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Question: Please state your name, current business position.

Answer: | am Nancy H. williams, Project manager, Cygna Energy Services, 10!
California Street, Svite 1000, San Francisco, California

Question: What is the purpose of the testimony being presented at this time?

Answer: During hearings of February 20 through February 24, | 984 in this
proceeding, Board Exhibit No. | "Independent Assessment Report," Volumes | and 2
were introduced into evidence. During those same hearings | testified in support of
the report and was cross-examined by parties to this proceeding. At the conclusion
of that set of hearings, it was agreed that intervenor CASE would provide Cygna
with its cross-examination questions in writing. Attached hereto as "Attachment |"
is a copy of the written questions submitted to Cygna by CASE.

Subsequent to receipt of "Attachment | " Cygna formulated its responses and
informally circulated those responses to the Board and the parties in a document
entitled "Testimony of Nancy H. Williams in Response to CASE Questions of
February 22, 1984 to Cygna Energy Services" and dated March 18, 1984, As a result
of conferences between Cygna and CASE on March 21, | 984, Marct 27, 1984 and
April 3, 1984, correspondence from CASE, and guidance provided in the Board's
"Memorandum (Clarification of Open Items)" dated March 15, 1984 Cygna has
reformulated its responses to the questions contained in Attachment |,

Attached hereto and inccrporated hereir are copies of Cygna's responses to the
CASE questions mentioned in Attachment No, |.

TESTIMONY OF
NANCY H. WILLIAMS
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- ATTACHMENT 1

From CASE Witness Jack Doyle to CYGNA
Summary of Cross-Examination Questions 2/22/84

BRIEF SUMMARY OF GENERIC PROBLEMS
Omitted from Calculations and Omitted from Checklists

1. Cinched up U-bolts:
o0 Not in compliance with Cygna criteria
o Not in compliance with NRC criteria

o Stresses of unknown quantity due to pre-stress, thermal and design

loads A L b

o Effects on pipe not shown on calculatiens ' . ____,_.-..-—----r"""""

1 iy -ub.{_:_ s P

o0 Not in compliance with Board Notification. I ' b S - .

2. Local effects on tube walls: - ik Ba i iy
—OU h- . /7

53t Lsa fopn 858

o Punching shear FILE. . 3 [on @%. P80

CROSS REF . FILE

o Effect on welds
0 Resultant effect due to wall flexibility on moment at tube weld.
3. Dead weight of structure not included in calculations.
4. Weight of support masses as they affect pipe stress.
5. Inaccurate conclusions as relate to KL/R for pinned columns:
o If a column fixed at its base and free at the top has an effective
K of 2.0 cutting at some point up from the base and adding a pin
does not address the problem.
6. 16-inch pipe with about 20 kip load along 3 1/2-inch length induces
high bearing stresses which require pads. This is not addressed,
0 ASME Code against flattening.
7. Clip angle 4x4x1/2 which supports U-bolt not addressed (critical to
maintaining stability):
o Section modulus .04 in cube
0 Moment arm at least 2 inches
0 1100# load exceeds Code allowables.

0 Pre-tensioning to obtain a clamping force required could exceed



Jack Doyle to Cygna
2/22/84
Page 2
this (not including thermal constraint and design loads)

o0 ‘Clamping force with no margin of safety for single degree system
(not point contact or line contact) is force/coefficient of friction
or about 4 times what is required for clamping force

There is no documentation in calculations to support the conclusion

that flair weld is stronger than fillet weld--no calculations, there-

fore why did Cygna accept this statement?

0 Flair weld strength depends on radius of flair (depth

The reduction ' f weld capacity in the calcuation is based on

5

tangental angle is 150.3°, Therefore, an error exists. Did Cygna
note of this?
0 More stress in weld than stated.
0 Wide/thin ratio induces cracking as well as the 1:4:)
depth.
Changing from flair weld tc fillet weld induces flange
been addressed by Cygna?
Effects of cut-of-plane seismic excitation of support
in calculation., Did Cygna address this point?
o0 Additional ‘oads on support
0 Additional loads on pipe
Restraint of rotation by the pipe because of coupling effect of hardware
on both sides of a pipe:
0 Load increase in 1 of 2 snubbers/struts
0 Alteration of dynamics of pipe system during seismic eyent
In Note 2 following page P5-01-4 of 4, Cygna decided to eliminate their

stiffness criteria based on their knowledge that a report existed to ad-

dress the problem (but without personal knowledge of what was contained




Jack Doyle to Cygna
2/22/84

- Page 3

in the document in detail). Why didn't Cygna consult with their experts--

for example, Eric von Strijgeren (who was the editor on a paper by T.Y.

C‘Bw. C.H. Chen and 0. Bilgen)--in reference to deviations from generic

stiffnesses in pipe supports and the effects on piping systems.

o Third paragraph introduction et. seq. Ccrse EA, 98‘/)

14. In Note 1, same source, did Cygna consider the additive effects of self
weight excitation if the stiffness is considered from node point to hard
point as opposed to the stiffness of the frame independent of hardware,
local effects, base plate and anchor bolts?

o Spring rate of base plate/anchor bolts (particularly bearing-type
joints) can be considerable (observation of base plate Il finite
analysis).

—— 15. Was thermal lockup considered for anchors which restrain pipe radial
growth?

o Induces frame moments

16. The base plate anmalysis is based on distribution of shear relative to
load path/stiffness for all bolts in the pattern, Did Cygna 2ddress
this problem?

o With oversized holes and the inability to eliminate construction
tolerances (location of the bolts combined with localtion of the bolt
holes), it is not possible for all of the bolts in the system to be
active. (See CASE Exhibit 906).

o The stiffness of the bolts is such that deflection cannot be counted
o as a means to achieve full pattern participation

o Even if deflection could result in full activity, the first bolts
deflecting would receive the larger portion of the lcad in an ideal

symmetrical and systems.



Jack Doyle to Cygna
S 2/22/84
—— Page 4

© For non-symmetrical system and systems of variable stiffness, the
Enactivity of a number of the bolts will alter the accuracy of the
computerized analysis.
17. Has Cygna verified the statement: "No 2-inch topping"?
0 This affects the calculations for Hiltis relative to embedment,
since a non-monolithic shear plane has been established.
18. The base plate analysis performed without including stiffeners alters
the stiffness matrix of the base plate and consequently the distribution
of moments and tension to the bolts. Beyond this point, stiffeners

remain unqualified. Has Cygna addressed this?

et The preceeding questions are the primary areas in which ! will be cross-
examining Cygna witnesses. (Additional gquestions may be triggered by

Cygna witnesses' answers.)

In addition, CASE has not yet received all of the documents which it requested
from Applicants' on the Cygna report, Therefore, additional questions may

be triggered from these documents (if and when they are supplied).



From CASE witness Jack Doyle
Summary of Cross-Examination Questions H 2/22/84
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MATRIX OF EXHIBITS AND DOCUMENTS

GASE Exhibit  Concerns

891 1, 3, 4,5,6, 7,11, 13, 14, 15, 16
892 9, minor question relative to pad width diameter + (Rt)3
893 8, 10, 14
894 1, 4, 5,11, 14
895 14, 16
896 12, 14
897 1,2,3,4,5,11, 14, 16
898 14, 15, 16, 18
899 14, 15, 16, 18
s 900 14, 15, 16
o 901 Has minimum weld violation (walk-down)
902 Has support completely rebuilt on CMC and then calculated

This matrix has been compiled ton the best of our ability due to time

constraints. (It is from notes, etc.)
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BRIEF SUMMARY OF CROSS-EXAMINATION QUESTIONS | OB NO O
DATE LOGGED Sy /v
BY CASE WITNESS MARK WALSH TO CYGNA
. LOG NO . . # 20
FILE. 1S3 1 Gtn )iy /Asem

Section DC-2.4.4. What was the yield point used for AS00 Grade B tube
steel?

Observation Record PS-02-01: The Applicants did not consider shear cone

interaction of 2djacent bolts.

P1-01-01. There has been no detailed computer analysis performed to consider
the concentrated loads 'valves, etc.) and their effect on dead weight and seis~ic,

Also, the seismic analysis wiil not be linerally proportional,

P1-02. 1Is there an error in the tab'e shown?

£15-90-03: See CASE Exhibit 889, sheet 129. F, = should be 21.2, not 22.2

or 22. The length is 6' not 5.5'.
See CASE Exhibit B90: 1) Why was only 1/2 SEE considered’
2) Why was 4% damping used; not consistent with FSAR? 3) Assumed cable tray

was rigid when lumping the mass; this resulted in not combining the dynaric

. effects of the cable tray itself to the support; did not include effect on welds,

4) The validity that the cable trays have the capacity to transfer a load
>
around a corner when one run of cable tray has no axial restraint, as s!n

on drawing 2323 EI-0601-01, (NOTE: We only have a 36"x48" drawing; please

FRLL

"o
let us know when you want to look at it.). 5) what documentation did Cy®m
see that justified the hangers' receiving a latera) load around corners

w06l
43A1303H

resist the axial load fram the tray segment that contains no axial restr
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WALSH TO CYGNA (2)

how did Cygna evaluate it? It appears the axial loa. has not been taken into
account. 6) CASE Exhibit 902. Did not consider base plate flexibility.

CTS-00-05: In the description, it discusses; a channel bent about its weak
axis. The resolution does not consider this problem nor does the document
CASE requested on discovery; see CASE Exhibit 907, On CMC BB8306, are the

originator and wpprover the sa @ person’

«75-00-06. What is the "significant design margin" as shown in the resolution?®

CTS-00-07: The analysis that included the beam element did nut consider
prying action and the flexibility of the base plate to determine the center

of compression.

WD-03-01: What documentation was there that “accept as is" was valid? Were

there calculations to support this?

WD-07-02: What documentation did Cygna see that showed the temperature indicator
would be installed at a later date?

Pipe stress checklist, note 3, item a: 1) What is the basis for considering
that the effects were negligible? 2) What pipe stress run did Cygna look at,
since the inclined load was used in the design of support RH-1-010-003-522R?



WALSH TO CYGNA (3)

Cable Tray Check List: CTS-11, Item 6..prob1em 4. This was not discussed
in CTS-00-07.

The preceeding questions are the primary areas in which 1 will te cross-examining
Cygna witnesses. (Additional questions may be triggered by Cygna witnesses'

answers. )

In addition, CASE has not yet received all of the documents which it requested
from Applicants' on tie Cygna report. Therefore, additional questions may

be triggered from these documents (if and when they are supplied,.



3 Comanche Peak ASLB Hearings

e

Response to CASE Questions
Question No.: Doyle #1
Exhibit No.: 891, 894, 897

1.0 CASE Question
Cinched up U-bolts:

Not in compliance with Cygna criteria

Not in compliance with NRC criteria

Stresses of unknown quantity due to pre-stress, thermal and design loads
Effects on pipe not shown on calculations

Not in compliance with Board Notification

0O 0 00O

2.0 Cygna Interpretation
N/A

3.0 Response

Section 4.1.2 of the Cygna review criteria document, DC-2, states the following:

"A gap shall be provided to accommodate radial expansion and construction tolerances.
The maximum total gap allowed in the restrained direction is |/8". In unrestrained
directions, the support design shall allow clearances for the most severe thermal plus
seismic movements of the pipe. Proper installation tolerances shall be provided where
thermal movement cannot be accommodated within the specified gap minus |/16"."

This criteria is intended to apply only to pipe supports which do not require physical
contact with the pipe to insure that the require restraining forces are developed.
Supports which require physical contact with the pipe in order to develop the proper
restraining forces, such as pipe clamps and cinched U-bolts, cannot have gaps and
therefore are not required to satisfy the conditions of DC-2, Section 4.1.2.

The NRC Information Notice No. 83-80 identifies potential significant problems that may
exist with the usage of specialized "stiff" clamps. Under certain conditions, these
clamps may induce high local stresses in the pipe. Cygna did not encounter any nstif f"
clamps during the Cygna |AP review.

Lﬁ‘.!ailtl




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #1

Page 2

As defined in the Independent Assessment Program Plan, review of the RHR System
included design criteria, analyses, design and drawings. It did not include installation
specifications, where torqueing requirements such as cinching, would normally be
defined. Cinching was not required or defined in any of the documents reviewed by
Cygna. Accordingly, cinching loads were not known and were not considered in the
design assessment,

Loads on the pipe due to cinching were not assessed for the reasons discussed above.
Pipe loads due to the zero gap were judged to be negligible. The conclusions in the IAP
Draft Report are based on that engineering judgment.

S TS0 I J



Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #2
Exhibit No.: 897

1.0 CASE Question
Local effects on tube walls:

o Punching shear

o Effect on welds

o Resultant effect due to wall flexibility on moment at tube weld
2.0 Cygna Interpretation

When tube sections are employed in the design of pipe supports, how were the fellowing
local effects considered:

a. Punching shear?
b. Effect on welds?

c. Resultant effect due to wall flexibility on moment at tube weld?

3.0 Response

Pipe support RH-1-062-002-S22R (CASE Exhibit 897) is designed using a tube section, TS
4" x 6" x |1/2", weided to a baseplate at one end and to a strut clevis at the other end.
Punching shear and welding stresses are discussed below:

a. Punching shear stresses are within allowable for a!'l supports reviewed by Cygna.
This is evidenced by the punching shear check provided in Attachment D2-1.

Adequacy with respect to punching shear can also be determined by inspection
through a simple comparison of fillet weld size and tube wall thickness. The busic
relationship for this comparisen is established by considering a unit length of weld

and tube wall as o freebody and equating the allowable force in the weld to the
allowable shear force through the thickness of the tube wall.

The allowable force"—in the weld is

Py =Fy*1*.707 * 1,

d

TR



Comanche Peak ASLB Hearings
Response 10 CASE Questions
Question No.: Doyle #2

Page 2

The allowable shear force in the plate is
PeaFe*1 %t

where t.= tube wall thickness, inches
F = allowable weld shear stress, ksi (use |8 ksi)
tw = fillet weld leg size, inches
Fo® allowable tube shear stress, ksi (use 0.4 * 31 ksid)

By equating P, to P, and substituting the proper values for allowable stress, the

following relationship is established:

1o = (18 # 707 1,)/(0.4 3D
tC =1.0 ?w

Therefore, assuming the fillet weld is properly sized, if the tube wall thickne
equal to or greater than the fillet weld size, punching shear stresses in the tube
wall will be satisfactory. For support RH-1-064-522R, the tube thickness (1 /2" is

twice the attached fillet weld (1/4").

b. Each welded connection in support RH-1-064-011-522R is discussed below:
and

e, Tube-tg-B__o__segloie

This connection is @ standard beam-to-column detail, as evidenced by the AISC

Manual. Part &. Furthermore, the flare-bevel weld detail has been
evaluated and sized by the designer.

Tube-to-Clevis

Attaching the strut clevis to the tube flange introduces no adverse effects into

the connecting fillet weld.




Comanche Peak AS'._B Hearings
Response to CASE Questions
Question No.: Doyle #2

Page 3

c.

The flexibility of the tube wall produces no sianificant additional loads on the
weld. This welded connection compares favorably with certain standard weldmenrs
shown in Blodgett's Design of Welded Structures (see Attachments D2-1; D2-2
Figure 9; and D2-3, Figure 12). The connections shown in these attachments are
more "flexible” than the tube-io-clevis detail in support RH-1-064-522R, and are
not evaluated for added weld stresses due to diaphragm action or plate flexibility.

AWS Section 10.5 specifically addresses stepped tube connections and the
evaluation of tube wc!l capacity for the case where the connecting tube transmits
both axial and bending loads to the tube wall. The design equation (Section 10.5.1)
used in the evaluation is a function of both the ratio of the tube widths (Beta) ond
the tube wall thickness. It seems implicit that by satistying the design equation the
local stresses within the tube wall are within acceptable limits at the design load.

In addition it should be emphasized that the Beta parameter alone is not sufficient
to evaluate the serviceability or strength of stepped tube connections. The Beta
parameter must be considered in conjunction with the tube wall thickness. For
example, a connection having a Beta = 0.4 will possess approximately the some
ultimate moment capacity and punching shear capacity (as well as the same
moment-rotation and axial load-deflection characteristics) as a connection having @
Beta = 0.8, if the connection with Beta = 0.4 has a wall thickness one-third greater
than the wall thickness of the connection with Beta = 0.8 (see Korol & Mirza paper,
ASCE, Journal of the Structural Division, September |982, Figures 7, 8, | | and 12
and Tables 2 and 3). Thus, a tube (or clevis) welded to a 3/8"-thick tube for which
Beta = 0.8 will behave approximately the same with respect to deflection, rotation,
punching shear and ultimate moment as when the tube (or clevis) is welded to a
| /2"-thick tube wall for which Beta = 0.4.




‘ATTACHMENT D2-1
(Page 1 of 3)

Punching shear check for Support No. RH-1-062-002-S22R.

Reference: American Welding Society (AWS), Dl.l, Section 10.5.

,Tube i
§ Attachment
3" E 6'.
3
"l'l_'L 1/4
1/’2"

FIGURE D2-1

APPLIED AXIAL LOAD = 5092 LBS.

Since the attachment is not a tube and only welded on the 3" side, the
calculation of f‘ in the following equation for Acting Vp (AWS Section 10.5.1)
will be conservatively high, because the loads shared by the 1-1/2" sides of
the tube are being neglected.

fsing f
Acting V= 1 (— + B
’ Fa %




ATTACHMENT D2-1 (comtinued)
(Page 2 of 3)

where fa = 5092/(3+3) t, " 849/tb
H * 0
8 = 90 degrees
T = tb/tc
B =b/D
K‘ = 1.0

Acting V, = 1698

Basic V, * Fy/(O.Gv) where y = D/2t,
= 31350/(0.6)(6) = 6/2(1/2) = 6

U =(f,* fb)/0.6 Fy (see Note 1, Table 10.5.1)

fa

849/t = 849/(1/4) = 3395 psi

(Note: f, is conservatively calculated using t, of 1/4%, i.e., the
weld size).

U = (3395 + 0)/(.6)(31350) = 0.18

Since U is less than 0.44, Q¢ = 1.0; and, since beta (0.5) is less
than 0.6, Q, * 1.0.

Allowable V, = Q.Qp (Basic Vp)

“= (1)(1)(8708 psi) = 8708 psi

L!L!Jt|l|



ATTACHMENT D2-1 (continued)
(Page 3 of 3)

This is considerably greater than the Acting A_ = 1698 psi.

p

Design margin = (8708/1698) - 1 = 4,12 = 412%

0K.

e
‘.

LT



ATTACHMENT D2-3

Web Froming Angles / 54.9

(Page 1 of 1)

of 384 kips for a weld size of w = %" and angle
length of L, = 10” slightly exceeds the reaction. The
corresponding (Field) Weld B, using w = %", also is
satisfactory. Since the beam’s required web thickness is
0.21” while the actual web thickness is 0.25”, the indi-
cated 3" x 3" x %4 is all night.

If the beam is made of A36 steel, this connection’s
capacity will be reduced in the ratio of 0.25/0.29 of
actual to required web thickness. The resulting capacity
of 33.] kips is less than the reaction. The next larger
connection with apparently sufficient capacity shows
that (Shop) Weld A's capacity is 47 kips, using same
angle section but an angle length of L, = 12”. Apply-
ing the multiplier of 0.25/0.29 reduces the capacity of
the connection to 40.5 kips, which exceeds the end
reaction.

5. SINGLE-PLATE OR TEE CONNECTION
ON BEAM WEB

In the previous design of the field weld, connecting a
pair of web framing angles to the supporting column
or girder, it was assumed that the reaction (R) applied
eccentric to each angle, resulted in a tendency for the
angles to twist or rotate. In doing su, they would press
together at the top and swing away from each other at
the bottom, this being resisted by the welds. These
forces are in addition to the vertical forces caused by
the reaction (R); see Figure 10.

However, in both the single-plate web connection
and the Tee-section type, this portion of the connection
welded to the column is solid Thus, there is no
tendency for this spreading action which must be re-
sisted by the welds. These vertical field welds to the

Field weld 10 supporting column
or web of supporting girder

Fiot plote used for flexible
connection on web of beom

rn
[
LR
- ———
P—
b
o
-
o
p—
. -
' nmmnd
W | am——
U e
W P
1
R -t i r.
'

FIG. 11=Single plate or Tee

column would be designed then for just the vertcal
reaction (R); see Figure 11

In the shop weld of the single plate to the web
of the beam, Figure 12. this double wertical weld would
be designed for just the vertical reaction (R). There
is not enough eccentricity to comside: any bending
action.

\

T e i

V

FIG. 12Flat plate vsed for flexible connection on web of beom.
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ATTACHMENT D2-2
5.28 / Walded-Connection Design (Page 1 of 1)

Don't hook weld oround corner;
will not have full throat

Sect Angle Width

Greater thon Column Flange

;l///l/‘//.\ \"r.
L/

Hook weld around
corner of sect angle
Sec! Angle Widith
Less thon Column Fionge

FIGURE &

5. HORIZONTAL STABILITY

A flexible top angle is usually used to give suficient
horizontal stability to the beam. It is not assumed to
carry any of the beam reaction. The most common is a
4" x 4 x W angle, which will not restrain the beam
end from rotating under load. After the beam is erected,
this top angle is Seld welded only along its two toes.
For beam flanges 4” and less in width, the top sagle
is usually cut 4” long, for beam flanges over 4” in width,
the angle is usually cut 6” long.

In straight tension tests of top connecting angles
at Lehigh University, the 4” x 4” x %” angle pulled out
as much as 1.98” before failure, which is about 20 times

FIGURE ¢

greater than usually required under normal load con-
ditions.

Notice in the following figure, that the greatest
movement or rotation occurs in the fillet weld connect-
ing the upper leg of the angle to the codumn. It is
important that this weld be made full size.

This test also imdicated that a return of the fillet
weld around the ends of the angle at the column equal
to about % of the leg length resulted in the greatest
strength and movement before failure.

Hook around

FIGURE 10

Design a flexible seat angle to su s 12 WF 272
beam, having an end reaction of R = 30 kips. Use A38
steel, E70 welds.



Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #3
Exhibit No.: 891, 897

1.0 CASE Question
Dead weight of structure not included in calculations.
2.0 Cygna Interpretation

N/A

3.0 Response

General purpose structural design codes specify that dead load shall be considered in the
design of structures. The significance of the various components of dend load in the
design of a structure varies with the type of structure. In the case of a piping system,
dead load is considered in the design of pipe supports. The dead load included in the
design of a pipe support consists of the piping dead weight and the weight of all material
attached to or integral with the piping, such as insulation, valves, etc. Since the dead
weight of the pipe support itself is generally very small compared to the piping dead
load, thermal load and seismic load for which the support is designed, it can usually be
neglected. Cygna believes that neglecting this specific component of dead load (i.e.,
support dead weight), except in the case of very unusual supports, is consistent with
industry practice.

With respect to the specific supports cited, the total dead weight of the support in CASE
Exhibit 891 and 897 is 715 Ibs and 82 Ibs, respectively. This amounts to 4% and 2% of the
design load for these supports. These percentages will be even smaller winen compared to

the support capacities.




Comanche Peak ASLB Hearings
Response to CASE Questions

Question No.: Doyle #4
Exhibit No.: 89!, 894, 897

1.0 CASE Question

Weight of support masses as they affect pipe stress.

2.C Cygna Interpretation

What is the effect of support weights (masses) on the pipe stress analysis?

3.0 Response

Standard industry practice is not to include support masses in the analysis of pipe
stresses. This practice, which was employed on the RHR system Train B at Comanche
Peak, produces satisfactory results for the following reasons: |) support weights are
relatively small; 2) support stiffnesses are relatively high; 3) support damping is typically
higher than piping system damping; 4) standard analysis techniques are structured to
envelope minor variations such as those associated with support masses.

The importance of each item is discussed in detail below. In order to help place these
discussions in perspective, the following basic equation of motion may be useful.

MX + Cx +Kx = -Ug (1)
where

= Mass

= damping
= stiffness
= acceleration

X0z

= velocity
= displacement

g!X'X

= input motion ..




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #4

Poge 2

Equation (1) describes the response of a systum (left hand side of the equation) 1o a
particular input motion. If the input motion is set to zero and system domping is small,
the response tendencies of the system can be zalculated as,

"51‘1 45 (2)

where
f = fundamental system resprnse (frequency)

f =3.1416

Equation (2) links the system response (f) to basic system characteristics expressed in
terms of stiffness and mass. From this equation, it can be seen that an increase in
stiffness will tend 1o increase the frequency, while an increase in mass will decrease the

frequency.

Standard response spectrum techniques are founded on Equations (1) and (2), such that
the system response can be directly related to occelerations plotted on a response

spectrum. Damping effects are normally included in this process by developing sets of
response spectra for various standard damping values.

Relative t Weight

Except for particularly unbalanced and massive support configurations, which were not
observed in the RHR reviewed by Cygna at Comanche Peak, support masses are small
relative to the piping system masses that drive the overall response.

In order to test this effect on Comanche Peak, Cygno performed an analysis of a segment
of piping within our scope of review, using the ANSYS code, As illustrated in Attach-
ment Di-1, the main piping from the RHR pump to the heat exchanger was studied.
Bronch lines, including the safety injection lines, were omitted to make the model more
manageable for this test, Basically, the test model contains about 95 feet of main piping

g o




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #4

Page 3

with 16 supports. This model was ana!yzed with and without support masses uzing the
same standard analysis techniques employed on Comanche Peak. The only difference
between the two analyses was support masses, which are listed below:

Support Masses
Support Number Weight (b
R“-1-010-003 12
RH-1-010-004 42
RH-1-010-002 I
RH-1-010-001 87
RH-1-064-010 4l
RH-1 -064-004 17
RiH-1-064-01 | 25
RH-1-064-003 15
RH-|-064-005 26
RH-| -064-009 24
RM-| -064-002 27
RH-1-064-006 50
RH-1-064-007 56
RH-1-064-008 122
RH-1-064-001 3l
RH-1-010-005 30

The results of this test are contained in Attachments D4-2 (caleulation package), D4-3
(computer output without support masses), and Db-4 (computer output with support
masses). A summary of the system frequencies and pipe stresses at the most massive
support (RHR-1-064-008) is provided below:




Comanche Peok ASLB Hearings
Response to CASE Guestions

Question No.: Doyle #4
Paoge &
Frequencies
Without With
Mode Sup Mass Support Mass Difference
| A 14 I.] decrease
2 103 10.1 1.9 decrease
3 123 A 7.5 decrease
4 20.0 194 2.9 decrease
5 22.\ 219 1.0 decrease
© 232 22.9 1 .3 decrease
7 282 216 2.3 decrease
8 330 A 5.0 decrease
Pipe Stress (ot Support RH-1-064-008)
without(!) with®@
rt Mass rt Mass Difference
Stress t_.llh'" ""&m
g, 247 254 | A decrease
Oy 232 «2.29 | A& decrease
Sl 2.50 2A5 | A decrease
Og 248 245 I A decrease
where
o, « maximum principal stress
o, = minimum principal stress
S| « stress intensity « maximumof G-0,, G-y, 0,0,
o
E -

ivalen! stress =
equ A [ @-

U.W(O'- O.iO oa.-c i

(1) From computer output dated 4/10/84 Q IO;Z’ for element 11, node &

(2) From computer output dated 4/10/84 @ 10:21 for element 13, node

i

node |4,
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Response to CASE Questions
Question No.: Doyle #4

Page 5

Interpreting these -esults, it can be seen that the added mass resuits in only @ minor
decrease in system frequencies. Pipe stresses actually decrease slightly, but the changes
are negligible.

Pipe Stiffness

Pipe supports are normally designed to be rigid in their support direction relative to the
attached piping. This design method tends to uncouple support response from overall

system response.

In the off (non-support) direction, the support stiffness normally has no effect., Unless
gaps are provided to uncouple the support mass in the off-direction, the mass will
participate with the piping. The effect of this interaction has aiready been shown to be
negligible in the "Relative Suppert Weights" discussion,

Support i

Damping directly associated with pipe supports is not considered on Comanche Peak.
However, if support masses and stiffnesses are included in the analysis, them support
damping should also be included.

As shown in Equation (1), the acceleration and displacement terms will tend to decrease
for a given input motion as damping (velocity term) increases. USNRC Regulatory Guide
|.61 recommends damping values up to ;% for structures and 3% for piping under SSE
loadings. Therefore, if support response is a significant contributor to overall system
response, then the overall system damping will fall somewhere between the individual
damping values for piping and supports.

Standard Analysis Technigues

There are many conservatisms built into the standard analysis techniques that are
intended to simplify the analysis and focus on the most significant mechanisms. A few of
these are briefly discussed below:

s! ‘!ls|5|
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—

a. Low System Damping

Researchers have shown that piping systems exhibit damping volues greater than
those allowed by USNRC Regulatory Guide .61, For example, the Pressure Vessel
Research Council (PVRC) has proposed the damping values shown in Attachment
D4-5.

b. Modal Response Method

This method combines individual system responses (modes) without regard for
direction (or signs). For example, even though responses may be either left or
right, this technique assumes that all responses act to the right, A more refined
analysis would circumvent this combination technique, but the costs are not
practical for production analyses.

c. Spectra Broadening

Motions input to the piping analyses in the form of response spectra contain two
significant conservatisms: (1) the rough (saw-toothed) spectra are broadened,
usually + 15%, and (2) the rough shape is enveloped by a smooth curve.

d. Ground Spectra

The shape of the ground spectrum is generically defined per USNRC Regulatory
Guide 1.60. A site-specific spectrum would normally impos.e significantly less
demands on the structures, systems ond ccmponents, The peak ground
accelerations are also based on conservative interpreiations of the geotechnical
conditions.

e. Elastic Analyses
Pipe systems have considerabie inherent strength that is not tapped by the standard
analysis/design technioves, Being constructed of steel, these systems exhibit

strength well beyond .he yield point, This is often defined as ductility, In
Attachment D4-6 (Appendix A to Standard Review Plan, Section 3.5.3) the NRC

L —
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Page 7

recognizes this fact. Although Attachment D4-6 is intended for impact or impulse
loads, it shows that steel members in tension can resist strains up to |0 temes yield
and still perform their intended function.

In conclusion, Cygna does not recommend that the conservatisms noted above be deleted
from the Comanche Peaok analyses, But, on the other hand, the presence of these
conservatisms should be recalled whenever minor effects are considered, such as the
effect of support masses on pipe stress analyses. Regarding the Comanche Peak practice
of not including support masses in the piping analysis, Cygna considers this practice to be
consistent with industry practice and with the degree of refinement of the analysis
techniques. Furthermore, the test problem results show that support masses have a
negligible effect on pipe stresses in a system similar to the one reviewed by Cygna.
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A'PTACHMENT Dé=-6
(Page 1 of 1)

APPENDIX A
STANDARD REVIEW PLAN SECTION 3.5.3

PERMISSIBLE OUCTILITY RATIO
FOR OVERALL DAMAGE PREDICTION

I.  INTRODUCTION

In the evaluation of overall response of reinforced concrete and stee) structura)
elements (e.g., missile barriers, columns, slabs, etc.) subjected to impactive
or impulsive loads, such as impacts due assumption of nonlinear
response (i.e., duct i the structura) elements
is generally i Y functions of the
structural e} and components supported
Or protected J ‘ following summarizes specific
Positions for reinforc

and steel structura) elem i |

IT. SPecIFIc POSITIONS

1. Reinforced Concrete Members

The technical Position of the regulatory staff with regard to permissible
ductility ratios is stated in Regulatory Guide 1.142. Prior to Publication
of Revision 1 of Regulatory Guide 1342, the starf position regarding
ductility wil be provided to applicants on a Case~by-case basis.

Structura)l Steel Members

a. For tension due to flexure
Mg £ 10.0
For columns with slenderness ratio (1/r) equal to or less than 20
My £ 3.3
Where 1 = effective length of the member
F = the least radius of gyration
For columns with slenderness ratio greater than 20
Mg £ 1.0
For members subjected to tension

e
My £ 0.5 .

" Where €, = Ultimate strain

®y = Yield strain

Rev. 0 - July 198




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #5
Exhibit No.: 891, 894, 897

1.0 CASE Question

Inaccurate conclusions as related to KL /R for pinned columns:
o If a column fixed at its base and free at the top has an effective K of 2.0,
cutting at some point up from the base and adding a pin does mot address the
problem.

2.0 Cygna Interpretation
Does a stability problem exist for CASE Exhibits 891, 894 and 8977
3.0 Response

The stability characteristics of a structure under the action of compressive loads can
generally be separated into three categories. These include rigid bmdy modes of
instability, Euler column buckling, and beam-column effects. For twe purposes of
discussion, the three support configurations in question (CASE Exhibits 891, 894 and 897)
can all be idealized to the basic configuration shown in Figure |, wherein the x
component of reaction at A is provided by frictional clamping forces. For this basic
configuration, the rigid body modes of instability generally occount for the overall
stability characteristics of the entire structure, while Euler column bucklling and beam-
column effects are confined to the individual members,

rigure |

19
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Response to CASE Questions
Question No.: Doyle #5

Page 2

The rigid body mode of instability can be initiated in three ways: (1) when the clamping
force at A is insufficient to develop the lateral (x) compoment of frictional force
necessary to prevent sliding; (2) when the clamping force at A is insufficient to develop
the resisting torque necessary to prevent the clamp from rotating; and (3) for the
specific case of alpha equals theta, when the cantilevered member BC does not provide
sufficient lateral stiffness at point B to prevent rigid body rotation of member AB.

Euler column buckling of member AB can occur for all values of alpha and theta given in
the three exhibits. The correct value of K to be used in ewaluating the stability of
member AB is 1.0, since the member is pinned at both ends and con therefore only
develop axial loads. Similarly, Euler column buckling can cccur in member BC but only
when alpha equals theta, The correct value of K to be used in evaluating the stability of
this member is 2.0 since the member is fixed at one end and free at the other,

Beam-column effects account for the fact that the bending stresses produced by lateral
loads on a column are amplified by the presence of the axial koad. What this means is
that the maximum stress in a laterally loaded column is not sismply the sum of the axial
stress and bending stress, but is in fact the sum of the axiai stress and an amplified
bending stress. This amplified bending stress is the produect of the bending stress
produced by the lateral locd and an amplification factor which is given by the expression

|
(T'—WP—)
- er
where P is the axial load in the column and P is the Euvler buckling load for the
column, Only member BC is influenced by the beom-colurm effect., Obviously bearn-
column effects have no influence on member BC when members AB and BC are either

co-linear or perpendicular,

Each of the three CASE exhibits can now be briefly discussedl with respect to each of
these three categories of instability,

AL
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TABLE D5-1
CASE Exhibits
891 89y 897
Required Lateral Stiffness 800 &0 N/A
at point B (Ibs/in)
Actual Lateral Stiffness 700,000 2,000 N/A
at point B (Ibs/in)
TABLE D5-2
Required Required
Type of Clamping Bolt
CASE Clamping Force Force Torque
Exhibit Resistance (Ibs) (f1—Ibs)
Sliding 150 2
- Rotation 107 |
Sliding 96 |
- Rotation 16 |
897 Sliding N/A N/ A
Rotation 122 |

Euler Buckling of member BC has been accounted for in the calculation and is not @
problem. Member AB'Is o pre-qualified component and as such is stable with respect to
Euler Buckling.

L.
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The only support for which beam-column effects are applicable is CASE Exhibit 891,
Since the critical buckling load for member BC is so large the amplification factor is

1.00. Therefore, beam-column effects have no influence.




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #6
Exhibit No.: 89|

1.0 CASE Guestion

|6-inch pipe with about 20 kips load glong 3-1/2 inche. of length induces high bearing
stresses which reaquire pads. This is not addressed.

o ASME Code against flattening.

2.0 Cygna Interpretation

How did Cygna evaluate the ytresses induced into the piping by the following, as related
1o the ASME Code caution against nducing excessive flattening into the pipe wall:

a. Usbolt?
b, 5" x 5" x 1/2" tube steel frame?

3.0 Resporse

Cygna originally evaluated the general code requirements for attachments to piping and
Texas Utilities' application of the code.

In Section Ill, the ASME BAPV Cude provides the following cautions

Subsection NB-3645 (Class | Components)

"Lugs, brackets, stiffeners, and other attachments may be welded, bolted, or studded to
the outside or inside of piping, The effects of attochments in producing thermal stresses,
stress concentrations, and restraints on pressure retaining members shall be taken into
account in checking for enmpliance with stress criferio.”

"External oné |vernal attachments to piping shall be designed so @s not to cause
flattening of the pipe, excuisive localized beding siresses, or harmful thermal grodients
in the pipe wall. 't is impartant that such attachments be dusigned te minimize stress
concentrations in pplications where the number of stres; cycles, due either o pressure
or thermal effect, is relatively 'arpe for the expected life of the equipment.”

——————————i— e ————————————————
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The Code statement for Class | components specifies thet local effects due to
attachments shall be taken into account for compliance with the stress criteria, The
Code statement for Class 2 and 3 components, such as those associated with RHR
systems, specifies that atiachments shall be designed to minimize localized stresses of
the pipe. It does not define the term "flattening." A reasonable interpretation would be
that the designer of Class 2 and 3 piping should consider the significance of any
additional stress induced in the pipe due to attachments. Such o consideration does not
imply @ requirement for calculations in all instances depending upon the method of
attachment,

The Comanche Peak project did use CYLNOZ, o local stress analysis program, when
welded attachments were made to the RHR system, It is not common practice to
analyze the effects of bearing or clamping except where judgement indicates the need
for such an evaluation based on the specifics of a particular design.

In its original review of the adequacy of the loads introduced into the pipe wall by
support Sl-1-325-002-532R (CASE Exhibit 891), Cygna considered the following:

a. Usbolt, Cygna judged that the loads introduced into the piping due to design
loads would not prevent the piping from performing its intended function.

U-bolts are frequently used in the industry for similar applications, Further
discussions on U-bolt applications are provided in response to Doyle Question
0.

b, 5"x 5" x 1/2" Tube. Although an unlikely achievement, the drawing detail
specifies a 0" gap ot all four bearing points. Cygna reviewers concluded
significant stresses would not develop in the pipe. It shouid be noted thot
radial thermal growth for such a 16" pipe would be |/50", about the width of
two business cards, An analysis of these effects on the pipe was performed to
substantiate our judgement on the worst case effects and is contained in
Attachment Dé-1, The results show that the stresses ure occeptable, It is
important o note m.ec this is not a typical detail,

L B
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Comanche Peak ASLE Hearings
Response to CASE Questions
Question No.: Doyle #7
Exhibit No.: 89|

1.0 CASE Question

Clip angle 4" x 4" x |/2" which supports U-bolt not addressed (critical to maintaining
stability):

Section modulus .04 in cube

Moment arm at least 2 inches

1 100# load exceeds Code allowables.

Pre-tensioning to obtain a clamping force required could exceed this (not
including thermal constraint and design loads)

Clamping force with no margin of safety for single degree system (not point
contact or line contact) is force/coefficient of friction or about 4 times what

is required for clamping force.

0O 0 0O

o

2.0 Cygna Interpretation

Did Cygna check the clip angles (item |5 on support no. SI-1-325-002-S32R) for a
potential overstress condition due to: U-bolt torquing, thermal loads, and mechanical
loads?

3.0 Response

During the original Cygna review of this pipe support, a judgement was mcde that the
friction forces necessary to resist sliding of the support along the lengsth of the pipe were
minimal. At first, these small resisting forces were assumed to be developed by the
U-bolt while the mechanical loads, those resulting from static, therrmal, and dynamic
analyses would be resisted by the box frame. Cygna believes that thiis was a reasonable
assumption to make, given that the support drawing cails for @' clearance between the
pipe and the box frame. However, because the U-bolt was connected to the support
through clip angles that were not considered substantial, a theoretical loss of U-bolt
capability was assumed. The reviewer assessed that given this possible loss of U-bolt
function ond caopabilities, sufficient friction forces to resist sliding would still be
developed between the box frame and the pipe. These frictional forces were caiculated
as part of the response to Doyle Questio~ #5 and found to be sufficient to resist the
sliding effects required to maintain stability .

20
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A review of the installation instructions (not within the scope of the Cygna audit)
indicates that the torque placed on the U-bolt nut in the regular course of installation
would theoretically overstress the clip angles. Although the installation procedures were
not considered in the Cygna review, the correct conclusion was reached since the
reviewer assumed a loss of U-bolt capability.

Cygna does consider this support to be a poor detai! if significant cinching loads have
been applied to the U-bolt. Installation practice is a new consideration which will be
accounted for as part of the on-going Phase 3 review.




Comanche Peak ASLB Hearings
Response 10 CASE Questions
Question No.: Doyle #8
Exhibit No.: 893

There is N© documentotion in calculations 1o support the conciusion that flore welds are
stronger than fillet welds—no calculations; therefore, why did Cygna occept this

stotemem?

o Flare weld strength depends on radius of flare (depth).

2.0 Cygna Interpretation

Why did Cygna consider flare welds stronger than fi.et welds when no calculations Were
made?

3.0 Response
As specified in Cygna Design Criteria DC-2, "Pipe Support Design Review Criteria,"
welds were reviewed for compliance with AWS D.1.1. This weld was not judged 1o be
"unsoﬂsfoctory." As shown below, in the case of @ welded beam ot‘tochmem for
51-1-079-001 5325, flare welds are stronger than a | /4" fillet weld for Two reqsons:
{) Minimum effective throat thickness (tp) is greater
o For flore weld:
iy * 5/16 R= 5/16 (5/8" = 0.20"
where R = minimun: weld groove radivs
- inside radius * thickness
218" 1/2" = 5/8"
o For fillet weld:

te * 0.707 (1/a") = 0.18"

since 0.20" ».0.18", ¢ flare weld is 10'% stronger than a | /4" fillet weld.

22 S
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2) More weld length

For the welded beam attachment considered, the weld length is 2" along the
square side versus 3" along the beveled side. Consequently the installed flare
weld along the bevel will give this support 50% more capacity for the same bes

Therefore, changing from a |/4" fillet weld to @ minimum flare bevel groove weld
increases the capacity of the weld by 65%.

'y
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( Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Dovyle #9
Exhibit No.: 892

1.0 CASE Question

The reduction of weld capacity in the calculation is based on |35 degrees. Actual
tangential angle is 150.3 degrees. Therefore, an error exists. Did Cygna take note of
this?

e More stress in weld than stated.
e Wide/thin ratio induces cracking as well as the |.4:1 ratio of width to depth.
2.0 Cygna Interpretation

What was the basis for concluding that the stanchion-to-pipe weld shown in CASE
Exhibit 892 is adequate?

(- 3.0 Response

ITT Grinnell design procedure, SA 3912, (Attachment D9-1) states that credit shall only
be taken for the portion of the weld up to |35 degrees. Cygna concurred with this
procedure and confirmed that it was properly employed on the subject support.
Attachment D9-2 shows that the weld length included in the strength calculaticn was
only that portion where the angle between the stanchion and tiee pipe was less than or
equal to 135°.

¥
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ATTACHMENT D9-1

(Page 1 of 4) SA 3912 Rev. A Page 1 of 32

WELD PROPERTIES FOR
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LTT GRINNELL PIPE MANGER DIVISION sa-3912 REV.A PAGE 11CF 13

ATTACHMENT D9-1
(Cont.)
(Page 2 of 4)
WELD ANGLES FOR STRAIGHT PIPES WITH
STANCHION ATTACHMENTS
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THE 7 -VALUES_OBTAINED FOR § VARYING FRCM O° 7O _ec* ARE
REPEATED EVERY ©SC° FCPR STRAIGKHT o= ATTACHMENTS




I.LT.T. GRINNELL PIPE HANGER CIVISEION ga-3912 REV.A PAGE ~p OF 44

ATTACHMENT D9-1 (Page 3 of 4)
{(Cont.)

4.1 TABLE 1

WELD PROPERTIES OF STRAIGHT PIPES WITH
STANCHION ATTACHMENTS (Ref. Fig. 1 & &)

LIMITING WELD ANGLZ = 135°

NOM. NOM | OVERALL WELD PROPERTIES

PIPE | STANGM | WELDED

SIZE §iZE | LENGTH | Ly s, S, Jw Ls
: | a.2a| a.2¢] 1.38] 1.36 1.79 .24 l

L

2172 | 112| .26 6.24| 2.e4 | 2.84 5.39 6.24
2 ! 8.04 5.36 4.17 1.74 ! 7.01 5.36
2 1/2| 11.08 6.16 5.€4 1.57 10.37 €.16
11721 6.16| e.16| 2.84 | 2.88 | s.331 ¢.16

3 2 -.g2| 97.32| 4.a3 | 4.43 | 10.52 7.82 |
2 12| 9.72| e€.48| 6.12 | 2.54 | 12.:s 5.434J
3 13.49| 7.s0| s.36 | 2.32 | 1s.72 7.50
2 .60l 7.69| 4.43 | 4.43 | 10.52 7.569

4 5 1/2| 6.42| 9.42| 6.39 | 6.49 | 18.66 | e.a2
3 11.72 | ®.46 | 9.29 | 2.60 | 2:.32 | e.as
4 17.35| 9.64 | 138z ; 3.85 | 39.76 | o.e4
3. | 1.3al 1136 e.62 | 9.62 | 33:67 | 1124

6 4 14.82 | 14.82 | 15.90 | 15.90 \ .57 | 14.82
‘ l 25.54 | 14.19 | 2¢.96 | 8.34 1:5.37] 14.12

FOR INFORMATION ONLY




1.T.T. GRINNELL

WELD PROPERTIES OF STRAIGHT P1PES WITH

LIMITING WELD ANGLE = 135°

NOM OVERALL
STANCH. | WELDED
SIZE LENGTH s
Y

WELD PRCPERTIES

14.57

22.14

33.25

14.46

503.93

650.46

| 904.37




ATTACHMENT D9-2

(Page 1 of 1)

PIPE

PAD ANGLE SUBTENDED BY THE !
WELD AT THE PAD/STANCHION |
INTERSECTION ;

2= 150°

135°

STANCHION I ‘
sl
i
|

!
|

A_Jr WELD METAL INCLUDED IN ;
| STRENGTH CALCULATION |

jﬁ\\\ WELD METAL EXCLUDED FROM
| STRENGTH CALCULATION

-‘—’///" COMPLETE WELD CIRCLE

SECTION A-A

STANCHION - TO - PIPE WELD

[



Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #10
Exhibit No.: 893

1.0 CASE Question

Changing from a flare weld to a fillet weld induces flange brending. Has this been

addressed by Cygna?

2.0 Cygna Interpretation

The calculation sheet attached to Exhibit 893 states that the weildment between the rear
bracket and the beam flange was changed from a fillet to @ flare:/bevel weld. This fillet-

to-flare change results in @ 90 degree re-orientation of the weld lines,

perpendiculor-to-porollel to the web of the wide flange. DJid Cygna evaluate the

additional loads on the flange?

3.0 Response

Cygna judged that this re-orientation would not cause an oversstress in the flange. The

following calculation verifies that judgement:
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Cygna agrees that the maximum stress condition is due to flange bending.
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Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #1 1|
Exhibit No.: 89!, 894, 897

1.0 CASE Question

Effects of out-of-plane seismic excitation of support hardware not included in
calculation, Did Cygna address this point?

e Additional loads on support?
e Additional loads on pipe?

2.0 Cygna Interpretation

Did Cygna evaluate the effects of support self-weight excitation in the off-direction, as
related to:

a. support design?
b. pipe design?

3.0 Response

a. During Phase 2 of the Independent Assessment Program Cygna did identify this as o
potential problem. In the IAP Report, Cygna noted that self-weight excitation was
not included in the support design. Note | to Checklist P5-0l states:

"Support Self-Weight Excitation

In general, pipe support vendors have not included support loads due to self-
weight excitation in their loading. Texas Utilities has done a generic study in
response to Walsh/Doyle allegations which shows the effects are negligible.
The NRC Site Inspection Team (SIT) has reviewed and accepted this evaluation
in Item 3.h of Inspection Reports 50-445/82-26 and 50-446/82-14."

Since the |AP was performed for the NRC Staff, further evaluation of an issue
already identified and reviewed by the Staff would have been redundant.
Accordingly, Cygna noted the potential deficiency on the appropriate checklist and
deferred to the Staff evaluation.

b.  The effect of support masses on the piping analysis is discussed in the response to
Doyle Question #4.

: -/




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #12
Exhibit No.: None

1.0 CASE Question

Restraint of rotation by the pipe because of coupling effect of hardware on both sides of
a pipe:

e Load increase in | of 2 snubbers/struts
e Alteration of dynamics of pipe system during seismic event

2.0 Cygna Interpretation

Support RH-1-010-003-522R consists of two struts attached to trunnions, which are
welded to the pipe at diametrically opposing points. How was this considered in the
piping and support evaluations?

3.0 Response

Cygna reviewed the pipe stress analysis to determine whether or not accepted modeling
techniques were employed. Cygna determined that the RHR pipe stress model used by
Gibbs & Hill was acceptable when compared to general practice. CASE has proposed the
need to model certain pipe support configurations into the stress analysis which is
different than the existing approach. Gibbs & Hill reran the analysis of piping segment
AB-1-70 (see Walsh Question #11) using the CASE techmiqu: The results, when
compared to the original analysis, were different, however, there . no reason to believe
the Gibbs & Hill model is inappropriate.

e
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Comanche Peak A5LB Hearings
Response to CASE Questions
Question No.: Doyle #13
Exhibit No.: 891

1.0 CASE Question

In Note 2 following pages PS-0l-4 of 4 , Cygna decided to eliminate their stiffness
criteria based on their knowledge that o report existed to address the problem (but
without personal knowledge of what was contained in the document in detail). Why didn't
Cygna consult with their experts - for example Eric van Stijgeren (who was the editor on
a paper by T.Y. Chow, C.H. Chen and O. Bilgen) — in reference to deviations from
generic stiffnesses in pipe supports and the effects on piping systems.

e Third paragraph introduction et. seq. (CASE Ex. 884).
2.0 Cygna Interpretation
Did Cygna evaluate the effects of support stiffnesses on the piping analyses?

3.0 Response

During Phase 2 of the Independent Assessment Program Cygna did identify this issue as a
potential problem. As stated in the |AP Drcft Report, Cygna questioned the pipe support
stiffnesses utilized on Comanche Peak. Note 2 to Checklist PS-01 states:

"Pipe Support Stiffnesses

The NRC SIT raised the issue of support stiffness in item 3.j of the above
referenced reports. Gibbs & Hill has performed a generic study for review
by an NRC consultant. The study shows that using | /16" deflection criteria
on support design provides acceptable stiffnesses for the piping analysis
(changes in support stiffness do not greatly affect piping results). The NRC
review results were not available at the time of the Cygna review."

Since the IAP was performed for the NRC Staff, further evaluation of an issue already
identified and reviewed by ‘the Staff would have been redundant. Accordingly, Cygna
recorded the potential deficiency on the appropriate checklist and deferred to the Staff
evaluation.

_RE




Comanche Peak ASLB Hearings

Response to CASE Questions

Question No.: Doyle #14

Exhibit No.: 891, 893, 894, 895, 896, 897, 898, 899, 200

1.0 CASE Question

In Note |, the same source, did Cygna consider the additive effects of self-weight
excitation if the stiffness is considered from node point to hard point as opposed to the
stiffness of the frame independent of hardware, local effects, baseplate and anchor
bolts?

o Spring rate of baseplate/anchor bolts (particularly bearing-type joints) can be
considerable (observation of baseplate |l finite analysis).

2.0 Cyc !nterpretation

Did Cygna consider the following:
a. The effect of support stiffness on the evaluation of self-weight excitation?
b. The flexibility of each element in the support load path?

3.0 Response

a. In order to evalute the influence of self-weight excitation on support design, one
must apply the appropriate dynamic loads and then calculate the induced stresses
and deformations. The applied load, in this case, is the support self-weight.
Support stiffness is effectively considered twice in this process. First, it is

included in calculating the applied dynamic load. This can be illustrated by the
following elementary formulas:

|. Load = function (freq)

2. freq=(1/6.28) - SQRT (Kg/F)

where freq = support fundamental frequency
K i = support stiffness
F = self-weight
| = gravity
PS4
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Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #14

Page 2

Secondly, the determination of support stresses and deflections involves a
structural evaluation which considers the support stiffness.

For a further description of Cygna's review process relative to support self-weight
excitation, see the Cygna response to Doyle Question #11.

b. As stated in the response to Doyle question #13, Cygna recorded that support
stiffness calculations on Comanche Peak were potentially deficient. When it was
learned that the NRC Staff had evaluated this issue, Cygna deferred to the Staff
evaluation rather than performing a redundant review.

Regarding the effects of component flexibilities on the overall support stiffness, current
standard practice is not to include the baseplate connection. These effects are being
studied by various industry groups. One such group is the Structural Engineers
Association of California (SEAOC). An update on their activities is provided in
Attachment W14-1. Until resolution is reached on the relative merits of considering the
baseplate connection in the stiffness calculation, Cygna does not consider it reasonable
to evaluate Comanche Peak against a requirement to include these effect.
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Company e 4 J T o Cont R
Teé-as Ut1]1t1es ' elecon onterence Hepon

Projest Job No
Comanche Peak Steam Electric Station A 84042
Independent Assessment Program - Phase 3 4/10/84

Subject Time

3:00 pm
Column Base Plate Flexibility - <

Parucipants of

Helmut Krawinkler (415) 497-4124 SEAOC ang

stanford University
T. Wittig (415) 397-5600 Cygna

Requirec
item Comments Action By

Reference: “Recommended Lateral Force Requirements and
Commentary,” SEAOC, 1980.

Mr. Krawinkler chairs a Structural Engineer Association of
California (SEAOC) subcommittee on "Steel."

I asked for an update on activities related to the following
excerpt from Commentary Section 4 of the referenced publication:

“Column base connection performance is of particular
concern where a fixed base is assumed in design. The
effects of inelastic extension of anchor bolts on
column moments, frame drift and stability need
investigation;”

Mr. Krawinkler noted that this question is complex and that SEAOC
has not established a position. Furthermore, there will be no
position stated in the upcoming revision to the referenced
document.

>

Regarding the application of this question to pipe supports, he
emphasized that Section 4 is titled “Steel Ductile Moment
Resisting Frames." The commentary note was added because hinge
formation needed to develop ductile behavior in steel framed
buildings could conceivably occur within the column base plate
connection. Since information on the ductile behavior of such
connections is insufficient, thro issue was identified as

-

Page of

_/pm 1 2

Signea

Distnibution

H. Krawinkler (Stanfdgt Univ.), D. Wade, N, Williams, G. Grace, T. Wittig,
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QTR ATTACHMENT W14-1

(page 2 of 2)

ftem

Comments

Reguireg
Achon By

requiring study. Applying this question to pipe supports is
clearly inappropriate, because they are not designed as ductile
moment resisting space frames.

1 told Mr. Krawinkler that our conversation would be reported
during the hearings on Comanche Peak.

"~




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #15
Exhibit No.: 891, 898, 899, 900

1.0 CASE Question
Was thermal lockup considered for anchors which restrain pipe radial growth?
o Induces frame moments,

2.0 Cygna Interpretation

o How was the effect of thermal radial pipe growth considered in the review of
CASE Exhibits 891, 898, 899, and 9007

3.0 Response
Exhibit 891 (Suppert Sl-1-325-002-522R)

Exhibit 891 shows a box-frame enclosing a 16" diameter pipe. The design details specify
a zero gap between the pipe and frame at the four points of contact. Cygna reviewers
evaluated this configuration and judged that the thermal stresses would be acceptable.

To oddress some concerns raised during the ASLB hearing regarding this issue, Cygno
performed o finite element analysis of the frame/pipe with zero gaps. Figure DI5-1
shows the model. The pipe was heated to 350°F ( T = 280°F) and the flexibility of both

the pipe and frame were considered.

BOX-FRAME THWERMAL MODEL

e
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Comanche Pec ASLB Hearings
Response to CASE Questions
Question No.: Doyle #15

Page 2

The results are summarized below:

Thermal Only
Stress
Element (psi)
Pipe 37,700
Frame 38,300
Thermal + Mechanical
Stress
Element (psi)
Pipe 39,300
Frame 39,800

Nores:

Allowable
(psi)

6&,800(' )
56,4002

Allowable
(psi)

64,800
56,400

% Allowable

58%
68%

% Allowable

61%
71%

(1) 3 S, per ASME B&PV Code, Section I, Figure NB-3222-1. S, = 19,300 psi
per Appendix | for SA376, Type 304, material at 350°F.

(2) 35 per ASME B&PV Code, Section Ill, Paragraphs NF3213.10 and NF323l.la.
S = 0.6 Sy, where Sy = 36,000 psi per Appendix | for AS500, Grade B, tube steel

at 70°F.

Note that the element stress allowables are pased on membrane plus berding stresses
defined in the ASME code. This is appropriate because the model employed discrete,

shell elements.




Comanche Pegk ASLB Hearings
Response to CASE Questions
Question No.: Doyle #15

Page 3

Exhibits 898 and 900 show IWO variations of framed Supports where the Pipe is welded to
diometricolly Opposed trunions which form the horizontaq] member of the frame. F igure
DI15-2 illustrates this configuration,

FIGURE D15.2
Cygna reviewers Considered the effect of pipe thermal expansion to have negligible
impact on the support design since the stresses induced in the support result from

898 (See Attachment DI15-1) which incorporate the effects of Pipe thermal expansion
with mechanical loads, The results of this Caleulation show that all stresses in the frame
and base )late gre below the ollowables,

Exhibit 899

Figure D15.3 illustrates this configuration,

FIGURE D15.3




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #15

Page 4

By inspection, thermal radial growth of the pipe is primarily unrestrained. A secondary
restraint will develop at the bimetallic weld due to thermal gradients and the material
differences. Cygna's reviewers judged the effect of this secondary restraint to be
negligible.




Comanche Peak ASLB Hearings
Response to CASE Questions

Question No.: Doyle #16

Exhibit No.: 891,897, 898, 899, 900, 906

1.0 CASE Question

The baseplate analysis is based on distribution of shear relative to load path/stiffness for
all bolts in the pattern. Did Cygna address this problem?

e With oversized holes and the inability to eliminate construction tolerances
(location of the bolts combined with location of the bolt holes), it is not
possible for all of the bolts in the system to be active (see CASE Exhibit 906).

e The stiffness of the bolts is such that deflection cannot be counted on s a
means to achieve full pattern participation.

e Even if deflection could result in full activity, the first bolts deflecting wowld
receive the larger portion of the load in an ideal symmetrical and . ystems.

e For non-symmetrical system and systems of variable stiffness, the inactivity
of a number of the bolts will alter the accuracy of the computerized analysis.

2.0 Cygna Interpretation

N/A

3.0 Response

The determination of the distribution of snear forces to the anchor bolts of a baseplate is
based upon the same methodology which has for decades been sucessfully used for the
design of bolted connections of both bearing and friction type. In this “conventional
method" of bolted connection design it is assumed that all bolts in the pattern are octive
to one degree or another depending upon the location of the pattern center of Fwist
relative to each bolt. Should the center of twist lie within the bolt pattern, some bolts
may be completely inactive compared to others in the pattern. Where the pattern center
of twist is far exterior to the bolt pattern it is more likely that all bolts will be equally
active in resisting shear forces. Using this method the forces on the most highly stressed
bolt within the pattern then determines the bolt size to be used for the entire pattern.

' s




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #16

Page 2

Cygna finds no problem with this standard design methodology which is referenced in all
standard textbooks which deal with the design of bolted connections.

In responding to the question, it will be assumed (conservatively) that no friction
whatsoever can be developed between either the baseplate and the concrete or the
anchor bolt nut/washer and the baseplate. For this extreme case it will be explained how
full baseplate functionality to resist the ultimate design shear forces is maintained.

Construction tolerances associated with either locating the bolt hole in the baseplate or
the bolt hole in the concrete have absolutely no influence on the distance that a
baseplate must move before it bears directly on an anchor bolt. The only thing that
affects the maximum distance that a baseplate must move until it bears directly against
the bolt is the difference between the diameters of the bolt hole and the bolt. At
Comanche Peak this maximum distance is | /16" for bolts less than I" and | /8" for bolts
I" and grecter, although most baseplates with |" holes which have the lesser oversize
of 1/16" specified. Oversized holes is a fact of life in connection design. Codes specify
the allowable oversize for various types of connections.

With oversized holes (and again conservatively neglecting friction) it is not possible for
all bolts to be initially active. Even after all bolts become active some bolts will be
resisting much higher forces than others. This is a well recognized fact in any bearing
connection. What is essential for a bearing connection is that it be able to reach its
design ultimate capacity. It is not important that all bolts be stressed to the same level.

In the design of a connection oversized holes would never be specified in a connection
constructed from brittle material or from materials which exhibit non-ductile behavior,
Connections must be made of materials which exhibit relatively ductile behavior so that
shear force redistribution can occur among the bolts in the pattern.

For a beoring connection a relationship exists among the size of the hole oversize, the
ultimate shear displacement of the bolts, the stiffness characteristics of the bolts, the
percentage of bolts not initially in bearing and the desired baseplate safety factor. This
relationship is derived below,




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #16

Page 3

Consider a baseplate with N total bolts of the same diameter and embedment. X of the
N bolts are in immediate bearing with the baseplate. Therefore, N-X bolts are not in
immediate bearing and are all (conservatively) assumed to have a maximum gap of 44(the
hole oversize). Thus (N-X) bolts will iag the response of the X bolts by a displacement
of

Let
P, = Total Design Shear Load on Baseplate

SF = Baseplate Safety Factor Desired

Py = Ultimate Baseplate Load = (SF)P,

F = Ultimate Bolt Shear Force
F
Fp = Allowable Bolt Shear Force = -53 per Design Criteria

The actual bolt shear force-displacement curves can be closely approximated by a
bilinear force - displacement curve such as the one shown below,

Ktdo

—— Tangent Stiffness

| A 8o = Hole QOversize

Secant Stiffness

Now A . I a, Ultimate Displacement
Py = XF, + (N-X)F, - K72,) (m
P, = NFpy = NF /s 2)
Py = (SF)Pp = (SFINF /g (3)
. 27




Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #16

Page 5

This is a sufficiently high safety factor for a baseplate. It can be seen that the /8"
oversize hole only reduced the overall baseplate factor of safety below the bolt factor of
safety by 4%.

The "conventional method" is the basis for both hand analysis and computerized analysis
of baseplates to determine the relative distribution of shear forces within o bolt group.
The "conventional method" is a design tool, it is not a rigorous nonlinear analytical
technique. Where used for connection design with sufficiently ductile materials it
guarantees that the required ultimate shear capacity of the baseplate will be reached.




Enclosure D16-1

Sheet 1 of 2
ES==mmmn ADSOTA.MANKS
e—— 8 TABLIENED 1008 :
2116 INDIANA STREET, P, O. BOX TTRES :
==—————— g AN PAANCISCO. CA 84107 il Wy v g
(4185) 282 -8800 . Report No. B785
January 30, 1974 .
CMILTI FASTRNING SYSTEMS, IWC. =~ ' : ? S ¢
300 Pairfield Avenus Ve |
Stamford, Connwecticut 06904 , .
SURIECT: . KWIK-JOLT TUSTING PROGRAM - LOAD VS. DISPLACERENT CRARS
At ur request, we have conducted a C rehensive progmanm of testing of
U’\.Y:O\"n tt(o;v'nt Jiameters of A\tlk-ﬂu (1/4" through 1 1/4") to determine
‘thelr performance characteristics An 2,000, 4,000 and 6., 000 4 concrete. ‘The
‘results obtained from this program aAre as noted on the mtta graphs.

Anchors, drills and drill bics were furnished by HILT1 ffrom regular production
runs and are considered to be indicative of that materismi normelly used for
installations of this type.

Concrete was supplied by a local bstch plant and placed wder Abbot A, Hanks
superasion by & gencral centractor. Non reinforced slabs were usel for
testing. The concrete mix for the test slabs used Limemtone sgETwiEate in
accordance with ASTM C+33 (3/4" smximmm) and Type 11. cenment. concrete
was placed in typical construction manner and finishid wilth & bull-float.
Test siabs were designe. for 28 dav strengths of 000, ¢ 000 and 6,000 psi.
Conwpressive strengths were verified from standard o % iz (r‘h cyit rs from
LL) slad pnur:ﬁ in sccordance with AST™ C-31 and tes-ted In accordance with

ASTN C-39.

iunsile und shesr tesxcing wis - erfoor & us ‘¢ & hollow-rcore hydrmulic jack

squipjed with & “;'5;‘51.4 prununl..u-j. "“"',‘.}:.,,"‘:“Zﬂ “t-h:‘:r:‘t‘:: pon
UifMmeEnt WAS SUpport by & ‘aree legged reaction L] e

::Mtng outs ide n‘ 4 dizgwet. eircls } r anchors 3/4*" ¢ er Or less and

outsido u 30" Jimwes oo W ‘e for VWt L 1/4" diameter ors.

Per sho'r test 7, #ll anche~s wety a7 v 30 swsy I e reaction point

of the laviraviic cesting oqu., =~ . - 4 was applis . os close to the

surfuce ‘:‘;r:oo;ulo o min.mize the wile » of beoerd . In addicion, several

washer: were pla. +' Dotween the sicar pis - and concrets surface to minimiie
gy iction botween rrg Two syrfaces.

SUBSIDIARY OF BERNG). INO. 2 " . TR0




Shear (lbs)

Enclosure D16-1

Bheet 2 of 2

40000

35000

30000

26000

20000

15000

10000

e -— 4 X ¥
- ———— —— - -
oo > 2 - g ——— -— § - -
— = ..— — — s 1
< - 3 g S 4 + ._i..._.-_.}-
.o > —— - — — —— cod seedw
-— e ) —
= T == 3 g g
- - o g - o g < = & et —
- .- - et =« . —
= e -
: = 2 1 e pal reta
oo @ 2 ——
—~ —= e <
- e . " — v — -
- . 2 b '
= Sup
- Spp—
———
- - 2 v -
-
3
-
-
b 4 - .
- B
/ — —
- a——l
e - -~
D —
" ——
- - — e o — —
” - - o
pe — e 4
X - 4 !
- vq - —_—
> - o (X
7 T —t
D S —— o — -
— w— s} -
f }. ==
' e | - s & m—
4 - o ——
———
7 [
' —-
1
7 P p—y Y. v o o
~ .
- - —
> -
- - ——— B3
s
— —y s
e D -
s - —
A -
— g— -
- a
ay
- = —_—
-l
o - —
—
s
—e
——
e
— - —
v 4 — —
=i
4 T e
T
——
——t L —
—
— — e
- P—
——
o
om— — —
e — - s
- —
s
2 ] B
- - ==
- —
— -
- — - -
s S
- a—
P
e
4 o
e
e 4 —— - -
et

.100 .200

'

Dispgl'ncomom (in.)




.

Comanche Peak ASLB Hearings
Response to CASE Questions

Question No.: Doyle #17
Exhibit No.: None

1.0 CASE Question
Has Cygna verified the statement: "No 2-inch topping"?

. This affects the calculation for Hiltis relative to embedment, since @ non-
monolithic shear plane has been established.

2.0 Cygna Interpratation

Three support drawings within Cygna's scope of review contain a note regarding the 2"
topping. These are:

- RH-1-010-002-522S, Rev. 5
» RH-1-024-011-522/  Rev. |
. Si-1-038-013-S22A, Rev. 2

On the first two drawings, th~ note states "No Z-inch topping”. On the other drawing,
2 inches of topping is specifie.

What credit was taken for this topping in the calculation of minimum expansion anchor
embedment?

3.0 Response

To verify the adequacy of expansion anchor embedment leng “omanche Peak began
with the full length of the anchor and then subtracted items . as the plate thickness,
thread length, grouting and topping. Therefore, in calculaiing minimum embedment
length, no credit was taken for the strength of the topping.

20
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Comanche Peak ASLB Hearings
Response to CASE Questions
Question No.: Doyle #18
Exhibit No.: 898, 899

1.0 CASE Question

The baseplate analysis was performed without including stiffeners alters the stiffness
matrix of the baseplate and consequently the distribution of moments and tension to the
bolts. Beyond this point, stiffeners remain unqualified. Has Cygna oddressed this?

2.0 Cygna Interpretation

Did Cygna consider the bolt loading for the baseplate in the stiffened condition? Also,
did Cygna qualify the stiffeners?

3.0 Response

It is a conservative approach to ignore the effects of stiffeners on plate or bolt design.

When stiffeners are odded a redistribution of forces to the bolts does occur in the
presence of stiffeners. More importantly, this redistribution of forces is favorable since
it will produce higher bolt forces ond therefore o more conservative design for the
stif fened baseplate.

It is important to recognize that the most critical elements in the design of the baseplate
are the anchor bolts. The high degree of indeterminancy of the plate portion of the
baseplate combined with the significant membrane resistance (in oddition to bending)
which must develop prior to failure of the plate material, makes the overall failure of
the baseplate by failure of the plate material very unlikely, The more likeiy failure
mode for o baseplate results from bolt failure since the bolt system is generally less
indeterminate and does not possess the alternate load carrying mechanism that
membrane action provides for the plate. Recognizing this, baseplate analysts tend to
make assumptions which maximize the tensile forces in the most highly stressed bolt(s).
One such assumption is to neglect the presence of stiffeners.

Stiffeners moke a flexible baseplate behave more like a rigid plate. By making the plate
more rigid, the internal moment arm, created in the plate by the compressive force in
the concrete and the tensile force in the bolts, becomes @ meximum. Therefore, to resist
a given applied external moment, the maximum bolt tension will be smaller in @ rigid
(stiffened) plate than in a flexible (unstiffened) plate. .

4 pdA
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Comanche Peak ASLB Hearings
Response to CASE Questions
Question No,: Doyle #18

Page 2

On the other hand, stiffeners have no effect on bolt shear forces. This is because the in-
plane stiffness of a baseplate is already very large and the addition of stiffeners Jo little
to increase this already high stiffness. Well proportioned stiffeners (relatively thick and
deep with length to depth ratio< 3) are generally not a problem in baseplate design. A
simple and conservative stiffener analysis shows stresses well below allowables.

Detailed baseplate calculations for SI-1-037-005-532A and RH-1-026-011-522A
(Attachments D18-1 and D18-2) .or the stiffened and unstiffened cases support the above
observations in a general way. The tables on the next page show that the maximum bolt
tensile forces and plate stresses are greater for the cases without stiffeners than they
are with stiffeners.

From these tables it can also be observed that for bolts with a larger provision ratio, the
bolt loading for the unstiffened condition is greater. Bolt provision ratio is defined as
follows:

B P ratio = }- + x—
A A
where:
T = actual tension
Ta = allowable tension
Vv = actual shear
Vo = allowable shear

.
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Table | - Support 51-1-037-005-532A

Bolt Force Provision
(Ibs) Ratio
Bolt Without Wit Without With
{ Stiffeners Stiffeners Stiffeners Stiffeners
| 1,900 1,700 0.27 0.25
2 0 240 0.13 0.15
3 60 460 0.11 0.14
“ 2,260 2,000 0.27 0.25
Table 2 - Support RH-1-024-01 |-S22A
(Case 1)
Bolt Force Provision
(Ibs) Ratio
Bolt Without With Without With
# Stiffeners Stiffeners Stiffeners Stiffeners
| 1,170 1,580 0.40 0.43
2 1,260 800 0.35 0.31
3 0 0 0.45 0.46
“ 240 770 0.41 0.45
5 3,660 2,100 0.35 0.23
6 2,510 2,710 0.40 0.42
i >
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Table 3 - Support RH-1-024-01 |-S22A

(Case 2)
Bolt Force Provision
(Ibs) Ratio
Bolt Without With Without With
1 Stiffeners Stiffeners Stiffeners Stiffeners
| 0 0 0.31 0.31
2 560 610 0.29 0.29
3 1,610 1,670 0.56 0.59
4 3,140 2,930 0.63 0.62
5 3,050 2,070 0.31 0.23
3 250 870 0.23 0.28
Table 4
Maximum Plate Stress (psi)
Without With
Support Number Stiffeners Stiffeners
51-1-037-005-532A 9300 6600
RH-1-024-011-522A (Case 1) 8500 3600
RH-1-024-011-522A (Case 2) 9800 3800
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