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Introduction
* Proposed USNRC Rulemaking:

-Allowable Bending
and ND-3653.2(d)]

Stresses[(NC-3653.2(d)

-Allowable B2' Stress Indices for Tees and
Elbows [(NB-3656(b)(3), NC-3655(b)(3), and
ND-3655(b)(4)]-

- Evaluation of Anchor Motions [NB-3656(b)(4),
NC-3655-(b)(4), and ND-3655(b)(4)]
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Introduction

* Proposed USNRC Rulemaking (cont..)
Linear Elastic Response Spectrum Analysis
[(NB-3056(b)(3), NC-3655(b)(3), and ND-
3655(b)(3)]
Reflected Waves caused by Flow Transients
[NB/NC/NB-3622]
Removal of Inelastic Analysis for Evaluating
Reversing Dynamic Loads (NB-3228.6)
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I ntrod uction

* Subject of this Presentation:

- Strain Rate and Dynamic Strain Aging - Dr. Hiroe Kobayashi
- 2/3 vs 3/4 B2' - John Minichiello
- Level B & Level D SAM - John Minichiello & Tim Adams
- Control by the OBE - Tim Adams
- Conclusion - Don Landers
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Introduction

_ _ _ Comparison of Current Code and Proposed USNRC Rule Making

NC/ND Section Current Code USNRC Rule Changes

B P max Do + B MA +MB) < 1.8S and

NC/ND-3653.1 PmaxD+B2 MA Z)< "Sh

A) P max Do B1.8Sh (1)

NC/ND-3653.2 (a) jMc < SA WMC < SA

NC/ND-3653.2 (d) = <2.OSA (5) Disallowed
7

PIARD M P
NC/ND-3655.b (3) B.-+B2AZF <3.OSM B1 P+B;-2M < 3IS

21 7 2t (

NCIND-3655.b (4) C2 M Am• < 6.0S~f C2 Msm< 6 .0 5 M o 2 Mf< 3.OSxl (4
7 7 z
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ASME Responses to
Proposed USNRC Rule

Making

Strain Rate Evaluation
and

Occurrence of Dynamic Strain
Aging
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STRAIN RATE EVALUATION
of

TEST#37 & JAPANESE COMPONENT TESTS
and

OCCUERENCE of DYNAMIC STRAIN AGING

Feb. 23, 2004
at NRC Public Meeting

Japanese Seismic Team
Hiro Kobayashi
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BACK GROUND & OBJECTIVES

One of NRC's Concerns on Revised ASME Seismic stress Criteria
(Input from Dr. Wilkowski, NUREG/CR-5361 ,111-F-3)

Dynamic Strain Aging in carbon steel
(Ratio of Yield-to-Ultimate strength raise to 0.77)

at LWR operating Temp. (300-700F)
at High Strain Rate (1-1 0/sec.)

Strain Rate Evaluation by Elasto-Plastic FEM Analysis
Estimation of Yield-to-Ultimate strength Ratio for Carbon Steel
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Input by Dr. Wilkowski

Dr. Wilkowski pointed out in the page III-F-3 of NUREG /CR-5361 that:

.Low carbon steels at 300-600F. These materials experience dynamic strain
aging, also known as blue embrittlement. This causes changes in the ultimate strength,
strain hardening and toughness of the material as a function of temperature and strain
rate . At higher strain rates and LWR temperatures, all of the ferritic steels tested
to date in the IPIRG-1 & II have had slightly higher yield strengths but much lower
ultimate strengths. Typically, the ultimate strengths of ferritic base metal at I /sec to
10 /sec strain rate are lower by about 15-30 percent than at quasi-static rates. Thus,
the yield-to-ultimate strengths can change from 0.45.at quasi-static rate to 0.77 at the
1 to 10 sec-' strain rate.........
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ANALYSIS CONDITION FOR STRAIN RATE EVALUATION

CASEI: Test#37, RUN5

CASE2: JAPANESE COMPONENT TEST MODEL
(BEND PIPE, TEE)
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ANALYSIS MODEL for TEST#37, RUN5
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ANALYSIS RESULTS TEST#37, RUN5
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JAPANESE COMPONENT TEST MODEL

In-plane Bending Test for Pipe Bends

[Cyclic Test]
February 23, 2004

[Dynamic Test]
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In-plane Bending Test for Tee

Cyclic Test Vibration Test
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Test Summary & Calculated Strain Rate

Test Condition Static Cyclic Test Dynamic Test (Shaking Table)

Strain Res- Mud Mcode Res- Average
Type pt. Exp Load Mud Mcoe4 2 3 Strain

OD t Mat. In . Displ. *2 *-3 Range4 Exp. ponse 2 ponse Rate5s
(MPa) o m)(~)(~) No. Displ. (kNm) (kNm) Freq. c( 2

No m)(Em km (%) (mm) f (Hz)1 (u1s)

Bend 4B S40 C/S 13.7 1 +33 32.9 12.1 4.84 1 ±33 31.8 12.1 4.7 0.45

Bend 48 S40 S/S 15.0 2 ±33 34.3 13.3 3.53 2 ±33 45.2 13.3 4.7 0.33

Tee 4B/4B S40 C/S 13.7 12 ±50 26.0 12.7 3.4 11 ±50 24.2 12.7 3.5 0.24

*1: Sm equivalent (Hoop Stress)
*2: Mud was calculated from the experimentally measured moment.
*3: Calculat'd Code allowable moment by using nominal diameter, thickness and Code Sm value.
*4: Calculated max. strain range at crack penetration point by FEM which methodology was verified by the comparison with experiment.
*5:

Average Strain Rate
Seismic Capacity margin Rcp=Fs Fn1 Fred
Fs: Strength Factor of component

Fs = Mud / Mcode (should be greater than 1.5)
Fred: Redundancy Factor
FnI: Additional factor due to Nonlinear dynamic behavior
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ANALYSIS MODEL for JAPANESE MODELS

L In-plane Bending Model for Bend

OD:1 14.3mm
t 6.0mm

i( p )r

[Test Model] [Analysis Model]
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Analysis Results - Pipe Bends

Hill III
U Comparison between Failure Location and Max. Strain

Location Obtained from the Analysis
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Measured Load - Displacement Relationship: C/S Bend
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Analysis Results
11 1 1 111112110

Hoop Strain Distribution correspond to fictitious stress at Mud (1OSm)
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Analysis Results

LI Hoop Strain Distribution correspond to fictitious 1

Sect i on, c

C 5-4 17,'

stress of 6.5Sm

Sect ion, c
1.80

90(

OO

, h

Opening
, ny/

Closing
5.0

4.0

3.0

2.0

.: 1.0
CU

tn 0.0

-1.0

-2.0

-3.0

5.0

4.0

3.0

o 2.0

As 1.0

en 0.0

-1.0

-2.0

-3.0

0 45 90 135 180 0 45 90 135 180

Location (degree)

February 23, 2004
Location (degree)

Presented 2-23-04 21



Analysis Results
101111111011111 SIR! I I 11�1

L Hoop Strain Distribution correspond to fictitious stress of 4.5Sm
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STRAIN RATE EVALUATION (CS, BEND)

At Mud (IOSm)
Strain range = 4.8%(0.048)

1
Strain rate = 0.048 x 0.45/sec. at 4.7Hz

At 6.5Sm
Strain range = 1.3 + 1.0 = 2.3%(0.023)

Strain rate = 0.023 x = 0.18/sec. at 4Hz

At 4.5Sm
Strain range = 0.8 + 0.6 = 1.4%(0.014)

Strain rate = 0.014 x 1 = 0.1 1/sec. at 4Hzx0.1725~

February 23, 2004 Presented 2-23-04 23



STRAIN RATE EVALUATION AT Mud

Carbon Steel Bent at Mud(Fs=3.1, fn=4.7Hz)
Strain range = 4.84%(0.048)

Strain rate = 0.048 x 00 1 0r 0.4 5/sec.

Stainless Steel BENT at Mud (Fs=3.4, fn=4.7Hz)
Strain range = 3.53%(0.035)

IStrain rate = 0.035 x = 0.33/sec.

Carbon Steel Tee at Mud (Fs=1.9, fn=3.5Hz)
Strain range = 3.4%(0.034)

Strain rate = 0.034 xA013-m= 0.24/sec.
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Test Summary & Calculated Strain Rate

Test Condition Static Cyclic Test Dynamic Test (Shaking Table)

Strain Res- Mud Mcode Res- Average
Type pt. Exp Load Mud MsStrain

OD t Mat. .nt Displ. *2 c-3 Rag 4 Exp. ose 2ponse Rate'5
(MPa)No (m) km)km) No. Displ. (kNm) (kNm) Freq. F/12

NoEm)(~m km (%) (mm) f (Hz) (u/s)

Bend 4B S40 C/S 13.7 1 ±33 32.9 12.1 4.84 1 ±33 31.8 12.1 4.7 0.45

Bend 4B S40 S/S 15.0 2 ±33 34.3 13.3 3.53 2 ±33 45.2 13.3 4.7 0.33

Tee 4B/4B S40 C/S 13.7 12 ±50 26.0 12.7 3.4 11 ±50 24.2 12.7 3.5 0.24

'1: Sm equivalent (Hoop Stress)
*2: Mud was calculated from the experimentally measured moment.
*3: Calculated Code allowable moment by using nominal diameter, thickness and Code Sm value.
'4: Calculated max. strain range at crack penetration point by FEM which methodology was verified by the comparison with experiment.
'5:

Average Strain Rate
Seismic Capacity margin Rcp=Fs Fnl Fred
Fs: Strength Factor of component

Fs = Mud / Mcode (should be greater than 1.5)
Fred: Redundancy Factor
Fnl: Additional factor due to Nonlinear dynamic behavior
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Stress Ratio Change (Japanese STS410)

-

b
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u(

Code Requirement

RT 300C

Su 410 404

Sy 245 183
(Mpa)

From CRIEPI Report T92044 (1993), "Evaluation of Dynamic Fracture Strength of Dynamic Flawed Carbon Steel Piping under
High Temperature"
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Stress Ratio Change (Japanese STS41O)
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Effect of Dynamic Strain Aging on the Stress

STS410 Carbon SteelOJapanese Material)

Model JST Bend Test #37

Freq. 4Hz 4.7Hz 1.7Hz 4Hz

Response Level 6.5Sm Fs G.T 1.5 Run5 Run5

Strain Rate 0.18 0.45(Max) 0.11 0.32

RT 0.70 0.71 0.69 0.70
Stress Ratio

300C 0.66 0.70 0.64 0.68

Stress Ratio=0.2% Offset Yield Strength/ Ultimate Tensile Strength
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Tensile Property at 288C(550F) vs. Strain Rate for PipeDP2-F30 (A106 Gr.B)
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Stress Ratio Change (Al06 Grade B)

Tensile Property at 288C(550F) vs. Strain Rate for PipeDP2-F30 (A106 Gr.B)

From NUREG/CR6226
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Tensile Property at 288C(550F) vs. Strain Rate for PipeDP2-F29 (AlO6 Gr.B)
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Stress Ratio Change (A106 Grade B)

|Tensile Property at 288C(550F) vs. Strain Rate for PipeDP2-F29 (A106 Gr.B)

From NUREG/CR6226
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Tensile Property at 288C(550F) vs. Strain Rate for Submerged arc weld
DP2-F29W (Al 06 Gr.B)
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Stress Ratio Change (Al06 Grade B)
111111111-111111 I

Tensile Property at 288C(550F) vs. Strain Rate for Submerged arc weld
DP2-F29W (Al06 Gr.B)

From NUREGICR6226
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CONCLUSIONS (1)

Dr. Wilkowski pointed out in the page 111-F-3 of NUREG /CR-5361 that:

.Low carbon steels at 300-600F. These materials experience dynamic strain
aging, also known as blue embrittlement. This causes changes in the ultimate strength,
strain hardening and toughness of the material as a function of temperature and strain
rate . At higher strain rates and LWR temperatures, all of the ferritic steels tested
to date in the IPIRG-1 & II have had slightly higher yield. strengths but much lower
ultimate strengths. Typically; the ultimate strengths of ferritic base metal at 1 /sec to 10
/sec strain rate are lower by about 15-30 percent than at quasi-static rates. Thus, the
yield-to-ultimate strengths can change from 0.45at quasi-static rate to 0.77 at the 1 to
10 sec-1 strain rate.........
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CONCLUSIONS (2)

1) The evaluated strain rates of piping components such as elbow and tee tested
both in USA (Test#37) and in Japan at Mud condition with sufficient margin is
much lower than 1sec that is the lowest limit of dynamic strain aging by Dr.
Wilkowski.

2) Dynamic strain aging never occur in piping components in operating NPP of
LWR temperature and at seismic event.

3) Dynamic strain aging issue does not disturb to set 3.OSm and B2'=213B2 as
the allowable primary stress intensity limit for seismic evaluation of nuclear
piping systems.
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PEAK VS, AVERAGE STRAIN RATE

£ Peak Strain Rate Combination of peak strain rate and peak strain is too

Average Strain Rate much conservative.
Actually, strain becomes zero at peak strain rate and
strain rate becomes zero at peak strain. So, average
strain rate is reasonable for the evaluation of dynamic

x T strain aging.

Input on strain rate from Dr. VVilkowski

Subj: RE: 2-00 minutes (wlo attachments)
Date: 3(612000 8:28:16 AM Central Standard Time
From: gvwIkows@columbus.rr.com (Gery WilkowsM)
To: MinicJceaoL.cOm

Hence f the strain to maximum load is 5% 2nd a typdical piping frequency it 4 Hz. then the
period of the first natural frequency (larger amplitude cycles) is 0.25 seconds, and one
quarter of the period is 0.0625 seconds. Then the effective seismic strain rate would then be
between 0.8/second (0.05/0.0825 seconds) and 0.4lsecond (effect of factor of 2 on time for
multiple cycles). If the strain to reach the Mod (or M'Auc) limit is less than 5%, then scale these
estimated strain rates back linearly. If the frequency is higher or lower, then also adjust the
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Seismic Analysis of Piping Pter Review Group Repo:t

Submitted by G. MK Wilkowski and R J. Olson

Band leat~cimbus

Low carbon stels at 300 to 600 F. These materials expenience dynamic strin a-ging also
kncwin as bloe embrittlement. This ctuses chsage in the ultlmatt strength. Sran

harening and ioughniesso the- matetial asa function of temperature and strain ratt For
instance, the ANCOtes done on the knkm components had yield-toulrimate strengths
or appoximately O5S to 0.63 at room tepemtre. A htgher -strin rates and LWR
tempetures, all of the fta teels testd to date in the RCs Tematbonal PIIng
Integrity Research Grup prognrms (WRG4 and XPERG-2)have had slightly hiSher yNield
stengths, but much lowcrultrnatc strngths. Typically, the utrirnate strengths of ftnitbs

V*

base m1hetals ait I Sec to I ,fjn ets 'are- lower by abo- ut 1$5 to 30 pereno thn wat
quasis rtti lS&i the yield-to-ultimate strengths can change from Q45 at qUmit
static rates to 0.77 at the. ! to: 10 sQIj ytj-n. rateS. The chanze iS even more sigzificlntr for
ferrdif wlsd nerac Henc 9 frrtic stels nt LWVR renmiratures and dynamic 1oading 'Ml
have less trai harni&g than fermtri setes at room temperature under dmic long.
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Seismic Analysiz of Piping Peer Revie' Citoup Report.

Submitte-d by G.- M. Witlkowski and R. 1. Olson

vront the vaiots~ revie%' mnectbtig anid wiitien. infotrnation %U~P~lierd. iwre bclk~vc tha~t the rentAM
.c sm~c des; gn code. rdles -am in need -orfturther v duation betore they am deemed acceptable. Trhs
scnterrient ; b- r h~%-mf ev vekfl-ctrt in --i te-'hnitAeat mtu tt f which *r-C eela~teri to th-e. -PRI.A~N~CO
Corptrentres-t-t that ar-e the basis of ithe new s~eistnc design rue-S.. Scorne-of tliee aspect-s may erode the
,r~fcty Irnrgirrs that at= thooght to cunrc'ntly ecxist.

T~he ctiteti~t at e based on the teits conducted al AN'CO *of wrou ght SCAmn~css- Sleet and towv stregth carb~on
steel pipc and corrpo-vfmts 3t. rcior temperatture. '1ov.ever. the criteri.a mre said to b-eapplicable to a large
%-ariety or muterinis (P to PS)at LWNR temperatures. TeocenhrIshtterrnybmteil
u-.hcrc the mrgirrs vxpcri mental Ny det vmliecd tfror the lfrnlted. conponentr tests may noi reach the desired
levels. Mfaterials wvith higher yieid-t*o-vutirnafe, stre-ngth ratios (i.e.. to%*e-r strnifn harderivnmn1) 4or materials that
may bie less flaw tolerant at operating. concititions may ha:re lowver mrriiins: thahdtrindfo tero

v rnature te t s. SO"54- s'aee fe $Cmatevi al th at re- of coacern ame:
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pirnt%. Somec -additional exampvles are.:

-AI 06 Grade C.
cast staintess --nreel that lvis e.--cperieneced tb-e-ma 0agLng. and May be low in

moghwessat re-acior start-up temiperatures (ic... 300 F). And
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Feray~ 04inzo cold le wIss, future Japanese PXR'~ a HdFerur 2,204Perhapips t e urn-1.-I~e Rteacto'r (EPRP, H~



ASME Responses to
Proposed USNRC Rule

Making

Background Discussion on B2'

February 23, 2004 Presented 2-23-04 40



Background Discussion on B2'

* Correct Equations:
* B2' = 0.87/h213 for curved pipe and butt-welding elbows...
* B2b' = 0.27(Rm/Tt)2/3 and
* B2r' = 0.33(Rm/Tr)2/3 for ANSI B16.9 or MSS-SP-87 butt-welding tees

* ND-3655(b)(3) correct; errata issued for
NB/NC

* Basis was work by Dr. Kennedy
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Background Discussion on B2'
. .2

* Dr. Kennedy discussion:
F F lFr 2. 0* F F n, red ' 2

*FnFred >1.33 for reasonable systems
* Thus, Fs~ 1.5

- Reduction of EPRI and JST tests shows 1.5
* Use 3Sm allowable
* Use B2' indices:

- Elbows, Bends, and tees: B2' = 2/3 B2

- Welds at location of abrupt stiffness changes: B2' = 4/3 B2

- Other fittings where a reduction is unavailable: B2' = B2
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Background Discussion on B2

* JST Static "Markl" vs dynamic tests
- Similar cycles for similar displacement
- Cantilever tests represent maximum follow-up
- JST and EPRI tests were cantilever tests

Predominant failure fatigue; B2' similar to SIF
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Background Discussion on B2'

* SWG-SR recommended 2/3 factor
Compromised to 3/4 to address dynamic strain
aging temperature effect (DSATE)
Received negatives at MC
JST data showed (and shows) there was little
DSATE at the levels of strain in our tests,
even at Mud

- Reballoted in September 2001 with 2/3 and
passed
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Equation 1a (2Sa)

Code Equation: SR = iMR/Z < 2Sa
-MR = range of SAM and inertia
- Similar to Class 1 "primary plus secondary")

and fatigue checks
- No separate primary check, same as Class 1

* Based on typical OBE events and cycles
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Equation 11 a (2Sa)

* Objectives
- Keep usage low (Marki's equation with SF)
- Ensure elastic cycling (2Sa 1.5-2Sy)

* Similar to New Reactor Criteria:
iMc/Z '< 3Sh

C = range of thermal plus amplitude of SAM,
or the range of SAM

-2Sa ~ 3Sh
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Equation 1a (2Sa)

ASME check includes inertia with SAM, and
takes range

- If thermal is equal to Sa ('- 1.5Sh), ASME
check is the same stress allowable as that
used for new reactors

Conclusion: ASME check:
- Consistent with Class 1 check
- Consistent with new reactor stress level
- Reasonable stress limit
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SSE SAM Limit

* ASME Equation: C2MSAM/Z 6Sm
- MSAM = range of SAM moment

* NRC Proposal:
stresses

- Can use ASME, but only if the user
* "... demonstrated that the global piping response

... does not create significant inelastic strain
concentrations))

- Otherwise, use ASME with 3Sm limit
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SSE SA Lmi

* JST inelastic work on elbows at 10.5Sm

- Combined inertia and SAM absolutely
- Maximum strain of 1.2%
- Actual stress level < 3Sm
- Appears to meet the "... does not create

significant inelastic strain concentrations...
however, this would have to be done each
time!!

,7

7
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SSE SAM Limit

* ASME Limit again similar to SSE SAM
limit for new reactors
-SIF = C2/2 for dominant fitting (elbow)
- C2 MSAM/Z

- iMSAM/Z <

= 2 iMSAM/Z < 6Sm
3Sm ~ 3 Sh

February 23, 2004 Presented 2-23-04 52



SSE SAM Limit

* Additional Effect of the 3
* Consider:

S m Limit:

- C2=2i for most Components
-Sm approximately .72 SA on Average

* Then:
2iH- < 3.O(.72SA)z

or

iMAM < |z08SAor & I *OSA

This is Level B Limit on Secondary Stress!
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SSE SAM Limit

* Prior to 1994 No Limit on Level D SAM's
* Implicit Limit:

-OBE SAM's 3 Sm to 1.4 SA
-OBE= .6 SSE
-SSE SAM's 5 Smor 1.6 to 2.3 SA

* New Rules Geared Toward Part 52 Plants
- No Explicit OBE Analysis Required
- Only SSE Analysis
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SSE SAM Limit

* ASME Felt Some SAM Limit Required
* Explicit Limit Added to Level D

No OBE, Only SSE

* Essentially the Same Previous Implicit
Limit on SSE Sam's
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Control Shifted to the OBE

Comparison Level B to Level D at 500 TF (Inertial Loads)

S= SM 1.8 S I | 3.0 ST'l 1.8Sh
I________ 3.OSM

SA-106B 17.1 18.9 30.8 56.0 .54

SA-376, 16.6 17.5 30.0 51.0 .58
Type 304

SA-312, 17.5 17.5 31.5 51.0 61
Type 304
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Control Shifted to the OBE

Comparison Level B to Level D at AMB (70 OF) (Inertial Loads)

Sit Si I 1.8 Sit 3.0 Sake .-SS lI. I _____ _____ 3 .0S m1

SA-106B 17.1 20. 30.8 60 .5

SA-376, 20. 20. 36 60 .6
Type 304

SA-3 12, 20. 20. 36 60 .6
Type 304
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Control Shifted to the OBE

* Items that will Cause OBE to Control

Pressure Stress
Deadweight Stress
Damping
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Control Shifted to the OBE

* Pressure Deadweight Example
- Cold 4" Sch 40 pipe
-A 06B
- Design Pressure: 500 psig
- Deadweight Support at NF Spans

Water-filled, not Insulated
-Straight Pipe B2 = B2 ' = 1 0
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Control Shifted to the OBE

PDo
21

= .5 (500 )* (4.5) -2373 psi
2 * (.237 )

M vL 2 
-

8
(1 .36 )* (168 )2

8
= 4800 in-lbs

B2 Mw = 1.0 (( 1)= 1500 psi
.z (3.21) -1 0 ps

OBE capacity = 1.8 (17100) - [(2373) + (1500)] = 26,900 psi
SSE capacity = 3.0 (20000)- [(2373) + (1500)] = 56,127 psi

OBEcapacit y = (26900 ) - 48
SSEcapacit y (56127 )

(< .5)
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Control Shuffed to the OBE

* Ground Motion
- OBE = 1/2 SSE
- Reguide 1.60 Spectra

* Reinforced Concrete
Building

* Structural Damping
- Reguide 1.61
- OBE: 4%, SSE 7%

FI~n4.1
RaftoofOBE gtevys to SSEgLevr
Re~nfarced Concrte R actr udhg

70e3

,04_

,am

am

0. $.!

* Equip Damping
- OBE, SSE: N-411

* OBE/SSE = .6 or >
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Control Shifted to the OBE

* Ground Motion
- OBE = 1/2 SSE
- Reguide 1.60 Spectra

* Reinforced Concrete
Building

* Structural Damping
- Reguide 1.61

- OBE: 4%, SSE 7%

* Equip Damping
- OBE, SSE: N-41 1

* OBE/SSE = .6 or >

FV1q 42
R:IodOREt tmlto SSEILtLves
Reh wtd Caress AmFy I9uWg

.OH '-

SNo

amN

Ben, ........ . . - ............................ ...
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Control Shifted to the OBE
* Capacity

Initial Margins on Capacity
* OBE/SSE = .5 to .6

- Pressure, Deadweight Reduce Capacity
* OBE/SSE = .48 or<

* Demand
- Damping Causes: OBE/SSE =.6

* Capacity .5 or < Demand .6 or >

OBE (Level B) will Control Primary Stress
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Conclusion
* The ASME has Significant Concerns with

the following proposed USNRC
Rulemaking:
- Allowable Bending Stresses[(NC-3653.2(d)

and ND-3653.2(d)]
-Allowable B2' Stress Indices for Tees and
Elbows [(NB-3656(b)(3), NC-3655(b)(3), and
ND-3655(b)(4)]
Evaluation of Anchor Motions [NB-3656(b)(4),
NC-3655-(b)(4), and ND-3655(b)(4)]
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Conclusion

* The ASME has Concerns With But Would
Not Oppose:

- Linear Elastic Response Spectrum Analysis
[(NB-3056(b)(3), NC-3655(b)(3), and ND-
3655(b)(3)]
Reflected Waves caused by Flow Transients
[NB/NC/NB-3622]
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Conclusion

* The ASME Supports the following
proposed USNRC Rulemaking

- Removal of Inelastic Analysis for Evaluating
Reversing Dynamic Loads (NB-3228.6)

February 23, 2004 Presented 2-23-04 68



Table 1 Testing Conditions of Pipe Fracture Experiments

Experiment 1.2-4 Expediment 1.2-6

Pipe Materials A106 Gr.B Carbon Steel A1 06.Gr.B Carbon Steel

Actual Outside Diameter. 168mm (6.60inches) 168mm (6.60inches)

Actual Wall Thickness 14.0mm (0.550inches. 13.0mm,(0.50inches)

Crack Length/Pipe Circumference 0.36 0.36

Crack Depth/Pipe Thickness 1.0 1.0

Test Temperature 288tC (550° F) 288cC (5500 F)

0.051 to 0.102mm/sec 12.5mm/sec
. Load-Line Displacement Rate (0.002 to 0.004in/sec) (0.50in/sec)

4-Point Bending Inner Span 610mm (24inches) 610mm (24inches)

4-Point Bending Outer Span .1524mm (60inches) 1524mm (G0inches)

Experimental Moment at Crack 34.57kNm (305,930in-lb) 25.31kN m (340,050in-lb)
Initiation__ _ _ _ _ _ _ _ _ _ _ _

Maximum Experimental Moment 42.71kNm (377,965in-lb) 36.94kN m (327,200in-lb)

Tensile Yield Strength 32OMPa (46.4ksi) 32OMPa (46.4ksi)

Ultimate Tensile Strength 621 MPa (90.Oksi) 621 MPa (90.0ksi)

X, ,;.
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