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Social Security No.:
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Title:

Work Location:
Extension No.

Residence
Telephone No

Supplief Evaluation Speciali'st
(Staff Engineer)

Downers Grove. - ETW I, Suite 300
Ext. 7934

“1C

M.S.'in Civil Engineering, ,Georg'e Washington iversity, Washington, D.C;m

E!iiin Civil Engineering, West Virginia Institute of Technology, Montgomery, WV

¢

-Member American Institute of Steel Construction (AISC)
Member American Society of Méchanical Engineers (ASME) |

Member American Society of Civil Engineers (ASCE)
Member Member of Faculty Association, State of lllinois

NUGLEAR LICENSES HELD: None at this time
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Staff Englneer (Supplier Evaluatnon Specialist), Supplier Evaluation Services,

" Commonwealth Edison Company, Downers Grove

Senior Engineer, Nuclear Englneermg, Commonwealth Edison Company,
Downers Grove

Civil/Structural Engineer, Stone & Webster Engmeerlng Corporation, Boston,
MA (Served NUSCO, Duquesne Light & Power, VEPCo Texas Utilities and .
Westinghouse prior to ComEd)

Part Time Instructor at Natural Scnences Department, College of DuPage,

llinois QQ/’ZI/\ |
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Oscar Shirani, P.E.

Versatlle structural engineering experience iricluding management and business development
Excellent at developing marketing strategies, setting priorities and meeting objectlves providing
innovative solutions and team building, training and leading engineers. Strong technical and
quality background blended with project management. Personal strengths include |ntegr|ty. high
moativation, a passion for meeting challenges and strong creative ability.

STRUCTURAL ENGINEERING

Initiated and coordinated processes to reduce cost in analysis for the seismic and structural
weak link qualification of the Motor Operated Valves (MOVs) at all six ComEd stations.

Developed and promoted engineering in-house support capability for MOV issues, and .
created a techmcal support team dedicated to all ComEd stations. :

Managed to collect design material for m-house analysns ellmlnatlng the cost multiple

‘contacts with vendors.

Provided technical specialty support in analysis of vendor CFR Part 21 lssues ellmlnatlng
downtime and replacement costs,

Responded to numerous NRC questlons through Nuclear Licensing Department on
operability issues, and provided justifications for contlnued operatron

Performed setsmlc,analyses for structural frames, concrete beams, slabs, walls, and
embedded and surface mounted plates.

Desngned retalnmg walls to resist earth landslide and hydrostatic loads resultlng from
Possnble Maximum Flood (PMF). .

- Designed and analyzed the turbine building operating ﬂoor trusses.

Qualified equipment anchorages and desngned reinformed concrete pier and pad
foundattons . .

Perfonned concrete inspection of Cooling Towers & River.Screen House.

Utlllzed codes such as AISC, AWS D1.1, ASTM, ASME, ACl ANSI, UBC and other Industry
Standards



Oscar Shirani, P.E.

CONSTRUCTION ENGINEERING:

| Directed foreman and construction engineers in the interpretation of specifications and
procedures to resolve field problems, eliminating unnecessary design changes at five
nuclear power plants other. than ComEd.

u  |nitiated and resolved design changes, and justified ongoing constructron activities including
" final inspection.

m Recommended the most cost effective approach for construction nonconformances and
deficiencies.

QUALITY ASSURANCE LEAD AUDITOR:

Specialist in Quality Assurance programs of Suppllers Manufacturers, and Archltectural
Engineering orgamzatrons

. ' y - | - .

W Prepared the Structural Design Criteria, Revision 0, for Dresden and Quad Cities ComEd
nuclear statrons

N Developed generic guidelines in the areas of Structural Support, Structural Rigging
. Analysis, Seismic Scaffolding and MOV Seismic Qualification. '

m  Conducted 19 technical tratning sessions in 1993 alorie, at éll ComEd nuétear stations in
Seismic Scaffolding, Structural Supports Rigging Criteria and MOVs

"®m - Trained and mentored over 300 engineers and other site personnel to develop in-house
technical capability.

m Developed new design criteria for Embedment Plates Anchorage and Equlpment at
Millstone 1l Nuclear Power Plant.

M |[ssued an |ndustry technical paper on elastrc-plastlc analysrs application for hlghly stressed.
valve components for resolving operablhty issues.

B Fracture Mechanics pnncrpals and apphcatlons by Structural Integrity & Associates
M The Bolted Joinis by ASME |

M Various welding destgn and applications courses by AWS

" ®  Votes Training for Valve Operations |

® ° Structural steel design for nuclear power plants by S&L
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Oscar Shirani, P.E.
®  Structural seismic design by S&L
B Probabilistic structural analysis.by S&L
8 Root Cause Analysis for Power Plants by Dr. Chur;ng Chu
i Nuclear Utilities Procurem;ant issues Committee Audit Training
®m  BWR and PWR Generic Systems Training
H  Word Perfect for Windéws training
| Marketlng and Sales Concept by Resource Department & Training Institute
B Seismic Qualification Utilities Group (SQUG) walkdown training for A-46 Nuclear Plants
m - The Seven Habits of Highly Effective Péople
m  |EEE Add-On Training (exggnsion of SQUG) by Dr. Ke,nn.edy
m  Supervisory Interviewing Skills '
® Codes and Sténdard Training

m  Auditor/Technical Specialist Trammg per ASMEIANSI NQA-1, NQA—2 N45.2 & 10CFR50
. App.B _

®  Achieving Your Potentials |

- Business Writiﬁg for Results, Fred Pryor Seminars
®  Interpersonal Managing Skills '

n lnsighté .forE;(cellence

B Time Managérﬁent

Oscar Shirani, P.E. Date

0S:jkw/k:\nostaff\profiles\shiranil.doc
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SSE Mechanical Group Cost Savings

Task Description Cost Actual Savings
Engineering Evaluation of freezs

Freeze seals were psrformed by SSE

Seals 6@$5000 30,000 0 30000
Evaluations to hang lead shielding
were performed by SSE and Rad

Lead Protection using modules prepared : (-)

Shielding |by S&L 200,000 50000 150000 2
Evaluations done per TID by MM and :

Rigging ) |SSE 70 @ $3.000 210,000 0/ (210.000 |) c.

“/ - . p] (98

P.O. w

Transfer i

Tech Perform Engineering Review for -

Eval's *Drafting Only" DCR's 4 QEOOO 4000 0 4000 N

" |Perform Evaluations of Furmanite : N
_ Boxes where installation Is not within ~ =

Furmanita {scope of TID 4 @ $1500 §000 o 6000 2.

Misc. : - RIEAY

Design  |Qualification of niutserts for seismic ﬁ?§ W

Work mounting of AR440 Relays 50001 ~ 0 5000 3 G
Perform Enginéering Evaluation to B s ay
allow installation of VP chiller ()

Toives Al [pressure gaugs 1000 0 1000 Z _
Repair of CV221 Sackolet, guidance N . E:' r\
provided to perform repalr such that ] % ~ E ?
no RT required : 7000 2000 5000 : N °
Repair of Arc Strike on Rx head vent - o 3 ':“';'F .
piping without RT by imposing a S & AN
reduction In allowable stress 5500 1500 4000 ® "
Design to replace DG bolts with studs ><
and nuts ‘ : 3000 0 3000 o b=
Disposition DR 06-53-0162 O o
overpressurization of DO plping by : v ™ }\L
caleulating stressss - 1500 ol 1500 "y §' o<
Allow grinding on FW 26A heater . =~ . &
tubesheet 1000 0 1000 —g ~ ~

- |Use previous evaluations to accept ’ (= v s -
B2R04 pressurizer iemperature I, N
translent . 5000 o] 5000 |
Replace laking Kerotest vaive with s o F‘N
KSB by Tech Eval performing . N‘_"ef
majority of evaluation in house 15000 2000 13000 n \U'] \C
Determine Tmin for 2FWO79A check .
vave - 3000 o] 3000 ?‘N l
Perform ECCS room cooler heat \..O
exchanger test result analysls . _?\ g gl €L
2@$5000 10000 0 10000
e RO

iy .

e '—l'%- %L
Total 451500 ) |
N———
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June 1, 1993

Subject: Promotion Recommendation
Oscar Shirani

Mr. D. Shamblin;

Mr. Shirani has worked in the Mechanical & Structural Design
Group for three years. His performance evaluation (PPR) during
that time has been excellent. He has contributed to the overall
success of the group and has a solid work record. His major
accompllshments include:

1. The first accomplishment is the cost contalnment of the

: MOV Seismic program. His innovative approach saved
over $2 million in analysis cost. He has also reduced
the number of emergency calculatlons necessitated by
testing. This assisted in reducing the impact of the
MOV program on the sites.

2. He has developed a rigging criteria to significantly
reduce the number of rigging requests that are sent to
the outside englneerlng contractors. He has conducted
training for the site engineers as well as the
contractor trade personnel. The training was thorough
and well understood by the craft personnel.

3. He has trained and mentored young engineers. He has
set an example of professionalism. His efforts were
s1gn1f1cant in establlshlng the Mechanical & Structural
De51gn Group as the reliable source of expert -
engineering opihion. He has worked with the
maintenance staff and Site Engineers to ensure the
engineering products meet the customers expectations.

' Mr. Shlranl obtalnqdczéﬁﬁ_ﬁujgub,ﬁeg %P Civil (\S;//

(in 2 % years vs. 4 yearsf““:Hércompleted hlS ‘M.S.
Degree in Civil Englneerlni ééom George Washington

University in 1% years in



Oscar 301ned Stone & Webster Engineering Corp in 1980
as an Engineer and promoted to Senior Engineer in¥1984
and a Lead Engineer in 1986- and also supervised 15°
Engineers for almost 2 vears. He has been involved in
Structural Ana1y51s and Construction Englneerlng and
Management with the utilities such as Virginia Electric
& Power (North Anna & Surry Nuclear Plants), Northeast
Utilities (Millstone III), Duquesne Light & Power .
(Beever Valley III), and Texas Utilities (Comanche_
Peak) as a SWEC Member. He joined CECo inyMay 1990 at
Downers Grove as a Principal Engineer. - He"is alsd a
part- -time Math- Instructor at the College of DuPage. He
is a reglstered Professional Engineer since 19851

We would add that before jolnlng Commonwealth Edlson
Company, Mr. Shirani had ten years experlence in the commercial
nuclear industry at an A/E firm. This experience added to his
excellent performance and justifies the request that he be
promoted to Senior Engineer at the next promotional opportunity.

If you have any questions, please contact me.

Bl

Prepared by: B. Rykak

. Aé%&ZM¢1z»u———_-
Approved by: /ﬁ 7Brennan

h:/wpdoo/proos



Oscar Shirani
Category I: Academic and Training Accomplishments
Intérnal and External Specialized Traim'ng Related to Field.

[EEE Add On Training (Extension of SQUG) by Dr. Kennedy - 3 days class

Seismic Quahf‘ cation Users Group (SQUG)- 5 daysclass °

YOTES training (Valve Operations and Testing)- 5-days class

Linear and Non-Linear Fracture Mechanics principals and applications Course by Stmctuml Integrity and
- Associates- 6 days class _

Welding Design and applications by AWS- 3 days class

Root Cause Analysis course by FPI Intenational, Dr. Chung Chiu- 3 days class

Structural Steel Design for nuclear power plants by S&L - 3 days class

Structural Seismic Design for nuclear power plants by S&L - 3 days class

Probabilistic Structural-Analysis by S&L - 3 days class

Codes and Standards training - 1 day class

ASME Bolted joint course- 1 day class
- Generic BWR Systems course- 10 days class
Generic PWR Systems course -10 days class

. 'To.ta! of 56 days (I per 5 class days)------------- 11 Candidate Rating Points.
Masters Degree in Civil Engineering ----—---—- 10 Points
Registered Professional Engineer -—e-ceeeess- 5 Points

Total Points in Category I: - 26520510

Note: Minimum Points Required for promotidn to Technical Expert (Level 9) -10
"Minimum Points Required for promotion to Prmcxpal Technical Expert (Level 10) - 20
I did not account for my college level teaching since I have taught Mathematics for five (5) years
at COD and not thc Engineering courses. I Laught Engmeenng courses at the graduate school.



Category II: Industry Exposure

National Publications: Presented three (3) technical papers at MUG meeting (with the NRC presence from
all regions), ASME PVP conference, and APC in the subjects of Motor operated Valves operability
evaluations, elasm:/plasuc arguments to justify MOV yoke stresses exceeding the yield allowables, and
short term seismic applications on structures.

Also presented the MOV valve operability evaluation methodology to Jimi Gavoula, from NRC s region 3
in 1994 to justify the operability of over 60 MOV's at Dresden and Quad Cities which exceeded the design
licenses allowables and justified the continued operation wh:ch saved our Company millions of dollars.

Note: In the NRC GL 89-10 program, utilities faced with the quahﬁcauon of many safety related MOV"s
being under designed in term of seismic and thrust/torque values specxally in the old vintage plants such .
as Dresden, Quad Cities, and Zion Stations . In the process of seismic qualification of some MOV, the
resultant loading components exceeded way above the yield strength of the limiting components such as
Valve yokes which rendered those valves inoperable, My technical paper defended those valves in the
order of 50% above yield strength of the yoke material and proved the valve operabxhty by establishing
deformation as an acceptance criteria by using the Elastic/Plastic analysis argument of the material. This
methodology convinced the NRC that we don't ‘have 1o shut down the plant everytime that we exceed the
desxgn allowables. Please note that there were no operability limits established by NRC nor the industry.
‘That is the reason why this paper got a lot of utilities® attention, because it saves them millions of dollars
by avoiding the plant shutdown and allows them to replace the overstressed valve yokes in the next
planned refueling outag&f?'e'm?‘laﬂ supervisor did not even publicly admired me for this
task and I am almost positive that any other Company wauld have at least aclmowledge this achxevement
for their own benefit if not for mine.

Also rcvnewcd a numerous ASME and MUG technical papers in the areas of pressure lock:mg and thermal
binding and finite element analysis of valve components.

Categorj I Work~expe_rience

Specialty experience: 12 years in the areas of Mechanical/Structural analysis and Equipment qualification
3 years in the area of Motor Operated Valve seismic qualification and weak link
analysis,

Performance Rating: All “Exceptional”, except 1995 rating which was ME+ due 1o being in the SES for
the t'ust year and in the learning stage.

I have also prepared/rcwewed many TID's (Technical Information Documents) in thc areas of Structural
Rigging analysis, Styuctural pipe support analysis, Seismic Structural Scaffolding, Motor Operated Valves

Seismic and Weak Link analysis which are utilized by all our six (6) nuclear Stations on a daily routine
basis.

Society Memberships:

Member of ASME, AISC, ASCE, ASQC, and ACI.
Pursuing the ASME committee membership in the area of Fabrication and Materials Engineering.

For the remaining accomplishments and credentials please refer to my updated Resume.



August 23, 1995
QVL 22-95-043

Mr.D. Felz
Supplier Evaluation Services
ComEd

Subject: Thank You!

Dear Don

Thank you for the assistance of Mr.O. Shirani during the weeks of July 24 through August
9, 1995. His contribution to Zion’s Engmecnng and Technical Support Audit as an Auditor.
greatly contributed to the effort on assessing the Zlon Site Engineering Department.

Mr.Shirani needed very little du'cctmn in assessing the Design ‘Calculations and other design
activities. Often, lie worked without the assistance of other SQV personncl on the audit.
This allowed the others to concentrate in their assigned areas

He was very diligent and often stayed late to write up a daily report of what he observed and
ideas for us to consider. Mr. Shirani inderstood Zion's perspectwe and offered other
v1ewpomts for consideration. This was especially demonstrated in the area of the potential
Part 21 issue. As a result of his mdependcnt assessment, we are examining and exploring
his recommendanons and findings to 1mprovc the DcSIgn Control Proccss at Zion station.

Q&M

Kenpeth J . Hansmg '
SQV. Director - '
Zion Nuclear Power Stanon

Mr. thram set a mgh standard for technical auditors for our fumre audits.

' Smcerely.

cc:’ T. Kovach - Nuclear Oversight
S. Jaffery - ComEd, Audit Team Leader
E. Netzel - SES, D.G.’
O. Shirani.- SES, D.G.
SQV Audit File - 22-95-05

Ki\windowa\GSqvI 95043, wpl ] u"';,‘;i;"' - -..'I:-.-Su'r
) : s {ree - - . » L l' .




May 21, 1991

Subject: Outstanding Achievement Awand
Proposed Team Award

Mr. L.0. DelGeorge,

As part of the overall corporate vision of improving the quality and cost
of the engineering support for the stations, our Mechanical & Structural
Design Group has issued a revised Structural Design Criteria for Dresden and
Quad Cities Stations. This new design criteria enables ENC, Stations, and
Architect/Engineer personnel to use a uhified, updated,  and complete design
criteria for questions in the structural area.

The team members who performed this effort were Mr. S. Bakhtiari and
Mr. 0. Shirani. By performing this work in-house, a savings of approximately
$370 000 was realized. Since the document is a Commonwealth Edison Document,’
there is no proprietary information contained in it. This allows the document
to be transmitted to the various designers (A/E) who can use it for their
designs.

The team gathered the structural information from the UFSAR/FSAR,
specifications, and the existing design criterion. They eliminated extraneous
information, corrected errors, and rewrote sections to eliminate the
proprietary content. This effort was reviewed by-the original designer aud
the review comments were incorporated. 7The document was then issued for use.
The document has been used for design work at Dresden & Quad Cities and has
been well received by the A/E's performing design'work. :

This effort deserves special attention because it represents an
implementation of employee empowerment. They identified the problem,
developed a solution, and requested resources. After receiving permission and.
resources, they developed the interfaces, schedule, and scope.’ The project
" was completed under budget and' has quality which is excellent,

In conclusion, Mr. Bakhtiari and Mr. Shirani have shown the initiative
and ingenuity. to produce & Valuable design criterias This effort should be
recognized and rewarded. :

G. P. VWagner

ZMECH/1505
PD/klv



riping, ana Lomponants
ASME 1835

AN APPLICATION OF ELASTIC-PLASTIC ARGUMENTS
TO JUSTIFY OPERABILITY OF .
HIGHLY STRESSED MOTOR OPERATED VALVE YOKES

Curtis .J. Warchol, P.E., S.E.
VECTRA Technologies, Inc.
Napaerville, lllinols

Oscar Shirenl, P.E.
Commonwealth Edison Company
Downers Grove, (llinols

ABSTRACT

This paper prescnts an application of clastic-plastic analysis -

ta justify operability of highly atretaed Motor Operated Valve
(MOV) yokes. The ductile propertics of typicd carbog stecls
cuble valve yokes to exhibit structural capacitics which are
considerably higher than normally predicted by linear analysis.

Commoa industry practice is to wse ‘1 allowsble stress o
higher. than 1.0 S, (minimum specificd yicld strength) whea
evaluating valve extended components (i.e yokes) -for the
applicable Joad combinations (typically seismic combined with
thrust and torque). By examining the bebavior of a typical yoke
cross section which ia muwdbeyondﬁnty)cld % can be
shown that the yoke displacement will remain on the order of
elastic displicement until just before the yoke reaches its phme
moment capacity. Even at 95% of the plustic moment capecity,
the ovenall displacement Is only 60% greater than that st first
yicld and the permanent deformation of the yoke is only on the
order of 20% of the displacement at first yiel. Purthermore,
to ensure vilve openability, the eadculated yoke deformations can
be compared ta the sctuel clearances in the valve 1o ensure that
the stem will not bind and the valve will remain aperable (i.c.,
functionnl). Based on these eveluations, an argument can be

made tc luatify continued ‘operalion of the valve even if the .

Jonde cees Johs otroeig.eaceed the yield strength of the
matzrial, As 2 resul, bending momenls oa the order of 150%
of those allowed by the standard yicHd stress eriteris (1.0 S,) can
be justified.

. BACKGROUND

Occasionally u situation is encouritered in which s eslculated
valve yoke overstress brings the operability (or funclionality) of
a valve into question. [In this situation, if the calculated yoke
stresses exceed the specified yicld strength of the material the
valve may have to be declered in-openable. " This could cause
the plant (if operating) to go into an operating mode referred to
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as an LCO (limiting conditions for operation) or pouﬂﬂy evea
force & shutdown until the pecessary modifications can be
performed. This paper preseats an :pplic-nhon of an aktemative
analysis method to justify continued operation of the plant until
the pext n-.h\ding outage whea & stronger yoke can be installed,

The design stress allowables which have commonly beea used
for MOV scismic th.ﬁaﬂou vary throughout the industry.

(ASME allowable stress) to 1.0 §, (minimum specified yield
strength). These allowables bave been established from either
Code recommendations and/or eogineering judgements. Since
the yoke is an extended structure of the valve assembly and is
not & pressure boundary component, there is typically no clesar
commitment to any specific Code of compliance. The use of.
these allowables ix based on the judgement that Limiting the'
streases in valve yokes to the elastic range will ensure that the
deformstions will be small ind non-permanent and the valve will
remain functional.  Experience backs this judgement up, since
for later. vintage phnu “valves ‘are required to demenstrale
funcltionality under static side foad tests wl'uch typically uml

. the yoke 1o near the elastic limit.

Whea evaluating plant componeats for scvere accident scenaiios
@i.c., Emergency and Faulted type cvenls), &t is acceplable io
usc “higher” allowables a3 permitted by the ASME code for
pressure  boundary componcnts. These “higher® stress
allowibles can exceed the yicld strength of the material. . This
is allowed because the inherent ductility of steel requly in an
whtimate capacity well beyond that which correspondsto the first
yiclding of the cross section’s extreme fibers. Typically this

. approach has not been considered appropriste for dynamic
- equipment since excessive deformations could resikin rendering

the equipment non-functionsl. However, if #t can be ghown that
the sctual deformations arc small enaugh such that-equipment



functionality is not compromised, then i should also be
aceepble 1o exceed the material yield strength for dynamic
equipment as well.

ACTUAL BEHAVIOR
A common misconception in the behavior of a steel section
subjected to bending is that once the yicld streas is exceeded,
excessive permanent deformations will occur. On the contrary,
the actual permancat deformation is relatively small until the
plustic moment capacity is resched and 'a plastic hinge is
formed. Figure 1 showa the stress-strain curve for a typical
carbon steel (most yokes are made from carbon steels). As seen
from the curve, once the yicld strength is exceeded excessive
strain takes place. The misconception originates by confusing
this curve (from & tensile test) with the behavior of & steel cross
section subjected to bending. In contrast, the cross section
subjected to bending behaves quite differently.  As the bending
. moment increases, & reaches tb@pomt of-first yicld, At this
point only the extreme fibers of the cross section (the part of the
" cross section farthest from the neutral axis) begin to yield. As
the moment is increased, the yiclding progresses inward toward
the neutral axis until the entire cross section is yiclding. At this

point, known as the plastic moment capacity, a plastic hinge is

formed ahd excessive deformations take place.” Between these
two points (first yickd and plastic moment capacity) residea the
additiona] capacity which can be utilized to Justify opcnbilny
for cases where the first yield i1 exceeded.

An example of a typical yoke leg subjected to & lateral force
will be used to demonstrate this behavior. For simplicity, the

example will only consider &' "beam mode® lateral Joad. In )

application, both directions of lateral Joad must be considered.
A discuasion on the effects of axial Joad and *frame mode®
bending i3 provided in' the mext Section. (See “Other
Considerations®)

Figure 2 illustrates a typical rectangular yoke leg subjected to a
latera] load (beam mode) due to a seismic acceleration of the
actuator. In the clastic range, the displacement at the'top of the
yoke leg is givea by the formula: ’

a.fz'_t'.: T

4 3'EI

The load(P,) md the duphccmcnt(&,) represent the point when
the extreme fibers of the yoke cross section ﬁnt begin to yrld

chond this point(in the in-cksic rangs), the di.pizcement is
given by the following formula (Reference 3)asn function of

Al 22l

X
Table 1 summarizes the relative magnitude of the loads and
displacements at various load points as calculated per Equations
(1) and (2). Figure 3 is 2 graph of Tuble 1 showing applied
load (i.e. actustor mass times scismic” acceleration) versus
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duphwmolutbctopoftbcyokekgnonmhwdto first yiel,
As seen from ihe graph, the yoke behaves almost elustically
untll the plastie moment capacity is approached. The alope of
tbchne(ortb:yobaﬁrm)ueonmt{ntbcehmomge
As the load i increased and the member beging o yield, the
tlope of the line gradually decresses until ¥ fnally becomes
borizontal at the plistic moment capacity, At this poim
excestive permasent deformations will ke place since a slight
increase in load will resuk in & nignificant increese in permunent
deformation.

Poit A on this curve represents the apphied Joad and
displaicement corresponding to & 1.5 § allowbke stress eriteria
83 recommended by ASME Code Case N-62. Point B
represents the same paramcters exeept using o 1.0 §, criteria,
Points C, D and B represent these panmetens at 1.25,(!05
P), 14258, (0SS P)and 1.5 8, (100% P) mpedrvdy(?,
the Joad associated with the plastic momeat capacity). Polnks B,
G tnd H represent the permanent (e, plastic) dcfonmbon,
correaponding to Foints C, D and E respectively, once the yoke
kg Is unloaded. Figure 4 shows the stress disgnm
corresponding to load points A-B. This fgure Mustrates the
stress distribution in the cross section as the streas increases
from the elastic range up o lbcph.:ﬁcmommtap‘city.

A1 seea from the example, ﬂaclcunldhphoanmumontho
same order as the elastic displacements. Bven at 95% of the
plastic moment capacity, the maximum dixphecmcuiaonly
160% of the displicement of first yicld, and the permanent
deformations are oaly a fraction (20%) of the dirplacements at
first yield. From these results & can be concluded that if using

an sowable stres of 1.0 8, s loeqaublcbuedonexpéﬁmac

and judgement that the deformations are small in the elustio
nnge.lheumelopcunbcusedlojumfymmowabkbr
Joad into the inclastic range. Therefore, miing & stress
allowable of (.95X1.5)S, based on clustic cakulations (ie.,
pscudo elastically) may be an appropriste dpenbility Lmi
provided the jol:z deformations can be ju:tiﬁed. .

ALLOWABLE DEFORMATIONS

The preceding discussions have focused on stresa eriteria for
determining yoke leg acccptability. These stress criteria have
been indirectly rclated to “displacement criteria by using
expericnce and engineering judgement to determine the
deformations arc small. Before coming to a conclusion that
yoke stresses in the elastic-plastic nnge are acceplable en

-evaluation of the actual deformations should be performed. The

p.mury concern i that the yoke will permanently defonta
uusmg 2 misalignment of the stem. Since 2 MOV fs 2 precise
picce of mechanical equipment fabricated o very tight
tolerances, # is important to ensure that yoke deformations will
not prohibit the valve from performing its intended safety
function by causing a binding of the stem. Permanent
deformation is the primary concern. Most MOYs are only
required to openate after 1 seismic event, therefore only the
permanent deformations would exist at that time. However,
even for valves which must operate during an event, permanent
deformation is the main concem.



During an cvent, the yoke Is moving from on¢ 1ide to another
and is at s maximum displacement for only short periods of
time. The valve will likely be able 1o stroke between
oscillations, If the stem does bind, it will only be for a Fraction
of & second when the yoke reaches ¥s maximum displaicement
and then & will release a3 the yoke springs back to the other
1ide. The ability of a valve to stroke under these conditions is
contingent on many factors, including the geometry involved,
the stroke specd, the motor trip circuitry, cto. and should be
Investigated on & we-by-cuc baails,

'Ihccrmcduuofooncemh a binding of the stem within the
packing chamber. Using elastio-plastic analysis, the permanent
deformation of the yoke leg c2a be calculated and compared to
1n sllowable displicement. The valve vendor may have
determined & displacement limit which ensures functionality
cither through testing or analysis. ARermatively, an allowable
displaicement. can be cakculated by examining the clearances
(including the fibrication and installation tolerances) between the
stem and the packing chamber o detenmine the maximum
rolation due to sctuator displicement allowed for the stem.

Figure § depicts a typical MOV detailing the clearances in the

packing chamber area,  Using these dimensions an allowable
displacement can be calculated. Additionl wreas for concemn
include s binding in the disc guide area and 2 binding between
the stem and stem nut (frame bending mode ozly).

OTHER CONSIDERATIONS

In the example, scvera] parameters were chosen such that the
problem would be easy to solve. This section s intended to
examine other scenarios and o determine what impact, if any,
they have on the conclusions of this approach.

The Important factors which were not included in the example
are: 1) what are the efTects of thrust and torsion on the yoke; 2)
whnddfcrencumlhereforhunlloldlmlbc *frame®
direcon; and 3) what about non—redmguh: yoke cross-
sections. ‘These three items will be examined in greater detail
below.

To consider the effects of axial Joad combined with bending, the
plustic moment capacity for a rectangular member subjected to

. axial Joad (F) will be considered. Consider the plastic

moment stress block for the rectanguler section’as shown in

. Figure 6. The equations of equilibrium can be expressedas” . .

FaS v -x~-S wid-x e

H-EZ—‘E— = Syw (d-x) {(x+ ===

(d-x) )_Ld
3 2 1)

@
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Solving these two cquations by wbstinming for z and
timplifying, the plustic moment (M) can be written a3

-.v‘ od'-r‘
7S, v

5 ®

j‘-

ﬁemma\twhkhwdu!dbctnéwedbymh\gnpuudoduﬁo
analysis with 3 stress allowsble of 1.5 S, can be calculsted by
sctting the clastio stress (P/A + M/S) equal to 1.5 8, or

. [ ] ’ -
15533 e ©
Ko 55, -y (24 Y
Setﬁnng.(S)equaleq.(l)mdsolvinxforF
F= ._L_'_'__g @

Or in other words, using the pscudo elastic method will yield &
eonm:ﬁvemuhubnxulhcuu]mlhluu}nnmﬂw
yield stress -

—a'. <2/3-83, o

Since experience sthows that the streases In valve yokes due to
thrust alone are well below this Jevel, usmglhepuudochmc
1ppmchwmy:dd lcomavnhvcmuk.

Actuator torsion on tbe yoke is primarily tranaferred fnto  shear
couplk which produces “beim mode® bending on the yoke legs.
This Joad has the potential to cause bi-axial bending on the yoke
legs.  Bi-axial bending in the inclistic region is a complex
phenomena.  Because of he complexity, the spproach
recommended to evaluate this situation, per Reference 4, Is o -
eonscrvmvelylpply s struight line interaction equation 1 :hown
below.

M, %, 10
n,.'u,,’lo (10)

.. For a reclengulae section, M, and M, can be wrilten as
. M v1.5-S,

c1/6 cwedd an

M,=1.5°5,-1/6-d-w a2

By substitution, Equation (10) becomes

N, M,

13
e v d Terdow )

21.5 5,



Which 1s identical to the pscudo elagtic method. Therefore,
using the preudo clutic method s also acceptable (and
conscrvative) for the bi-axial bending case, For bi-axial bending
combined with axial Joad, the conclurions determined above
remain valid.

Another tres which must be examined is the affects of lateral’

loads in the *frame* direction. The example problem Jooked at
"beam mode® bending; this section cxamines the differences
sasociated with “frame mode® bending. Figure 7 shows the
displaced shape for a lateral load in the frame direction. Due
to the relative rigidity of the attached actuator, common practice
in yoke analysis is to evaluate the yoke as a guided frame (note
that each yoke kg bends independently). This forces the yoke
into & double bending mode. Equation (1) is still applicable,
however, & is applicable to only balf the overall length, 1Ia
other words, the Jength term in Equation (1) becomes L/2 and
the total displacement.is.. determined by taking twice the
displacement at the yoke midpoint or .

3 = 2P (L/2)}

y 3EI ) a9
Equation (2) remains unchanged, thercfore the normalized
relationships shown in Table 1 and Figure 3 arc also unchanged,

Ancther area to be examined is the differences associated with
the various cross sections that are used in yoke designs. The
most common yoke shipes used on molor operated valves
include rectangular, tec-shaped, bollow circular scgment, and
rod shiped. The shape factor for & rectangle is 1.5 s shown
earhier. For a typical tee-shaped yoke, the shape factor varies
from approximately 1.8 to 1.9 in the strong direction, and 1.6
to 1.8 in the weak direction. For bollow circular segment
yokes, the shape factor ranges from abowt 1.45 W0 1.6 in the
}trongdimcﬁnn.mdfmmaboﬁl&tquhlbewukdimcﬁon
(Ref. 6). The shape fctor for a solid rod is 1.7. As canbe
. seen above, the rectangle shape resulls in the smallest shape
* factor for all of the common ycke shapes with the exception of
the strong direction of the holow circular scgment which ia
some extreme instances can be about 3% Jess. For this type of
yoke, the weak axis usually controls the design wnywsy. In
conclusion;, using a shape factor of 1.5 is adequate for a
majorily of MOVs, however, if & unique yoke shape is wed
(i.c., Weshape) the effect of & reduced lhnpc factor must be
conndcrad - - )
Other arcas’ of concem should also be pointed out before
proceeding. This evaluation did not consider the potential for
yoke leg buckling. 1In some circumstances with long slender
yokes, a buckling of the yoke legs under compression may
govern. This possibility should be investigated to ensure it will
not control the design. ‘Another arca for concern is associsted
with the actual torque to thrust conversion which may be
afTected by allewing the yoke to go into the inclutic range.
Permanent yoke deformations resukt in a stem misalignment
which will introduce a *rate of loading® effect for the valve (see
Ref. 7). When using this approach, the rate of loading effect
due 1o atem misalignment must be considered.

OTHER CONSERVATISMS

Using an elastioplustic pnalysis to evaluate MOV yokn Jegs
may cause concern about reducing the existing safcty margia.
Becauseof this, i is worth noting other conservatisma that exist
in an analysis of this pature, For jnstance, ia the cxample, the
yoke material was assumed to be an elastio-perfectly plustic
maledia] with & yicld streagth of 36.0 knl. I reality the actual
yicld strength of this materiai would Iikely be ia’ the ruage of
10X to 20% higher (note that for any specific yoke, the actual
yxcldmmzlheouldbeequdbtbcmmn) Furthermore,
the plustic assumptica b very conservative.
Actually, as the extreme fbert of the croes section begin b
yield » certain amount of strain hardening will take place (sce
Figure 1). As a resul the sctual plastic moment capecity will

. be significantly higher than calculated. Additionally, there are

scvena] other conservatisms which exist. For instance, the tem
Is normally not considered in the analysis. In realty, bor clsed
valves, the stem belps support the actuator thereby reducing the
losds on the yoke leg. For open valves, the stem will' help-
support the actustor once all the gaps have closed. Also, the

_ccelerations used to determine the yoke loads are usually bused

on conservative analysis techniques such as response spectra
analysis (a2 opposed lo time history analysis). In summary there
is ol & significant safety margin availible i this type of

" evaluation even when using elustic-plastic analysis techniques.

CONCLUS!ONS

In conclusion, the actual pcxmmcnt dcfonmbon of s valve
yokc:ub;eaadwbmdingmwamcxmoﬂbemmdywﬂ
strength is much amaller than often thought, Drastic permanent
deformation does pot take plice once the yicld strenpth ks
exceeded. On the contrary, & yoke will continue to dellect a2
pear the elutic nle untll the plastic moment capacity b -
spproached. Besed oa these facts, eh.lbcfphmcmdymcubc
used to justify openbility by comparing the cakulited
pcmunent deformation to the vendor supplied displicement
limit. If'the vendor does not provide & displicement limit, & |
can be masiually c.dcuhwd_tflbe“lvcclanncambo\vn

Using this approach is not recommended for final design, rather

_ # i1 offered a1 1n alizrnative evaluation method which can be

used to justify continved operation. Use of this method can
resuk in significant cost savings withoit compromising plant-
safety. There are many factors which must be considered on s
caseby-case basis. Is the valve normally opea or normally

- elosed? st valv; required to operate during the event? What
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arc the actus] geomatrics associated with the valve? Al these
questions should be sdequately sddressed whea pcrfomnng an
uu]ym of this nature 15 ensure valve operability,
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NORMALIZED LOADS AND DISPLACEMENT

AT SELECTED-LOAD POINTS

Load Point P/P, PPP, 3 (in.) 318, 38
A 0.730 049 0.059 . 0.m 100
B 1.000 0.75 0.081 1.00 1.00
[ 1.200 0.80 0.098 1.21 0.8
D 1.425 0.95 0.131 1.62 031
B *1.500 1.00 0.180 22 0.00
l P - . 0.001 0.01 .
l G - . 0.016 0.20 .
‘H - . 0.058 om .
P = Applied lateral Josd
P, = laten]load corresponding to first yicld
P, = Lateral boad corresponding to plastic moment
3 = Latenldisplacement duc to P
8, = [Laten!displacement ducto P,
&' = Fint derivative of § (stiflneas of yoke at load P)
8, .= First derivative of &, (stiflness of yoke at first yicld)
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Actual Ultimate Tenslle Strength

Stress '

Minlmum

Stress

1

Elastlc

3.

- X

Actual Materlal Straln Hardening

Elastic - Perfectly Plastic Materlal (Assumed)

In-Elastic (Plastic) Range

/ Range

-Strain

Figure 1

STRESS-STRAIN CURVE FOR TYPICAL CARBON STEEL
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Section A-A

Yoke Material
SA-216 Gr. WBC
S, = 36 ksi
'S =17.5 ksi
E = 27,900 ksi

| = Moment of Inertia
-P = Applied Load

BEAM MODE BENDING EXAMPLE

Actuator

Valve Body
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0 0.20.40.60.81.01.2 1.4 1.6 1.8 2.0 2.2 2.4
Figure 3

GRAPH OF LOAD VS. DISPLACEMENT
(normalized to first yield)
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POINTA -

POINTB -

POINT C-

POINTD -

POINTE -

POINTE-

Sectlon Is fully elastle.
Maximum stress Is 1.5 S = 26.25 ksl

Sectlon reaches first ylelding of extreme flbers,
Maximum stress Is S, = 36 ksl

Extreme flbers have ylelded.
Section Is In the elastlc/plastlc range.

Further ylelding has taken place.

Center sectlonls stlil In elastic range.

Sectlon Is fully plastic. Plastle Moment .
Capaclty Is reached a plastic hinge forms.

Dotted lines show actual materlal propertles
Including the eﬁects of slraln hardenlng

anure 4

STRESS DIAGRAMS CORRESPONDING

TO SELECTED DATA POINTS

263



4’ /:
~y- Q
@)

63 ¢

| 7
.

1 71:' Y /A%

- 7 7 L#

T

Y

Foll;wer
ID=1.781"
0D =2469" .

| Packing Chamber
oD = 2.516"
2.526"

;___,,.— Lantern Ring
ID =1.781"
OD.=2.50"

Backseat Bushing
- ID=1.781"

O\/ rell
1.750%|, -
1.740'

0.031"

20.25"

4.25" |

JV L 4

2 4,25"

§ = 031" (20.25")
‘= 0.074"

o mewsmwom

~+p

. -Figureb
ALLOWABLE DEFORMATIONS
(Beam Mode Bending)
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Figure 6 |
COMBINED BENDING PLUS AXIAL LOAD
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NOTE THAT ALLOWABLE DEFORMATION DUE
TO ROTATION IN THE PACKING CHAMBER
MUST ALSO BE EVALUATED

Figure 7 ,
ALLOWABLE DEFORMATIONS
(Frame Mode Bending)
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The Cost of Data and Analysis

Two stories that demonstrate savings achieved by refusing to continue
dependency on A/E's and NSSS Suppliers for Data and Analysis that -
should be resident at ComEd NOD.

Source: lntervxew s wuth 0. Shirani, NOD Engineer
) . June 1997
M

Business Planning, June 1997



Temporary Rigging Criteria
Engineering purchased from S&L load bearing data on key walls at the six sites.

Technical Information Documents (TIDs) for BWR and PWR walls were developed that allowed our own
engineering to analyze the loading of walls for témporary rigs during outages. -

+ At every plant outage, Engineering purchased load bearing + Cost Per outage pre-TiDs:
evaluations from S&L. ‘An average outage would require , Low: 80 evals x $3,000 = $240,000
between 80 to 200 evalliations at a charge ranging from e 1. }
$3,000 to $7,000. High:200 evals'x $7,000 $1,400,000.

- - t TIDS:
s+ A ComEd engineer convinced all six sites and DG to contribute * Angual Cost to NOD pre
$20,000 each toward tHe purchase of-the data on our walls (7 Outages)
‘that would allow us to do our own analyses. : Between $1,680,000 and $9,800,000

+  Engineer developed TID:-MS-03 (BWR Rigging Criteria) and TID- ¢ One time charge for data to develop TIDs:
MS-18 (PWR Rigging Criteria) for ComEd engineer?ng use. The $20,000 x 7 sites = $140,000
Engineer trained 300 additional engineers in the new TIDs. The B

TIDs provide a step-by-step simple method to do the analysis

. + 90% usage of TIDs saves each site
for each rig.

between $216,000 and $1,260,000 in

.. : ‘ S&L analyses each outage.
+ Some sites completely endorsed the TIDs and stopped using .

S&L. Others were mord tentative. Overall the NOD used the ' :
TIDs for 90% of the Tigé per outage. - + 90% usage of TIDs saves the NOD

between $1,512,000 and $8,820,000

each year..
® However, as more engineers from the 300 leave, there are

instances were S&L is dsked to interpret our own TIDs for work
on site.

2 ' ) Business Planning, June 1997



e —— e o o it am ammo e e e e

Motor Operated Valves Seismic and Weak Link Analyses
Every time an MOV needed to be upgraded or repaired, ComEd relied on S&L and other AJEsto do operability analyses

against the original qualification. S&L would have to contact the NSSS supplier (Westinghouse or GE) to obtain data for the

analysis. In many instances, the NSSS supplier would then contact the manufacturer to obtain the data. The final charge to
ComEd ranged between $12,000 to $15, 000 er evaluation,

+  Very frequently, NSSS si:ppliers and A/Es were conjured in critical times to perform operability analyses on
MOVs. The cost of each evaluation was never challenged as these analyses were mostly done to meet a

certain time requirements to avoid bringing the unit down. The cost of these evaluations per valve ranged
between $12,000 and 5$15,000.

s  The following depicts how the charges added up for ComEd:

ComEd Ss&L : NSSS OEM

Release to |:> Contacts c:> Contacts => Coflects
T saL NSSS . OEM Data
i Final Charge from S&L iricorporated
" { charges they had to pay to obtain data
; from Westinghouse, and the charge
i that Weslinghouse had to pay to obtain
data from the OEM : ComEd S&L Rwlews Nsss OEM
<_':: NSSS Does <:| Retumns
analysls . Analysis Analysis Data to NS5S

+ The NRC requested the qualification of all 1,600 MOVs for higher thrust and seismic factors to meet the
new NRC GL-89-10 program, Our Engineer convinced our management to allow him to pursue purchasing
- the data directly from the Original Equipment Manufacturer (OEM). S&L strong’ly lobbied to stop this
initiative. Nevertheless, our Engineering approved the initiative. Qur Engineer. contracted four independent
engineers to do the svaluations and calculations. They obtained the data from the OEMs and moved the
calculations to MATHCAD where it can be accessed and used by our own engineering force.

3 i . Business Planning, Juf\e 1997
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