September 2, 1992

Ken R, Jaguay
Rockwell International
Mail Stop T4K7

6633 Canoga Avenue
Canoga Park, CA 91303

Dear Ken:

Subject: ABWR postulated Pipe Break Dynamic Nonliner Time
History Analysis

Enclosed are the responses to the ABWR piping audit comments
pertuning 1o the subject analysis,  If you have any questions please
call me (408-925-4824) or Henry Hwang (408-925-1984),

Sincerely,

Jack N. Fox
Advanced Reactor Programs

cc: Chet Poslusny/Shou Hou

2000 { L

e _fz

NI

Y

Y100 { NV
$ W% Sl g ¢

pi - (- puslasny







SUBJECT: ABWR POSTULATED PIPE BREAK DYNAMIC NONLINEAR
TIME HISTORY ANALYSIS
CC: 8J Lin J Wallach
M Herzog EO Swain
J N Fox
RESPONAES TO AUDIT COMMENTS (Prepared by Henry Hwang) . 4

Analysis Model Description:

The pipe break non=linear time history analysis can be performed
by ANSYS program. Aattach A shows the input example of the main
steam pipe. The selection of the input are descriked as follows:

Analysis : KAN=4

Plastic pipe : use STIF 20

Plastic elbow: use STIF 60

Pipe whip restraint : use STIFF 19

A small PC program has been written to convert force time history
output to ANSYS time history input format. The verification of
the program can be performed by individual visual checking.

PA = 373,570 1b
Audit Comment 1 :

The time step used in the Main Steam Break Structure (MSBS)
analysis 1s 0.001 second, In order to prove the convergency of
the solution, GE agreed to use 0.000% second time steps in a
repeat of the analysis.

Response 1

In order to show that the analysis time step 0.001 second is
adegquate, an analysis with time step of 0.0005 second has been
performed. The results of the analysis are plotted in the
following figures., Comparisons of the results between 0.001 sec
and 0.000% sec time step showed that the differences are less
than 3%, Therefore, time step of 0,001 sec can be used in future
analysis.




Figure 1-1 : ANSYS analysis model~ element plot,

Fiyure 1-2 : ANSYS analysis model~ nodal plot.

Figure 2 : Impact force at the pipe whip restraint., DT=0,001 sec
(pa=1373,600 1lb, max impact=670,000 1lb)

Figure 3 : Bending moment time histories. DT=0.001 sec.
at elm. 21 ,at elbow near break

Figure 4 : Displacement time histories. DT=0.001 sec
at the break location

Figure % : Moment time history at headfitting, (Elm 42J)
DT=0.001 sec.

Figure 6 : Force time histories at headfitting. (Elm 42J)
OUT=0.001 sec

Figure 7 : Bending moment time histories. DT=0,00. sec
at elm 227 ,before main steam guide

Figure 8 : Bending moment time histories. DT=0.001 sec
at elm 421 ,near headfitting

Figure 9 : Bending moment time histories. DT=0.001 sec.
at Elm 381, 1st elm after MSIV.

Figure 2A: Impact force at the pipe whip restraint., DT=0.0005 sec
(pa=373,600 1lb, max impact=670,000 1b)

Figure 3A: Berding moment time histories. DT=0.0005 sec.
at elm, 21 ,at elbow near break

Figure 4A: Displacement time histories. DT=0.0005 sec
at the break location

Figure 5A: Moment time history at headfitting, (Elm 42J)
DT=0,000% sec.

Figure 6A: Force time histories at headfitting. (Elm 42J)
DT=0.0005 sec

Figure 7A: Bending moment time histories. DT=0.0005 sec
at elm 227 ,before main steam guide

Figure 8A: Bending moment time histories. DT=0,0005 sec
at elm 421 ,near headfitting
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The results of the analysis are shown ir the figures below.

Figure

Figure

Figure

Figure

Figure

Figure
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5B

6B:

7B

o9B:

Impact forc: at the pipe whip restraint., DT=0.001 sec
(pa=373,600 1b, max impact=670,000 1b)
(Included rotated blowdown angle)

Displacement time histories., DT=0.001 sec
at the break location
(Included rotated blowdown angle)

Moment time histories at 42J (headfitting)
(Included rotated blowdown angle)

Force time histories at 42J (headfitting)
(Included rotated blowdown angle)

Bending moment time histories. DT=0.001 sec
at elm 22J ,before main steam guide
(Included rotated biowdown angle)

Force time histories at 22J, before main steam guide.
(Included rotated blowdown angle)

It is noted that not all the plots as shown in the design
configuration are plotted because some of the plots are not
needed ior comparison and it take too long to plot.




Comparisons cof the bending moments and bending stresses at the
head fitting are as follows:.

Pipe = 28" OD x 1.423" ¢t
I = (2874 - 25.154"4) x 3.1416/64

10520 in*4
761 in*3

Z

Assume break occurs at normal oreration, T=552 deg. F.
Sm = 18,570 psi for SA~350~LF2 (Carbon steel)

Allowable limit = 2.25 Sm
= 41780 psi

The maximum bending moment between the MSIV’'s will be developed
about 0,075 second after the break. The decompressing wave
travels at 1600 ft/sec. It has traveled a distance of
1600x0.075=120 ft when the maximum moment occurs. Therefore, the
pressure between the MSIV at the time when the maximum banding
moment is developed will be much less than normal operating
pressure of 1050 psi,.

Sp = PD/4t
< 1050 x 28/(4x1.4213)
= 5165 psi
Weight stress, Swt = < 8500 psi
Sp + Swt < 5665 psi
Results 1 = Using normal procedure with time step 0.001 sec.

Results 2 = Study case with time step 0.0005 sec.

Results 3 = Study case with time step 0.001 sec.
Include force angle rotated.

Moment and stresses at the headfitting

Ma Mb Mc Mr B2 M/2

(E6) (E6) (E6) (E6) psi
Result 1 15.3 15.0 13.3 28:43 33600
Result 2 18.0 18:0 333 25.1 33500
Result 3 20.% 4.5 9.0 22.8 30400

This can be seen tha. ‘he values calculated from the result 1 is
slightly conservative. From Figure 9, moment time history plots
at element 381, the first element after MSIV, the maximum bending
are as follows:

Ma Mb Mc Mr B2 M/2
(E6) (E6) (E6) (E6) psi
38l 15.0 13.0 11.5 22.94 30,600
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This shows that the maximum stress between isolation valve is at
the headfitting. The combined stress is as follows:

Sp + 5w + S break = 5165 + 500 +« 33600
= 39,265 psi

Allowable stress = 41,780 psi

All the stresses are within the allowable limit of 2.25 Sm.

CONCLUSIONS @

1) The stresses between the MSIV’s does not increase due to the
force direction change as result of the displacements at the
break location. This shows that the nonlinear analysis based on
design location is acceptable.

2) Calculated pipe whip restraint locad by ANSYS is 670,000 1b.
The PDA calculated peak restraint load of 666,000 lb .

PDA program is acceptable to be used for sizing the pipe whip
restraints.

3) The rotated angle load resulted in downward thrust load will
reduce the vertical displacement predicted by the analysis from
the design position.

This shows that the analysis from design position is acceptable.

4) The input listing for the as design case are shown in
Attachment 1.
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Figure 1-1 : ANSYS analysis model- element plot.
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Figure 1-2 : ANSYS analysis model- nodal plot.
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Figure 2 : Impact force at the pips whip rescraiant. DT=0.001 sec
(pa=373,600 1b, max impact=670,000 1b)
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Bending moment time histories. DT=0.401 sec.

figure 3 :
at elm. 2I ,at elbow near break
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Figure 6 :
DT=0.001 sec

Force time histories at headfitting.
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Figure 2A: Impact force a2t the »ipe whip restraint. DT=0.0005 sec
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