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e

8:18 a.m., Dr. Chester Siess, Chairman, presiding.
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PROCEEDINGS

DR. SIESS: Good morning. I am Chester Siess,
Chairman of the ACRS Subcommittee. On my left is Mr. Michael
Bender, on the far right, Dr. Carson Mark, and the vacant seat
here belongs to Mr. David Vard, wh> will be in shortly -- he
either can't fiid the room or thinks it was 8:30. e have one
of our Subco: .ctee consultants present today, Dr. Zeron Zudans
sitting at the end of the table.

The purpose of the meeting is to discuss three of the
research prcgrams that are being carried ocut by the Office of
Nuclear Regulatory Reseach of NRC, and what is now called == I |

think they call it the Mechanical Structural Engineering |

Branch. I prefer to call it the Structural Mechanical

Engineering Branch.

The projects -- one project is on safety margins for
containments, being carried ocut at Sandia Laborateory, and a
seccnd one is on the safety margins for Category I structures,
which is being carried out at Los Alamos MNatiocnal Laboratory -=|
it is LANL now, isn't it?

MP. MARK: Right.

DR. SIESS: You are not scientific any more. Just ‘
national. Anéd a prcject on buckling of steel containments,
also at Los RAlamcs. We will take them up in that order. Cu.
meeting 1s being conducted in accordance with the provisions

of the Federal Advisory Committee Act and the Government and
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that, I believe, from the NRC research staff. Jim? |
MR. COSTELLO: My name is James Costello with the

Cffice of Nuclear Regulatory Research. I think I woul® like

to spend a few minutes this morning just giving a little bit of:
background on the three programs being discussed. The first :

one we are talking about is entitled Containment Safety Margins,
|

|
being performed at Sandia Laboratory. The principal investigator

is Walter Von Riesemann.

The principal question which motivates the research
is an attempt to get a randle on where ané how and what load
level a containment will lose its capacity to contain.

The seccnd program that we will discuss i3 the one

on safety margins for Category I structures. It is similariy

-

= 2

motivated. @ contractor is Los Alamos National Laboratory.
The co-principal investigators are Chuck Anderson and Elton
Endebrock. The NRC Program Manager is Poger Kenneally, whe is
here today.

MR. MARK: Mr. Cortello, do these guestions -- I am

sure they include overpress:ce. [c¢ they also include seismic

anéd other such disturbances?

Walter Von Riesemann will discuss, we are alsc locking down
the rocad on attempting to get a handle on containment capacity

under & lateral seismic type cof load.
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associated with pressure, and all those things.

anéd many othar things. There is more than one fa

MR. COSTELLO: To get back to the conta

on the containment we are looking, first, at pres

giving serious thought and planning tc look at ca

lateral loaéd .=~ esentative of seismic loading.

and we are not including localized loadings like

DR. ZUDANE: When you are talking about

v

ne

you cannct exclude because those are

you can superimpcose.

DR. SIESS: Yes, but the immediate cobje

is in relaticn to the post-accident hydro

DR. ZUDANS: Well, that is accompanied
too.

DR. SIESS: Yes, but am I correct, the
concern here, the first step in this Sandia progr
to the graded core ccoling rulemaking? Not LCC2
what is it? steam coverpressure? -- I forget what
it was in WASH~-1400.

MR. COSTELLO: That is correct, Profess

extent is the hydrocgen burn or detcnation cr loca
loading from a local detconation in the picture, a
what stage would you say?

Plus missiles

l1.are mode.

inment guestion,
sure. We are
pacity under

We have not,
missi.e effect
capacity,

t things

ctive of this

gen anc post-

by temperature

imredliate
am, relates

ressures

e

T
falilurxr

mode of

L.
|
!

4

e
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MR. COSTELLO: Dynamic or pulse locads we intend to

e
(1
A
or
O
fu
(]
r

er static overpressure, if they turn out to be of
significant interest. The major thrust is ability to predict
performance under pressure loads. |

MR. BENDER: I am confused. We may as well get the . |

'

air cleared right now. The containmen“s initially were designed

on the basis of the peak pressure releases from a double-ended |

pipe break essentially, with scme thermal loading. Then, more

M=. BENDER: And seismic events were put 1inic tae
scmewhere along the way. !l!ore recently we have locked
at guestions having to do with the capabiliiy of ccntainments
with scome kind of hycdrogen pressure lcading. Now, what

coniitions are you addressing here when you talk about safety

4R. COSTELLC: Okay, I guess -- let me, I guess, just

wn

emplh.asize what we are lcoking at here 1

gusstion of capacity under static overpressure, capacity urier
dynanic pressures, and capacity, we think we will try to get,
under lateral loadings if we can figure out how to do it.

MR. BENDER: Superimposed separately or how?
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MR. COSTELLO: I guess I would like to emphasiz

what we are after is the basic buildin

capacity under a wide

clock in assessing

3

range of load scenarics.

DR. SIESS: Well, look, let's back up a bit. In

first place, you have

a project going on, I think it is at

the

MIT, that is locking at containment locads from the standpoint

of hydrogen. Right?

and possible local detonaticons. These are potential loadi

bl

.

Curtis yesterday told us about the work that is being done,

I forget where, lookin

g at threats to containment =-- that

This would be both burn and detonation

S

S.

was

' S e + 1 < - ’ T - i -
the term he used, which involved a2 lot of cther things Lesi

locads on containment.

developed.

cR. SIESS: As Mr. Bender put 1%t, the original
object of the containment was to contain the LOCA -- that is
a very significant pressure for the kind of structure we are
talking about and that has been licked, we have got them built
they are not always leakticht, but structurally they take the
loads.

~he seismic is another one. Cur present design
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<
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|

|

i |
} DR. SIESS: Now, Mr. 2Zudans is concerned about

|

temperature. I have got a feeling that when we look at the

design limits, at least in the interim rule on hydrogen, you

| }

p1

i . s y {
| are so far inte the inelastic range, that the temperature effects

|
{have cust about wiped themselves out. '

!
)

DR. ZUDANS: I have no gualms with whatever is being
{ dcue. I think that it is correct to be clear at -he very
beginning what it is that we are after. That is the whole
issue. I am not saying that you are not doing the right thing.!
When I read that principal guestion that you are asking
yourself, you are asking yourself a guesticn that goes very
far intoc the nonlinear range, and whatever you do, you lost
the luxury of any kind of a superimpositicn.

| You may have degraced materials properties in a

structure, so if you choose to just lcok at the pressure, you

DR. ZUDANS: Well, if that is what is satisfactory
ight now, and maybe it is in connecticn with this degraded

to use cement, maybe that

(]
(&)
"
(1]
3]
(8}
O
.,4
’.l
e |
8]
-
(0]
w0
' o
1Y
]
5
o
r
= o
(1)
"
(8}
"
3
O
(2

degraded materials properties of a structure.
That is absclutely necessary. UNow, I will say that

this is not the whole picture and when you talk about failure

- " ¥ -1 —
moces, Yyou re out ¢ the sxm;le realm; 1t 1s a ccmpiex matter.
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DR. SIESS: Well, there won't be linearity and the

temperature forces will prcbably be wiped out

about temperature effects on the materials?

DR. ZUDANS: That is right. I am not so concerned

about the temperature being able to destruct the structure, no.

DR. SIESS: But this idea th/ . this
to go on and on and get into seismic, as soon
talkinc out the seismic resistance, you are
other research projects.

DR. ZUDANS: But you cannot do them

DR. SIESS: I am no%t concerned abou
they are. Right now I am trying to find out
clear what the guestions are that research 1is
This is on? project, and we will see where it
whole picture.

This project is not going to answer

-= you e talking

tiliug 48 going
as you start

into about three

separately.

t how separate
what == to get
werking on.

fits into the

all the guesticns;

it may not even answer the ones we .re asking.

just want to Xxnow wh

[

DR. ZUDANS:
is suppcsed to answer.
DR. SIESS: Do you agree that I sta
MR. (COSTELLO: I think that is reas
DR. SIESS: Let me get something el

MR. BENDER: !Maybe you are clear, b

ike. There are two objectives in this meeti

.-
[
’

at this pro

ted what it =-
corakle, vyes.

se clear.

ut

-
4
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get us informed about the nature of the research. The other

g 1

and to the Congress about research programs and budgets. \MNow,
as far as the latter is concerned, the recommendations that

we will De making to the Commission next week, and toc the

' Congress next February, relate to the FY83 program, which is,

you know, a fair distance away.

SO, one thing we need to get clear, Jim, as we go

| through this, is what werk is -- as you talk about the work,

12 |

13

14 |

15 |

16

17

| going on, but we need to know that it is not an

18

19

20 |

21

22

23

24

25

| the presumption I would make is t

"

some Oof it is FY8l, it is underway right now, in progress, has

been going on; some of it is FY82, which is the next stage in
the thing, and clearly scme of it is going to be FY83, and I
doubt if we are going to be hearing much that isn't going into

'83, but if there is sometaing that is going to be finished

by '82, we are still interested in it, in knowing what is

far as commenting on the budget.
would like to keep that aspect of it straight.

Now, we will go back and let Mr. Bender continue his guesticni

|
i
!
|
|
|

is to give us a basis for making recommendations to the Commission

!
i

MR. BENCER: I wanted to == I accept the idea thit we|
are locking #t pressure. Then I have to lock at when the

pressure is imposed ancd what things exist a

"y

need to deal with degraded materials properties, I listened
yesterday tc TVA's presentaticon of the temperature that was

ot
(r
o
("
it
!A
1
o]
e
(18
0n
"

1at while I don't Xnow that we|
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'! asscciated with their filtered con.ainment system, and the

! temperature was 750 degrees Fahrenheit, which says it is up in |

| .

E the ra: ye where the strength of steel is not == :

i DR. SIESS: Was that under containment or in the ;

; £ilter? :
MR. BENDER: It was in the fluid. I
But I am not trying to define that temperature. All

10

11
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16
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I am trying .0 say is, if we are going to 1

-

we have to look at the

Q0k a

t the

is one thing, the thermal distribution of the structure is

another
it changes in

consideration

.
ermrm g
- - '.otab

-
-

-

-

-
-~

Yie start with some thermal

distribution and

structure with time is an

b i

would like to know that we

I just get the pressure instruments and

I hope that question that you

says containment structure fa

asscciated load

0of circumstances that exist when

MR.

what the rezal

level:z, when load levels me

the pressu

COSTELLO: I think that is a

Juesticn is. lNow, I would li

comment by saying we are realistic, we try
research

not delude curselves that a single

to answer all

-

.
-
“h

e questions.

important

are addressing

.ave

14
ilure

an th
re is
fair
Ke to
te be
prog

got

statement o©

associated conditicns and temperature

the

&
-

pressure,

how fast
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MR. BENDER: I am not trying to decide on the researc

S— _’-.< —

L]

program. am trying tc decide what the guesticn is and then

decide -- I am playing Dr. Siess' game, and he suggested it.
l

DR. SIESS: Let's make a distincticon. I think we }

|
!

could make a distinction in ncmenclature, it may not be the one
- a

|

| you use and we can find another cne, between a research program|

and a research project. Let's relate a program to the gquestion|
!

 and then the projects to the subgquestions or the elements of the

|
!
i
|
|
|
|
|
|
|

Now, you may want to use project and contract, I

| don't know what would be apprcpriate nomenclature, but researchi

12 |

13 | answer ani scme of them are going to end up assigned to you to

15 |

16

17

18

has certain -- well, NRC has certain guestions it needs to

17
o
»
ot
o
a1
3]
(8]
[ 1
{0
# §
(9]
r
o
1]
L4

answer, and scme of them NRR is gecing to g
things, and scme of them the Commission may decide without any
data, I don't know. g

But the program overall and the individual pro

| == of course, one concern is how the individual projects do

19

20

~
LS ]

| structure in response to those loads, which, depending on th

LS L8]
s w

~
i

' of undertakings in the accident area Curtis tall

and ancther project looking at the

1
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(ot
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O
0
o
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o
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Let

attempt to --

me try and recover from my

SIESS: Well, we just tock

BENDER: Ve are trying to

CCSTELLO: To offer the wi

14 |

perhaps disastrous

ycu farther than

-~ |

understand it ourselves

de gquestion and let

the individual presentations by the principal investigators

hone in »n what the actual tasks

being done in the projects in attempts to get a grip or

questions.

DR.

(Al

o
later,

-a1 s
- ———

to

s

-
-

wh we

the why is in
what

guestion

usefulness of

Cle
wh

on

ich way
don't think a

ques

»
are

usually

ng

SIESS:

n

T1
L

in these things people

us what

really are

(o7

terms ¢of guesticons an

we are trying

the answer when we

arly, in this area,

it

core

he degraded

nybedy on the Commission ha

ticns are, because nobody knows where they are go

exploring the

depend on which dir

-=- Oor what actual tasks are

rulemaking is going to go,

gquestions now,

those

-l

cblems at this stage

the presentation, and it will prcbably ccme up a little bit

"

a at deal

it

-
<

Wi
LA
(1

3

€
:J
ot
0

cef

O
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e get

ul

the why. To me,

we don't really know

to

of the uncertaint:

U]

s very clear just what

b

ng

(o3

ané maybe the

ecticn we can ¢o

1dealistic.
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DR. ZUDANS: Are we now clear as

gquestion i1is? I read it, from what ycu said,

.

care of cverpressure in this

proceed to look 2t lateral locads. I

that you will look at the pressures, but also censider
environment that exists at ﬁha: time, as !ike defined,
temperature.

Because you may have failure mcdes that have

toc do with overpressurization.

MR. COSTELLO:

That is correct.

15

to what ycur main
that you will take
.imited sccpe and later on you

didn't hear you commit

-

the tota

meaning

nothing

|

OR. ZUDANS: Your seals may degrade and the tempera-
ture then leak.

MR. CCSTELLO: That is correct.

DR. ZUDANS: Does that fall under that guestion?

MR. COSTELLC: That is part of the gquestion. As
Dr. Von Riesemann makes his presentation today, you will £find
out that degradation of seals is not something being considered|
inthe Sandia program.

MR. BENDER: Well, if you will define the bounds of
the project that you are working on in addressing the more
general guestion =--

DR. SIESS: Ve see a prcblem right here. This is the
structural group and they are, I ttrink, Jite legitimately
working on the structural aspects of the prcblem, rather than
what I might call mechanical -- seals are mechanical. But then
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that raises the guestion of -- seals are certainly part of the
guestion == is there some level, you know, above the Branch
that realizes that seals are part of the questicn and scmebody
|
has been assigned that part of it? i
MR. COSTELLO: The answer tc your first guestion
about existence is definitely ves, the Division level. The
second question, I think the answer is yes, but I don't know, |
because I haven't been assigned it.

had a discussion

L ]

But there is recognition. In fact,
at scwe length on a few occasiocns with Mr. Arlotto about what |
parts of the problem are being covered by the work Sandia is j
doing and what parts are not. ;

MR. BENDER: Has he asked that guestion?

MR. COSTELLO: Yes, sir.

-

1

MR. BENDER: HEe underrtands the problem?

.

MR. CCSTELLO: Oh, ves.

vt . Iz 1 : ' . x w1 -
well, let me, 1 I can, tien, PilCK up rather QuUICK.Y

and cffer you the broad brush gquestiocons,as we see them, about

(A )
LAl

t at Los Alamos

2

A
-

underlying or motivating the research e

Q

National Laboratory on safety margins for Category I structuresd.
The tough question that is going to involve a lot of

lines 1is the first one; that is,

O
'.‘A
o

interaction with other dis

mits reliably and given

-

b
' *
[
(oS

rmation

O

© you know, can you set def

or

hat you can, can you predict well encugh how the structure

Q

g 8

s 11 y— & 1 LR = Ve — Mas a2 o~ - e r
will perform for some postulated lcading, so that you can decide
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as |

whether or not

structures.

Again,

MR.
structures, j
MR.
containment.
MR.
shield walls,
MR.
containment,

MR.

-
| -

17

2u will have equipment function in Category I
this is =--
BENDER: Maybe you had better define Category I
st to be sure we all know.

el it ~band
\-bSoE“ ‘e

BENDER: ™his is auxiliary buildings, intericr
reactor

pedestal?

COSTELLO: Other structures cother than the

yes.

BENDER: Steam generator supports, et cetera.

(1 9]

Or is it limited to concrete structures?

MR. COSTELLO: I believe the first thrust is limited
to concrete structures. The Program Manacer is Roger
Kenneally, and he is here today.

MR. KENNEALLY: Roger Kenneally, NRC staff. Chet,
on the initial undertaking we are looking at typical Category

| I structure bu

buildings, the

i1ldi

r
=
"
U
._‘ .
e
1

currently.

MR

ildings, seismic Category I. These are the fuel

auxiliary buildings, and the like.

. 3 - e & o

ngs wouldn't be included in this. We are not
steam generator supports or reactor pecestals
SIESS: This is mostly outside containment?

e R T I
e

™~ ao-

-

——

Ckay, Category I structures cther than
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DR. ZUDANS: The turbine building is not Category I,
is it?

MR. KENNEALLY: That is right, and we are not looking
at that.

MR. BENDER: Could I ask, are there deformation
limits that could be associated with seismic events, pressure
releases, or impacts? I am trying to understand what
deformation limits you are dealing with. Which things shculd
I be thinking about?

MR. KENMNEALLY: In terms of deformaticn, we are
really trying to figure out, we are trying to define what is
failure of the Category I structure. 1Is it the structure
itself collapsing or breaking apart, and we are looking at it
as it cannot perform its intended function. Is that function
to protect equipment or the like, and we are trying tc see
what deformations might ke acceptable before we have to worry
about piping breaking and all that.

DR. STESS: I think you left ocut a step. In looking
at == and correct me, if I am wrong -- in looking at safety
margins, ycu are not stopping at an elastic limit state?

MR. KENNEALLY: That is correct.

DR. SIESS: And I will use the term "limit state" ==
it is not that formal, but it is a good word. 1You are looking
at inelastic behavior and as socn as you start looking at in-
elas~ic behavior, a possible limit state is a deformation, an

i8

el
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excessive deformation for some function o

O

something that is attached toc it or h

o
.l
&
O

im

[
‘A.

Now, there are other

have the feeling that the deformation limit state is

govern some aspects of it, and it certainly ¢

H

because most of these st

an't be

the structure or

d up by it.

uctures aren't just sitting there

structures. They are sitting there for some other function

which may be impaired by deformatioca.

The implication of inelastic behavi
strong.

MR. BENDER: But there are certain
associated with deformation. If it were the
primary cooling pump, the floor that it sits
wouléd be scmething associated with the change
the pump that would be governing it. I guess
doesn't serve any purpcse except tc keep the
for that particular application.

Is that the way you are trying to d

TP IRATATTI A T T 1 -~ $ 4 T 1 & &3
MR. KENNEALLY: 1Initially the first

t states, but most people

ignored,

to

or is very, very

likely to

service conditionsi

program is to try to get an idea of the deformation. It wi

T4
i

actuall

(N

be the third phase when we get in an

P

arge-scale testing and we haven't really dev

¥

thiré rhase program plan yet, where we can sa
actual equipment within that we are trying to

ol e R ET R LIPS
r>nch really isn't
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the functioning of the equipment.
structure and the support of the
DR. SIESS:

£irst questicn.

|
s

we are worried about the

equipment.

This project now doces not address th !

MR. KENNEALLY: We are working toward that. ;

MR. BENDER: But you are not there yet. |

MR. KENNEALLY: That is right. i

MR. BENDER: You are going to deal, then, with how
you decide whether a wall will stay in place. It is about
that general, isn't 1it? é

1

DR. SIESS: I think what you are trying to <o now -t
maybe it you are nct, maybe you should be =-- is to develope |
means for predicting with some kind of reliability the load |
deformation characteristics of the structures. Then later on
somebcdy else will decicde or you, depending on the function,
a+ what deformations the component or scme element has failed
ané then you will be able to say, well, at this load, that
deformation will be reached and that 1s the limit.

The initial t>rust is really the structure itself
and the lcad deformation characteristics.

MR. BENLER: If y u do that, then you are going o |

\

have to decide how the locad is going to be applied.

DR. SIESS: Oh, yes.

DP. ZUDANS: Wwell, the first guestion cannot oe
answered structures people. It has nothing to do with thatl




Bosewrs Repronling Comguny

10

11

12

13

14

e

et —————— i i el

DR. SIESS: Well, some aspects of it may involve
structure.
DR. Z2UDANS: I don't see how. It is operability of
| . . |
| equipment; that has nothing to do with structure.
|
|
DR. SIESS: Well, I see, the way i:i is st.ted, you are
right. |
;
DR. ZUZANS: That has to come from someone else and
say here are the limits that we can tolerate.
!
M. COSTELLO: You are correct, Dr. Zudans, and thac |
is why 1 said it is one of the hardest -- of the two guestions |
|
listed there, that is going to be the harder cne to get the
grip on.
|
DR. ZUDANS: Scmecne else has to tell you what are '

15

16

17

18 |

19
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20

22
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the deformation limits

DP. SIESS: B

the

can lock at

Q

your load deformation
eguipment 1s not going

UDANS:

DR.

of a certain kind.

and then ycu

you are £

urve and let

to work at.

then you

¥
-

But

Only those loads that produce

= e - .
DR. ZUDANS: There is n
deformation.
-~ 1 19 2
DR. SIESS: well, some <o

have to look at

in

par
®
o
1
"
0

that you

ortuna

néd give that other person
him decide what load his
need the whole spectrum of

{
deformations

' PP
n't produc
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MR. BENDER: I suspect we are using up t
trying to understand the guestion.

DR. ZUDANS: I think it is better to put
Chet's philosophy, and I agree with that. Make it

beginning what are we going to listen to.

DR. SIESS: So, basically,

locking now, and I

second guestion up there.

DR. ZUDANS: That would be ckay, that would be all
|
right.

MR. COSTELLO: Your perception is correct. That is
the bulk of our money being spent on guestion 2. '
DR. SIESS: Who is looking at the first one?

MR. COSTELLO: There is some work going on in
mechanical engineering.

DR. SIESS: What about SSMRP, fragility?

MR. COSTELLO: There is likely tc be some there, alsqg.

DR. SIESS: Reliability of pumps and valves?

MR. COSTELLO: We hope that the answers will com
and we will be able to mesh these efforts together. The fact
that Dr. Zudans pecints cut, that it is not a structural
engineering undertaking -- on the other hand, the undertaking
will be meaningless without out.

clear at

it

'

like

the Structures Branch

would suggest probably through '83, at that

clear,

is




23
because the Mechanical Structural Branch is =-

DR. ZUDANS: The SSMRP program told us that they had
to go and define all limits for every system and then include
it in their considerations. That is where that information
should be developed and given to you. 1If it is already done,
I den't know.

MR. COSTELLO: I can assure you it is not.

MR. BENDER: This is a chicken and egg proposition.

If you try to define every limit stat?: for every piece cof

-
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equipment, it is such a massive job you would never get it.

| We are trying to £ind out whether we need to define it very

12 |

13

14 |

15 |
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discretely. If we can show that the deformations in the

structures supporting them are such that the eguipment dcocesn't
move very much, I surpose we won't have toc worry about that
eguipment.

Hopefully, that is the attack yocu are going to make
on it.

DR. 3IESS: Of course, it works the other way. 1If
somebocdy has got equipment that can move 6 feet, we wun't hav
t0 worry about the structure falling down.

MR. BENDER: That is right, that is the other half
of the egg.

DR. SIESS: Ve really don't have to worry about how
accurate it is. I don't think we are going to £find many in
that catgery.
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| going to try to verify it

Now, this project is charac

on inelastic behavior and dynamic?
That 1is

DR. SIESS: nd, basically,

is what you are combining there.

an ultimate limit scate in

MR.COSTELLO: That is corre

DR. SIESS: Now other work

dynamic analysis =-- this is morethan

a technical assist nce contract,

MR. COSTELLO: I am not so
DR. SIESS: 1Is

analysis? This was
research to improve safety

MR. COSTELLO: I don't

You are

terms of el

and some of

that never gct

ok 2
think it

P

terized by an emphasis

S e

it is dynamic-inelastic
trying to get near
ormation load.

ther def or

ct'

has been done on inelastice

analysis, because you are

that was done under

wasn't it?

which

SV1V

there anything in research on

one of the 6 projects on
started. !

ever did.

DR. SIESS: 1t was 380-428(?). Do you remember that?
Improved seismic analysis and improved seismic analysis turned
out, in most people's minds, t¢ asean an inelastic seismic

s
analysis, and that is one category of dynamic, is seismic.
We never got anything started on it in research?
N

MR. COSTELLC: I guess to scme extent we might con-
sider that would be subsumed into the long~-range of the SSMPRP.

DP. SIESS: That is the trouble. Every tine I turn
around, something is being subsumed into SSMRP.
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MR. COSTELLO: t is a big bec-racks bag.

DR. SIESS: Yes, and when you say long-range on
SSMRP, my nmind goes out beyond my term on ACRS, and maybe
anybedy's term on ACRS.

Is that all you wanted tc do on that cne?

MR. COSTELLO: Yes, I thought I would like to get t

| questions up there.

12 |

13

14

15

16 |

17

18

19

20

21

DR. SIESS: Will you or the other presenters sort,
of give us the time history on this stuff?

MR. COSTELLO: They will. Theotherpresentations

will involve the technical scope anéd something abcut the

or
: 3

programmatic time schedule.

.

- 1

The last cone we will talk about today is alsc at
Los Alamocs. Joel Bennett is here with Chuck Anderson and the
NRC Program Monitor is Boris Browzin, whc is not here today.

He just got back from overseas.

The scope of this undertaking is smaller than the

cther two and the guestions are, the motivating guestions are

1 ore precise, less general. The questions, I say, are fairly

J
-

' precise, at least by comparison with the cnes discussed

22 |

23 | |

earlier, and relate mainly to the current state cf design
practice for steel containments and how well the current
uckling design rules work.

DR. SIESS: Now, does dynamic lateral locads mean

seismic loads, or does it also include internal loads from a
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nonuniform pressure detonation close to the wall, or something

of that

sort?

MR. COSTELLO:

The intent,

words this way was to include that.

my intent in writing the
i
One has to have some sort

of lateral locad to get a potential for brv-:kling.

s 2
-

HMR. MARK:

MR. CCSTELLO:

that would be

DR.

a deminant

SIESS: We

subject to tornado except FFTF,

shield building arcund =--

that is supposed tc protect from tornadoes and

nissile

Y
initial

o

)
ae

Wl

MR. COSTELLO:

DR. SIESS:

tCo.

S,

'

concern that was

Yes,

t would include

tornado?

-

-

Conceivably, yes, but

load.

doubt that |

den't have any steel ccntainments

I think.

That is correct. Also,

they have all got

there is a

To get back

raised,

the

ASME rules when they first came

you a large lateral locad.

But there are

etting a buckling under a seismic load,

other lateral lcads

™

and

-
-c

-
-

he ice

%
-

the

of

that is

m
DR. SIESS:
condenser, where

ice concdenser and

unsymmetrical.

the wider guestion that would keep

Cne

-
-

-l

coem

-la
—an

-

&
oI A

the others

re 1 r

3

M

t an asymmetry

S

.

there can be a lateral

. 1» LY
think Zudans
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in
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there.
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of that one.
DR. ZUDANS: think that the first part of your
guestion probably should be re-phrased -~ not that it is
wrong =-- there are really no rules that would handle structures
'ike ice condensers. The ASME rules are directed to a
uniform pressure or a uniform lateral lcad.
DR. SIESS: But they are being used, aren't they? |
DR. ZUDANS: Well, that is where the problem is.
Everybody uses his own set of rules, and I think this problem
is very important, and is probably properly addressed, but it
doces have to include the combination of lcads. '
MR. BENDER: I am confused about shapes at the
| moment. The ice condensers are sort of boxish ==
DR. ZUDANS: ©No, the containment shell itself.
MR. BENDER: 1Is it the shell we are talking about?
MR. COSTELLO: The steel shells.
MR. BENDER: And is it for freestanding shells?
MR. COSTELLO: Yes.
MR. BENDER: Loaded by asymmetric pressure cocnditiong?
MR. COSTELLO: Either asymmetric pressure or seismi:;

DR. SIESS It is essentially scmething that will

tend to produce - n overturning and a hi compression, preobably

vertical compression, on one part of the shell and not

MR. BENDER: With or without other kinds of loads?
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With other kinds of loads imposed?

MR. COSTELLO: In the test program?

SPEAKER: The accident lcad and whate
there.

DR. SIESS: Well, that would be the p
plus accident. What hasn't been added in right

lateral lcad that might induce buckling. There

for it. I think that is what Zenon ==

DR. ZUDANS: Yes. The bigger issue i

that those structures are not clean cylinders.

manufactured cylinders, they are imprecise, the

imperfections and full of holes, they are reinf

reinforced and, therefore, there is no single s

that now weuld apply.

Wwhat is really lacking is a data base

exgeriments. I read one of your reports, that

-

set of experiments; I don't know what else will

This is a gocd program and I hope that things w
right.
MR. COSTELLO: Well, if you

DR. SIESS: 1ell, I do, and it is sor

pecause 1t 1s

oy
O
’ 4
e
ul

I just want to mention it,

will have

&
(o b

o

he discussion that I

definiticn of research as what you d

J
(%3

listic

sim

later. Getti

F4:]

No.
ver else 1is
loaéd

ressure

now is this

are no rules

s the
They are
y are full of
orced and non-

et of rules

bale!

. -

y need

is, that fine
be produced.

ork out all

t of general.

some

to color

|

have no further guestions
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questions, NRC has a lot of different kinds of gquestions and
asks a lot of different kinds of questions, and cne thing
that concerns me in looking at particularly the containment
safety margins program, is what is an appropriate way for NRC
to get questions answered.

Clearly, we need to know what kind of pressures
containments can take before they begin to, as you expressed ]
it, lost containment capacity and leak, let fission products
get out to the public. That is their functicnal design basis.
You cculd say we don't care whether they stand up or not, as
long as they don't leak.

Now, we need t¢ know that, we know, because we have
been asking people that. Now, there are what? 75 cperating
plants? and more than that many under construction, and there
must be at least 30 significantly different containment
designs, and I mean with relatively greoss differences.

There are some obvious differences between FUR's
anéd BWR's, there are differences between prestressed :cncrete,:
steel, and prestressed and reinforced, and then within each
family there are all sorts of differences.

No simple gross simplified calculaticns will tell
you anything about the containment capacity or leak capacity,
particularly. So, if you want to know what the capacity is
for containment on unit one of suchk~-and-such a plant, one way

to get the answer is to ask the applicant or licensee =-- it




30 |

seems tO be easier to ask the applicant, because he hasn't got

LT

' 2| a license yet, but there are means that the NRC has developed |

3 | for asking licensees guestions and cetting answers. I forget

. 4 | what the legal procedure is, but they can do it.

Now, it has always seemed to me that sc-called

'
.

6 | regulatory research, which I think Congress coined the term, |
has two objectives. One is to know what questions to ask and |
8 | the other is to know encuch to know when you get the right

~

9 answer.
10 | Neither one of thuse is easy and knowing what ~
11 | question to ask or asking the right question is probably one

12 | of the most difficult things any of us faces, because it is |

a X . . :
. 13 | easy to ask the wrong guesticn and get a perfectly good
|
14 | answer to it, which isn't going to help anybedy.
1§ | So, clearly, if NRC wants to go out and ask licensees

16 | and applicants how much pressure can your containment take

17 | before it fails, that is not a goocd enough guestion. You have |

18 | got to tell them what ycu mean by failure ané failure is
19 | clearly going to be leaking at scme rate, which cculd probably

20 | be put in terms ¢f a hole of such-and-such a size somewhere

21 | in the containment boundary. |
22: You are going to have to tell them to what extent

23 | temperature and these other envircnmental condizicons have to

24 | be taken into account. I don't think NRC knows how to ask

Bowwrs Repodting Company

that guestion yet. In fact, I have been listening to pecple

s

25 |
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talk about vented filtered containments that relate to when

the containment will fail and they don't know what they mean

by failure.
The MARCH cocde pecple couldn't tell me what they

meant by failure -- that was a sudden release of preisure and

energy. But I wouldn't have the slightest idea if I was loocking

for a 3-inch hole or a 6-foot diameter hole. Three-foot is
a good diareter hole, because that is the one we are putting
in the interim rule, 'sn't it? That is supposed to vent a

containment fairly fast.

So, knowing when you get the right answer is probably

equally difficult, because it is a difficult thing. I think
that it is quite appropriate for NRC to sponscr and pay for
research which will help them and their contractors who are
consultants eventually know what guestions to ask and get the
expertise to know when they are getting good answers.

I don't think it is apprepriate for NRC to unde

the job cf developing the technigques, the analyses, the

it
O

verification or validation of those, to be able it down

O
a1

and calculate the capacity of every containment every type
that exists today.
As I look at the original statement of the program,

it is hard to tell that you are not doing the latter.

MR, CCSTELLC: O©Ch, okay, I would like to respond to

n

principle an

that by saying I agree with you on the matter ¢

"
(t
u
A
(1]

i
|
|
|
|
!
u

|

d, |
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perhaps, law, that the NRC should not make the assessment ©

the agplicant's or licensee's plant -- the applicant does that,

the 4RC judges whether his submission is adecuate or not.

Also, there is the fact that I don't think we coulr afford

it anywhere within cur reserach budget, the number of contain-

ments anéd types around.

We are focusing on experiments'to find out what
happens to find out if we can predict what happens and to
shorten =-- t0 better score things so that when we do ask ==
when a scenario-dependent guestiocn like how much hydrogen burn
can you take gets asked, or the successor to that guestion
gets asked, the staff will lie able to phrase it in a struc- é
tural engineering context with less ambiguity.

DR. SIESS: Jim, NRC has already asked this questionf
They have aske it of Indian Point, Zion, Sequcyah, offshore

-

pcwer systems -- I know ¢of those particular cnes, because

O

-

I have seen other

(o8

I have heard people give the answers =-- an
pecple using the answers.

Now, I don't know that the gquestion was asked right.
Apparently some people think it hasn't. But I have gotten

the impression that the pecple have been taking these answers

and using them. One of yocur questions has to be, have we

y
t
",
e
(o8

es cular plants a

M

been asking the right question of t! par

>

3

etting the right

4
ol

has anybedy questioned whether we are

1e]

answer?
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MR. COSTELLO: O©Ch, I think on the face of it, |

 Professor Siess, people would questicon. When you have 20

14 |
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different estimates for the same containment varying from lowest

!
|

" . a2 |
to highest by a factor of about 3, I think there has to be scmﬁ
guestion there.

DR. SIESS: Yes, but you are thinking of Sequoyah.

MR. COSTELLO: That is the one I remember having the

larcest =--

DR. SIESS: Now, we went through that and we got a
considerable range. The Subcommittee narrowed it down == we
thought we were smarter than scme of the cther pecple. But,
again, the gquestion we were asking is, what is the ultimate ;
strength of that containment? Except for some lcoks at
penetration that they said they had locked at, and we don't
really know how they locoked at them, and a couple cf guestions
about the equipmert hatch where they said they had to be fit
up, nobody really locked at whether those pressures represented

1l percent a day leak rate, or 1/10 percent, or 2 percent, or

0

3 percent.

We were taking some of those steel containments up
to pretty good strains. It would mea: a diameter change of
maybe a foot. I don't know whether the equipment hatch st. . ed
leaktight with that kind of a change or nct, and I am not sure

. BENDER: Well, you are hitting on a few

o
e}
O
3
tr
n
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that we probably ocught to emphasize more.

We are trying to get

34 |
i
t

something that we would like to define as the ultimate strengthL

but we don't

doesn't neccssarily mean the place where you get =--

OR. SIESS:

leak rate that we

MR. BENDER:

-

-

-
-

don'

are

concerned with.

eally know what ultimate strength means.

like the word "strength."

This

It is where the service capability |

is destroyed or degraded to the point where it is unacceptable.

It seems toO

is that the

-
-

will ask about

when we

the buckling cf steel containment.

are doing resear

~

-

on

pplications that give us concern about

we relate them to

confused about

addresses that

mn
(]

DR.
your bucklin

buckle.

it keak? Maybe the

more than 2/10 percent

DR.

that right now.
particular
ESS

program and you

ZUDANS:

deforma

the capability o

iss

ue.

-
-

wha

. o
think

damn

-
-
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a day. t

b

tions.

<
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-
-

he

I don't

guestion we are trying to decide upon.

1

me in all of these things we need to ask curselves,

Now, 1 {

buckling, what are the

containment.

know o

and how do

I am |

f a case which

Is there one?

T

hi

<
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| variaticon in structural containment gesi

will have to decide how much it can deform.

PR. SIESS: Well, if it were a simple steel shell,
it could probably deform a lot, but if it deforms like that
in the neichborhec?dé of a perscnnel lock or an eguipment hatch
or large penetraticn, I am not sure whether it has its
containment integrity.

DR. ZUTANS: That is correct.

DR. SIESS: And that has to be the criterion. Of

"

course, there are things hung on it. You don't want the crane

to fall down if it is hung on the containment, because that

would be sort c¢f messy. But, again, the functicn ¢of a contain-<

"
i
b

ment, basicaliy, is not structu

Now, the structural integrity may be impertant to

b
"

the other function, and I am qQu

of the containment is to ccntain. If a 6-inch ho'.e is enough

to dump out the stuff that the people worrying about in the
MARCH cocde and in the CRAC code, in the conseguences analvyses,

and so forth, then I would be willing to put my money rizht

now on the fact that that 6-inch hole is going to be around some
discontinuity in that containment -~ by disceontinuity, I mean

a penetration, or something of that sort -~ and those things
probably vary by an order of magnitude greater than the

-
.h

(19

Scmebody is going to have to be looking at that.

Now, there is a way out of this, I think, that : may have to

{

{
e sure it is, but the function
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tructural engineers, all I know about, really, are

d at telling you when a structure will stanc v, and
’ 114 ; %= ) I
lousy at telling you when it will fall down. We |

up to this pcint we think it is pretty good, but

point is. |

We can make tests and then we don't even have to do

The figures that we got when we

ng at the MARCH code, where they had 131 psig as a

int for Indian Point, I think it was, he was taking
nice absolute and comparing everything to that freom |
code calculations. |
I was told, somebody else may have been present at

ng where the 131 was presented, but I was told that
ers said at 131 -- maybe it was 130 == at 130 they
90 percent confidenca that it wouldn't fail, I
corresponded to 2/10 percent strain =-- it might
/10 percent offset -- they had 90 percent confidence
t fail at that level.

think that is true if you talk fail or leak
any containment at scme pressure there is a spectrum
te at that pressure willli some probability associated

one.




of random effects in there. It may be that the pecple that are

. 2 making rules, and that is what this is aimed toward in the end,|

3; will decide that we will compute a structural capacity defor-

|
. 4 | mation type thing. We will keep it in the near elastic thing, j
i
a very small deformation, and we have fairly high confidence '
that is good, and we won't bether trying to see how much more

|
|
!
72 we can get, that there is just no point in trying to compute ‘
|
|
!

8 | the margin to a 6-inch hole when we can say that at this level
? | we have got high confidence that there won't be any hole |
l
10 | ’
|
!
|

bigger than what you would get on an integrated leak rate test,
11 | which isn't zerc, incidentally.

12 You may come up with the idea that you don't want

13 | somebody to compute ultimate, but you want them to compute a
14 | high confidence level of maintaining containment anéd we will

15 | work there, and when I go argue about that tail in the curve

ot
O

Q

w

|
16 | where the uncertainty gets to be reat =-- that is a .
| .

17 | perfectly legitimate engineering approach, it is a legi:imate
18 | licensing approach.

|
19 | I guess it will work in the legal end. I hate to ‘

20 | bring that up, but we can't ignore it. So, these are the things

"

21 | I think you need to be thinking about before you get tco fa

N
LS ]

into a program that is down to calculating ==

MR. COSTELLO: I think that is a good point and I

~
b

appreciate your advice on it.

Boswerns Reporting Comgxany
~
w

DR. ZUDANS: I would like to make a comment and maybe

)
W
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Complete is the definition. Correct,

guestion.

DR. SIESS: What
NRC would simply state lim

as performance criteria.

Lan )

DR. ZUDANS:
it is prescriptive.

DR. SIESS: Well

it tends to be a performance-oriented type requirement.

tell

DPR. ZUDANS: Tha

something else.

DR. SIESS: A limit state,

pressure at which the

100 percent a day, or 10 p

the pressure 1s. That 1is

is, in many

tell them what want,

they
and not go through three r

Wwith that approa

at scme level where you ha
it is worthwhile exploring
if that wouldn't be a bett
they wouldn't be satisfied
existing plants. There 1s
existing plant as high as

would hate them

containment

39

that

you are saying is good, except if

it states, that is almost the same

, it is not prescriptive if you =-

ou

us whether you meet --

t is not a limit state. That is

to me, would be the

leaks 10 percent a day, cor

ercent an hour. You tell me what

rather have the NRC

ounds of guestions.

ch I mentioned, it may be stopping

is another|

t0 state 1t, bhecause

But the thing

1

ve a high confidence level. I think |
that with the industry people to see

er way of getting at a limit, whethern
to work to that limit -- even on
a tendency to try to push that

you can get i., but if going an
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extra 20 psi is going to take two years of argument and researc

"

© prove, it ma:" not be worth it to anybody.

I mean, if they are trying to go an extra 2C or 30
psi to aveid a vented/filtered containment, they may spend --
maybe the industry wants to do the work to get beyond that
point; that is ancther thing. The NRC can say we will accept
at this level with confidence. 1If you want to do the research

to raise the cconfidence level at some further distance into

ey

» % ‘
inelastic behavior, i1f you want tc be able to do the research tb

raise the confideice level out there to where we think it is
back here, then you do it.

Then they cculd make the cost-benefit analysis and
decide whether they want to spend the mcney for research.

1

MR. BENDER I would like not to lose that proviso.

It is limit state under specific conditions.

2
..
e |
P

DR. SIESS: Under all the conditions we can ¢t}

(5]

of that are applicable.

DR. ZUDANS: Like the leak rate limit could be guite
different, depending where you are in the accident
MR. BENDER Exactly. If the accident is one which

deforms the structure when there is no

e

how big the opening is. If the pressure is 100 psi, I may want

la very small openirg, so the cocmbinations nave to be put

25

DR. SIESS: Well, it is a leak rate.

!

ressure, I may not care|
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rate limit cannot be set unless you decide

you are looking at those leak rate

It results in a leak

under which conditions

think that the

L]

limit state concept is 2 good one, I think it was coined in
SSMRP, and I like it ==
DR. SIESS: No, it goes back beyond =-=-
|
DR. ZUDANS: Maybe it gces back. ?

That
of 50 years ago.

MR.BENDER: It is a bad term,

because it

used in an entirely different way than we are using it.

DR. SIESS: It comes ocut better in French, and they
are the ones that invented it. We spent a lot ¢f time trying
tc translate it into English. |

DR. ZUDANS: See, I don't kncw whether what I said
before got acrcss clearly. I suggest -~

DR. SIESS: It is a regulatory philosophy =--

DR. ZUDANS: =- we be more concerned about being
able to assess the completeness of limit states presented by
the licensee, rather than predefine the limit state for the
licensees to work at. That means that you 4o not == your
capability has to be the same. It dces not limit what you
have to know, because you have to evaluate it for completeness.

DR. SIESS: I think that is a good place tc leave
it, because research's job is to get the capability. How it
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is used is licensing's job. At this point in time we are not
talking licensing. I am not even sure they are represented,
are they?

MR. COSTELLO: They are not, no.
DR. SIESS: You know, this idea of asking gquestions,
it starts off with licensing asks the questions andéd then

presumably research translates the ones that can be answered.

| Now, I am afraid sometimes we put the guesticn to what we can

10 |

&

12

13

14

15 |

16

18

19 |

20

21

22

~
s

[ 8]
n

get an answer to and that is not entirely wrong. It is better |

th:n the other way around.
Any other guesticns for Jim?

The other people are gocing to get guesticons along

oy

those lines, and I thought it was wise toc get some of this
underlying thinking out, so that you know what is behind some
of these gquesticns.

I might just mention in passing, some of you haven't

been arcund that long, but back in the old AEC days and DRDT's |

Division of Reactor Development Techneclegy, they developed

a water reactor safety plan at one time -- at least developed

one on paper, it was yay thick and assigned priorities =-- and
&

their policy was that if it had to do with containments, AEC

idn't do it.

(&N

The AE's were designing this ungodly collection ©
different types of containment and, by gosh, they could do the

research on them. There was ncthing standardized. I am nct
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sure that was actually carried ocut and I am not proposing it

[

as a rule by any means. I think it is something we need to
ke :p in mind, that NRC cannot sclve all the problems on this
complete complex of containment types.

As was pointed out earlier, different containment

types are also going to have different limit state regquirements.

PWR's and BWR's, MARK-''s and MARK-III's end up quite differently

at the degraded core cooling and containment.

Okay, Jim, next item.

MR. COSTELLO: I think at this time we will have Dr.
Walter Von Riesemann from Sandia Labeoratory talk, anéd you are
aiming for about 45 minutes, Walter?

DR. VON RIESEMANN: Based on extrapclation, I would
say five hours.

DR. SIESS: We have got the time, Walt, but we want

to at least get through your projsct and Andersen's and lLos

{
|
|
|

Alamos before Mr. Bender has to leave. I think he has covered

most of his major concerns about the containment buckling
thing and we will carry that on.

We will get this with the idea that we do want

(r
O
ol
(1)

o

the both of them before whatever time we break for lunch == it

may be as late as 1 o'clock, because Mr. Bender has to leave

at 1. Then we come back after lunch and o A

(8]
0
(e}
b
o |
(r
O
3
O
"
(1]
(o N
(18
U
ot

o
(&N
r
51
it
O
o
0]
P
f2
(t
o
1]

So, if pecple will keep that in mind an

: : -’ - s - K 1 b d
ques:;on;nc. L may cut 1t off a little bit at one ;OL.".C or
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3

4
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20 |
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2
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~
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1

2

another, because we can resume this afternoon. i

DR. VON RIESEMAXN: My name 1s Water Von Riesemann
and the cther investicatc: s here are Al Cennis and Ron Woodfin.
Tom Blejwas was .ile to be here today. The planned presen-
tation today will cover the ckbjectives and approach of the

|
program, the background study that was conducted on containment
types, previous tests, the Phase I study which consisted of
planning activity which locked at all containments, which
looked primarily at analysis, modeling and load simulaticn,
and then the Phase II activities, the mult.-~year effort, the |
program executicn.

I will discuss the long-range program and the initiall
activity. The objective of the program, in a broad sense, is |
the develzspment and verification c¢f a reliable method to predict
the ultimate load capacity and failure mocdes of light water

reactor containment under accident conditions in severe
environments.

The containment types that we plan to look at ar

teel -- I will describe this in a moment == reinforced

concrete and prestressed concrete. The locadings that we will

| look at will be the internal pressurization, static and dynamic|,

and earthquakes. As was mentioned previcusly, we are not going|
to look at missiles.
We are trying to be somewhat scenario-incependent, so

f a new loading requirement comes up, the result of the

'l.
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program will be applicable. The dvnamic locadings are primarily

due to hydrogen detonaticn, and they can be asymmetric and
spatially varying. As was mentioned before, the work is bein

done in the Structural Engineering Secticn cf Mechanical

Structural Engineering Branch of NRC Research. It was initiategd

in June 1980.
I have listed on the vu-graph the licensing and

safety issue, to come up with reliable prediction methods for

| capabilities for the containment structures.

12

13

15 |

16 |

17

18

19

20

21

DR. SIESS: Look at "reliable" there. It has a
trong implication of a kind of level of confidence.

DR. VON RIESEMANN: Right. In other words, backed,
in a sense, by experimental data, if you will.

MR. WARD: D¢ you mean by that ycu are going to try
to understand guantitatively what the uncertainties are?
So, let us say, this would £it into a probablistic analysis?

DR. VON RIESEMANN: I am not sure whether we will.
A lot will depend on the results of the initial experiments,
what kind of scatter we get, how the containments fail. Very
little is known about that.

DR. SIESS: Of course, if yocu are looking at the
confidence level or reliability in a probablistic sense, ycu

have got to keep in mind somewhere that there is a considerab

le

uncertainty in the locad. I am not sure =-- you know, we always

like to reduce uncertainty everywhere, but if the uncertainty




Bowwns Reparting  Compony

10

n

12

13

14

15

16

17

40 |
of the load dominates the thing, you are not really going to ;
improve it a heck of a lot by decreasing the uncertainty.

DR. VON RIESEMANN: Particularly in the earthquake

situation.

DR. SIESS: Well, the other one may come cut to be
just as bad, I don't know.

DR. VON RIESEMANN: The difficulty at the moment is
that the current ASME/ACI design rules are essentially based
on elastic response of the containment, and it is very difficult
to extrapcoclate the failure level. The other problem is that
we loocked at the existing data base on experiments, which is
really inadequate to come up with numbers anéd, also, corollary

in numerical methods has not been qualified for doing this

| type of analysis.

18

19 |

20

ra

» »
- (&)

»
O

The guesticn comes up, why are we interested at all
in the ultimate capacity, and I should maybe put guotation

ed in failure

ot

marks arcuné "ultimate." Why are we interes

modes, leak rates? It does interact in determining the safety

"

margin cf the containment and, as was mentioned previously,

the safety margin is dependent on load combinations, not just

| one number.

.
| develop cher

The emergency preparedness segquences, the rules yocu

ot

3
r
ot

he co Fisk

-

depend on itainment capabili

o

Y.

studies depend on it. If you look at what are called severe

| accident mitigation studies and, yestercday, for example,
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filtered venting containment design equipment, they need to

know this number. |
If you look at these various topics, they all have
different needs, sc what is failure to one person is not

failure to another necessarily.

DR. ZUDANS: You said "this number." You may have
more than one sequential failure mode within the same sequenceJ
There is really a whole spectrum of advancement you are lookin;
for, not just a single number. ;

DR. SIESS: You know, I would be a lot more comfortaﬁle
if we +=alked about containment systems and not just contain-
ment. By systems I mean the penetrations and the locks and
all of that. To be sure we are not just thinking of that §
darned structure --

DR. VON RIESEMANN: I didn't define that, but we
are including th:, for example, equipment hatch, the personnel:
lock, penetraticns, the skirt at the bottom, hcld-down beolt |
We are not including the isclation valve, though, in this
study at this mcment.

MR. BENDER: Are you including things like elec::i:ai
penetration? i

DR. VON RIESEMANN: We are locking at both electricai

$ point, we

|

h

"

an¢ steam line penetraticns. They are, at
think, not of severe conseguence. I think the equipment hatch

and perscnnel lock would be of primary concern.
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MR. BENDER:

Penetrations are not a concern for

some conditions, but you didn't tell me what the condition {

DR. VON RIESEMANN: Well, what I was saying, wzthout;

saying the words, I believe the potential failure or leak path

6| will not be by an electrical penetration; it will be at ancthen

point.

8 That is without fact in hand.

MR. BENDER: All right. I cidn'% object, I just

10 | want to underst~nd.

1i | MR. MARK: I assume, when jyou zpeak of penetration,

12 | the penetration might be, really, absclutely impervious to

-

13 | being disturbed if you push on it, but if it is also anchored

14| in place, it can have back effect on the rest of the structure

H

15 | and that, I guess, is part of the picture you are thinking of.
16t DR. VON RIESEMANN: Let me, for example, look at

17 | the equipment hatch for a moment.
18 | seal could fail, and I am thinking now of the steel one, the
19 | sleeve coculd fail, or the zrea right around the penetraticn in

20 | the shell could

[ 3]
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failure explicitly in this program but, rather, come up, i

you will, with what is happening and, say, a leak rate, if

can measure 1it.

DR. SIESS: Let me just interrupt for a minute.

some idea of how big a hecle I need to

cubiz focot containment

anybody here give me

in, say, a 2 million at 100-150 psi

ump everything out to atmospheric, say, in 8 hours?

DR. VON RIESEMANN: I can give you ancther number.

Oak Ridge did socme calculations on Indian Point, that size

-

containment, at design pressure, a leak rate of 1/10 of 1
| percent per day is equivalent to a léth-cf-an-inch diameter
hole.

12 |

13

14

15

16

17 |

18

19

20

21

DR. 'SIESS: That is roughly 50-60 psi. Yes, I

remembereé that figure.

DR. VON RIESEMANN: But I havenot seen any figures

for ycur gquestion.

CR. low.

wn
L]
)
wn
()]
O
e
1]
o
(1]

nth percent a day 1is

pretty

You want something that is cver 1000 times that, say, 10,000

"

times that leak rate. That would take 1000 days toc dump it

decay would take longer. Somebody nught to have a

pe
£
£Qr

feel for what size hole we are looking

MR, MARK: 1In cne of the presentations yesterday,

7= r

1]

inch pipe was adequate t< 120k after the LOCA ssure an

O

a
keep 1t

out quite a bit of

from going off the map, so that means they were letting
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DR. SIESS: A 7-inch pipe. 1If we are talking about

a 3-foot diameter pipe f7r a filtered/vented in near-term
plants == ‘n some of the designs yesterday, scmebody had 6
24=-inch diameter r.pes --

DR. ZUDANS: TVA.

CR. SIESS: 1TVA had 24 l-foot diameter, GE had
several Z24-inch ones. But% I really think, you know, as you

get into this, somebcdy needs to get =-- I am assuming that

2

somebody can tell you that dumping it in an hour or 8 hours

is the kind of accident they are worrying about, or things

B,

|
i
|
!
|

like that, and are we talking about =-- if we are talking about |

That is a different accident.

Are we talking about this cne or this one?

.3=foot, then a l-foot penetration we don't need %o worry about.

|
|
!
|

DR. VON RIESEMANN: I have spcken to the conseguence

peorle, the risk studies recple at Sandia, and asked them that

gquestion sort of i

»

t knew, and one of the things, of course, tco, is the time

1

anéd how long it takes to dump.

wn

DR.
doesn't -- well, it affects what you are doing, because the

temperature-pressure condition can be different.

DR. VCN RIESEMANN: Well, it affects the inventory

the containment. Tha* is not my precblem, but it will be of

n reverse. What information wculd you need

IESS: Well, the time into the accident really

into the accident when the failure occurred in the cortainment

in
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interest to the consequence pecople. ,
|

DR. ZUDANS: Your problem will be the time -- the |

special time history, how gquickly the pressure is built up, and

the hole alone dces not determine how guickly you get rid of ;
it. It is determined by what is behind that hole, so the !
|
whole system has to be lccked at. There is no simple answer |
like this hole will unload that much. %
|
DR. VON RIESEMANN: It is a little bit simpler, |
perhaps, in a steel containment than it would be in a concrete.d
DR. SIESS: You see, that léth-of-an-inch hole you ;
can forget about, because nobody has ever made an integrated i
leak rate test yet that I have seen that they could even get
the thing pumped up to 60 psi without going around and £ixing
some valves.
So, the thing is, it sits there before any accident |

at all, it is 1ot going to be leaktight, according toc my

0

-

figures. Every time they make an integrated leak rate test,
they start it and then they stcp it and go around and fix

roperly,

0O

some penetration or valve seats that aren't closing
because they can't get the pressure on it.

So, there is some leak rate that is inherent in this
thing tefore there is anything else going on. We are going
o have -0 live with that, unless they change the regulaticns.
That is a lot bigger than that l6éth-of-an-inch hole.

DR. VON RIESEMANN: The approach being used 1in th
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program is two phases, the planning effor+*, which will lock at

containments, of course, and looking at the background modelingl,

load simulation, and the end product is to recommend the
|
]
program. Phase II is the combined analytical experimental ‘
|
effort, that is a multi-year 2ffort, looking at analysis, scale|
|
model tasts and what we call serarate effects experiments -- we
' - : i
don't have a good name for that -- looking at the penetration,
!

bolts, welded regions, componen-s, et cetera.

DR. SIESS: I wish you weuld use that LOPCCS terminoJ
logy. It has a bad taste right now =-- where does Phase I come;
in in terms of time? ;

DR. VON RIESEMANN: Right now we are in-cetween Phasﬁ
I and II, essentially, c:iay, and I will get to it in a few
moments.

The end product ¢of the program will be gualified
analytical methcds, benchmark data and, of course, the kncwledge

of how these centainments behave under these lcadings.

MR. BENDER: I think I want to pause for a minute

al}

here and be .-ure I understand. There are a lot of analytical

ur

w
[ w8
17

methods that exist and there is some data, and I am not

|
¥ )
erve

ot

0

how long it would take to get everything that you might per
the need for. 1Is this program intended to establish the method
or to define what is needed in terms of methods?

|

DR. VON RIESEMANN: What we intend to 4do is use the

experimental results and use it with a limited number of
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computer codes and see how well they do. Now, if they don't
do very well, then -- depending on what the NRC decides -- we
might have to go and dc development of programs.

MR. BENDER: What ycu are doing is qualifying the
available methods?

DR. VON RIESEMANN: Well, what I am talking, using
an ASME term, if you will, qualification of a code for a
specific loading condition and geometvty, in the sense that it

will do that problem. Now, our work might say the codes are

not available to do that.

MR. BENDER: I am trying to sort the problem out for

myself. The methods exist, as shcwn by what was done at

uati

'—4

Sequoyah. That was a set of metheds for eva

o
0

structure. I could decide that . this program is to determine

(9]

[

whether those methods are wvalid I could also decide that th

program is one which determines whether other methods are
needed besicdes those.
Perhaps I could develop scme methods. Now, are we

doing all three of theose alternatives?

YA

containments

|

|
is
1
|

|
|
{

DR. VON RIZSEMANN: Well, one thing, we are prcoviding
data that anyone can take and use with their computer code and |

see how well tney do.

“

-
-
- —

IDER: That 1s pressure deformation character

(r
’l
9]
0]
-

AT 13O TR e, : N )
DR. VON RIESEMANN: Strain rates, vyes.

!

18-
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DR. Z2UDANS: For structures other than containment.

DR. VON RIESEMANN: Well, for their

containment, perhaps.

DR. ZUDANS: No, no, ycu sav you provide data base.

own type of

Data base is related to some exrerimental work which

find in the literature or you pe:

€orm, and theo

to be on the containment structures.

se are

MR. BENDER: That is the data part of it.

asking about the gualification part.

DR. VON RIESEMANN: Let me back up a

the computer cod’ is written, the terminology

is verified in the sense that it

do, if you will, as far as the th

it isn't used, say, on an actual

does what 1t

structu that ycu are going

For example, an axisymmetric finite

can be used for many different k
want to qualify that code for th

am saying, gualification. We take the

we have, run a computer program

fu
(r
n

inds cf structures;

-
tructure

for those cond

whether it matches or doesn't match.

MR. BENDER: Let me

nQ
O

i’
O

already exist. You are going
exercise them to f£ind out whethe

data that you are develcping?

back, again.
take those p

<

they can be

moment. when
is used
was slatzed to

eory 1s concerned.

elemen

results of th

-
-

|
|
|
|
|
|
|
|

either yod

not going |
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that it
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Some programs
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DR. VON RIESEMANN: Yes.

MR. BENDER: 1Is there anything beyond that plan?

————— e ——————

DR. VCN RIESEMANN: Jim, perhaps you can answer that.
MR. COSTELLO: That is not an intent. }

MR. BENDER: Which is not an intent?

MR. CCSTELLO: It is not our intent to develop the

one set of codes that will do the problem. I don't think we

can. I think we want to focus our effort on getting an under-

standing of what happens and data against which predictive

methods can be checked.

MR. BENDER: Well, I work better with cases, and I

know this is an coversimplification, I will use the Segquoyvah

case, where we did, in fact, use three different methods, mayb

SR e

four. We got three sets of answers and we selected cne, wh-ch

was somewhere in-between the several, and right now I would
be inclined to say I woulu like to know which one of them was
the best cne tc use.

Is that the approach you are trying to take here? ,
To take these data and find out which of the several analytical
methods is the best one?

DR. VON RIESEMANN: Yes, sir, that is a likely out=-
come. It is alsoc likely that lots of peorle will expend their

own time and money checking their code ainst this data.

0]

a

19}

MR. BENDER: Yes, that is likely to be an cutcome, I
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| you have a

| check

DR.
I don't think

the term they

shouldn't refer

VON RIESEMANN: Well, we expect that.

BENDER: But that is a by-product.

SIESS: No, I think that may be the main product.

the NRC cught to be verifying -- validating is
use in the local ECCS program, which I

assume we

to == but there they validate a code by

the results against physical evidence. i

What kind of

physical data would yocu be thinking of?

A lcad deformation curve?

DR.

be measuring load,

DR.

important.

if there

deformation.

(5

regulatory

able to check

is no deformation. I

caad

process

VON RIESEMANN: Say on the static test, we would

deflection, strain, those guantitites.
i
SIESS: All right, but, now, all of thcse aren't
;
For axample, I couldn't care less about strzss.

This isn't going to be a

[19]

You must have somewhere

A

ange.

how closels

-

some idea of they ocught to ke

that and have something that is valid for use ‘

in making decisions. ,

Somewhers

some feel c¢f
this

2=-1/2 percent.

telling somebody that

within plus

that has tocome in. Somebody has to have

able €O

checking
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Incidencally, it looks like some of your benchmarkingi
|

. 2 | of computer codes is getting taken care of in a few other

| programs, Jim.
| |
‘ 4§ DR. ZUDANS: I would like to pursue a little bit 1
S | further Mr. Bender's guestion. 1Is it not your original intent,|
{ 1] {

é | at least at the current state in the program, tc develop a new

|
7E universal computer code to achieve the objective? '
i |
; DR.VQN RIESRMANN: First, our intent is to check our data
9 | against existing codes, a limited number, if you will.
10 DR. SIESS: Vice versa. Check existing codes against|
11 | your data. i
12 DR. VON RIESEMANN: Right. Then, if they are in
‘ 13 | agreement at that point, that is the end. If there isn't
14 | agreement, then it depends on the NRC, whether they want to, | |
15 | in fact, develop material models, say, toc put into existing | i
16 | codes, whether that is a deficiency, or to develop a brand new
17 jcomputer code.

|
|
18 DR. ZUDANS: Now, this program does not yet include
19 | any of those phases?

20 | DR. VCN RIESEMANN: They do not include that, no.
21 | DR. ZUDANS: That means you plan to go fairly deep
|
!
E 22 | into the codes that you choose to evaluate?
9 ' DR. VON BRIESEMANN Ve
? 23 il dVway SLLl oLl 1e8.
. 3 24 DR. ZUDANS: That also means that you plan to, in
s 25 | fact, identify not only that they defective, but in which way
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they are defective. Then you will come up with a series of
recommendations. Either the users or the owners fix thuse
identified deficiencies or else they are beyond repair and
your recommendation is to develop a new code, and that would
be a new program, not this procram.

DR. VON RIESEMANN: That is the way I see 1it.

DR. ZUDANS: 1Is that the correct interpretation?

MR. COSTELIO: Again, we are doing a bit of crvstal

i

ball gazing here. However, my feeling is that there is a great

deal of computational expertise, capacity and willingness ocut
there in the world. There is not, cut there in the world, an
ability to do the kinds of tests, the ability or willingness
to do the kinds of tests to get the gualifications data.

DR. SIESS: I am glad you gqualified it. I think the
ability is there. It just takes money. The people are there.
Now, willingness is not necessarily voluntary. There is an
awful lot of the industry that does things because the XRC
tells them they have got to do it.

DR. ZUDANS: OKkay, I would like to complete this
argument. So, I agree that that is fine so far. Now, we
also know, in particular, you and I, we know definitely,

are a dozen or so codes that would claim they can do

r
o
e
®

everything you want to do todaj

<

And now if your objective is to see how well they

9]

really can do it, that is a fine cbjective, and if you devise

]
|
I
!
|

|
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job, because in a nonlinear range there is no such thing as

a unique solution. Very specific circumstances will lead you

to a completely different answer. So, it is not an easy thing

to say I will take the test, bend the beam and validate the
code on the basis of that.

That is not going to work. So, yocu have to have a

it for that purpose, you are really undertaking a very difficult

much more sophisticated apprcocach, and I hope that that is what |

you are really doing.
DR. VON RIESEMANN: I missed the pcint on bendinc
the beam. That is one of the things that is used for =-
DR. ZUDANS: But that is such a simplistic thing.

DR. VON RIESEMANN: That is the clarification end,

|
and then the gualification i3 getting intc the more complicated

structure.

DR. ZUDANS3: You cannot, with great assurance,
cualify a code on a one-dimensional system and turn around
ané apply that to a three~dimensional system. It 1s some
place in your picture. You have to have scmething that
resembles the real thing that you want to address with this

code.

One is that this need for wvalidation, or whatever the proper
term is, confronting the theory with experimental evidence,

3 s afl 3 53 z 3 1 4 1 aa&
ccmes about chiefly because you are going inco tie lnelas




| range. Would you have the same problem if you didn't go very
far in the inelastic range?

DR. VON RIESEMANN: I think the problems would be
less. In that regard, your earlier suggestion ==

DR. SIESS: So, that is one thing to keep in mind.

Now, as Zenon said, if you really want to be sure that the

10 |

1

13

14 |

16 |

12:

code works on a complex structure in the inelas

' is 2 real job, because nc matte

cut on, you are never

of the geometry or the loading condition,

| some ccée Oor some system Oor structure,

on.

In a way, it
guess one guesticn is,
| and you can argue this

that NRC have the confidence

guite sure that

is like validating an

appropriate

tic range, it

things you check
ere isn't some aspect

something unigue to

doesn't work

ECCS code. : 4

Now, presumably the present users of the codes have
| confidence in them which may “e :ntirely misplaced If you

e
.-

e

the codes work, they

»

-

pin them down as to why they t
| probably won't know. But you need to have confidence and if
& 4

the only way you can get the confidence is by comparing them

[}

with experimental data, then you can lcck and say how do

ot
41
)

| get the experimental da

I can go out and get it myself and test pecple's

(9]
O
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can tell them that I want their codes tested against
experimental data. Now, I am not really in a position to say
which one is going tc be mcst cost-effective for the total
economy, whether NRC pays for this, or the applicant pays for
it and you go through several rounds of guestioning and re-
testing anéd so forth.

Somebody oughﬁ to be thinking about that. I know
the Commissicn is beginning to think about who doces what, how

much can we get the industry to do and really be effective

in it. I think youcould getindustry to do everything, but I

am not sure that is the best way for NRC to get the confidence

it needs.

=]

think that really needs tc be thought about,
because, as you say, there are lots of these codes. The botte
line, to me, is that NRC needs to have scme ccnfidence in the
results.

Mow, Walt, you added on an item to your end product
that wasn't on ycur slide.

MR. COSTELLO: Professcor Siess, can I comment on
your remark? We have done some thinking about that. I
seems to me that, again, a quite possible outcome after this
experimental program is complete, is that we will £ind out
that, indeed, the hypothesis that certain types of penetration
are of most concern is substantiated.

We may further find out
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computer codes cannot reliably predict what you need to know
and that, again, that dreadful word, "separate effec-s" tests
on full scale penetration problems may be necessary to answer
the question on will this particular type cf penetraticn ==

what lcad will this fail.

In that case, I could see that it would happen that
the staff would say we are confident that this is where failu
is geing to be, and put the burden on thé owner or applicant
tc go and perform his own separate effects test.

Now, it may be -- that could happen =-- but, again,
that is crystal-balling.

DR. SIESS: Walt stated the licensing and safety

issue very well. It was to provide a basis for staff decision

for reliable prediction of containment capacity, and we will
take capacity in terms of containment function. llow, one
result from this research project could be answers that would
settle everything in your mind.

Another result would be a gocod set ¢f gquestions wh

you ask of applicants and licensees which, when answered, will

give you the desired level of assurance and basis for staff
decision. I would cocmmend strongly that you think of this
project as a way of getting good guestions, because I think
you will £inéd the success much more easily measurable and

. =
-~

- % 2 - T e S
much more easily attained than if you think this

.t‘
O
"
O
[
1]
0O
(t
}J
“

geing tc answer all the guestions.

re

ich
]
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I don't think it is our job to answer all the questiomns

about this.

MR. BENDER: The end product, which you stated as
qualified ana.ytical methods, might better be methods of
qualifying analytical wethods.

DR. VON RIESEMANN: Yes.

MR. BENDER: Because I think that is what you are
really going to have.

DR. VON RIESEMANN: Alsc, as I mentioned, which is

not on the wvi-graph, the knowledge of the behavior of the

-

|
l
|

{
|
|
!
|
|

centainment -- I think that is what Professor Siess was getting
1
|

at -- knowing how these things behave, to some extent, asnd what |

(3 1)

uestions to ask, you know. Where are the weak points, i
you will.

DR. SIESS: You are not going to end up with a
knowledge of how all these different kinds of containments =-

DR. VON RIESEMANN: No way.

DR. SIESS: But you are going to end up, I hope,
with knowing what you need tc know or what information you
need to get.

DR. VON RIESEMANN: What is important, in fact.

Lookin

Q

at this question =-- ycu know, if I plot

load versus deflection and if we are going to be conducting

®

experiments, I would like to conduct them way cut to what

, -
you might call failure.
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might be concerned with might only be down in this region.

But it is very inexpensive, if you will, to conduct the

experiments out further.

e

The next few vu-graphs don't want tc elaborace

on too leng. You have certainly seen cross sections of

containments, I am sure, enocugh. Let me just flip up a few
b 4 ! | 4

and make a few comments.

DR. ZUDANS:

now. You answered yes and I just want to make

sure that you really meant yes. You said that instead of

qualified analytical methods, which means specific codes that

you choose to run througu your sequence, you alsc give the

(21

gualification me:thod ¢f cocdes that are as yet not written.

Is that your intent?

DR. VAN RIESCMANN: That is an NRC functicn. W
can give them the information we have from the test results
and then they have to set up some guidelines, if you will, on
what is acceptatle.

DR. ZUDANS: But that is not a procuct of yocur work.

MR. BENDER: There is some contracicticn. If all
you are going to do is deliver methods -- what was said
earlier was, you want to be able to allow peoplec to come in
and offer methods of analysis and to check them out. So, I

yourself.

have to say you are not developing the methods

'

are using scme existing methods to

You

Mr. Bender asked a guestion that arouses

|
|
!
|
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do, but the end product is going to be a way of qualifying the

methods that exist.

A by=-product will be those methods which have been
qualified and will probably be usable, knowing the NRC, since
they exist. But if somebody else wants to offer something
comparable, then they would come in and say, well, do it the
way Sandia did it. Have I stated it incorrectly?

DR. SIESS: We are using some terms loosely,
because I think Walt used "gqualifying" as a very specific
thing, that the algorithm was applicable to the structure.
And I was using the term "validating"” where I now compare the
predictions of the analysis of the mathematical mcdel wit

what would actually happen to the real structure, which

"

obviously you never get ccmpletely, but that is what you are
trying to develop, some level of confidence about the ability

to predict what will happen to that containment out there

when the accident occurs.

But "qualifying" you useé in a different sense,

DR. VON RIESEMANN: I don't believe I did. Cualifyin

I am locking at, taking the actual results that we are going

e . vy . &3 g 4 -y oy :
DR. VON RIESEMANMN: Verification 1s the step previol

WIS
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leaves us plenty of time.
r -

But you might think about a stopping point

We have plenty of time. Don't
wanted to present.
pictures ¢of containments.

DR. VON RIESEMANN:

raise on a few of these, D.C. Cook,

condenser,

than the Seguoyah type, and the terminology varies from person

to person. Scme

some people call them hybrid.

Pesign pressure, ckbviously,

are fairly low, 10.8
in another respect. There are scme
that are cocde vessels.

Yes,

®)
w
g

TOOTVIAADT .
- AN

containment

in
In Watts Barr it is essentially unifo
reinforced in the Segquoyi., they are
could go on and on on that -- Profess
before.

DR. SIESS: 1Is there any st

The only

-

for example,

reinforced concrete with a steel liner,

Qe

steel vessels,

-

and
some spherical contalilnments.

0o ancthe

"

m

3

10

-

8]
a1

~

Oy

there.

throw anything out that you

I do think pecple have seen enough

point I was going to
an ice

ifferent

of these are called freestancing steel and

n the ice condensers
steel cne is differen

steel

have a lipsoidal bottor

pege Ty
e dirleren

r is that,

Segquoyah there is nonuniform thickness along the wall.

. Penetrations are
: . = v
t 1n wWatts Barr. &
a~ R P :
Siess alluced to tnis
2 3 = o
darcization Dy &AL Cn

for example,
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those? I suspect that is varied with time.
DR. VON RIESEMANN: Yes, it varies with the require-
ments, if you will, of the NRC, of the utility, and of the

ASME code. All three interact.

S S Ay

DR. SIESS: Those are all time-dependent. Well, the
utility may not be. NRC requirements change with time, the
ASME changes with time.

DR. VON RIESEMANN: In some cases, for example, in

Watts Barr, the overpressure is not the controlling feature,
but a lateral lcad is, so it has a greater capacity for
internal pressure. MARK-III, for example, can come either

freestanding steel or reinforced concrete -- all different

types.
DR. SIESS: MARK~-II's have got at least four

different designs, and there are only 8 of them, I believe,

DR. VON RIESEMANN: I will skip quite a few vu-

raphs down to this one, which gives a summary, which of course

|
!

r

(o)

ated now, of the operating and

‘)‘

is moving every day, this is
future containments in the United States. We categorized

N

hem by PWR's and BWR's and then across the top by, if you

r

will, structural type, concrete and steel. Prestressed

concrete, conventional reinforced, other type Jucrete =--
DR. SIESS: What is the "other" in there?




‘l 69

| DR. SIESS: What about Gonay(?) that is prestressed

' 2| in only one directicn? i
3; SPEAKER: There are two of those plants; they are in;
. ‘ there, too. 1
| \
3 DR. SIESS: What is the other one? Bellefonte?
6; DR. VON RIESEMANN: We have this in our report. ;
7% DR. SIESS: And you have got one concrete MARK-I. g
3; MR. BENDER: Why aren't the French tests listed in 5
9; here? ?
10 | DR. VON RIESEMANN: I am not there vet. 1
1 f MR. BENDER: Oh, I am sorry. I apologize. |
12 | DR. VON RIESEMANN: Well, we lcokei at different tvpes

. 13 | of containments and put them in the big boxes, if you will,

14 | because within the prestressed concrete, cf course, is three-

| f
15 | buttress, six-buttress, all the variations on the theme. We 3just

16 | have ar. inventory there and we looked at what was available == |

17 | not available, what is in existence and coming down the pike.

18 | DR. SIESS: I wonder if there is any design that there
19  were more than about six made? Perkins would be in the new

20 gcnes.

21 | SPEAKER: Palisades, Turkey Point, Crvstal River

22 | and Ckoney(?) are almost identical.

MR. DENNIS: There is a tendency right now to go

~
IS
Q

to three-buttress desicn prestressed concrete containment, and

Boswwrs Reporting Company
»n
w

(8]
n

i most cf those are coming on-line in the future. Those tend to
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be following the same design methods.

DR. SIESS: Those are Bechtel?
MR. DENNIS: Bechtel is a large contractor, and I

believe there are some other contractors.

DR. SIESS: But how about the Trojan-type design?

How many did they do like that?
MR. DENNIS: I

same type of design. Most of them utilize the ring girder.

DR. SIESS: As I mentioned, there is one MARK=-I in
cencrete you haven't got in here. Two units, Brunswick.
| That is a real oddball.
MR. DENNIS: I apologize. There is a revised

12 |

13

14

135

16 |

17

18

| three generic types,

19 |

20 |

»
L]

»
w

»
1 N

L]
n

DR. VON RIESEMANN: We did that to see what is out

there and what types to lcok at, because cbviously we cannot

test all different containments. We are trying to look at

-

as it turned o

S

t, a freestanding steel

or hybrid, as it is called by some people, a reinforced

0

concrete, and a prestressed. MNow, even that

obviously, because of the variations on the theme.

DR. SIESS: The hybrid designation, I think,

tothe freestanding steel with the flat bottom, because, you sea,

not a code structure. The ones that had

it is
bottom were not called hybridgs.

VON RIESEMANN:

DR.

O

e ———————

know that South Texas, I think, is the

!

is a big mouthful ,




Boswers Reporting Comgxuny

10

11

12

13

14

15

16

17 |

18

19

20

21

22

23

24

25

| essentially leakage through the

~3
b
meCPR—p——

DR. SIESS: The other was steel top, concrete bottom,

in effect.

DR. VON RIESEMANN: We have talked tc people in the
industry and they use various terminology.
Let me now get to another phase of the original backi
ground study. It!was to look at what, in fact, had been tested
|
in containment types around the world. The Canadians tested |

a Candu type containment, about a 14 scale. They didn't have

any penetrations. They use a plastic liner, they don't use a

sterl liner. l
They used hydraulic pressurization and there was |

fairly good agreement with the modified Bosor 5 code -- that
i
code was written by Lockheed and was modified at the University

(2}

of Calgary. The failure on that particular containment was

' around 130 psi gauge.

In Japan they have done scme tests, tco, on reinforced
concrete containments, both internal pressurization and also
lateral tests. We were nct able to get any analytical work
on those tests.

In India they have done a test on a 12 scale pre-
stressed concrete containment. They used vinyl paint as a liner.

They had 6 penetrations, but they had a lot of difficulty in

Q

the test and the failure cccurred at a very low level, about
20 psi, and they could never really get failure == it was

ner.

e
.J




The largest test that we know of to date was done

in Poland, a 10 scale, prestressed concrete. That included

equipment hatch and persconnel locks in a steel liner, and they

used water pressurization, and so the values givan there are
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equivalent to

to the bottom of the containment
You

MR. BENDER:

scme work on containment
DR. SIESS:
MR. BENDER: No, I

pressure -- I am

and I am trying to think of the name now. |
DR. VON RIESEMANN: A breeder reactor?
MR. BENDER: Not the breeder. Some gas-cooled =--
DR. SIESS: I didn't think they had a containment.
MR. BENDER: Some of their early cnes had smaller
experimental reactors. I will have to look it up. They did
do some work.
DR. VON RIESEMAMN: It is sometimes hard to flesh
out the work that has been done. Dr. Stephenson is ¢n cont:acﬁ
to NRC and is looking at what is being done around the world.
The French, I think, are interested in doing some tests in the
future, but we don't know ¢of any that have been done.
We are still looking, if you will, at all types of

the change in the head,

My recollection is that the

if you

asked a guestion about =--

Those were vessels.

talking about their early gas-ccoled

am not talking abcut concrete

French did

from the to

- SR

Ly

reactorsi,
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loading. I haven't concentrated just on the pressurizatioén.

‘ 2 | There were tests done in Germany with shakers and explosives

3 | on the containment, but they are very low levei. In Japan,

. 4 | they do essentially, I think, on every containment, again at

5| low level -- shaker type.
6 Fukushima actually underwent an earthquake in about
7 | a quarter G-free field, but we cannot cet hold of any of the |

8 | analytical correlations that they have performed. In the U

9 | there have been some very low level tests, two sinusoidal

|
10 | tests. |

g |
1 | DPR. SIESS: Let me ask Jim Costellc, are you making |
12 | any attempt through ycur international program to get some of !

‘ 13 | that Japanese data? |

| |
14 MR. COSTELLO: Yes, sir, and we are beginning to have
15 | brighter prcspects. There was, I believe, some signing of

|

| ) . . ) L {
16 | documents last month some time, which woculd indicate that scme

|

17 | trade is in process.

18 | CR. SIESS: Well, even if you had to pay feor it, it
19 | would probably be a hell of a lot cheaper than doing it your-
20 | self, and the Japanese do very fine experimental work. You

21 | can have a lot of confidence in 1it.

‘ a2 | MR. COSTELLC: We have great hope of beiny able to
i . . - - 1
z 23 | gcet it. For a while there it loocked as if they weren't
|
‘ ; 24 | interested in trading; now it seems they are. S¢, I am told

i 25 | we have an agreement in principle as of last month.
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DR. VON RIESEMANN: I am also in correspondence with

Professor Shibata at the University of Tokyo to see what infor

R PEECONCIDNEN

maticn we can obtazin. When we were over there two years ago,
a visiting team from NRC, they presented some of the data, but#
I
we were not allowed to take any back. {
1
The conclusion of this phase of the program, really,:
l

is that testing to date has been very limited. Current design
|
. » » |
methods do not permit extrapolation of failure, so we answer

|
|

a question I guess we could have done before, but we need to
i
conduct a combined analytical experimental program on contain- |
|
|
ments. |

In Phase I activities, which is a planning phase,
|
consisted of forming an advisory peer review group looking at |

|
the similitudes, scaling laws, looking at containment, critical
|
- T .3 .

structural elements, what scale factors should we use, or
how small scale model can be used, is another way ¢f phrasing
it, lcoking at load " .mulation and then recommending a program,

will cover that now in the next few wvu-graphs. |

1
e |
(o1
e

DR. SIESS: Well, are your scaling gquestions primarily

|
|

related to the dynamic behavior?
DR. VON RIESEMANN: We are looking at all aspects
at this stage.

DR. SIESS: Because the state behavior =-- it seems

to me that if you analyze the model you are doing, you get a

great deal of confidence. The uncertainties in the analysis
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|

are a lot bigger than the uncertainties in t
for materials scaling. But if you know the
put the properties in your analysis and get
think that lends a pretty high degree of

static -- it doesn't on dynamic.

‘

7% |
he model, except

properties and can

scme agreement, I

confidence on

DR. VON RIESEMANN: We have been mainly concentrating,

though, on the static at the moment for the
The advisory group that we formed
we could have picked many pecple, but had to

some sizable aumber -- we picked pecple from

familiar with the steel containments, and the concrete. We

picked pecple that have an expertise in conc
testing, also in scale modeling, also in the

on containments and just recently we added I

to the list. He has not been on the advisory group

about a week ago.

|
fine detail. !
|
-= and, obviously,!
keep it down to |

industry that are

i
I
l
rete and concrete |
1
|
|

general background

ar Wall from EPRI

-

ntil just |

DR. SIESS: He did not get to the meeting in Chicajzo?d

DR. VON RIESEMANN: He did not get

Chicage, no. We have had two meetings with

to the meeting in

the adviscry group,

one in Bethesda or, rather, Silver Spring, and one in Chicag

MR. BENDER: This is a gocd list.

is that it is lacking in people who are fami

v
(8]
e
'_4
.
o)
o
0
1]
2}
o
o
ot
*4 -
Q.
o

: : .
liar with the

service guestion. There cught tc be a few people on this list

who are familiar with how the structure has

accident conditions.

to behave under the
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I don't find that knowledge in this list. I really

=
O
=
b

—

think you cught to look at finding one or two pecple == I
think probably two would be best -- that are thinking about

that aspect, sc that when people discuss th: matter, what is

|
it that determines whether the deformation is okay or not, there

is somebcdy there to answer, here are the kinds cf criteria
you ought to be thinking about =-- the kind of studies that the
nffshore power pecple have done are perhaps the so-t that I
would want them to be looking at. |

I think you ought to look at people that have that
kiné of understanding.

DR. SIESS: I think, t- paraphrase what Mike is
saying, and maybe you won't agree, but this advisory group

is aimed, I think, at helping you answer gquestions, in other

el

words, how to go about the program, and I think he is suggest~ |

ng some people that would help you be sure you are asking the

-

right questions.

o
(r
o 2
'n
i

ing them to

I would think that, rather than ad

O
rh

group, where they would be bered to death for a good bit
it, you might want to consider a separate group which would
involve some of the people that are doing the research -- some

of them in Sandia now.
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. IDCOR people at Oak Ridge or Knoxville.

DR. VON RIESEMANN: We have talked to some

i additional people: Richard Orr, Adolgh Walser, the people

| doing the filter vented containment, we talked with them, the

DR, SIESS: But walser and Orr are more users than

; askers.

DR, ZUDANS: I think that you need pecple who

. understand all the systems perfectly so that they can be very

- useful in defining limits. All these people are structural

people, including Orr.

DR, SIESS: To people that know why they are
inter: sted in the leaks.

DR. ZUDANS: That is right.

DR. SIESS: And how it relates to degraded ccore
rulemaking to give it a2 real high level objective, how it
fits into MARCH code calculaticns.

DR, VON RIESEMANN: We ars talking to people at
Sandia, fcox example, the severe accident sequence analysis,
which is another research program out of NRC. They are
interested in the glcbal gquestion, if you will.

MR, BENDER: I am just worried about it becoming

- too narrow in its perspective.

DR. VON RIESEMANN: Good point, ves.
I have, I think, more handouts here than I am

going to show view graphs, but one of the questio.s we looked
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- at which you will not be able to read in the view graph, but

' assessing whether, in fact, it will scale or will not scale. |

R

-n

3

| you do have a handocut, is looking at the failure modes for

the free-standing steel, for example, containment, looking at

' the various scales that one might choose, looking at the

failure modes that we hypothesize, looking at stag loading,

. pressure loading, the dynamics and also sizing lcading and

So, this was an input chocosing the s:ale that I

' will talk about in few moments for the test program.

DR, SIESS: I am just wondering if this might not

be --
DR. VON RIESEMANN: Better for this afternoon?
DR, SIESS: A good spot to stop.
DR. ZUCANS: Could I ask him one question?
DR, SIESS: Just a moment. What do you think,
Mike --

DR. VON RIESEMANN: If you look ahead, maybe you
can see some guestions that you want --

MR, BENDER: I don't want to go through the testing
details, In fact, I --

DR, SIESS: I will tell you what, gentlemen, let's
take a 10 minute break during which Mr. Bender can look ahead
and see if he has some questions. If not, we may switch over
to the cther program and come back at this stage this afternocn.

DR. ZUDANS: Can I raise my question?




Do3 L Wny are you concerned so much about scaling because |
Tape 5Sa _ ‘
2| you are not going to model real containment anyway? §

. 3 DR. VON RIESEMANN: We are not going to model what?‘

' - DR. ZUDANS: Real containment.
5f DR. SIESS: That is a goocd question. Think about |
6 it. Let's do it later.
7; (Thereupon, a brief recess was taken.) |
8; MR, BENDER: I just wanted to make a couple of |
9 points. This program appears to be one of develcoping scme
10 | model tactics to show the characteristics of these striictures
11 | when they are loaded and that is a typical way of making the
72; valuations of structures and you can hardly argue with it.

‘ 13 | But we do know that in many cases the shell structures are so

'4 | thin that when you try to scale them down, it is not clear
15 that the materials are the same, that the structural properties
16 are the same. I can make a general conclusion that you will

17 have trouble with that, just based on what has been done

18 | nistorically. And, so, you may as well face up to it.
19 Now, tliere do exist a number of shell structures
20

around the country. Many of them have been abandoned but are
21 owned by the DOE and it would make very good sense to me to

22 try to search to see if you can use those structures and load
23 them and try to get experiments done cn a bigger scale without

24 | having to invest in a facility.

Boswwis Reprontinng Company

25 DR. SIESS: Better yet., See if you can get DCE to
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test them,

MR, BENDER: Well, I don't care how vou do it, The.
NRC needs to get them tested and whether they spend their own
money or scmebody else's is a moot point, as far as I am
concerned. It is all the taxpayer's money anyvhow.

The second peint that I wanted to'make and I think

I would like to make fairly strongly is that we have a lot of

. containments around that the industry claims has this capability

and, as a matter of fact, I would guess that once you formulate

this approach you are formulating, you will have pecople coming

. in and wanting to argue that the containment structures are

13 |

14

now able to take a lot more and we would like to get rid of

some gyarbage because they can. That is a good motive and we

- suouldn't discourage it.

15 |

16

17

18

In order toc be 2hle to do that, it would be nice to
be able to demonstrate that some of the existing structures

that exist in these installations do have such capabilities.

I think the program ought to try to invite the industry to

- come in and do some tests on that existing containment that

take the pressures up higher than tuey have been taken before
in order to get a better handle on what their capability is.

Now, ther2 is some risk in that and in the past

21

e % A

when you asked people to do that they said, well, 1

not a requirement, we don't want to Jdo it., But I think in the

present mood in which degraded core cecoling is being dealt with,
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where we are going to have to address questions lil: nydrogen
sombusticn and the like and people are going to want to claim
more structural capabilities, it is not unreascnaklie to say,
lock, I don't want to ~vait until the public interest is
challenged to find out whether that capability exists.

+R., SIESS: But you are not proposing that anybody |
take an existing nuclear power plant containment into the
inelastic range.

MR, BENDER: No, but I think they can take the
pressures somewhat higher than they have taken them., Some of
them might go as nigh as you wanted to go without getting into
the inelastic rance. But my point is if this thing is all
model testing, that is about all I read intec it right now,
further down the rocad maybe scme independent structural tests,
separate effects test, if you want to call them that, but not
presently planned, I am not going to ke comfortable and ya
are not going to be comfcrtakle that the results are going to
translate. We tried that when we were working on the prestress
concrete reactor vessels, where the scaling problem was not
nearly as different as it is here and we had a lot of agony
over it.

There has been some of this kind of thing done in
connection with cooling towers tihat might give you some guidance,
but I don't know how much. My inclination is to say withert

more thought to whether the scaling is practical, you ought




| 32

D06 1 | not to get carried away by your model program. That is where
Tape Sa |

‘ 2| I want to stop.

3j DR. VON RIESEMANN: Let me make a few comments to
. - ‘ your comments.

5? One, we did look at some existing facilities in

éj the United St-tes. We at least had surveyed those available.
7 | We have not pursued the next question of asking them are they
8 available for our usage. There are in South Carolina some
9? facilities, Argonne, various parts around the country. We
10 are at least lucking at that aspect.
1| We are aware of the difficulty in modeling in
12 | material properties and we are conducting separate mata-ial
. 13 tests to determine what the effect will be in change of size,
14 fracture mechanics, welding, those questions that come up.
13 We might not necessarily use a scale fitness, if
6 | you will, for the scale model test. It might go a little
17 | thicker and still have credikble results.
'8 The other point about people taking their contain-
‘9_ ments to hicher levels, the problem, of course, comes akbout
20 with the ASME code and all the regulations inveolved., But that
21‘ is feasible to some extent for some containments.
22v MR, BENDER: I guess I am just trying to say that

anybody can do the easy research and get answers that aren't

uszable.

g
Bosswns Rupeoning Comgumy
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DR, SIESS: Acceptable.
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MR, BENDER: Acceptable, Fine. If the answers
are not going to be acceptably usable, then I am not so sure
you ought to start.

DR, VON RIESEMANN: One of the concerns of the NRC

. when they brought the program to us was, in fact, to have a

1 |

12

13 | in tne containment nor vice versa. We want to be able to

14

15

16 |

17 |

18 |

19

20 |

21 |

22 |

23

24

25

credible program and look at this problem with scales. And
we are suggesting that we do testing at at least two ditft:ent:

scales to take care of some of the questions of size effects,

- okay, because we realize that will be raised.

The other gquestion is why are we concerned with
scales, a question Dr. Zudans raised. Well, we don't want to

introduce failure modes into our scale models that don't exist

mocdel these failure modes. Scale modeling, no one has "
said it is easy, but full scale testing is very expensive,

MR, BENDER: Well, it is expensive if you have to
build a structure, but if the structures exist --

DR, SIESS: It is expensive.,

MR, BENDER: =-- you still are a lot better off --

DR. VON RIESEMANN: One of our concerns with even
a full scale is that tie cost of doing those tests and the
cost, if you will, of buying that facility might be very high.

MR, BENDER: Dr. Siess might be right in saying
this is a place where you ought to be putting scme pressure

on the DOE to abseorb costs. They are there to do such kinds of
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. things in support of the safety of a nuclear reactoer business. |
| NRC can't do everything with its own resources. The industry

. needs to absord some costs, too, and I think ¢ whole regula-

tory protest needs t. work with the whole industry.

DR. VON RIESEMANN: Well, DOE's white water reactor
safety program has a recommendaticn in it to do some contain-

ment evaluation and testing, but that is down the pike a bit.

1

i Whether that will be funded or not, I don't know.

MR, BENDER: Well, I am going to stop with just cne
last point and that is this. We are busily here trying to
develcop a regulatory appgroach to some degrees the reason
for doing the research is to help the requlatory approach along.
And if we can't see that the results are going to be really
applicable in that way, it is hard to encourage doing the work,

DR, SIESS: I think there is a point here that Mike
has made -- I don't know at what level it has to be considered --
but it is very important. The idea is to get a reliable,
acceptable -- and by that, I mean, accepted to somebody =--
estimate of what when the containment ceases to function as it
is supposed to. Now, one of the users is the people that are
doing degraded core rulemaking. Acceptable to whom? Accept-
able to Jim Costello, to his boss, to Franz Schauer, who is
licensing, or Harold Denton, the commissioners, licensing
board, public intervenors? You know, there is a whole level

of things. Model tests have always been guestioned by some
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people, including the people that do them and more likely,
some of the people that don't do them. But if you really want
to be critical, you can question a full scale test because it
didn't lock like the same structure and I think somebody has
to do some thinking about at what level and to whom these
things have to be acceptable.

|

I am sure research staff thinks primarily in terms

{
|

of acceptability within the NRC. When you get over into '
licensing, those people have respect for the hearing board and
you now hear weords like "This research program is intended to
provide tha data to make the licensing process transparent to |
the public." Those are beautiful woras. I haven't the slightest
idea what they mean and how the public is defined. But I saw |
that in a justification for a $5S million research program.

Now, if somebody can tell me what that really means,
I think I could define research programs a little bit better,
transparent to the public. I am not sure. B3ut this is some-
thing that we have to think akout and when you start questioning
-=- you know, you are doing validity of models and lecoking at
all the modeling scaling parameters, even when you are satis-
fied, then the gquestion is at what other levels you have to
be satisfied. Now, I don't know how you go about that. You
have your board of comnsultaants, which are going to be maybe

not as critical as they should be. Maybe they should take a

devil's advocate approach. Maybe they are. I don't know.
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NRC staff, they have tc bring in NRR somewhere

to £find out what is acceptable to NRR because those are the
people who are going to have to apply it and appeal before thai
licensing board and defend it. I think that this is a very f
important thing is to keep in mind your ultimate user and who |
you have to convince. It is net just you and it is not just

Jim.

MR, COSTELLO: I guess I would like tc respond to

1
|

that. I think if research is ccszrect that in research proqrami
we tend to look at sufficiency for NRC purposes. We also
tend to look at sufficiency as judged by the technical community

and we do tend to focus on those two. We have instituted a

| peer review panel. From my attendance at the two peer review |

panels, I can assure you that the members are nct tame and
have, indeed, been critical, constructively critical, and have
to some extent, in a number cof instances, caused changes in
the plans. We are getting our money's worth, if you will, out
of that panel.

DR, SIESS: Now, I am going to make a comment that
I don't intend to apply to this procject particularly, but there
is research being done by NRC that I am convinced would not be:
done if the licensing boards did not exist. You understand
what I am saying? Now, it goes far beyond the researcn that

is needed to make a judgement or to reinforce a judgement and

it is being done in such a way that you can almost see it
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1 being addressid to a hearing. I don't consider this good

: engineexing. It may be good regulation within the present

| make their case before a licensing board, which is not a

- c¢limate. But that is what I was getiing at, That is a part

| of the constituency for research and you talk to the NRR peopl‘

1
-=- a lot of the NRR questions that research is spending money

. to answer are questions that arise simply because they might

peer group really. It is not the same as your peer group. I

. mean, there are technical people on there, but it is an entirely

di.fferent forum. That conditicm exists. :f is not going to

change and I think we have to reccgnize that some of the

answered within that context.

Now, we are engineers. We can probkably do it.

DR. ZUDANS: Can I now ask a practical guestion?

DR, SIESS: 1If it cannct be postponed until this
afternoon or if it is on the immediate subject?

DR. ZUDANS: No. It is related toc what Mike said.

DR, SIESS: Okay, then.

DR, ZUDANS: Although you said that you looked
around the country where facilities exist, did you not make
in this preogram a conscientious effort to identify the speci-
fic containment sites that exist that could be tested, provide@

all things agree to it?

DR. VON RIESEMANN: Well, we have identified the
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| think, available. That could be tested.

893

actual facility and the containment structures.
DR. ZUDANS: That exist?

DR. VON RIESEMANN: That exist., T." were, we

DR. ZUDANS: Couldn't then NRC proceed to £find out

- what is necessary to be tested because it could avoiéd tremen-

' dous expense. [

DR. SIESS: Assuming that the program is going to
go that far.

DR. ZUDANS: I think this is a guite practical
proceed ing in principle. That is the way the program should
be directed.

DR. SIESS: It is, Still, I think it is $20 million
or $100 million in 10 years, some number in scme tire, to
qualify these things in the inelastic runge. I would certainly
want to lock at what is involved in saying we qualify them
only in the elastic range as an alternative. In terms of the
public health and safety, I would want to look at it, because
I think it is an alternative. And it is for new plants, I
know. This is only on .spect ¢f handling those degraded cores.

We heard people talking about a vent filter system
that triggered a design pressure. They weren't a bit interested
in going above design pressure. Maybe they had made the deci-
sion it would be better for them to trigger that system at

design pressure than to try to qQualify the design to twice
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' design pressure. And, yet, I can go to the twice design

pressure and still stay elastic cn a lot of these containments

if I want to leave out load factorrs and feed factors. You

' know, I don't need all the margins. I am not talking about

. a DBA. And the basic philesophy, I think, is that we are not

going to call for all these margins at these degraded core =--

é we don't know. They might want degraded cores to meet all thaf
' safety margins we have now. But there are alternatives. And

. if the question gets too difficult tc answer maybe we can

: turn around and ask another guestion that will work for the

| protection of the health and safety of the public just as well,

That is the only cbjective we have, We are nct
advancing engineering knowledge here.

MR, BENDER: Chet, I would like to offer a post-
script if I can. In leafing through this thing, I had hoped
to see in here a tabulation on containment systems, if I can
use that term. T think it has been suggested here a couple
of times -- of what the things are t..at ons wants to know.

Ice condensors have one kind of characteristic and

you can even divide it into two pieces. There is the free-

. standing ice condensors and those where the shell is butted

22

against the concrete. Then you have another one for certain
kinds of preset containments. Then you have another for the
light bulbs in BWR's and I think it would be useful in order

to have a catalog of knowledge that is needed to take these




DOl4

Bosvwrs Reportung Comgawy

12 |

18

14

15

16 |

17

18

19

20

~
w

"
-

»
n

various systems and identify for each one of them what the |
things are you want to know in order to have a way of checking
against the modeling if that is what you plan to do or the
catching of full scale structures. I am sure that I can
identify structures in this country that have each of the

capabilities that are in the model. I don't know whether thuy

i
|
|

are representative of the way in which the structures are
built today for new containments or for existing containments
that are testable, but that is a challenge vou have anyhow.

But I would like to encourage you to try to get
that kina of a tabulation in being. It would be educaticnal
to the NRC as well as to you to do it, because we don't really
know what all the issues are vet.

That is my postscript.

DR. VON RIESEMANN: What we plan to do on the
free-standing field, we will talk about that this afternoon.

Ron, did you have a comment?

MR, WOODFIN: Ron Woodfin, Sandia Labs. In response
to the use of the existing structures in our studies we did
not find anything that appeared to be an existing structure
which might be available for testing which was close to being
representative of anything else that is currently in use as a
containment structure.

Qur study was not exhaustive and you may Xnow of

one that we couldn't £ind.
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MR, EENDER: I haven't done a survey either, but I
guess I would have to say that neither of the models are going
to be very representative so you have to say -- it is a rela-
tive thing. Nothing is going to be representative.

MR, WOCDFIN: Mc.t facilities weren't even
cylindrical. Most of them were rectangles, rectangular type
things.

MR, BENDER: You just didn't lock very hard.

MR, WOODFIN: We found some that were cylindrical.

| Those were the ones that -
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MR, BENDER: ETCR has a jood example =--

DR. MARK: Could I just ask in axact connection
with what you were saying? I presume that scme of these
things that you have on your list are DOE's items, maybe at
Icaho, maybe at Hanford, maybe at Clemton or whatever. They
have a tremendous decommissicning program cn paper, at least.
It might be very worthwhile going through those and finding
cut, because if something is about to be decommissioned, the
costs for making use of it shouldn't be very great and the
cost of not making use of it might be quite great.

DR, SIESS: Let me add one cauticn about testing
actual structures, full size. I have never seen an example
of tests on an existing structure that succeeded in an:swering
very many questions. They are very good for asking questions

and if you go into such a program or think about it, I would
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suggest you think about such a program as a way of asking good
questions and don't get yourself too involved in hoping vou
are going to answer them or everybody is going to be disappoinﬁed

I was told that by cne of my professors many, many
years ago and I have been invo.ved in some flcat hill structuré
tests and I know of a lot of others and they all fit that
category just beautifully. They are good for asking questions.
They are a complete flcp for answering taem.

But that is not bad. Asking the right questions
is pretty important.

OCkay. Do you know where you stopped? Let's go
on then to the next item on the program, which is the safety
margins Category 1 structure, which is being carried out a
little north of here. We were invited to meet up there and
in view of the weather as it has turned ocut today, maybe we
were wise to make them come down here. Chuck Anderson.

DR. ANDERSON: My name is Charles Anderscn of
Los Alamos and Dr. Siess is right. Los Alamos vanished under
a rain cloud this morning and, although, we got here late, it
is obvious we got here in time.

DR. SIESS: Well, you got here in time for your
presentation. You missed some very interesting philosophical
discussion prior.

DR. ANLERSON: I have been here for gquite awhile.

what I am going to dc is just summarize the few
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DO1l7 | Programs done at Los Alamos that Jim talked about initially
Tape 5a |
. 2| and I am going to leave the technical ¢« .ails until after

3 lunch. I guess I don't have to tell you to interrupt any time;
' 4 We are working on two procrams. I have them both

5| on this first view jrapn. They both deal in censtructicn.

6 They don't have exactly the same program objectives, but what

7| I am loocking at here is what we are trying to do is apply

8 | experimental and analytical interventions needed to assess

9 | multiple loadificatien.

10 Now, this might include an evaluation of the

11 | capacity of the structure and ultimate load. It also might

-
e

include other factars, such as dynamics. In dynamics vou

. '3 have your evaluatiocn.

14 We are looking at two types of nuclear plant

13 structures. Mixed concrete and steel nuclear plant building

16 | such as auxiliary buildings, fuel handling buildings. Generally,
17 these are box-type reinforced concrete structures of a more

18 conventicnal design.

19 Second program locks at fuel containment, where

20 the structural failure is buckling. The program started akbout

21 | a year ago and I will just tell you where we are in the programs -

‘ é 22 DR, SIESS: Stay close to that mike. It is the
v
4 23 one that is recording. He ' .11 yell at you if it gets tco
. % 24 bad.
i

DR. ANDERSON: OCkay. On the first program cealing
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| with Category 1l concrete structures, this is a schematic of

a typical building and typified by presence of floor slabs
and shear walls, exterior walls, interior walls, columns and
lots of plant equipment on che inside, much of it is sensi-
tive equipment. One of cur long range goals is not only to
predict structural response and open the icad, but to indicate
the effect of structural response on sensitive equipment.

Both of our prcgrams are set up according to the
following size here. We have a peer review committee. We
don't have all the test facilities at Los Alamos and we are
planning to do basically model tests that Walt alluded to
previcusly. We den't plan any full scale tests. These build-i
ings are enormous. The auxiliary building can be 40C or 500
feet long, prcbably a hundred feet high and several hundred
feet wide.

The ccntainment structure, you have seen the size
of it on wWalt's chart.

My division leader says that this chart shows the
way it works. NRC gives us the money and we send them back
paper basically.

DR, SIESS: That is what I thought that little guy
was carrying.

DR. ANDERSON: We coordinate the activities. We
are doing most of the analysis. It is a coordinated program.

As Walt mentioned previously, cne of the goals would be to
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. evaluate or find out which computer codes would be most appli-

1M |

12 |

13

13

16

17

18

19

20

2]

22 |

23

24

25

w

cable at predicting structural behavior in the inelastic range
or at ultimate load.

We don't have the best facilities in general, at
least, for the large dynamic tests. We plan to use test
facilities, for instance, at the Earthcuake Engineering Research
Center. We have loocked at test facilities in Japan. We have |
contacts with people with Japanese facilities and further down‘
the rocad on the program, we will be looking at how these
facilities might be used to test a relatively large scale
Category 1 structure,

Now, you will see how we 2 starting. The program
starts simply. We start --- befcre we are running, we walk
Quite a bit. We are lcocking at, first of all, breaking the,
for instance, auxiliary building into basic structural elements
that contribute mainly to the ultimate load behavior of that
structure. Initially, these activities are centered at lcoking
at shear wall behavior at ultimate locad. Enhanced damping at |
the shear walls as they crack, stiffness degracdation, et cetera.

We are presently performing some experiments on
really small-scale walls. We intend to then test larger scale
walls. We then intend to test a structural system and this
could be a three or four-story model of an auxiliary building

complete with interior structural elements, exterior shear

walls, floor slaps, as well as some modeling, perhaps, of

sensitive plant equipment.




DOl 1 DR. ANDERSON: These are the tasks on the program

'17'.% 6 2' chairing us out through FY 1983. we started off by doing a

-81 ,
3 survey of Category l structures and how they are analyzed by

. 4' and designed by the architect/engineering firm. We visited
5! Bechtel, TVA and Sargent & Lundy. Generally, the methods that :
4 are used in designing these plant structures, the ones that are
7§ safety-related, are based on elastic methods and do not conside:.
8 | in general the inelastic behavicr of the plant structure. |
9; A particular concern was voiced by some of the -- at
10  least one of the vendors, architect/engineering firms, as to
11 | the role that damping plays when you have inelastic structural
12‘ behavior, when you have a cracked shear wall and we have focused

' 13 | on that as one of the things to lcck at.

’4; We have reviewed the literature on concrete mocel

15 | testing. Needless to say, there are not tests on representative
16 | nuclear plant structures, which differ somewhat from conventional
17  box-like reinforced concrete structures in that the walls on

18  these structures are very thick, ranging, I believe, from about
19 | 18 inches to 48 inches and generally towards the larger thickness.
20 We have developed a program plan after doing the

2] | review ané talking to the architect/engineering firm. You have
22; a copy of that program plan, which identifies the first two

23 phases of the program fairly accurately as we see them and

24 sjscusses in more generalities what we call the Phase 3 cxperi-

Bowwrs Reporting  Company

25 ment for testing a multi-story, reinforced concrete Category 1
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:structuxe.

As part of the program, this is an incidental part,

' we are working with a consulting firm looking at the strength

of masonry walls that, it turns out, are used as interior walls

in many of these plants. The desicn rules, if there are any,

| are juesticnable on masonry walls and some of these walls are

in either guestionable shape or there is questions about bound-;

- ary conditions, how they are supported and what we are attempt-

10 |

11 |
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ing to do here is to eventual recommend sections for these
interior masonry walls.

DR, SIESS: Did vour survey indicate whether anybody |
is using masonry walls in new plants?

DR, ANDERSON: I do not believe that is so.

DR, SIE3S: I wonder whether the reaction to the probs
lem has been to eliminate them or to try to improve the design
of them,

DR, ANDERSON: It is my understanding that the walls
were put in after the plant was built., That is the cause of
the problem.

DR, SIESS: Some of them had them designed in. They
designed them in.

DR. ANDERSON: The ones that are giving the problems
are the ones that were nut in later because they couldn't attach,
for instance, the top of the walls into the structuve, which

they could if it was being built initially. I guess, it is my
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feeling there are no plants incerporating -- ro new plants

incorporating masonry walls.,
DR, ZUDANS: TMI -~
DR, SIESS: It wasn't TMI. It was Trojan.
DR. ZUDANS: Ne¢, I mean, the actua} plan require-

ments after TMI.

DR, SIESS: But that came out of the Trojan, I thinﬁ.
That is a catchall for everything they talked abcocut that year.
Some plants have used masonry walls much, much more than otheré.
Some of them had very few and scme had guite a few. Now, they
are finding that they weren't even reinforced the way they were
designed.

DR, ANDERSON: That is one of the problems. And
some of them do support Categery 1 equipment.

DR, SIESS: They went in and hung air lines on them.

DR. ANDERSON: That study is to be completed by

. next June. It is an incidental part of the program but it does

18 |

19 |

20

21

22

23 |

help us in, again, trying to appreciate --

DR, SIESS: Who is your subcontractor on this?

DR. ANDERSON: It is Trans Science, a small company
in LaJolla and Profzsscor Higgimeier as the owner, proprietor,
whatever.

DR. ANDERSON: Presently, we are designing small
scale shear wall and testing them statically with the aim of

predicting the stiffness degradation when the concrete cracks
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10 a shear wall out of the wall and mount the side of the shear

11

and we will shortly begin some dynamic tests to evaluate
damping characteristics of these shear walls. And I am going

to leave that go until after lunch and Elton Endebrock will

| talk about this. |

DR. ZUDANS: On that procedure in general, I think
that we stress scmetimes, or maybe I read it in your draft

report, that you make up a section from elements, study these

| elements in different conditiocns with scme repcrts of failure,

' I think if you move a shear wall out from the wall, if you move

| wall by itself you have wrong boundary conditions and you lose

12 |

13

14

15 |

16

17

18

19

20

21

22 |

23

the three-dimensional behavior which is not going to ke elastif
cated in any such test. How are you going to account for that?

DR. ANDERSCN: We are setting the walls individually.
True. They do have a fairly heavy flange top and bottom.

DR, ZUDANS: Not on the other side.

DR, ANDERSON: Excuse me.

DR, ZUDANS: Not on the other side.

DR. ANDERSCON: No, not on the other side. Wwhat we
hope to do is get scme measure of the damping characteristics
of the iadividual wall. Now, eventually this will be put into‘
larger models and incorporate multiple shear walls and we will
both analyze and test those structural systems. But that is
further down the road. That is two years away. So, there will

be a final model that will incorporate multiple shear walls.
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You may be right. Their behavior in the structural
|
system may be different from their individual behavior. Hope- |
fully not so.

MR, EENDER: I don't know where to interject this

' qQuestion, so, I am going to interject it now. When I looked

at the program cbjectives back on the first slide, I had to

| ask myself what is it that we mean when we say "ultimate load
' behavior“ in this particular case because if you are going to

. determine damping properties, they have to ke for scme reason.

Are we trying to find out how the structure behaves
when it failed? |

DR, ANDERSON: That is basically it. Wwhen it is
near its ultimate capacity.

MR, BENDER: Are we trving to relate that to whether
it will be near its ultimate capacity?

DR. ANDERSON: In terms of load, we will identify
that. Now, it may turn ocut that these structures are so
strong that no credible earthquake could ever fail them, in
which case one could then shift the problem tc loocking at the
behavior of sensitive equipment on their own.

MR, BENDER: Some of them will be vulnerable and
some won't. I think I have to challenge the guestion of trying
to test something to the point of cracking without knowing
whether we want to know what happens at the point cf cracking.

DR. ANDERSON: Well, I think we do want to know.
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MR, BENDER: Why do I want to know?

DR, ANDERSCON: Well, for instance, an earthquake
sited, say, in California, the plant is built for a certain

seismic design criteria and ten years later a fault is located

. nearer the plant and the earthquake locad critzria goes up and

- the question is shall we run the plant or not because it was

only designed for the reduced criteria. '

Now, if you have an idea of the behavior of that
structure as it approaches or goes into the inelastic range,
those numbers can be very valuable in relicensing the plant.

I mean, that is an instance.

MR, BENDER: That Three Mile Island is often given
and it worries the hell ocut of me because it requires ycu to
speculate on which structures will e challenged at some future:
time in life.

DR, ANDERSON: Well, specific structures would De
challenged., In the Three Mile Island instance the problems
were related with the containment. The containment is designed
and tested for 55 PSI. Beyond the accident you are wondering
what about pressures greater than that. Wwhat is the ultimate
capacity of the building?

MR, BENDER: I had an accident in mind when I dealt
with that one; namely, the hydrogen explosion and it wasn't
Three Mile Island incidentally. It was in ccnnection with some

other containment in which that accident postulated. I don't
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find the same kind of question being addressed here and I am

. not so sure I understand the gquestions.

DR, SIESS: Well, Mike, I don't agree with you. In‘

. any probablistic approach the earthquake beyond the design for

safe shutdown earthquake does not have zero probability. 1If
somebody attempts to do a WASH-1400 type analysis, including

seismic effects, and there is at least one member of the ACRS
1

. that is strongly in favor of that, we are going to have to know

something abcocut behavior beyond the SSE.

I suspect that most of these buildings will enter
the inelastic range not tremendously far beyond the design basis.
Now, if it is three times the design basis before they get
inelastic, as you say, we may find that there is just no con-
cern with them., But if cracking represents an inelastic rancge,
which I am sure it does in all the materials I have ever dealt
with, these things are going to go inelastic probably at the
SSE. I am not sure. And if we want to know what the margins
are for low probability earthquakes beyond the design basis,
we have to know this.

Zencn, you had a gquestion?

DR. ZUDANS: This is in respect <o Mike's gquestion
of how far 4o you go in elastic range once you establish a
idyllic state.

MR, BENDER: I am not sure what it is that you are

trying to establish. As a matter of fact, I would like to know
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. what the damping properties are as a function of the extension

' into the inelastic range, but I don't hear that coming out of

| the kind of discussion.

DR, ANDERSON: Well, there are several things., The

- ultimate load capacity itself under static conditions might

be one thing. Tie effective damping of the structure at

various stages in the inelastic range up to the ultimate lnad

' might be another thing. But we are loocking at that, or will

' be loocking at that. The stiffness of the structure as it

10 |

1

degrades as yocu apprcach the ultimate load, that is ancther

' thing. Those can be studied perimetrically as relative to the

12 |

13

14 |

15 |

17

18

19

20

21

22

23

ultimate load. 1In other words, we can go in between the design
load and the ultimata load =-- |

DR, SIESS: You don't approach the ultimate load
monotonically either. This is cyclic loaded.

DR, ANDERSON: In the dynamic cases.

DR, SIESS: Yes. And you are interested prirarily
in dynamic cases, are you not?

DR, ANDERSON: Primarily.

DR, SIESS: No static locads that are 'ikely to
exceed the design loads for these types of structures, are there.
There is pipe.yhip and high energy pipe brealt and earthguake
and tornado and those are all of some dynamig, not all are
cyeclic.

DR, ANDERSON: But the damping itself may -- perhaps,




DO9 ! | we may be able to describe it in single experiments as a
‘ 2 | function of how far -- as a function of strength, for instance,
3  and then incorporate the damping -- those damping factors into;
. 4 | a dynamic analysis where you would have larger damping as the
53  structure oscillated in the inelastic --
é | DR, SIESS: I wish I didn't hear that word "ultimate
7  load" so much. You are interested in the behavior only Qp to
8  ultimate, but not just at ultimate.
? DR, ANDERSON: Not just at ultimate.
10 MR. BENDER: I think that is probably the point I
'l am trying to make and maybe it was said better just now. I
12? want to see how it progresses beyonéd what it was originally
. 13 - intended to be designed to. But I don't know how far I want
'4  to go and it is the incremental change from the design base
13| that exists now to some level above it that seems to be the
16  most interesting thing to know about and not necessarily up
17 | to where the structure has reached the point of total failure.
18 DR, ANDERSON: But that information itself is
19 | lacking as you go into the inelastic range --
20 MR. BENDER: I have no trouble with that at all.
21 | 1t is just more a matter of establishing what it is we are
22 trying to develop.
23 DR, SIESS: I have a suspicion that we will find

24 out from this why people aren't designing for inelastic behavior.

Boswrs Repontung Comgpany

25 But that doesn't mean that you don't want at some point in time
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' to be able to analyze the inelastic behavior and it is not just

for those old plants =--

DR. ANDERSON: No, no. This is not just for those
;old plants. ‘
Phase 1 then involves this small scale model, shear
: wall model. Phase 2 -- these models are like 1/30 of scale,

. which if you question modeling at all, it should absolutely

cause you to say it is no good at all, I guess,

DR, SIESS: But if you can't analyze that simple
model --

DR. ANDERSON: That is right. My computer code
doesn't know the difference between that small model and a
large-scale mecdel.

DR, SIESS: And you will find out the things you
left out.

DR, ANDERSON: Right.

Phase 2 experiments are a larger-scale shear wall
and they will incorporate small but cross typical reinforcing
wire. Along with all of this will be analytical modeling and
evaluation of computer codes. And I think I can talk about
that a little bit on the next slide.

Then there is the Phase 3, in which we will build
this multi-story structure, test it at a larce capacity seismic
facility, such as at Berkeley or, perhaps, Japanese facilities.

DR, SIESS: We will only test the cyclic?
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DR. ANDERSON: Well, we are doing right now static
tests., We are going to ==

DR, SIESS: I mean, even static cyclic.

Dn . ANDERSON: Yes, we will be starting quasi-
static cyclical tests on the small-scale shear wall.

DR, SIESS: Now, there have been some fairly large-

scale shear walls tested under cyclic, not dynamic, but cyclic |

loading and, as you pointed out, they are not necessarily
representative of the kinds of things that we see in a nuclear
plant, the reinforcement and other things.

DR. ANDERSON: Wall thickness, right.

DR, SIESS: But are we sure that those differences
are significant in terms.of the applicability of the analysis
on ultimate behavior? I mean, you micht well find out that
the nuclear-type wall is just another step down the scale from
what PCA tested or scmething and that you can go back and get
information from other tests. That would be cne thing I would
loock for. There are differences. Whether the differences
make a difference, I don't know.

DR. ANDERSON: I think our conclusion was that
nobody has dynamically tested a shear wall structure in the
inelastic range. There are pieces --

DR. SIESS: Large scale.

DR, ANDERSON: Fairly large scale.

DR. ZUDANS: That would be a major decision problem




DCl2

BOoswis Re, xviig Company

10 |

1" |

12 |

13

- has made dozens of them at Illinois and I am sure he is not

14
- capability and the Japanese -- I haven't looked thorcughly at

15

16

17 |

19

20

21 |

~
LS ]

for you or for the Program as such, because once you say

dynamics you are forced to pick A history that you will load
it with., If you do the -- ’

DR. ANDERSCN: Seismic lcading.

DR, SIESS: Most of the machines can put in a
simulated earthquake. You are primarily --

DR, ANDERSON: Primarily loocking at earthquake
loading. I feel certain we would do a lot of sinuscidal test-
ing of these walls prior to doing earthguake tests.

DR, SIESS: But there must be yuite a few small~-

scale mcdel tests under simulated earthquake loading. Matisozan

alone. A lot of other pecple have shakers with that kind of

that, but they must have tested a lot of things. BEut they
doen't look like your pliants.

DR. ANDERSON: That is right. These structures are
going to be diZficult to test because the problem of scale,
the massiveness of the specimen and if it is a bottom story on
it, normal stress is going to require --

DR, SIESS: It is not clear that the validity of
an analysis has been checked out on dynamic tests of other
types of structures will be in question for this type of
structure, It may take only a certain number of tests of

nuclear-type <tructures to find out that the analysis that was




validated on something else would | u as here. The

what I am

DR, ANDERSON: Yes.
You don't necessarily have to reinvent
the wheel, but you should be looking for what use you

of all the other work that scmebody has done, because

going to be a limited amount you can do.

DR. ANDERSON: With a limited budget.
DR, SIESS: With an unlimited budget.
DR. ANDERSON: Or even with an unlimited
DR, SIESS: Give me an unlimited

thiny of enough tests to keep you busy

-

and there will still be guestions when
ANDERSON: Okay. Here is the experimental

the analytical part. As I menticned,

DR, SIESS: Y using view
just call that --

DR. ANDERSON: This
you a =--

get them

Boswns Reporiosyg Comgxawy
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' scale shear wall. Phase 2 is larcer scale. And then Phase 3

' is the multi-story test. The analysis on small-scale shear

' walls, generally, we are using simple cne, two and three degree

of freedom systems and Elton will describe what he is doing on

| thi : this afternoon.

We are also doing scome finite element analysis in
attempt to create cracking of these walls using one of our

in-house computer codes. And those types of analvses will be

| carried on into Phase 2. 1In the third phase of the program it

10 |

11

12

13

14 |

15

16 | the inelastic range and we have a contract to evaluate one of

is hopeless to even think of using a finite element analynsis

for a multi-story .tructure and one must resort t¢ reducing

the number of degrees of freedom of each structure and trying

to incorporate coverall properties of slabs and shear walls.
Now, there are some codes -- at least two codes tha;

are available for studying these types of building systems in

these codes. Professor Cheng at the University of Missouri at

18 |

19 |

20

21 |

22

23

Rolla is going to take a building system which he has now in-
hand ané try .o analyze it with his code, which has some
INRES-3D ané I don't know what that all means.

There is also a code that was develope” at Berkeley

for lo.king at inelastic behavior building systems and possibly

we can evaluate that code also.
Elton is not going to show you but here is our

shear wall model that we are calculating ncw.
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DR, SIESS: Did that one on the left fail by over-

turning?
DR. ANDERSON: No. You press a little button and

the conputer rotates it, you see.

i
This is a shear wall, a vertical wall, on the rightl

hand side here, two top and bottom slabs. The loads are
applied parallel to those slabs erected along the shear wall. ;
|

Actua.ly, we are starting to predict cracking of the wall. So,
it looks like it is a problem that we can d¢ and the results

will be corre¢ ated with the experiments that are going t~ lone.
|

{ This won't tell us what damping of cracked walls produce --

14 |

15 |

16 |

17

DR, SIESS: 1Is this reinforced walls?

DR. ANDERSON: This is reinforced.

DR, SIESS: That is just the schematic model.

DR. ANDERSON: The reinforcement is =-- there is
re..nforcement smeared into the concrete properties. We have

about .5 percent reinforcement ecual direction akcve the shear

wall. And, again, Eltor will talk about that this afternoon.

19 |

20 |

21 |

22 |

23 | Elton sent us, it seemed to me that this had many aspects of

Okay. The other program is the "3Buckem Program.,"
Maybe I should stop and see if there are gquesticns.,
DR. SIESS: I have one guestion. I guess I would

like to address it to Jim Costeliln., As I read the report that

the ill-fated benchmark and computer codes program. Can you

| tell me what relation, if any, this has to what was proposed




DOlé

Bowwrs Reporting Company

3
AR

in that? T know it doesn't have the comprehensiveness. But

| this seems to be benchmarking computer codes for predicting
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12 |

13 |

14

1§ |

16

17

1R

20 |

21

22

23

24

25

the behavior of shear wall type Category 1l structures under
seismic loading.

MR, COSTELLO: That is right. The same comment I
think you made with regard to the containment progxﬁm. The
ill-fated and now departed benchmarking effort was intended asi

a stopgap measure, a short-term sclution, utilizing only

|

| whatever test results that could be culled from the literaturel

and strained to be considered applicable.
DR, SIESS: It covered ccntainment kuildings and
pressure loadings and other things, too, did it not?

|

MR. COSTELLO: Yes, sir, and a lot of the earthguake
calculations, too, the seismic calculations. It was very |
broad and not very deep and it was intended as a stopgap until
such time as experimental Fata was available.

DR, SIESS: Now, this differs from that in one
major respect and that is that it will probakly involve cevelo-
ping a new code for the inelastic dynamic analysis. Cr do you
expect to find codes --

MR, COSTELLO: That is a long term goal of the
program, if it is a goal at all. In this program the experi-
mental work is going to be nine times the analyt.~al work.

The analytical work is being used to guide the experiments,

the planning of the experiments. It is also to some extent
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. being used to check against the experiments.

1 |

DR, SIESS: You said there are a couple, maybe more,

. codes for inelastic dynamic analysis.

MR, COSTELLO: Of building systems. |

DR, SIESS: Of building systems. There are not any;
that you are confident right now are likely to ke applicable |
to this?

MR, COSTELLO: They have not been checked out.

DR. SIESS: Now, you were going to check out scme
of them. ;

MR, COSTELLO: Right. That is a part of the program.

The code is also being used to help us design the experiment

— g

initially.

DR, SIESS: But, now, in the unlikely event that
the code checks cut, then we are home free.

MR, COSTELLO: It is an unlikely event.

DR, SIESS: 1If it doesn't, that means that you
then modify the code to do the things that it didn't do
properly.

MR, COSTELLO: Or design a new code entirely.

DR, SIESS: Or design a new code and I am not sure
at what point the modificatiocn becomes a new ccde. But it is
your objective tc come out with a -- not only to validate codes,
but to come out with a validated code.

DR, ZUDANS: I wouléd like to make a point. I think
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72: really is that we cannot exercise the work itself, because of

13 | what you just said. So, you are not in a position to develop
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at this stage we know well enough that there are codes that

can handle these things, except for --

DR. ANDERSON: Which code would you propose to
handle --

DR. ZUDANS: Any of these codes could handle your
problems as long as you know what the material properties are.

DR. ANDERSON: I disagree. The problem we are

. talking about is a multi-story, complex building system. If

| you apply one of the usual, ncon-linear ccdes, ycu will need

DR, ZUDANS: I didn't finish yet. The context

any new code and now if you want to rock the entire panel.
DR, SIESS: Well, we have been analyzing builllings
for years without finite elements and I think you can devise

a technigque where you can get number properties, even if

| numbers are shear walls from whatever you need, finite element

analysis and/or tests and then the complex is analyzed Ly

. other types of codes.

DR. ANDERSON: That is basically what the code =--
this drain tabs code does. But you do need data to put into
those codes and inelastic range.

DR. SIESS: You need member-tyre data.

DR. ANDERSON: Member data, right.
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DR. ZUDANS: You can do all those things and make ‘
member-type data for elastic range. As soon as yocu are inelas-
tic, you are doomed. Forget about it. You will never develop|
anything to represent the entire shear panel.

DR, SIESS: I think you can.

DR. ANDERSON: This afterncon, I hope =-- are you
up to it, Elten. |

DR. SIESS: You wouldn't say the same thing about
a beam. |

DR, Z2UDANS: No, because beam is smaller -- i

DR, SIESS: We have been designing buildings for
years successiully before anybedy thought of three-dimensional‘
elements and the three dimensional element was the beam. |

DR, ZUDANS: Ycu designed for ultimate capacity.

When it was built, it was built. You were not concerned where
the cracks were.

DR. SIESS: No, no. I disagree with you.

DR. ANDERSON: All I can say to answer that gquestion
is maybe it will turn out that way, but there are two codes
that do model with a far reduced number ©of degrees of freedom
in elastic behavior of shear panel, columns, floocr slab systems.

DR, ZUDANS: Sure. You can approximate everything..
The gquestion is how good it is and the question is how gocod do
you want it to be.

DR, ANDERSON: Then, perhaps, I will go con and just
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briefly summarize the containment buckling work and this after-
noon Joel Bennett will go into the details.
DR, SIESS: That is fine.

DR. AND=RSON: They have done quite a number of

. experiments. What we are looking at is the scale of the

10 |

12 |

13 |

14

18

19

pressurized water reaétor system and we are loocking at the

behavior of the shell when the failure -- the ultimate behavioé
or the inelastic behavior when the failure, if by geometric |
inst2oility or buckling. We have some specific tasks that |

have leen laid out for us on the program. It is not a, in the |

'f sense ¢f the previous program, it is nct a general look at

things. We have socme specific things to look at.

DR. SIESS: Would you like to put those in the form
|

of specific questions you are trying to answer at some stage

. in the game.

DR. ANDERSON: Okay. The specific guestions we are
trying to answer, one is the applicability of the ASME area

replacement rule for reinforcing containment-like shells and

. the ASME rule reslates to the reduction of stress around the

20 |

21

22 |

23

24

25

penetration and the gquestion is does the same rule apply for
prevention of buckling,

DR, SIESS: 1In other words if that rule is applied
will the s3hell behave the same as it would without the openage
through it.

DR. ANDERSON: That is correct. The results of our
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DO21 7 experiment are -- Joel will go into these -- in general, the
‘ 2 | result says that it penetrates the cylinder and we have done
3. our experiments initially on cylinders and you take the area
‘ 4 that is removed and suitably place it arcund the hole in the
5j cylinder. I guess the best we can say is that it can't hurt,
é Dbut it may not increase the buckling load one twit.
7§ Now, under certain situations it will increase the
8 | buckling locad and he will describe what those situations are.
? | DR, ZUDANS: This will be discussed later?
10 DR, ANDERSON: This will be discussed this afternooa.
1| I would sort of like to give vou the general flavor
12 | of the program and the program plau. l
‘ '3 | If you lock at FY '80, we are down to -- we are
14 through the first three. The report has been written and has
15 | actually be:n published as a formal Los Alamos report.
16 Now, the former nuclear reactor regulation has a
17 contract with Lockheed to develop computer codes,.state of the
18 art computer codes, for analysis of buckling of containment-
19 | 1ixe shells. The second part of ouwr program is tc design
20 guitable experiments to benchmark that computer ccde. They do
21 | the calculations. wWe do the experiments. W2 have been working
22 closely with Chicago Bridge and Iron to come up with a design
23 of something that represents a containment shell and then test

24 that shell and evaluate the buckling load. The shell is complex;

25
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although ours is cylindrical, .c has rib reinforcing and




D022

Bosvers Repovting  Company

10?

11

12

13 |

15

16

17

18

20

21

22

23

- vertical stringers.

DR, SIESS: Let me ask you a guestion that comes
strictly out of ignorance. If you are going to deal with

steel shells with holes in them and you are c¢oncerned about

. buckling, it seems to me that there are two, at least two,

possible stfategies. Cne is you try to develop a method of
analyzing the shell with holes in it. Now, for any configura-;
tion, you can analyze its predicted behavior. |

The other would be to develop rules for reinforcing
the holes, using the general terminolegy in such a way that |
the shell with reinforced holes would behave the same as the
shell without holes and then use, presumably, existing analyse;.

DR. ANDERSON: Right. The simpler analyses type. |

DR, SIESS: Now, which =--

DR. ANDERSCN: Okay. The first three items up
there dealt with your second method; namely,it answered the
guesticn can you take that and reinforce that hole using the
ASME code rules to raise that buckling lcad to the buckling
load of the unpenetrated cylinder. And the answer tc that
guestion is "no."

DR, 2UDANS: I think it is not that categoric, you

know.
DR. ANDERSON: It is nct categoric, but as a rule
it is "no."

DR. SIESS: Assumirg it is "no," then you still have
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DO23 1; the two options. One is can you change the rule so that the .

. 21 answer is "yes." NRC can write reg guides that supersede the |
3; codes.

‘ 4 ’ DR. ANDERSON: That is a guestion that we have not

5 | addressed.

6§ | DR, SIESS: And the other one wovld be can you take‘--

7; develop a method of analysis for a shell with holes, reinforce%

8; holes, if necessary, or unreinforced, whatever, and that is |

9 your tact now. i

10 DR. ANDERSON: That is a thing we are -- a task thaﬁ
11 | we are evaluating right now. We will =-- Lockheed will calculaﬁe
12‘ the experiment that we come up with. We will run the experi-

‘ 13 | ment and then compare the answers.

14 | DR. SIESS: So, if you are successful in developing'

15 | a code that will handle the shell with holes or somebedy is --

16 DR. ANDERSON: Somebody is. Right.

17 DR, SIESS: NRC is, I:cause this is an old NRC

18 | project, then you leave ASME alune.

19 | DR. ANDERSON: Correct.

20 DR, 2UDANS: What is the actual Lockheed assignment?

21 | Specifically, what do they have to develop? What kind of a

22 coge?

23 DR. ANDERSON: They have developed codes. Well

24 they are a set of codes. BOSCR 5 is the latest one and STAGS-

Bowers Repoiling Compaony

23 3C. Those are the codes they will apply to the problem.
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D024 1| DR. ZUDANS: Now, is there anybody on your staff

‘ 2 | that can ask the very specific guestions relative to BOSCR 5,
3j for example, what they plan to do there?

‘ 4 DR. ANDERSON: Joel, coul” you answer specific -- |
SE DR. BENNETT: Not now. |
é DR. ANDER.”"N: Not now.
7*E DR. BENNETT: The question is is there somebody

8§ here that can answer them. Okay. We will £find out later.

? | DR, ANDERSON: He will be chere. I will guarantee

705 you,

11 DR, SIESS: That is an appropriate matter for this

12 | afternoon. Dr. Zudans will ask the question anéd I am sure he
. 13 | will be the only one who understands the answer.

14 | DR. ZUDANS: You may be correct, but not abouir the

16 | DR. ANDERSON: This second exercise with Lockheed
17 | will initially involve static experiments and evaluation of
18 | static buckling loads. They will then proceed on to construct-
19 ' ing planning experiments and constructing models for loocking
20 | at seismic behavior of these shells and seismically-induced

2) | instabilities, possibly coupled with some sort of an asymmetric

‘ g 22 loading, either due to the ...  rent masses attached to the
} 23 containment shell or perhaps due to the lcads from pipe breaks,
3

. 3 24 DR, SIESS: If you had your druthers, which would
‘i 25 pe the best strategy? Will the kind of code that can handle
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coals handle all the different loading asymmetric loadings as
easily as, say, the codes for the virgin shell?

DR. ANDERSON: The unpenetrated shell?

DR, SIESS: Yes.

DR, ANDERSON: The calculations are tough. 1 spead
a lot of my time doing calculations'and, you know, I am
becoming a little bit skeptical myself. These calculations of |
penetrated cylinders are very difficult. The ones we have |
done are strictly bifurcation buckling, very easy calculations.,
The cnes in the inelastic range are going to be time consuming.
It may not be a fruitful thing to look forward to.

DR, SIESS: Would they be any less time consuming
and expensive if it was the code for the shell without ho'.es?

DR, ANDERSON: I am sure of that, yes.

DR, SIESS: And as néw loading conditions develop,
you could treat those or make perimetric studies of loading
conditions on the shell without holes much more easily.

DR. ANDERSON: As your other idea was indicating,
if there was some way we could reinforce the holes and can
make it behave as if it were unpenetrated, I think that would =--

DR, SIESS: That would really Le a more desiralble
apprcach, but doing that may be extremely difficult kecause
of all the kinds of holes you might have.

MR, BEENDEX: I kind of got lost in the continuity

of the discussion hare., 1If the ASME code right now is inadequate
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D026 1 to treat buckling and I think that is the statement you

. 2 essentially made --
3 | DR, ANDERSON: The ASME code as applied, as developéd
‘ 4 and applied, for reduction of stress around penetrations. I

55 don't think the ASME code ever claimed that it was to be

6‘j applied to the problem of buckling. 1Is that right, Joel?

7{ DR. SIESS: They have rules for reinforcing. . ?
8 | DR. ANDERSON: We are all familiar -- I mean, you

9 | take the material out of the hole ané put it around --

’0. DR. SIESS: And there was an assumption thought of

"1 | that that might work for buckling.

12 DR. ANDERSON: Right.
’ 3 DR. SIESS: And you found out it dcesn't. '
14 MR, BENDEFR: Now, given that the code doesn't apply,

13 | what you are plannirg to do is develop a procedure for evalua-
16 ' ting buckling +hat the regulatory staff could require?
7 DR. ANDERSON: I see your problem. These are

18 essentially two different exercises that are going on here.

s The one exercise essentially evaluating the ASME code. The
20 | seconé exercise is more of a code validation. Now, whether
21
these two meet, I am not sure.
. g 4 DR. EENDER: One is a creation of a new method of
) 21
2 “° analysis -- creation, not of a new method -- of a method. You
i 2
4 . - .
. - may have one, but you are trying to be sure it is usakble.
i )

DR. SIESS: You are analyzing a “"ifferent kind =of
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MR, BENDER: In fact, just looking down the road,
I would say if you get the method and the NRC is anxious to
be sure that it is applied, it will try to press to get it
made a part of the code, because that is what has been the
history of every kind of analytical matter. They have a set
of accepted analytical methods that people use and they sort |
of deal with chem, not in a rigid sense, but == |

DR, SIESS: Let me back it off a minute. See, one
approach from the regulatory point of view would be to stop
right here. You found out that you cannot trust the ASME
reinforcement rules to make this thing behave like a shell
without holes. Now, the staff could say if that is the way
you test buckling on ycur containment, we don't accept it.
Now, we want you to do a better job and then leave it up to
the applicants,to. hire .Lockheed or whoever it is to develop
the code and to validate it. And, of course, the staff in
that process has got to have encugh knowledge about it or you
have to have enough knocwledge if you are their centractor to
know when somebody submits a code that it is suitepbly validated.

So, that is at least some argument f£or proceeding
down this line in NRC. The result conceivably could be an
NRC~developed code which they then tell the applicants this is
a satisfactcry code if you want to use it. I don't believe

we have ever done that in the past. It is much more likely
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D028 NRC will tell them to do it. They will go get the NRC code and;

when chey submit the results chey will get 40 gquestions back.
3| But I don't know any way out of that. NRC has never, to my

. t' knowledge, developed a code and said here, use it. We always

|
|
|
!

5 | develop it and say their best effort, but they are not conser-‘

é vative enough or something else. But I can see a stopping

7 ; point here by one approach and then I can see going on. ‘
|

8 | DR. ANDERSON: And then a continuation on this

? exercise.
10 | MR. COSTELLO: Well, I guess, to put some historical
11 | perspective on this, the choice of tasks was taken about two

12 | and a half years ago by NRR, who went out looking for who had

' 13 | the procurement.
14 | DR. SIESS: Feor ccde.

13 | MR, COSTELLO: VYes. The .cfort that was grafted
16 - on -- the joint effort grafted on between research and NRR was
17 | to develop experiments which could be used to validate that

18 code.

19 DR. SIESS: Okay. The Lockheed code, is that the

20 ' one NRR contracted for?

21 | MR. COSTELLO: Yes, sir.
° g 22 | DR. SIESS: Okay. S0, you p.c <d up with what
-~
4 23 | Lockheed developed for NRR. They wanted a tool you are
H
‘ E a4 going to do the validation.

23 , DR, ANDERSON: That is correct. This code I don't
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think was developed entirely under NRC. The code has been
around for quite -- or versions of it for -=-

MR, COSTELLO: I think Dr. Anderson is correct.
The BOSOR code was not developed. The total cost was not
borne under the contract. It was the application of the
BOSCR coce.

DR. ANDERSON: And it is felt to be =-- that code
and today's code are felt to be the state of tne art code and
if we are going to calculate this phenomena, buckling of
penetrated cylinders, those codes have the best shot at it.

DR, ZUDANS: I would like to return just for a
minute back to the whole bigger issue that is at stake at
this point. Your problem was directed towards -- the big
issues exists that there are no criteria by which to design
a containment now in existence because the --

DR. ANDERSON: For buckling.

DR. ZUDANS: For buckling because the ASME thought
that that is not designed for asymmetric buckling. It is
not designed for any buckling of a structure that is penetrate@.
They have simple cylinder formulas which you apply and that
is all they state. Also, what is found is that it is not that
simple to do it because the computed buckling load based Jn
a simple bifurcation analysis is an ideal shape load and real
structures simply do not produce such high buckling loads.

So, I guess this is a well-thought cut program and
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' that what codes you use will be very important Decause BOSCR

19

A

there is nothing wrong with what you are doing. It is just

5 cannot put on a structure asymmetric prelcad. That means

they will have to modify. BOSOR cannot put holes in a

structure. |
DR. ANDERSON: That is correct.

]

DR. ZUDANS: The statics can do all of those thingsé
a

- but that is a continuum type of finite element program of

- which many exist and that could do all the job, but it is a

very expensive proposition for BOSCR to do.

I would like to return back to your conclusion
because it is a very far-fetching conclusion, when you said
that the reinforcing around the hole dces not restore the
buckling strength of a structure to its original value. You
based that conclusion on simple analysis of a cylinder that
purpose and shape once without any holes and you were able to
get a 97 percent of a theoretical buckling load. Once you |
cut a hole =-- I am talking simple analysis, finite element
analysis -- then you cut a hole in that structure and ycu
generate only 15 percent of a buckling lcad. Then you gut

the r.oinforcing around that hole and you generated 74 percent

of that structure and then you jumped to the conclusion the |
reinforcing around the hole does not restore original 97 percent -
DR. ANDERSON: Perfect cylinder.

DR. ZUDANS: That is totally incorrect inclusion
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DO31 ! | because you analyzing perfect cylinder.

. 2 DR. ANDERSON: That is what the experiments were
3 carried out on, fabricated cylinders. And they showed that

. s the imperfections, if they dominate, you can reinforce that
: hole all you want.
6% DR. ZUDANS: I understood that your tests all showed
7 iat least as much -- |
8 DR. ANDERSON: No. Scme of them reinforced 100
y ipercent changed the buckling lcad not at all.
10; DR, ZUDANS: Well, I don't see here. I have a
4 takble on cne of those pages --
12‘ DR. SIESS: Let's save that for later.

‘ 13 | DR. ZUDANS: Let's save it. Maybe I misreac some-

14 thing. Okay.

15 | DR. SIESS: We can lock at it page by page.

16 | DR. ANDERSON: Okay. If you would like to stop.

L3 By some unusual coincidence, it is now almost nocn in Albuquerque

19 and I think our experience yesterday was that the restaurant

e wasn't particularly crowded. So, let's break for lunch. We
20| 4ill be back about 1 c'clock.
# ] (Thereupon, .t 12:00 noon, the meeting recessed, to
. g e reconvene at 1:00 p.m., the same afternoon, July 1, 198l.)
} 23
. % 24
§ 25
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2 | DR. SEISS: We will reconvene. You know cne possi-
o |

3| bility, since we are goinc to go into a little more detail

43 now would be simply to start with the Los Alamos peoble,

5 | since they have got farther to go.

', Do you have any cobjection to that?

7 Okay, then let us do that, and as I said, we are

g | getting into details, and I am sure you have got -- I didn't
9  know how much mere you had on the =--

10 | DR. ANDERSON: I am finished,'ind Elton will pick up.:

;1; DR. SEISS: Okay, and that is on the buckling?

12 DR. ANDERSON: No.
13 | DR. SEISS: Oh, on both parts, ockay.
' 14 DR. ANDERSONMN: He will do the Category l concrete

15 structure, and Jcel Bennett will do the --

16‘ DR. SEISS: Okay, that is right.

17 Then you have the flocor, Elton.
18 DR.ENDEBROCX: I will go through scme of the work
19; that we have been doing, both analytical and experimental
20 | that has been rerformed to date on the structural marcins to
2]; failure program.
g 22; I will skip tha first one, the general information
!
. i 23  ©n the program. That has been taken care of ard start with
3
§ 24 the program plan background. This is simply background
. S 25 information on how we got started, the program nlan summary,

PSRN A G SR | e
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some of the results to date and possiblv some future
activities.

Early in the oprograms one of the things we wanted to

do was to make sure the_information we generated could be used

by somebody or somebody neecded it, and so we did an erxtensive
literature search on various topics and, also, visited
various AE's.

The chief AE's were TWA, Bechtel and Sargent and

Lundy, and one of the things that came out of those discussionsg

was the desire to know more about damping characteristics

|

as you got into the hicher lcad levels, and so we did a ratheri

extensive literature review then on what has been d-ne on
damping and so forth.

The tyve of information that we were locking at is
listed below, type of plant layouts, what they loocked like,
codes and guides used in the design of the plants, any
particular or unusual constructiocn methods that any of the
AE's may have emploved, loads that control the structural
element desigqn. 3y this, I mean, for instance, the exterior
walls of the plant, the size or the thickness a- determined
by the missile penetration capabilities and not by loads as

such, sc things of that type and the tvvoes of analvsis used,

both linear anéd non-linear and so forth, and then one Juestion|

we always ask is what they thought was the information that

was needed that wouldé be bene:ficial to them.
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You have seen a lot of pnictures or drawings of
containments. I am not sure how many vou have seen on
typical plant layouts for the Category 1 typme. I will just
flash a few by suddenly.

There is one tyre, with the Category l being
surrounding the containment in this particular case; another

different type of layout. Okay, this tyve, this one the

buildings are Category l's are more disjointed and more in

separate units than the last case, and in the next one I have,

acgain, they are more as a single building rather than a

separate unit.

All of these show the turbine building, but they, cof

course, are not Categery 1, and we are not interested in the
turbine building as such.

DR. SIESS: There have been some instances in the
older plants where the turbine building 4:31 house some

-
2

Category 1 compconents. am pretty sure it was true at
Dizblo because thev had to strengthen the turbine. 'Jere the
diesel generators in the turbine building’ It was something
like that, bu: I agree, it is rare.

DR. ENDEBROCK: t is normally not done. After
our discussions with some of the AE's, the tovics which they
consicdered could use additional attention as far as they
were concerned were damping, what would he the damping in

.

particularly cracked shear walls. The rationale was that

1:97
i

]
1

|
|
|
|
|
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some felt that because the percentage of concrate in a shear
wall that can be cracked is large compared to, say, a beanm
where you have localized cracking that the damping micht be
more. So that is one of the things we are focusing on;
stiffness of cracked shear walls, also, enters in, and that,
of course, goes in with the topic of stiffness degradation

with load cycling and, also, around the industry many felt

1
|
|
|
8
|
l
|
!
|
{

|
|

that the failure should be probably exoressed as a displacemenﬁ

limit of some kind, and this we are considering as we go along |

with no answers as yet, and then of course the other is what
to do with structure equipment .nteraction, and that was a
common topic. SO, structure interacticn came up, but of all
this list we are not considering that last one. We have
nothing to do with soil structure interaction.

vR. SIESS: That makes vou almost unique. I think
everybody else in the world is considering it. I am glad

that you are leaving it out.

DR. ENDEBROCK: Of course, our major goal is the

|
|
1
i
|
1
|

structure equipment interaction effects toward the end of this |

program.

DR. ZUDANS: Theve you are. It is still interaction.

DR. SIESS: WYWe cannot cet away from interaction.
DR. ENDEBROCX: Okay, some of the items on our
program plan and some of the things that we have done, just

tc briefly menticn it, scme of our goals on the analvytical
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program were to either locate or we are not too much o~
development or inspire someone else to develor a nrogram
that would do a better job of nredicting the behavior of
reinforced concrete structures. Our idea is we supply some
data, benchmark type problems and let mavbe somebody else
use that to tune:one or to check it out.

The survey of the different finite element goals

was made. This was already mentioned previocuslv and that

sort of covers it. Just skip over *hat, and cne of the things

we are doing in the process of this is developing small
special purpose computer programs. That is mainly to help us
in the design of the experimental orogram.

I will show some results of a program or two of this
type a little bit later. These are not lenathy. They are
relatively short programs. This one vou have seen, also, a
different phase of the testing nrogram. We are somewhere

in the middle of the first phase testing of the one story

test structures right at the mement. rPhase II is nore planning,

and of course, Phase III is by the end of Fiscal Year 1982,
we will probably have a »rogram nlan for Phase III.

Notice Phase II exveriments are just a larcer
structure than the £irst, and one of the nurvoses is to, I
guess you might say for those who are worried ahout scaling
to try to verify the behavior of scale models, and this only

-

includes a few tests. You can use, say, normal reinforcing

i
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bars and so fcrth in a scale, but still it would be a scaled

down version of a test structure.

e ————  ——

DR. SIESS: Elton, when you have a test program like
that to verify scaling, as vou put it, and only a few tests,
as you put it, what are you going to do when it doesn't verify
scale?

DR. ENDEBROCK: Good question. I am not sure vet.

We can always use it for information and for benchmark

oroblems. |
.
DR. SIESS: Oh, yes, it is useful, but then vou know -4
DR. ENDEBROCK: It is for our own, also, because
one thing we want to make sure is that the gross behavior .is
roughly the same. That is the main thing we are trving to |
show. ;
Dk. SIESS: 3But you are going into this with the
idea, I believe that scaling will work, in other words, that
you will verify.
DR. ENDEBROCK: Right. ‘
DR. SIESS: But I cuess you need a contingency nlan
there or at least the staff cucht to be aware that they may
have to have a contincency nlan.
Suppose you tested at two scales, two small scale

levels or three, and it showed clearlv that there was a serious

3

scali

-

1g effect?

O

R. ENDEBPOCX: Okay, then one thing we would know is
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we would have no confidenre in translating the behavior to

large scale.

DR. STIESS: That is an important conclusion which now

means stop and let us figure out what we are going to do.

DR. ENDEBROCK: Right.

DR. SIESS: But if you tested it, too, and vou saw
a scaling effect, I guess it is possible to say, "Well, if I
take a range of scales, I might be able to extranclate."
Nobody would believe it orobably, but it is always possible.
If you have.got a good theory, it will work, but it is purely
empirical. Pecple seem to guestion it very seriously.

DR. ENDEBROCK: The heartburn abcut scaling came up i
in our peer review panel, and so we are trving toc come up withI
ways to try to be a little more convincing that it wasn't that
bad, and I Juess we don't have a good plan, if it doesn't right
now. That is not the entire purpose of them thouch, either.

DR. ZUDANS: Have you given it any thoucht at this

time how are you going to represent the damping? Heow are veou

| —

going to describe it? How many tests do vou need there becausae
damping will be a function of fregquency and, also, the
amplitude of your deformation, and I am just figuring a rather|
complex picture? How are vou going to extract the informationf
that other pecple can use afterwards? 1In other words, it

varies all over the world.

DR. ENDEBROCX: Oh, you mean in case it docesn't work?
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DR. ZUDANS: No, it is not a question of working.

You will test in a large deformation range to establish

damping values. Those damping values --

DR. SIESS: This is over and above the scaling questi?n.

DR. ZUDANS: VYes, those damping values are functions

of the frequency that you excite the structure to and, also,

the amplitude of deformation.

DR. ENDEBROCX: I think this will be answered later

on in the discussion.

DR. ZUDANS: That is fine. I just wondered whether

you had given it thoucht.

DR. ENDEBROCK: Okay, going now into some of our

analytical studies, the atypical force displacerent

relationship as far as shear wall looks scmething like this,

and again for analytical reasons it is nice to have it

idealized. So, we idealized it to the bilinear tyve of

curve, such as this where X, is the initial stiffness, and

K, is the softening part, and delta is the, well, vou call

yield point or the breakpoint when it starts softening.

DR. ZUDANS: This would be for slow loading.

DR. ENDEBROCK: Okay. We did it for all kinds,

analytically now, that is. This, incidentally,

actual analytical model that point is not that

S

in our

harp. That

is rounded. So, this was something just to get us started

and get us fairly close to the actual behavior.

There are

!
!
i

!
l
1
I
|
{
|
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arqguments on whether the share of this is correct and all that,

I realize, but we were, acain, gearing this to the design of
the experiment, just to get some oreliminary results.

Okay, we started with the classical approach, and
that is to apply as an input a sinusoidal forcing function.
Okay, then y;u compute respcnse curves. For single degree
of freedom everybody is familiar with the respbnse tyne on
those for tne linear system, and so I won't show that by
itself.

I do have one in dotted line on this particular
vugraph though. One of the things we did with the sinuscidal
forcing function and using the bilinear softening system is
to develop a series of response curves using different
inputs. The magnitude of the input was varied, and the
characteristics then change with the level of the input.

Then with this we tried computing things like the
equivalent stiffness. One of the things that alwavs goes on
is trying to use equivalent, trving to relate the non-linear

effects to damoing effects, mainly viscous,and so this was a

way to check out to see how clcse this would come true.

"l

or this particular case the input compared to the
yield of the thing was a particular value 1 and the X, K
ratic was zero.

The dark line is the one we actually generated from

our procram. Incidentally this computer program makes no

~
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DR. SIESS: That is the stiffness for which an

elastic system would have the same frecquency.

DR.
DR.
deformation.
DR.
OQur first =--
DR.
represent on

DR.

ENDEBROCK: Same frequency, right.

ZUDANS: And the abscissa represents the

ENDEBROCK: That is right. This is deformation.

SIESS: I am scrrv, what does the U over delta

that?

"EMDERRNCK: U is the response and the delta

underneath is the distance to the yield of the force

deflection relationship.

DR.

SIESS: Go back to that figure where vou had

the FU plot and show me. Is U the maximum resncnse?

DR.

DOR.

DR.

DR.

DR.

DR.

DR.

ENDEBROCK: No, this is acceleration in this one.
SIESS: No, this figure?

ENDEBROCK: OJkay, that one?

SIESS: Now, is U the maximum response?
ENDEBROCK: U is the maximum response.

SIESS: All the way out to the end of that?

-

E*DEBROCK: Wherever. In this particular case

U ecoculd be thoucht of as being maximum.

DR.

3IESS: It wds not clear to me whether U is the

dynamic deformation or U is the point on that curve.

DR. ENDEBROCK: U is the dynamic response.
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DR. SIESS: I understand.

DR. ENDEBROCK: I probably should have shown vou the
non-dimensional form first, a3é that would have shown that
up a little bit better.

DR. SIESS: That is all right.

DR. ENDEBROCK: Then computing the equivalent
stiffness and then the equivalent viscous damping based on
the curve, the non-linear relationships and putting it into
a linear system just to see what had come back, anéd this
first is the response that we got from our computer program
with no assumptions involved, just straicht non-linear
effects, and this particular thing the X KL ratio is 2/10
and the input was equal to the vield displacement.

It still goes non-linear because of the response
going out. Our purvose here though was-to find out if vou
truly could say that you could pick out an equivalent
stiffness and an equivalent dampinc and relate this to
viscous damping and say that you zan get equivalent resronse.
This then is the linear system using equivalent stiffness
and equivalent viscous damping. You notice you do not get
anwhere near the same thing anymore.

DR, SIESS: t'hat are the two curves?

DR. ENDEBROCK: This is the 2 decree of freedom
system. One is upper mass and the other is the lower,

Incidentally these don't show up on a 1 degree of

————————
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S

substitute linear system with a modified damping factor rather
than a modified X effect?
DR. ENDEBROCK: Yes, and I can show vou some results |

as we go along on that as well.

Okay, at this time I will switch from the sinusoidal
input to an earthquake tyve record input to find an
acceleration time history, but before we do that let us look

at some system variables. The problem fo. ou~ .ase was cast

in this form. !MNow, to explain the various things the Ry over
M, of course, is the usual natural circular fr..'ency. Theta
in this case is a frequency characteristic of the earthquake |
reccrd, and in our studies we did not know the exact value
we shollld use there, and so when we plotted this particular
quantity we applied frequency directly. :

U is the relative displacement response, That is ﬁ
dynamic respcnse. X is the absolute acceleration response.
The K, Kl I think are self-explanatory. That comes from the
force deflection relationship. Now, this gquantity delta,
also, comes from the forced displacement relationship., The |
Y double dot peak is the peak acceleration of the accelerationE
input and the theta is the earthquake characteristic. |

DR. SIESS: I assume that is a L, on the bottom line
there.

DR. ENDEBROCK: Okay, I forgot the 1 there.

DR. 2UDANS: I have to return back to the other
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because something bothers me, and I would like you to answer.
When you created the equivalent elastic characteristics, the
K sub E that you called and you took the actual frequency
and you modified the damping ratio to oroduce the peak and
then you had tc ﬁo that by using the linear egquation versus
the non-linear, and that means if vou would appoly those
computed quantities in a linear system vou should‘get
exactly that peak.

DR. ENDEBROCX: That is right. You should.

CR. ZUDANS: Why didn't you get that peak exactly?

DR. ENDEBROCX: Because all the methods for
computing your damping from the resnmonse apnlies to a single
degree of freedom system only, and this was a 2 degree of
freedom system,

DR. ZUDANS: Oh, you changed the system.

DR. ENDEBROCK: Yes.

DR. SEISS: He derived it from a single degree and
then applied it to a 2 degree.

DR. ZUDANS: That is then no sur»rise at all.

DR. SIESS: It micht be to some peonle.

DR. ENDEBROCK: The gquantity on this is really --

22 | it has the most effect. 'e used this last term Y double &

| peak acceleration of the earthquake divided by the vield

displacement of force deflection curve divided by theta scuared.

Xeep it in mind we don’'t know what theta is thocuch. The onlv
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thing we maintained in our studies it was a constant because
we used the same earthquake record.

DR, SIESS: What is it a function of, the frequency
content of the --

DR. ENDEBROCX: This is some frequencv content or
characteristic of the earthquake. Okay, this is, again, just
to show a little more of the nomenclature involved, the

frequency content characterization of the record which is

theta, peak acceleration. The U is the relative displacement,

story displacement, however vou wish to call it, but X is
absolute acceleration. e cast it as absolute because in our
tests that is what we have to measure and experiment. So,

we avoided the use c¢f relative accelerations.

Okay, the earthquake record alwavs generates
controvarsy. We had to have something as an input. So, all
we did was generate cne that envelopes the NRC response, and
this happened to be for about 2 percent, and the -- okay, th
NRC is the dotted. This is just to give you an idea how well
that enveloned it,

DR. SIESS: Did you generate that one vourself or
is that one somebody --

DR. ENDEBROCK: No, we generated it ourselves.

DR. ZUDANS: That is an extremely goou historv.

DR, ENDEBROCK: 1In our case, with the tools we have

there, it is the combination of a whole lot of luck and a
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little bit of art, probably to get to something like that.

DR. ZUDANS: That is an extremely cood maten. I have

never seen anything like it. Lots of luck there?

DR. ENDEBROCK: Yes.

Okay, this is shown on the usual tripartite paper;
however, our responses are not cast in this. So I will show
the same thing in more of the manner in which our results
will be presented. Our informaticon will be the absolute
acceleration divided by the peak response of the earthquake
type. The response will be shown in that form, and then
we are plotting directly against fregquency. We did not know
what the value of theta for the earthquake is and did not
want to spend time to try to come up with anything on that,
and so this is the tyre cf curve, and this acain is just
to show how the relation between the cenerator earthquake
and the !NRC response techniqgue.

The last parameter on the dimensionless €orms is
actually a measure cof the input,and I have wvucrarhs of
different magnitudes or different values and inputs to see
how ‘they come along. We did not know the vaiue of thi.a.
So, actually the one really represents peak acceleration
divided by delta. These are dimensionless quantities. So,
in the numerical solution it does not nake any diftference

which you vary in a particular case. You can vary either one

and still get the same result. Okay, this is to shiow an effect
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Ckay, here are the same parameters at tl.e top,
same input. This is the displacement resnonse though instead

of == relative displacement response instead of the

acceleration, and notice one thing. This happens on all curves

When U over delta is 1, anything below that reverts back to
the linear response, and so you can then‘go down and pick off
the frequency above in'which vou will always have linear
response recardless. This is, of course, for a marticular
earthquake record though, and so we have not studied the
effect of different earthquakes.

Above then we do have non-linear response excursions
into the softening part of course reflection relationship.
Okay, again for the linear case which is the dotted line,
zerc damping and then adding damping to see how it affects

the relative displacement, and the points join toward the

|
|
|
|
|

bottom. This has a little better range where you could probablg

get non-linear effec*s by using damping values. This is
viscous damping, but again not that good.
Now, just to show a relationship hetween that las+

one, I had the frequency £ of 1. This is plotting fo

L8 |

diffarent values of input and the frequency which gives you

the dividing point between linear and non-linear reqgion.

This type of curve may be useful to someone if thev know their

input parameter and whatever frequency. You could quicklvy

take a look to see whether you even have to worry about

|
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It should work below.

DR. SIESS: As long as there is a linear region
this ought to work.

DR. ENDEBROCK: Right.

DR. ZUDANS: But the linear region is defined by
materials curve that was used. So if you change the curve
the region will change.

DR. ENDETROCK: But the delta ie in herxe.

DR. ZUDANS: Yes, but the slore is not.

DR. ENDEBROCK: These are cast in non-dimensional
parameters, and so all that is determined is determined by
that whole guantity of variables.

DR. ZUI'ANS: You canncot analvze non-linear svstems
in non-dimensional parama:ters.

DR. SIESS: But it is a linear svstem.

DR. ZUDANS: This is a bilinear ana.y=ij that you
are talkinc about now.

DR. SIESS: Yes, but he is talking about the uvper
part of this curve defines the linear part of it, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>