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Gent ] amen:

The following is provided in response to your I&E Bulletin 79-02, Rev.
Units | and 2 are individually discussed within each response.

IT2M

Verify that pipe su te flexibility was accounted for
Y

o'Q
"
.
-3 " 3
W

. ia
ir; the calculation of anchor bolt loads. In lieu of supporting
analysis justifying the assumption of rigidity, the base piates
sheuld be considered flexible if the unstiffened distance between
the menber aelided tc the plate and the edge of the base plate is
greater than twice the thiciness of the plate. Less conservative
acceptance criteria must be justified and the justification
submitted as part of the resporse to the Bulletin., If the base
plate is determined to be flexible, then recalculate the Dolt
loads using an appropriate analysis. If possible this is
to be done prior to testing of anchor bolts. These calculated
bolt loads are referred to hereinafter as the bolt design loads.
A description of the analytical aode! used to verify that pipe
support base plate flexibility is accounted for in the calcula-
tion of anchor bolt loade is to be submitted with your response to
the Bulletin.

MEMVEER MMDOLE SOUTH LITILITES SYSTEM



AR

1-079-1
2-079-1
Mr. K. V. Seyfrit a2e July 6, 1979

RESPONSE

All pipe anchors (seismic category I) and pipe supports (seismic
category [) {or greater than 2 inch diameter systers were reviewed

to determine if they employed base plates that were secured with
concrete expansion anchor bolts. Identified base plates were then re-
viewed to determine if they were flexible using the above criterion.

All flexible (as defined above), pipe anchor and support base plates
using concrete expansion anchor bolts (CEB's) are being (re) an-
alyzed to account for plate flexibility, bolt stiffness, shear
~tension interaction, minimum edge distance and proper bolt spacing.
Depending wpon the camplexity ¢f the individual base plate con-
figuration, one of the following methods of analysis is being used
to determine the bolt forces (bolt design loads):

(i) A camputer program ("BCLIS"), devzloped by Bechtel, is used for
base plates with eight bolts or less. The review of our base plates
revealed that the majority of them were anchored either by 4, 6, or
8 bolts. The plate thickness was usually between " to 2" and the
large plates are not generally stiffened. For these types of base
plates, an analytical formulation ("BOLTS") was developed which
treats the plates as a beam on multiple spring supports subjected to
moments and forces in three orthogonal directions. Based on an-
alytical considerations as well as the results of a nurber of re-
presentative finite element analyses of base plates (using the
TANSYS" code), certain empirical factors were introduced in the
sicplified bean nodel to account for (a) the effect of concrete
foundation (b) the two way action of load transfer in a plate.

These factors essentially provided a way for introducing the in-
teraction effect of such parametric variables as plate dimensions,
attachment sizes, bolt spacings and stifinesses on the distribution
of external loads to the bolts. The results of a nuwber of case
studies indicated excellent correlaticn between the resuits of
"BOLTS" and those by the finite element method (using the "ANSYS®

code). Additionally, the "BOLIS" method consistently calculates
a greater bolt load than the finite elament method, that is "BOLIS"

is conservative,

"BOLTS" as described above has bDeen icplemented for determining the
bolt desizn loads for routine applications. The program requires
plate dimensions, nudter of bolts, bolt size, bolt spacing, bolt
stiffrness, the applied forces and the allowable bolt shear and
tension loads as inputs. The allowable loads for a given bolt are
determined based on the concrete edge distance, bolt spacing, em
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becrent length, shear cone overlapping, manufacturer's ultimate
capacity, and a design safety factor (see paragraph No. 2 tor dis-
cussion of allowable loads). The program carputes the bolt

forces and calculates a shear-tension interaction value based on the
allowable loads.

“he shear-tension interaction in the anchor bolts has been accounted
for. The total applied shear is required to be carried by the bolts
in accordance with the following interaction formula.

(roita)?  + (scisa)® € 1.0

Where TC = Calculated tensile force
TA = Allowable tensile force
SC = Calculated Shear force
SA = Allowable Shear force

This formula is recammended for bolted joints by the 1977 edition of
ASVE Code, Section IIl, Appendix XVII-2461.3. This is one of the
interaction options within the "BOLTS" program and has been used on
the majority of our calculations. Same of our earlier calculations
utilized a more conservative interaction option of using the 5/3

power vice the 2 power.

(ii) For special cases where the design of the support didn't lend
itself to the foregoing method, the finite element method using the
"ANSYS" code and/or other standard engineeriag analytical tech-

niques with conservative as.unptions were amployed in the analysis.

(iii) Cther cases were solved using an approach based on the
strength design method given in ACI 318-77 code.

(iv) Tau inch diapeter piping systarcs (and less) were analyzed

with a chart method vice a caputer program. Ve did include these

in our inspection progran, see paragraph 4, and are in the process

of analyzing the "typical btase plates” authorized by the chart

method., We anticipate having the analysis campleted by 1 August 1979.

The current status of this (re) analysis effort is tabulated below.

UNIT 1 UNIT 2
Total No. of affected supports 498 587
Total of supports (re) analyzed 372 359
Total supports with unacceptable
bolt loads 86 33

408 048
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The following break down is provided for the "supports with un-
acceptable bolt loads."

UNIT | UNIT 2 GMBINED * ACTION JUSTIF ICATION
SAFETY FACTOR
WEDCGE SHELL

29 14 4>SF>3 5>SF>3 lNone See Paragraph
2 (meets pro-
posed ACI 349~
76 August 1978)

31 16 I>SF>2 3>SF>»2  Will Concuct

an inspection See paragraph 2
(see paragraph 4 (Meets APl
for Due Dates) Position)

26 3 2>SF 2> SF Redes ign See Paragraph
Support 4 for due dates

We anticipate canmpleting our analytical effort by August 1, 1979. We
will submit the results of the remining analyses by August 15,

1979. It should be noted that our schedule for analytical work on
base plate flexibility extends beyond the Bulletin reporting time
frave of 6 July 1979. Therefore, we have already started our anchor
bolt verification program, as described in paragraph 4.

ITEM

Verify that the concrete expansicn anchor bolts have the following
minimun factor of safety between the boit design lcad the bolt utimate
capacity determined fra=m static load tests.

(a) Four - For medge and sleeve type anchor bolts,
(b) Five - For shell type anchor bolts.
RESPONSE

The bolt allowables utilized in these analyses are based on
testing conducted at the Fast Flux Test Facility and on the re-
spective concrete expansion anchor manufacturer's supplied data.
These allowable forces account for embedrent length, minimm bolt

spacing and free edge distance.

*See Attachment 2 for descripticn of method for calculating safety
factors.
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In the current design review, factors of safety (i.e. ratio of bolt
ultimate capacity to design load), four for wedge type and five for
shell type anchor bolts were used for service load cases. when
extreme envirormental loads are included, a factor of safety of
three is acceptable in accordance with Section B.7.2 of the Proposed
Addi tion to Code Requirements for Nuclear Safety Related Concrete
Structures (ACI 339-76) August 1978.

Further, where a specific support has been verified, a factor of
safety of two is considered to be satisfactory with extreme
envirommental loads present. :

ITEM

Describe the design requirements, if applicable, for anchor bolts
to withstand cyclic loads (e.g., seismic loads and high cycle
cperating loads).

RESPONSE

In the original design of the piping syst .= (Bechtel) cina-

sidered deadwright, thermal stresses, seismic loads, anc .ymamic
loads in the generation of the pipe support design loads. To the
extent that these loads include cyclic considerations, t! ese effects
would be included in the design of the hangers, base pla.2s and
anchorages.

The safety factors used for concrete expansion anchors, installed on
supports for safety related piping systsms, were not increasad for
loads ahich are cyclic in nature. The use of the same safztv factor
for cyclic and static loads is based cn the Fast Flux Test Facility
Tests.* The test results indicate:

1. The expansion anchors successfully withstood tanw millicn cyel
of long tem fatigue loading at a maximm intevsity cf 0.20
t

the static ultimate capacity, Vhen the maxim . load int

*Drilled -~ In Expansion Bolts under Static and Alternat ng Loads,
Report No. BR-5853-6-4 by Bechtel Power Corp., January 1975.
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was steadily increased beyond the aforementioned value and
cycled for 2,000 times at each load step, the observed failure
load was about the same as the static ultimate capacity.

2. ‘The dynamic load capacity of the expansion anchors, under
simulated seismic lcading, was about the same as their cor-
responding static ultimate capacities.

ITEM

Verify fran existing QC documentation that design requirements have
been met for each anchor bolt in the following areas:

(a) Cyeclic loads have been considared (e.g., anchor bolt pre-
load is equal to or greater than boit design load). In
the case of the shell type, assure that it is not in
contact with the back of the support plate prior to
preload testing.

(b) Specified design size and type is correctly installed
(e.g., proper ermbedment depth).

If sufficient docurentation does not exist, then initiate a
testing program that wiil assure that minimm design requirements
have been me! with respect to sub-items (a) and (b) above.

RESFONSE

It is not necessary that the bolt preload be equal to or

greater than the bolt design load. Pipe supports and anchors are
subjected to static and dynamic lecads:. The dynamic loads are seismic
loads shich are short duraticn cyclic loads. This type of cyclic
load is not a fatigue load, so the aount of prelcad on the bolts
will not greatly affect the performance of the anchorage. (In

addi ticn, prelsad is lost over the life of the plant due to creep
ard other similar phenomena). Therefore, if the initial instal-
lation torque on the bolt accarplishes the purpose of setting the
wecdge, then the ultimate capacity of the bolt is not affected by the
amount of preload present in the bolt at the time of cyclic loading.
For vibratory loads during plant operation, the expansion anchors
have successfully withstood long term fatigue enviromment as dis-
cussed in the previous section.

308 051
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All concrete expansion anchors are designed, installed and ve ified
as per Specification 6600-2-C-2305 (Attached) for Unit 2 and for
Unit | additicns after June 28, 1974. Prior to this date, concrete
expansion anchors for Unit 1 were installed in accordance with
manufacturer's instructions., Installation, verification and testing
procedures along with acceptance criteria are given in Section 5.0
of this Specification.

Unit 1

AND-1 did rot have sufficient QC documentation to verify that the

design requirements had been met for base plates installed prior to

28 June 1974. Therefore, we have initiated a testing program which

will assure that the minimum design requirements have been met.

Selected CEB's were tested in accordance with Specification

11406-276-5 (Attached). The procedures described in Specification

11406-276-5 requires expansion anchors to be verified for loca-

tion, elevation, marber of anchor bolts, spacing and edge distance

as shown on design drawings, type of anchor used, evbedment length

and projection of anchors, washers, damage to concrete, anchor bolt

diameter and anchor bolt length. Also, expansion anchors are tested

for Design Loads using a sapling technique specified in Secticn 3.0
' of the specification. Since we are not taking credit for bolt

preload, we are not presenting a correlation between torque and

tension. Our test program does show that the instal lation torque on the

bolt has acamplished the purpose of setting the wedge which deter-

mines the ability of the bolt to develop its ultimate capacity. The
proper docurentation, indicating the location of expansion anchor

and group represented, method of test (torque or tension), test

results, type of failure when applicable, date of test aleng with

name and signature of the inspector, is availadble at the jcbsite.

A randam sampling procedure as per Specification 11405-276-3 (A
tached) paragraph 4.6 was used to detemnined shich GB's to ins
The acceptance criteria of 11405-276-3 is a 33% coniidence level
that there are less than 5% defectives in the total pepulation. It
should be noted tha: cur sarpling technique was developed and exe-
cuted prior to the receipt of IE Bulletin 79-02 Revision 1. There,
fore it was a randan sawple on a plant basis vice a systes basis.
approach did get at least one base plate fram the majority of the
systars and was intended to reflect the conditions of the plant.
Thus, we feel that it has met the criteria of a representative
sapling technique. Attachment No. | provides a summary of C&8's
tested per system.
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The results of our in-field inspection revealed that only 1 CEB out
of the 122 tested failed the torque test portion of Specification
11406-276=5. This gives the "95% confidence level" that our Ci3's
are correctly installed. However, there were 52 supports which were
found to have deviations fram the "as-built" drawings. These de-
viations were of the fol lowing nature:

8 - Dis-repancies in anchor bolt size or type (24), base~
plate dimensions (2) or structural arrangement of the

swpport (2).

24 - Discrepancies in hanger locatinon. These are judged to
have minimal effect on hanger loads, therefore, we do not

p.opose to rerun the hanger guidance at this time.

We have alr-ady incorporated these discrepancies into our analytical
work and intend to continue our field efforts until we achieve the
952 confidence level that our "as-built® pipe support drawings are
correct, This extended effori wou'd be a 100% verification of the
Unit | seismic category I hanger sketches which employ flexible
baseplates and CiB's. The following items will be verified:

a. Hanger location

b. Hanger structural arrangement

¢. Baseplate dimensicns, including thickness

d. Bolt size

¢. DBolting pattem

f. Concrete edge distance, if near the minimm
for the bolt size in question.

Additionally, we will be extending the original "in-field" inspection

prograe to include the 31 lnit | and 16 (nit 2 CEB's which have
3>SI>2, as reported in paragragh 1.
. 3 £

We anticipate that both of these efforts will be cagpleted during the next

refueling outage and that any significant discrepancie~ will be
ccrrested at the first opportunity subsequent to the outnge.

ni: 2

AL na= sufficient QC documentation to verify that the design
requiraments nave been met lor each base plate. A review of the
"Specification for Installation of Class 1 and Mon-Class ] Concrete
Expausica-Type Anchors" (6600-2-C-2303) (Attached) and of "Field

instruriion for Installation of Class I Concrete, Egansion
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Anchors (2FI-129) (Attachment) has substantiated this fact.

The "as-built" conformance problems discovered on ANO-1 are not
present on ANO-2 because: 1) of these two procedures, 2) a much
stronger emphasis on (C with systen walk downs conducted by A-E and
APLL personnel! and 3) ANO-2 utilized "on-site" engineers to do

the hanger design vice using a sub-contractor's "off-site" fa-
cilities. For these reasons an extensive in-field program will not
be required on ANO-2.

Very truly yours,

’ . ‘.‘:’" /> j,‘("
T2 LI

£~ David C. Trimble
Manager, Licensing

DCT /MW ew

cc: Mr, Nommal L. Moseley
Director, Division of Reactor
Operations Inspection
Muclear Regulatory Camission
4350 East West Highway
Bethesda, Maryland 20555



UNIT 1

CONCRITE FXPANS. W EBOLT TESTING

l[ : ATTACHMENT 1
|
|

Not
Seismic Cat. I Safety
System # Tested Related

i RCS Reactor Coslant 28
| MU Make Up and Purificatian 20

CF Core Flooding 1
| DH Decay Heat Removal 25
f SMP Sampling 3 X
c FPC Spent Fuel Cooling 0 X
k MS Main Steam 3
| ED Emergency Diesel Cen. and Fuel 0il 0
r FW Feedwater 22
. RBS Reactor Bldg. Spray 2
| AS Instrument and Serviza Alr 0 X

ICC Intermediate Cooling 0 X
J SW Se~vice Water 12

LW Gaseous Radiocactive Waste 1

CH Chilled Water. . 0 X
1 PH Plant Heating 0 X
: CA Chemical Addition 0 X
C FW Fire Water 0 X
| Containment Test Conn. No Support
f H&V Heating and Ventilating
l Spare Containment Flued Head No Support
i HP Heat and Vent. (Hydrogen Purge
L Alr System) 5
i Tozal 2R

408 055
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ATTAGMENT 2

QMBINED SAFETY FACTORS (CSF)

In camunicating the result of the CEB-base plate review, it is nore
straight forward to use CSF than I-teraction Value (IV). IV is the
result of the int raction equation. The CSF may be carputed based
o, the following formulas:

CSF = ;/J v, for wedge type CEB

csF = YT for Phillips Self-Drilling
Anchors and other shell type
CeB.

408 056



