe moment stresses
would be different since the stress inches (stress
intensification factors for Class 2 and 3) are different.

Given below in Tables L and M is a summary of th
mechanical pipe stresses based on ASME Class 2/3 (NC and ND
of Section III) rules compared with those used to assess the

pipe stresses in Attachment 3 based on Class 1 rules (NB of

Section III).




TABLE L

Deadweight and Seismic Piping Moment Stresses

Class 1 Class 2/3
Pige Size Material Rules (ksi) Rules (ksi)

4" Sch.160 Stainless .146 14.3

10" Sch. 40 Stainless .05 8.6

10" Sch. 80 Carbon 23 11.2

32" MS Carbon o7 9.1936
As seen from the above comparison, the difference in

rimar ipe moment stress using Class 1 and Class 2/3 rules
P

is at most only 2.5 ksi, which is less than five percent of

the 3Sm allowable limit used for piping stress assessment.

TABLE M

Thermal Piping Moment Stresses

Mechanical Pipe Moment Stresses
Class 1 Rules Class 2/3 PRules
Pipe Size Material (ksi) (ksi)

4" Sch. 160 Stainless .49 26.5
10" Sch. 490 Stainless .63 10.7
10" Sch. 80 Carbon .15 12.29
32" MS Carbon .34 13.02

Only the 4" Schedule 160 pipe has a calculated stress
that is higher (18%) following Class 2/3 rules than for
Class 1 rules. The Equation 12 piping moment stresses for
the 10" Schedule 40, 10" Schedule 80 and 32" MS are lower

Oor comparable to the Equation 10 stresses developed using

Class 2/3 rules.




{n conclusion, the mechanical pipe moment stresses
used in Attachment 3 are conservative or yield only

d P

slightly lower (<8% based on BSﬂ) stresses than those based

Cl

on Class 2/3 rules. The mechanical pipe moment stresses
given in Attachment 3 are adequate estimates for
mechanical pipe stresses to be used in the

he local pipe .tress state in

piping support assembly.

You have stated that Applicants adopted two alternate
approaches to evaluate the acceptability of pipe stresses.
In the first alternate approach, described previously, the

al preload stresses were considered as a primary stress

in code Equation 9 with a BSW imit. What is the effect

on the piping stress evaluation if a 1.‘55”1

for Code Equation 9 and only the primary membrane portion
of the U-bolt preload, push and pressure stress is
considerec In other words what conclusions would

reach if you follow the second alternate approach?
present the result « ¥ k valuation using the
second alternative accept ] ia | 2 ] 54 for

alternative).




Evaluation Using Second Alternative
g o

To determine the primary membrane portion of the U-bolt
preload, push and pressure stress, the stress state at the
inside and outside of the pipe element surface is averaged.
To these average stresses, the mechanical piping stresses
were added. The resulting total stress state is calculated

using Code Equation 9 and compared to the allowable stress

(l.SSm). The results are given in Table N below.

TABLE N

Eq. 9 Stress
Pipe Size (ksi)

4" Sch. 160 20.99

10" Sch. 40 18.44

10" Sch. 80 15:32

32" MS 11.50

As seen from the above stress allowable tabulation,

Code Equation 9 defined stresses are less than the I.SSm
stress allowable. To complete the evaluation of the piping
stress, Code Equations 10 and 12 (if Equation 10 is
exceeded) must be evaluated using an allowable of BSm.
Code Equation 10 calculates the stress intensity which
occurs in mechanical or thermal loadings which take place
as the system goes from one load set, such as pressure,
temperature, moment and force loading to any other 1load

which follows it in time. Loads which are n

nature need not be considered in Code Equation 10.




maximum Equation 10 primary plus secondary stress intensity

range for the four pipes evaluated is tabulated below in

Table O.
TABLE O
Eq. 10 Stress Eq. 10 Allowable
Pipe Size (ksi) (3SSﬂ)
4" Sch. 160 50.8 50.52
10" Sch. 40 44.33 60.00
10" Sch. 80 39.83 60.00
32" MS 43.58 58.26

As seen from the above comparison, only stresses for
the 4" Schedule 160 pipe slightly exceed (0.5%) the 38 _
limit. Two items must be noted concerning the conservatism
of the stress state calculated using Equation 10 for the 4"
Schedule 160. They are:

1. The dead weight stress of the pipe (1 to 1.5 ksi)
is included. This should be removed from Equation 10.

2. Conservative values for the mechanical piping
stresses (primary 12,146 ksi and secondary 22.49 ksi)
have been used. The conservatism was previously
demonstrated by comparison with piping moment stresses
calculated and randomly selected by Gibbs & Hill.

If the conservatism reflected by these two items were
removed, the Equation 10 stress for the 4" Schedule 160 pipe
would be below the 3Sm limit. Since the Tquation 10 stress
allowable (3Sq) is not exceeded for the four pipe sizes, it
is not necessary to consider stresses calculated using NB
Code Equation 12.

In conclusion, as demonstrated from the above, the

piping stresses in the vicinity of the U-bolt piping

assembly will be acceptable.




Please discuss the effect of U-bolt cinching on the fatique
usage factor associated with the pipe.

To ascertain further the possibility of failure under cyclic
stresses caused by the clamping action, a fatigue assessment
was performed to determine the possibility of initiating a
crack in the pressure boundary at the vicinity of the U-
bolt. This assessment included a calculation for Class 1
piping and a calculation for Class 2 and 3 piping. The
fatigue calculation for Class 1 piping utilized the U-=bol
stresses from the 4" Schedule 160 case. The calculation for
Class 2 and 3 piping utilized the worst case peak stresses
from the four pipe/U-bolt assemblies evaluated.

For the Class 1 piping, locations having the relative
highest usage factors, excluding U-bolt considerations, were
identified so that the maximum overall usage factor
including the effect of the U-bolt could be determined.
These locations accumulator injection line and
the 3" normal charging line. These two Class 1 piping
locations represent the highest straight run fatique usage
factor (due to extremely severe thermal transient loadings)

of all the Class 1 auxiliary piping.

The fatigue calculation performed included all design

transients for these sections and added the maximum clamp

induced stresses as represented by the 4" Schedule 160 case.

- -




For the charging and accumulator lines the final usage
factors considering U-bolt local stresses were .04 and
respectively. Based on an ASME Code allowable usage
of 1.0 or 0.1 for pipe break requirements, the usage
requirements are met.

For the Class 2 and 3 fatigue assessment, a simplified
worst case fatigue calculation was performed.

In this calculation, a conservative peak stress (S,)

was determined using the maximum total stress intensity
without preload. The effect of preload is not included
since it is noncyclic and not required to be considered
the code in a fatigue evaluation.
The 4" Schedule 160 pipe has the largest peak stress:
SP = 50.57 ksi

Based on this stress, the shakedown criteria (allowable

= BSW = 50.52 ksi) is met recognizing that S, also includes

P
k

i

deadweight stress which is noncyclic. Therefore, the
simplified elastic/plastic damage factor equals one (Ke =

1.0). The alternating stress (¢

S
Alt

The allcwable number of cycles associated witl
22,000 {Code Figure I-9); Ultimate Tensile

80 ksi).




To determine the number of 1« L N s the worst of
the following two cases were considered. ( Case 1, 200
cycles were considered based on 200 cycles of heatup and
cooldown, or for Case 2, 200 cycles were considered, based
on 10 earthquakes, 20 significant cycles per earthquake.

The incremental usage factor is:

‘i = 200 _
Ui = 37,000 - .009

The fatigue assessment just described was based on both
a representative Class 1 method and a Class 2 and 3 method.
It provides a measure of the fatigue damage that would be
expected at the U-bolt location. This assessment indicates
that the integrity of the pressure
fatigue considerations, would not be significantly affected

by the localized U-bolt effects. This assessment is over

and above the ASME Code requirement for Class 2 and 3 piping

components. The Code does not require any specific fatigue
usage factor calculation for Class 2 and 3 piping other than
controlling stress levels by the factor f.

How would you interpret the result rom the tests and
finite element analyses regarding the stability of the U-

Bolt assembly?




Stability of the U-bolt assembly is an is

'

addressed using the "push" applied load. For a
load, the U-boat assembly, if it slipped, would be self-
aligning and therefore not a stability concern. Stability

for a "push" force requires that ci t friction exists

between the cross piece and

to "balance" an applied load which

the pipe centerline. Attachment 3 addresses the method
which the U-bolt assembly balances the "push" load. The
results given in the report show that the U-bolt assembly
must be evaluated as two coupled assemblies

cross piece) rather than one assembly which behaves

rigic This 1s because slippage can occur at the

and cross piece interface and not at the

U-bolt and pipe.

The results from the finite element analyses (using
the minimum torque values) indicate that the U-bolt/pipe
assembly will be stable. The minimum preload value used
the analyses is not the absolute since a determi
the absolute minimum value is an iterative pro

attempt was made to further define the absolute

4

3

torque value which could assu tability since the

1

reported values are already generally representative of the

lower bound value found in the i i (with the exception of
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the value of the 32-inch pipe). The minimum preload value
that would insure stability can also be lower than the
values given by finite element analysis since the pipe can
roll on the cross piece until sufficient normal forces are
developed between the U-bolt and pipe, along with friction
forces, to balance the cross piece moment.

This physical mechanism in the cross piece and U-bolt
interaction, not represented in the finite element
analyses, would be self stabilizing. If the U-bolt
assembly was pushed in the circumferential, direction, the
tension would increase in one U-bolt leg and decrease in
the other one resisting the applied load. As long as the
load is not applied to the cross piece at an angle which
exceeds the inverse tangent of the friction coefficient,
the cross piece/U'-bolt assembly will not slide. As stated
previously this mechanism is not incorporated in the finite
element model and therefore the minimum torgue values
determined by finite element analysis are larger than those
that would be needed in reality.

From the finite element analyses performed and
reported in Attachment 3 and observation of the tests,
torque values to which cinched down U-bolts will be torqued

during the previously mentioned inspection were established



for various sizes (Table P). (For other sizes, torque

values in line with those set forth in Table P will be
established.)
TABLE P

Torque Values for Inspection

Pipe Size Torque Value
4" Sch. 160 25 ft-lbs.*
10" Sch. 40s 50 ft-1bs.
10" Sch. 80 50 ft-1bs.
32" Main Steam 250 ft-1lbs.

* 25 ft-1lbs. is a compromise between 9 ft-lbs. at which
the finite element analysis predicts that the 4"
assembly would be stable and the 35 ft-lbs. at which
the test indicated percent contouring of the U-bolt
to the pipe was achieved. Torquing of the U-bolts in

the field indicates that for this size lines and U-

bolt diameters, perfect contouring of the U-bolt to

the pipe occurs at 20-25 ft-lbs.
The U-bolt piping support assembly can be stable for smaller
torque values. A good practice for U-bolt installation is
to insure that there is a good fit ("Snug" tight) between
the U-bolt and pipe at torque values given above.
Since the torque value for inspection (Table P) torque value
for the 32-inch pipe is larger than the value at which the

analyses for the piping stresses have been conducted, would

there be an adverse effect on those stresses from this

increase?
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No. The piping stresses will remain within the established
allowable since the piping stresses due to preload are small
in the 32" main steam pipe (4.9 ksi). Therefore, the total
primary stress would be about 36 ksi, which is still below
the established allowable.
What overall conclusion would you draw from the testing
and analyses program?
As mentioned previously, the Applicant committed to an
analytical and testing program that would address the
Board's following concerns:
1. U-bolt cinching may not be an appropriate means of
eliminating potential local instability without
introducing adverse effects in the piping and the U-

bolt itself.

2. There may be adverse long-term effects from U-bolts
due to heat-up and cooldown and related friction on the

pipe.

3. Stresses on the pipes caused by thermal expansion

in local areas around cinched U-bolts may not be

acceptable.

These concerns were addressed within this Affidavit,
and it was shown that cinching of the U-bolts is a viable
method of eliminating potential local instability of the U-
bolt strut supports. There are no adverse effects in the
piping or U-bolts themselves from the cinching process.

This statement is based on the fact that the U-bolt is

generally cinched to a preload value which is less than the
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value used for test and analysis. Therefore, stresses
existing in the field will be less than those obtained by
the finite element analyses, which are shown to be
acceptable, and also will be less than those obtained during
testing, both of which were based on the highest value of
pretorque.

With regard to stability, there is some concern that if
the pretorque level is insufficient, i.e., the U-bolt is not
snug tight, that the assembly might work loose and walk.
This doesn't mean that the support is unstable in the sense
of not being able to carry load. (The test program showed,
for example, that when the 10-inch Schedule 40S assembly was
torqued to 20 ft-1bs., the U-bolt/cross "walked" both
axially and radially, but was still transmitting and
carrying load.) However, as previosuly noted, Applicants
will inspect every U-bolt on a single strut or snubber (a
total of 380) and assure that each U-bolt is torqued to the
torque values set forth in Table P.

The specific points that were made pertaining to the
Board's concerns demonstrating that cinching of the U-bolts
were the fol owing:

l. 1Issu2 - U-bolt cinching will eliminate potential

gsupport instability.



was demonstrated by both testing and
finite . analyses that when the U-bolt is
cinched minimum preload value, the support

issue - Cinching of the U-bolt will cause adverse
effects in the piping and U-bolt itself.
Response - Stress results obtained from the finite
element analysis of the U-bolt support piping
assembly associated with the anticipated support
and piping loads as well as recommended prelcad
values are within acceptable limits. The support
as well as pipe will not experience any gross
distortion or loss of function.

Issue - There may be adverse long term effects from
U-bolts due to heat up and cooldown.

Response - Both test programs and an
demonstrated that this is not a wvalic




Notary Pubklic

My Commiesion Expires May 31, 19

Sworn to before me

Notary

1y Commission Expires May 31, 1987
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