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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government not any agency thereof, or any of their
employees, makes any warranty, expressed or imphed, or assumes any legal habihty of re-
sponsibihty for any third party's use, of the results of such use, of any information,4;/paratus,
product or process disclosed in this report, or represents that its use by such third party would

i not infringe privately owned rights.

NOTICE

Availabihty of Reference Materials Cited in N RC Publications

Most documents cited in N RC pubhcations will be available from one of she following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Of fice Post Office Box 37082
Washington, DC 20013 7082

|
"

3. The National Technical information Servr.e, Springfield. VA 22161

i Although the listing that follovn represents the majority of documents citeo in N RC pubhcations.
it is not intended to be exhaustive. .

1

Referenced documents available for inspection and copying for a fee from the NRC Public Docu
j ment Room include NRC correspondence and internal 61C memoranda, NRC Othee of Inspection

,

and Enforcement bulletins, circutars, information notices, inspection and investigation notces:'

Licensee Event Reports; vendor reports and correspondence; Commission papers; and apohcant and
hrensee documents and correspondence.,

; The following documents in the NUREG series are available for purchase from the GPO Sales
Program: iormal NRC staff and contractor reports, NRC sponsored conference proceedings, andi

NRC booklets and brochures. Also available are Regulatory Guides, N RC regulations in the Code of

; federal Regulations, and Nuclear Regulatory Commission issuances. "
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Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal ag6ncies and reports prepared by 1he Atomic "

Energy Commission, forerunner agency to the Nuclear Regulatory Commission. l

a Documents available from public and special technical libraries include all open hterature items, I
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| proceedings are available for purchase from the organitation sponsoring the pubhcation cited
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. request to the Division of Information Support Services, Distribution Section, U.S. Nuclear
| Regulatory Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library,7920 Nvrfolk Avenue, Bethesda Maryland, and are available

i there for reference use by the pubhc. Codes and st.ndards are usvatly copyrighted and may be
purchased from the originating organizatsn or, if they are American National Standards, from the
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ABSTRACT

This report describes the design, construction, and instrumentation of
a 1/6-scale reinforced-concrete containment building that has been
built at Sandia National Laboratories in Albuquerque, New Mexico. The
model of the Light-Vater-Reactor containment building was designed and
built to the American Society of Hochanical Engineers Code by United
Engineers and Constructors, Inc. As part of the U.S. NRC's program on
containment integrity, the model will be tested to failure to deternine
its response to static internal overpressurization at ambient tempera.
tures. The results from testing the heavily instrumented containment
will be used to assess the capability of analytical methods for predic-
ting the performance of containments when subject to severe accident
loads.

i

The scaled dimensions of the cylindrical wall and hemispherical dome
are typical of a full-size containment. Features representative of a
prototypical containment and included in the heavily reinforced model
are equipment hatches, personnat airlocks, several small piping pene-
trations, and a thin steel liner attached to the concrete by headed
studs,

! Over 1200 channels of instrumentation will be used to assess the
model's behavior during testing. Several video and still camera sta-
tions are also used during testing of the containment for both data
gathering purposes and for support in conducting the test,

i
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1. INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) is investigating the '

performance of Light-Vater-Reactor (LVR) containments subjected to |
severe accidents. This work is being performed by the Containment
Integrity Division at Sandia National Laboratories (Sandia). The
latest research effort involves the testing of a 1/6-scale reinforced-i

' concrete containment model. The containment, which was designed and
constructed by United Engineers and Constructors [1-4), is the largest
and nost complex model of its kind. The design, construction, and
preparations for testing of the containment model are the subject of
this report.

|
The objective of the containment model tests is to generate data that
can be used to qualify methods for reliably predicting the response cf
LVR containment buildings to severe accident loads. The data recorded
during testing include deformations and leakage from the containment,,

as well as strains and displacements of the containment shell.; i

1.1 Baekereund

1

Research into the behavior of LVR containment buildings subject to
hypothesized severe accidents has been ongoing. The containment
building, whether it is made of steel, reinforced concrete, or pre-
stressed concrete, in the final engineered barrier to prevent the
release of fission products and radioactive gases that could be gener-
ated during reactor operations with particular emphasis on severe
e nvi ro nme nt al and accident loading conditions. The containment is

1 designed to withstand accident conditions and e nvironment al loadings
j such as a loss-of-coolant accident and earthquake loadings. To tul-
1 fill its function, the containment must remain leak-tight and struc- i

turally sound at att times.

In the wake of the Three Mile Island accident, attention was focused
on the capability of the containment building to withstand loadings ;
beyond its design basis. The NRC is sponstrine a program at Sandia to ,

j study the performance of containment buildings when loadtd beyond
I their design capabilities. Sandia has conducted static overpres-

surization tests on five scale models of steel containment buildings
[5-14] and is currently preparing the seinforced-concrete containment

: model for testing,

1.2 Zu nss scopej

1

The testing of the containment models is only one of the programs |
] being sponsored by the NRC to address containment integrity during

severe accidents. Other programs that deal with the performance of' '

J the containment system are also being sponsored by the NRC and are !
i described below.

i

j Tests and analyses are being conducted on mechanical penetrations of
! containment buildings, such as personnel airlochs and bellows [13-19).

'

Some of these tests will include both temperature and pressur. as
testing parameters. Structural data on equipment batches, personnel

,

airlocks, and other mechanical penetrations are gathered from the
!,

-1- |<
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i
containment tests and used in assessing the need for additional tests

{; on penetrations.

1

1 Three tests have been completed on the electrical penetrations as-
semblies used in containments [20, 21). These too included tempera-

ture and pressure profiles during testing.
j

j Extensive testing oc seals and gaskets is also being conducted at

Sandia. The elastomers used in sealing the mechanical penetrations
are subject to oevere accident environments and in some cases even to
radiation exposure [22-24). These tests are used to determine the
sealing capabilities of the elastomers when exposed to severe accidest j

environments, i

Information gathered from all these programs h=1ps det e rmine the
behavior of a containment building subjected to a sovere accident.
These programs help ensure safe nuclear power generation for the

{ future. ,

I |1.3 Sehe4912;

l
i
l

! Tour 1:32-scale steel coetainment models were tested between December
1982 and De: ember 1983. These tests were followed by a test of a 118- |

3 scale steel containment model in November 1984. All tests were quasi- [.

static tests that used nitrogen as the medium of pressurization. All

:
tests wete c a r,* i e d out until there was a failure in the containment

j model. The steel containment tests will be followed by the first !

reinforced-concrete containment test.
j

I

| The complexity of the construction of the reinforced-concrete contain- i

ment was much greater than that of the steel containments. This o

complexity necessitated much more careful planning and design. The ,

design of the c ontainme nt model began in January 1985 and was com- |

1 pleted in June 1985. To ensure that a high-quality model could be ;

j constructed, the design work of the model and a series of preconstruc- ,

j tion tencs we e conducted in paraltet. Because of the containment I

model's size and schedule constraints, particular attention was paid |
'

]
to liner welding, splices for the reinforcing steel, concrete place- !

~

ment, and other construction and sequencing detalas. Reference 25 (s !

a report on the preconstruction tests conducted during the design {
phase of the containment model. No problems were found that might t

Ihave precluded the containment model's construction.

Construction of the containment model began in August 1985 after I

j comments and suggestions made by a peer review panel were incorporated
into the design. The basemat concrete was placed in December 1965. ;

,

Sections of the liner began arriving on site in Jenuary 1986. and the ,

j liner work was completed in Tebruary. The first placing of concrete i

j in the cylinder wall was conducted on March 13 and the last concrete I

i placement was perf ormed on May 15, 1986. All model construction was !

; completed in June 1986, and testing is scheduled to begin in mid-1987. .

I1

! l

! !

I '.<
I

i
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'1.4 Ernftet Organization

Through a competitive bidding process, Sandia proj ect personnel se-
1ected United Engineer and Constructors, Inc. (United), as the prime
contractor for the design and construction of the containment model.
United selected several subcontractors for the completion of the
contract. The principal subcontrar. tors are:

* Chicago Bridge and Iron, Co., which designed the portions of
the liner not backed by eccarete, and fabricated and erected :

all of the remaining portions of the liner. '
,

|
|

Viss, Janney, Elstner, and Associates, who performed the*

support tests to confirm fabrication techniques and perfor-
mance of the scated containment elements (splices, studs).

,

* liarwood Engineering, which fabricated and installed the rein-
forcing steel in the containment model.

,

1

i

!

!

f

I

I

:

|

|
|

!
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j 2. CONTAINMENT DESIGN

g

The 1/6-scale reinforced-concrete containment was designed in accord-'

ance with the American Socitty of Hechanical Engineers (ASME) code and
4

|
has a design pressure of 46 psig. The diameter of the model is 22 ft
with a total height of 37 ft. The cylinder wall is 9-3/4 in. thick

'

; and the dome wall is 7 in. thick. This model has #4 (13-mm-diameter)
i reinforcing bar for the primary reinfoteing. The cylinder call con-
' tains two layers of meridional, four layers of circumferential, and

two layers of diagonal reinforcing steel. As these layers approach
the apex of the dome, some layers are reduced in response to changes

1 in the geometry and loading. The containment also has a steel liner

!
on the inside surface that is 1/16 in, thick along the base and cylin-

|
der wall and 1/12 in. thick along the dome wall. The liner is at-

tached to the concrete by headed studs. Two equipment batches, two
a

.
airlocks, constrained penetrations, and several piping penetrations

1 are also included in the contalraent model. All materials used in
j constructing the model have structural characteristics that are either
; the same or similar to those of actual containment building materials. >

|
A schematic of the containment is shown in Figure 1. !

!

2.1 The Selection of Sealt ]
;

Whenever a scale model is used, of ten the major riotivating f actor is a |
reductiot, in cost. As the model is reduced in site more compromises f
often become necessary, whether it be construction techniques or the !

j need to forsake prototypical materials. Sandia and its peer review {
j group felt it was inportant to at least use typical materials in

i
i faericating the reinforced-concrete model. Vith so many phenomena
j present in reinforced concrete--constitutive behavior of the concrete. |

]
ant interaction between the materials, such as bond strength, and [

i rebar slip--using surrogate s.sterials could certainly change the ,

! model's performance or certainly detract from the "believability" of r

[1 the results obtained f rorn the model.

To help answer these questions and other construction concerns, two [

contracts were placed--one with Stone and Vebster, and a second with f

yallure Analysis Associates, Smaller scaling, frcs 3/14 to 1/10, was l

first considered. At the conclusion of the two studies, however,

smaller scales appeared to be more expensive, since custom fabricated
i

l reinforcing steel and special construction techniques were needed. In ,

,
addition, the construction of the model at smaller scales would *we j

| more difficult due to the maintaining of tight tolerances, and the !

i feat of making a representative liner at reduced scales. At the j
conclusion of these two studies it was decided to use a 1/6 scale,

,

) which allowed typical materials, a representative liner, and the best i

| cost / technical value ratio. {
'

l I
; 2.2 pasien Basis

k1

Except for minor modifications necessitated by the scaled-down fabri- |

1
cation and construction requirements, the design reflects the require. (

j ments of the ASME Boiler and Pressure Vessel Code, Section III, Divi- t

sten 1 and Division 2. The design accident pressure was established (
at 46 psig with no thermal loads included. Since inertial loads do t

| -4- t
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Tigure 1. Schematic of the Containtnant Model.
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.

not scale, the diagonal reinforcement was proportioned to an equiv-
4 alent Safe Shutdown Earthquake (SSE) of 0.18 g from an exiuting con-

tainment. Lecause thermal loads were excluded and piping forces were
2 absent ano the seismic loading was given an analytical compensation

factor, onif two load conditions remained as the design basist Service
4 Load Condition (D + 1.15 P ) and Factored Load Condicion (D + 1.5P ),"

where D and P are the Dead"Load and Accident Pressure, respectiveTy.
Tiuite eleme$t analyses were use4 to determine the internal design

j
i forces and moments for each of these load conditions. Three-dimen-

sional models were used in the vicinity of large openings to compute
] forces and mcments caused by discontinuities.
' |
,

>

:! Hechanical penetration anchorage syste.ns were designed for scaled pipe
break loads. Anchorage for the electrical penetrations was based on

i150 peig, which is near the assumed ultimate capacity of the model.:

|
1 2.3 Ccngrete ,

' The design of the concrete roix began estly in the design process of -f

the containment model and continued into the first phases of the
containment construction. In the early phases the use of a micro- ,

concrete was investigated, but was abandoned in favor of a more typi- k
|
| cal concrete mix. Several trial batches of concrete were made before I

j a decision was made on the proportions of the final mix. A well- !

I rounded coarse aggregate with a nominal maximurs site of 3/8 in was i

fused. High-range water reducers (superplasticizers) were used to
limit the water / cement ratio to tho code specified value of 0.53. The ;

'slump required for the concrete lifts was about 8.5 in., except in the
basemat and dome epex where the slump was reduced.

| To be properly placed in the containment model, the concrete had to be
pumpsble and flow readily during vibraticn, yet still consolidate
without segregating. To achieve these characteristics, several grial |

i batches of ecoctete were tested. Trial batches were 4 to 5 yd and L

j were centrally batched and hauled to the site where the concrete was
1 pumped into a mock-up section of the containment wall. Through a

plexiglass panel in the mock-up form system, the flow and consolida-
tiSn characteristics of each trial mix were observed. See Figure 2.

j While the cencrete was still fresh, the mock-up was opened to observe '

I

j any lack of consolidation.

i
Travel times from the central mixing plant to the construction site i,

J were about 45 mir and required the use of extended life superplas- f
1 ticiters that allowed a placing life of about 3h after batching. |

| Slump was always checked at the site, where some additional superplas. !

ticiter was added, as needed, to bring the slump to the desired level. (
t

| Heasured compressive strengths of the concrete at 28 days of atw were i
! about 5300 psi. Cured concrete properties are covered in more detail i

fI in Section 5.2.
I !

!

|

!

1

i ?
?

\

| -6 I
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Figure 2. Placirt Tresh Concrete in a Mack-up Sectlon,

2.4 Lirar

|
Including a liner in the c ont a i rc e n* rc-del is irrortant in assessing
the contatraent's ultinate response. The liner is the pressure tcund-
ary in U.S. containcents and is located on the inside surface of the

concretei therefore, in order for the contain ent to leak, the liner
I

rust be treached in seme ennner--either by tearieg or ty excessive
deformation of a penetration.

Chicato Pridge and Iron, Co. (CE51), built the liner and the steel
sections of the penetrations. As scaled f rom a typical contatraent,

!

the liner nacerial in the 1/6-scale cantainment is nominally 1/16 in.
thick in the baserat and cylinder wall, increasing to 1/12 in, in the i

dere region of the contain~.ent. Near penetrations in the cylinder |

|

|

|
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I

f

1

vall, the liner thickness increases to 3/16 in. Standard pipe sec-

i|
,

tions were used for smaller piping sections, which are made of SA 333
Cr1 steel.

Linars in U.S. containments are generally fabricated of A516 Gr60'

steel. This material was used for the thicker (3/16 in.) sections of
#the liners however, the A516 Gr60 steel was not readily available in

thicknesses of 1/16 in, and 1/12 in. A suitable substitute, A414 CrD. i

j used in the thinner sectious, was located after an extensive search by |
CB&!. Table 1 shows a ceaparison of AS16 Cr60 and A414 GrD material
properties.

'

Table 1
,

Actual Material Properties of A516 Cr60 and A414 CrD
i

1

l '

1
*

- Yield Stress Ultimate Stress Elongation
'i

(1000 pai) (1000 psi) (1)

\
'

A516Gr60), 53.9 67.4 25.4 (in 8*) i

'

A516 Cr60 55.8 79.0 25 (in 2")
A414 GrD 51.4 11.4 26 (in 2")

d ;

t

ra
,,Trom actual contalement buildings (<

Trom 3/16-in.-thick plates used for the containment model
j

construction (from Certified Test Reports) j
i

l
:

i The liner was ennstructed in sections in CB&I's Kankakee, Illinois,
fabrication shop. Included with the liner construction was an inter-'

cal frame system, which supported the liner during both transportation
and construction. A cylindrical section of the liner turned on edge

j (Tigure 3), showa both the outside surface and the internal framing.
The liner was held to the support frame by numerous threaded studsi

1
attached to the inside of the liner and then bolted to the support |

8 frame. The dome section of the liner was dished by a pressing opera-
: tion before it was attached to the internal support frame. The cylin-
'

der sections were deformed elastica 11y to their final shape when they

] were attached to the support frame. A11 penetrations were added to
the liner at the construction site.

-

1

l

:
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d

2.5 1t21s

over 25,000 headed studs were attached to the outside of the liner.
Studs with lengths of 1/2 and 3/4 in, were attached to the model by
capacitive-discharge welding. See Tigu.'e 4 Although the prototyp1-
cal stud's length would scale to about 1 in . the use of that length

of stud would have caused great inconvenience in construction sequene-
i ing, since a 1-in. stud would have penetrated the first layer of
i reinforcing, making placement of the reinforcing steel extrer:ely

difficult. Because final welding of the liner preventad all of the
studs from teing attached in the shop, several thousand stut. were

attached at the construction site. Tield attactaent of the studs on
the liner ti shown in figure 5.

At areas of discontinuity in the liner, 6tuds were attached to the
liner at the same density as i t, a full-aire containment building--at
2 x 2-in, spacing on the scotainnent tredel. In areas away frcm dis-
continuities, the stud spacing was i nc r e.is e d to 4x 4 in, and
6 x 6 in. in the cylinder wall and to 8 x 6-in, spacing in the de=e.
The specific stud spacing is covered in the design drawing.s included
in Appendix B.

.
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2.6 E91LCRA

About 5000 rcechanically svaged c.onnecters were used in the splicing of
j the reinforcing steel, the majority being installed on the #4 primary
' reinforcing steel. These splices allotted for flexible construction

procedures--they could be installed either remote from the model,
; using a bench-mounted press, or at the model itself, using a hand-held

press. The perfornance cf the splices is discussed further in Sec-
j tion 1.3. A picture of a splace being installed using the hand-held

press la shcvn in Figure 6. The splices could te fully swaged or they.
'

could have various types of threaded ends. Installation of a ceri-
dional bar, usinE svaged connectors with threaded ands, is shown in
Tigure 7.

Because all U.S. contair.ments built to date have exclusively used a
CADVELD-type splice in the reinforcing steel, the use of CADVELDS was
desired in seme reEions of the containnent models CADVELDS used en a ''

1

! l

f 1/2" Stud Detail

1

0. 5 ' ;1
'

-

1 0.09 '

: - ,

4 t-

i T- t
.

! 0.22 0.1483 0.33

L~
}

v
_

1

* - - - 0. 5 2 - ---+ '

1 l

i
,

3'4" Stud Detail !

{

0.75 :3 2

0.09
= = r

.

! f
~

- o
e.,

( + *)
'

0.22 0.1483 0.33 !
* j_,,

{
-

l

! 0.77 ::

J

| !
) r

rigure 4. Stud Dimensions. !i

l
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Figure 7. Use of Threaded Couplers on Heridional Bars.

; full-size containment have a tendency to slip when subjected to high
loads. This characteristic was the major motivation for wishing to

j include those splices in the containment model; however, tests showed
that small*r CADVELD splices did not exh'ibit this slippage. In fact,

,

i
the smaller CADVELDS behaved similarly to swaged splices. Modifica-
tions to the smaller CADVELDS were not successful in duplicating the'

; response of the larger CADVELD splices; therefore, it was decided to
use only one type of splice. Because the swaged splice was easy and

; quick to make and also developed the' strength of the reinforcing steel
(as required by the ASME code), swaged splices were selected.i

2.7 Basemat

The 40-in.-thick basemat in the 1/6-scale containment is somewhat
thicker than would be linearly scaled from most full-size containments
and does not include a "reactor cavity." The basemat is somewhat
thicker due to the fact that when all dimensions are scaled linearly.

-12-

. . - -_ _ - - - - . - . . . - . _ - _ _ _ _ _ _ ..__ __ _ . _ _ . _..__ _ .. -



gravitational forces in the scale model are equal to the dead weight
divided by the scale factor. Because the dead weight of the model was
offectively 1/6 that of its full-size counterpart and becausa no
internal structures of a containment were modeled, calculcted moments
at the base / wall intersection and uplift, due to bulging of the bottom
of a linearly-scaled basemat during pressurization, were much higher
than would be realized in a full-size containment. After scaling the
moments at the basemat/ cylinder wall intersection with the use of
analyses, a 40-in, basemat thickness was selected.

i Inside the cylinder wall a backup bar for welding the liner was cast

| Into a 3-in-thick IcVeling course--making the basemat 43 in, thick in
this region. See Figure 1.

A center shear lug (or key) that is 2 ft in diameter was also included
in the center of the basemat. Tbo key was included to prevent the
movement of the lower coction of the liner during the placing of tho
first cylinder wall lift.;

Not all reinforcing steel in the basemat is laid out in a hoop or
radial direction. The bottom layer of reinforcing steel is arranged
in an orthogonal pattern, while the top layers of reinforciu8 steel
are arrarged in hoop and radial directions, with the very conter of
the top reinforcing steel also in an orthogonal pattern. See
Drawing 7847-F-1?.00 and 7847-F-1204 in Appendix B on pages B-10 and
B-13.

2.8 n;te

The nominal thickness of the dome is 7 in., which is slightly thicker
than would scale fror a full-size containment. This is chiefly due to
the tolcrancos associated with placing the reinforcing steel and the
added thickness of the bars due to the reinforcing splicos.

The meridional reinforcing bars continue from the cylinder into the
dome. As the bars converge, every other bar is terminated at an angle
of 69' from the horizontal, and overy other remaining bar is ter-
minated at an angle of 80'. The remaining bars continue to an apex
plate that is 36 in. in diameter. The bars are attacbed to the plate
by a threaded coupler. This arrangement can be soon in Figure 8 and
in Drawings 7847-F-1270 and 784'-F-1271 in Appendix B on pages B-41
and B-42.4

|

The hoop bars are reduced as the cylinder transitions into the domo.4

At an angle of 8 to 9' from the horizontal every other hoop bar in the I

dome is eliminated. The diagonal bars in the dome are also reduced as I
'

they pars the sptingline. (The springline is at an elevation of
24 ft.) .At an elevation of 25 ft 6 in, every other diagonal bar isi

terminated, and finally all diagonal bars are terminated at an cleva-
tion of 30 ft 10 in. Sec Drawings 7347-F-1214 and 7847-F-1215 in
Appendix B on pages B-23 to B-26.<

!

i

,

l
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2.9 Penetrations

Several types of penetrations were incorporated into the containment
model. The majority were scaled from typical penetrations found in

full-size containment buildings; however, several other penetrations
were included for Sandia's testing purposes.

2.9.1 Personnel Airlocks

la , personnel airlocks are included in the containment, installed at
the same elevation (cylinder midheight) but diametrically opposed
(180' apart). The sleeve diameter in both airlocks is about 20 in.;
other sleeve dimeasions were scaled from full-size personnel airlocks.
Tbc reinforcing pattern around the penetrations is also identical, but
the airlocks themselves are different.

One airlock uses a thick, flat plate as a pressure-unseating door so
that it may be used as a "last man out" hatch.

The other personnel airlock has sc>aled bulkheads and stiffener pat-
tarns typical of a full-size airlock. The inner bulkhead is a flat
plate with stiffeners; no door or seals are included. The outer
bulkhead has a similar stiffener pattern, but no door is represented,
allowing for instrumentation to be installed inside the airlock
sleeve. A picture of this airlock before the reinforcing steel and
concrete were in place is shown in Figure 9.
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Figure 9. Personnel Airlock at 90' Before Emplacement of Reinforcing
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2.9.2 Equipment Hatches

Two equipment batches are included in the containment model, installed
at the same elevation (cylinder midheight), diametrically opposed, and
90' from the personnel airlocks. Both equipment hatches, including

the scaling surfaacs of the covers and sleeves, were scaled from

typical equipment hatches found in U.S. containment buildings. Both
have sleeve diameters of about 40 in. The major dif ference between

the two equipment hatches is that the boss area of one proj ec ts en-

tirely outward from the cylinder wall (Equipment Hatch A), whereas the
other boss is centered in the wall so that it projects both inward and
outward from the cylinder wall (Equipment Hatch B, see Figure 1). The
primary reinforcement around each of the equipment batches is the !

fsame, however, their local reinforcement is different.
l

Equipment Hatch A has a double gumdrop seal in the 1/2-in.-wide mating
surface between the cover and the alcove. This is a pressure-seating
cover, i.e., as the pressure inside the containment model increases,

it tends to compress the seal. This equipment hatch, as seen from
inside the containment model is shown in Figure 10.
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Equipment Hatch B has two covers, one on the inboard end of the equip-
ment hatch sleeve, which is of the same design as the pressure-seating
cover in Equipment Hat.:h A, and one on the outboard end of the sleeve, j

which is a pressure-unseating cover. (The inside cover of Equipment I

Hatch B can be seen in Figure 11. Also note the inward projection of
the boss.) Either cover can be used as the pressure boundary during
testing by opening and closing remotely controlled valves located in
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Figure 11. Inside View of Equipment flatch B.

the equipment hatch covers. The pressure-unscating cover has a
double-tongue-and-groove-type seal arrangement in a 3/4-in.-wide
scaling surface. An outside view of Equipment llatch B is shown in
Figure 12.
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2.9.3 Constrained Ponctrations

There are two 8-in.-diameter ponctrations at elevation 21.125' located
180' apart on the cylinder wall. They represent a maj or steam lino
penetrating too model. As a containment expands because of overpren-
surization during a sovere accident, the steam line may load the

'

containment because of its inability to move freely. This loading, or
c o r.s t r a i n t , was modeled in the containment by connecting the two
penetrations by a small (6-mm-diameter) reinforcing bar. The degree
of constraint was selected by analyzing three piping systems of two
full-size containment buildings. Although the degree of constraint
varied significantly, a "typical" scaled stiffness was selected to
represent this constraint in the containment model. One of the con-
strained penetrations and the bar used to connect it to the other
constrained penetration can be seen in Figure 13.

|
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Figure 13. Inside View of the Constrained Penetration.

2.9.4 Other Penetrations

Several other piping penotrations are also included in the containment
model. One piping cluster, containing ono 8-in., one 4-in.,
two 2-in., and one 1-in.-diamotor penetrations, is l o c a *.c d in the
containment wall. An inside view of those ponctrations can be soon in I

Figure 14.

The 8-in.-diameter pipe in this cluster was used to pass ac power into
tbc containment model. The box in Figure 14 is a terminal box for the 1

|ac power.

Other penetrations included in the containment model were provided to
facilitate testing of the c o ra t a i nme n t . These penetrations include

*

five 6-in.-diameter ponctrations used to pass through instrumentation
! wires (see Figure .t 5 ) , and a 4-in.-diamotor ponotration, which will be

used to connect the pressurization line to the modo 1. The size of the
penetrations and the details of the liner around them are typical of
those found in a full-size containment. |

!
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3. CONTAIhHENT CONSTRUCTION

The first concrete placement in the containment occurred in December
1985 and the last occurred on May 15, 1986. Various aspects of the
construction are presented in the following sections.

3.1 Scouence of Construction

The construction began along two major parallel paths. In Kankakee,

IL, CB6I began the fabrication of the liner for the containment, while
in Albuquerque, hH, United began facility work and construction of the
basemat at the site.

Tolerances between the basemat dowals (the meridional bars continuing
up through the top of the basemat) and the liner were critical to the
construction of the containment model. The dowels continued to an
elevation of about 6 ft 3 in, and the liner had to be set in place
concentrically with the dowels. To ensure that the liner would fit,
templates were used to hold the dowels in place and the liner in this )
region had tighter tolerances. Also, to ease the setting of the liner

'

onto the basemat the stad length was reduced to 1/2 in, at elevations
below 6 ft 3 in. Figure 16 showo tne lower layer of reinforcing of,

the basemat and the beginning of the dowels being placed using the
template. The template also holds *.he upper layer of basemat rein-
forcing steel in place and extends up in the center for the shear lug.
See Section 2.7. (Details can be seen in Drawing 7847-F-1401 in

I
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1

Appendix B rn page B-46.) Sections of the template that are above the |
top of the basemat woro cut off after the concrete was placed in the |

basemat.

The lower layer of reinfr4cing steel in the basemat was p. ..ed on the

6-in.-thick work mat. The majority of the top surf ace of the work mat
was treated with a wax-based curing compound to prevent the basemat
from adhering to it; however, in the very center (about 9-ft in diam-
eter) the top of the workmat was intentionally roughened to promote
adhesion. This was done to prevent the entire containment from slid-
ing along the worknat during placing of the concrete. (It was feared
that an asymmetrical placing of the concrete could induce enough side
load to cause the basemat to slip relative to the workmat.) The

i roughening of the very conter would not significantly affect the
| uplift of the basemat during pressure testing.

The reinforcing pattern in the basemat-cylinder region is shown in a
more complete stage in Figure 17. The shear ties angled at 45' and

| the instrumentation on the seismic bars are also visible in Figure 17,
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| Figure 17. Basemat and Cylinder Vall Reinforcing.
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The steel forms used to form the basemat were the same ones that were
used to form the cylinder wall. The increased circi.mference of the
basemat was accommodated by placing shims at the joints of the forms.

With the 40-in.-thick basemat lift in place the back-up bars were set
on top of it. The back-up bars were used in the welding process of
the liner section welds that came iu contact with the top surface of
the basemat. The back-up bars spanned one diameter and the inside
circumference of the cylinder wall as shown in Drawing 7847-F-1301 in '

Appendix B. The means for leveling the back-up bars can be seen, in
the same drawing. With the back-up bars in place, an additional 3-in.
layer of concrete was placed to bring the top surfaces flush with the
concrete surface. Figure 18 shows the back-up bars and center shear
lug assembly.
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< After the leveling course was laid and troweled smooth, the liner
{ floor was set in place as two semi-circles. These two semi-circles || were weldad together and to the center shear lug. The lower section Iof cylinder wall liner end the knuckle that transiticns from the (cylinder to the floor were act in place on the basemat. Figure 19

shows the lower section of the cylinder liner during emplacement. {
j
,

Steel bars were hun 8 in a vertical position from the top edge of the {liner section in several locations about the azimuth, The thickness j

[
t

t
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Figure 19. Setting Lower Section of Cylinder Liner into Place.

1

of the bars was greater than the length of the studs, allowing the
1 bars to act as "shoe horns" as the liner was lowered into the dowels

projecting f rom the basemat. After the cylinder liner section was in
; place, the steel bars were removed. The cylinder liner section was

then welded to the liner floor. The weld, of course, occurred at the
,

; back-up bars that were previously embedded in the concrete. As with a
'

full-size containment, the liner floor was not necessarily in direct
contact with the concrete underneath it due to neither the liner nor.

! the basemat being perfectly flat, and the lack of mechanical anchors.

, A 3-in.-thick protective layer of concrete was placed on top of the

] liner floor, which protected the thin liner material as workers placed
reinforcing steel for the 12-in.-thick fill mat. Both tne protective

i cover and the fill mat had a radius of 9 ft 6 in., leaving the 18 in,

j between the cylinder wall and these slabs open for instrumentation and
i

|

1
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inspection during testing. (Details can be seen in Dra'eing
7847-F-1112 in Appendix B on page B-9.) The fill mat would be used to
later support the internal platforms.

The fabrication of the liner progressed rapidly. The half cylinders
were joined together to make a continuous ring that was then set on
the existing liner sections. After the third section of cylinder wall
liner was added, the internal structure was lifted into place as shown
in Figure 20.

The internal structure supported the liner via internal bracing during
the placement of the concrete and later supported the internal plat-
forms. All penetrations in the liner were added at the construction
site. The holes for the insert plate and sleeve of Equipment Hatch A
can also be seen in Figure 20. The cylinder section of the liner j
progressed an in lower sections.
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The dome sections of the liner were sent to the site in two sections
(quarter spheres) and joined together at the site. The entire hemi-
sphere was then picked up and set onte the cylinder liner. The lift I

of the dome can be seen in Figure 21. Also note the extensive inter- I

nal support structure that supported the dome during its shipping and
construction.

As the liner was being erected, the more complicated reinforcing
sections were being fabricated at the site. Templates were built to
represent the equipment hatches, the personnel airlocks and the dome.
The use of templates not only helped to balance the work load, but

i

also increased the degree of accuracy of these reinforcing sections. '

The primary reinforcing around the two equipment hatches was the same,
as was the primary reinforcing around both the personnel airlocks. |

This allowed the use of only two templates for the four major penetra-
| tions.
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i

l

i
i

|

|

The reinforcing in these areas was assembled as a f. ace; that is, the
two hoop layers separated by a meridional layer around the penetra-
tions and a single layer of 'oop and meridional bars in the dome.'

These faces were tied together, set off to the side, and instrumented,

i as .roinforcing work for the next face continued. The templates were
not used for the seismic (diagonal) layers, which were all assembled
on the model. Figure 22 shows a partially complete face of reinfore-
ing for around one of the equipment hatches.
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Figure 22. Reinforcing Being Preassembled on a Template.
|

|

Vith the completion of the containment liner, the preassembled sec- !

tions of reinforcing steel were put in place on the containment model.
,

The inner face of reinforcing was completed first. The face began i

; with the setting of the dome reinforcing steel onto the dome liner |

| (see Figure 23), and was filled in f rom the dowels projecting f rom the {
{ basemat to the dome.
|

I

j The outer face of reinforcing and the seismic bars were added as the ;

j concrete work progressed. This sequencing of the reinforcing allowed
' the reinforcing fabrication and the conerste work to continue concur-

rently, but more importantly it kept the outer face of reinforcing
steel 1c<, allowing better access to the concrete during the concrete
placing. .

;

I
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Figure 23. Setting of InSer Layer of Dome Reinforcing Steel.

Access to the f resh concrete around the major penetrations was still a

i concern, since the penetration sleeve inhibited access to the concrete
below it. Access was further conplicated by the additional reinforc-
ing required in the boss face. To improve the chance for successful
consolidation of the fresh concrete in these areas, several pencil,

! vibratore were strategically placed in the reinforcing lattice before
I the forms were installed. In Figure 24, four vibrators can be seen in

place around boss 'A' before the forms were installed.
1

i Wooden forms were used for the forming of the boss faces of the four
i major penetrations. Ssveral holes about 3 by 5 in. in size were cut
1 into each of these wooden forms so that the concreting process could

be better observed and controlled. The hydrostatic head of the con-
'

crote was used to place the concrete underneath the penetration
sleeves. Concrete was pleced on only one side of the penetration.
The concrete was moved around and undernesth the penetration sleeve by

,

i the use of the pre-placed vibrators and the hydrostatic head that was
developed. This process was viewed through the w!'idows in the form to
ensure proper consolidation. As the concrote reached the elevation of3

I the window, the window was plugged. Placing of the concrete at boss

l
4
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Figure 24 Boss 'A' with Vibrators in Place and Ready for Forms.

'A' and the use of the window can be seen in Figure 25. Also note the
,hand-held spotlight that aided in the viewing of the concreting pro- ;

cess. t

! As the cot.'reting of the bosses was completed, the pre-placed vibra-
tors were removed. All concrete vibrators were removed without inci- i

dent,
i

l

The concreting continued up the cylinder and into the dome region.
!

Forms were used for all concrete lifts except for the dome aper. At i,'
the apex the concrete slump was reduced and the concrete was troweled

I

to its final dimensions. Figure 26 shows a picture of the completed ;modol. No:e the forms used for the placing of the dome concrete and t

the area at the apex that was placed without the use of forms.
'

( lVith the last placement of concrete, the liner support framing was !
I removed through the equipment batch penetration, the internel struc- j
i ture was modified to accept the flooring, scaffolds were removed, an i

! overhead structure was crected, and the concrete joints were dressed. [
| All construction activities were completed in June 1986.

|
| i

| Vith the completion of the containment model construction, instrument- |
j ing of it gained full mcmentum. ''

! !
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Figure 25. Placing of Concrete Around Boss 'A'.
,

! 3.2 Csun

'the concrete was contra 11y batched at Springer Building Materials, a
i local Albuquerque concrete supplier. The aggregato class was desig-
i nated as a #7.5-modified, 3/8-in. round. Table 2 lists the size of

aggregates and finos for a 627.8-lb samplo of the aggregate.

! Table 2

Typical Slove Test of Model Aggregats and Tinos

_

Cumulative
US Voight Cumu l a t ive

I Slove Retained Percent Percent

| Size (1bs.) Retained PM11TA' 1/2" 0 0 100
3/8" 130.7 20.8 79.2

j flo . 4 614.3 97.8 2.2

!!o . 10 624.1 99.4 0.6i

I;o . 40 625.8 99.6 0.4

j ,_noco 626.5 99.8 0.2
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The cement used in the makeup of the concrete was a Type I-IILA Port-
land Cement. The chemical composition of a typical batch of cement
used in the concrete for the containment model is listed in Table 3.

|

I,

Table 3

Typical Chemical Composition of the Cement

i

Oxides Veicht 1
|

,

Silicone Dioxide 21.9 ;

Aluminum Oxide 4.4
Ferric 0xide 3.4;

j Calcium Oxide 64.5
Magnesium Oxide 1.7

i Sulfur Trioxide 2.6
i Loss on Ignition 1.3
i Insoluble Residue 0.2

) Maj or Ocecounds Veicht I t

!

Tricalcium Silicate 55.0,

Dicalcium Silicate 22.0
Tricalcium Aluminate 5.9

j Tetracalcium Aluminoferrite 10.0 I

,

Alka 11os (Na 0 Equivalent) 0.60 |
2

l
2 '' The specific surface of the cement using the Blaine test is 369 m /kg. |

j The soundness of the cement was deterr;ined by autoclave expansion and
yielded an expansion of 0.01. The set of the cement was determined by

; the Vicat method with the initial set achieved in 95 min and the final
set reached in 265 min. There was also about 8.5% air entrainment by.,

j volume. The specification for Portland cements may be found in Roter-
ence 26.

,

1

1 To stay within the code limits of the water-to-cement ratio and have
j the slump in the 8- to 9-in. range, both a water reducer and a super-
j plasticizer were needed. The superplasticizers selected also in-

creased the workable life of the concrete to about 3 h. All admix-,

| tures were made by Masters Builders--the water reducer was Pozzo11th
} 300N and the two superplasticizers used were Pozzolith 400N and Pozzo-

{ lith 440N. (The 400N was used exclusively in the basemat and the 440N
j was used for all other concrete lifts.)
J

| The basic constitusnts of the concrete mix are listed in Table 4

trugks were loaded with batchs of concrete that were typi-The cement
cally 4 to 5 yd . Once the trucks were batched, travel time to the
construction site was about 45 min. The concrete was tested for slump
and if necessary, adjusted by adding more superplasticizer to the

.i
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truck as required. The concrete slump was then tested again. This
process was repeated until the proper slump was achieved. Only one
load of concrete was rejected because the proper slump could not be
obtained.

Table 4

'Extended Life Concrete Design Mix

'

| Cement 540 lbo

Vater 282 lbs
|

|
Fine Aggregate 1317 lbs
Coarse Aggregate 1890 lbs

| Vater Reducer (300N) 27 oz

| $uperplasticizer (400N or 440N) 108 oz
( Vater / Cement ratio .53

3
Volume 27 ft

The concrete was unloaded into the hopper of a concrete pumping truck,
which pumped the concrete through about 100 ft of line. Due to the
rebar spaaing in most aress the pumping process was quite sloe ;n
order that proper consolidation could be achieved as the concrete was
placed. Figure 27 shows organization of the trucks and personnel for
one of the dome lifts.
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figuro 27. Typical Concreting Setup of Machinery and Personnel.
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The tests on the fresh concrete, such as slump, air entrainment, and
temperature, were conducted at the truck. All concrete used for the
casting of the specimena was taken from the hose of the concrete pump
to include any effects of pumping (such as drying of the mix). To
minimize the drying of concrete due to pumping, grout was always
circulated through the pump and then purged before any concrete place-
ment began for the day.

Vibration of the concrete mix was dune with pencil vibrators. Forn
vibrators were allowed in the specifications for the construction of

I che containment, but were never used.
|
'

All cold jcints were treated with a retardant before the concrete set.
After the concreta had gained a sufficient set, the cold joint was |
washed with a high-pressure washer. The high-pressure water ade- }
quately removed the surface latency anc exposed the aggregate at the i

joint.

There were 11 lifts used foc the construction of the containment shell |

| and three additional lifts on top of the basemat. There was a cold
joint between tha basemat and each of the six cylinder wall placements i

; and a cold joint between the top of the cylinder and each of the ;

successive dome placements except for the fourth and fifth dome lift.
(No forms were used for the dome apex concrete so no cold joint ex- )
isted between the fourth and fifth dome lift.) On top of the basemat i
there was a cold joint f or the 3-in.-thick leveling course, which was I

separated from the next 3-in.-thick course by the liner. Over the |
latter 3-in.-thick course was the 12-in.-thick fill mat that supported j
the internal structures.

Typically, seven cylinders were taken from each truck for construction
tests of the concrete. Three cylinders were compression tested at
seven dsys, three were tested at 28 days, and one was tested at 90
days from its cast date. In addition to these specimens some more
sampics were taken, as needed. These samples were fori

|

Conducting direct tension tests (see Section 5.2.2)*

e Assessing the effects of field curing

* Obtaining additional informattor, oa time-related strength
gains (3, 4, 5 and 6 days of age)

! * Conducting shrinkage tests

|
J * British cubes (so that concrete strength could be correlated
! with British Standards)

Sandia's concrete testing (see Section 5.2.)*

) The properties for the concrete are reported in Section 5.2 as at:er-
tained by testing performed at Sandia.'

|
1
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Steel forms were used for the majority of the forming of the contain-
ment model. Around the four major penetrations--the two e q. i pm e r.t
hatches and the two personnel airlocks--wood forms were used. Plaster
was used for the transition from the cylinder wall to the boss face in
the wooden forms, as can be seen in Figure 28.
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Figure 28. Fabrication of Vooden Form for the Equipment Hatch Boss.

The wooden forms were painted with a latox paint, which acted as the
form release agent. Each one of the forms for the bosses was a two-
piece form--one half for the lower sectica of the boss and the other
half for the top section. The form shown in Figure 20 was eventually
cut into twJ sections before use.

3.3 FainL2Islat_Idra b ad_l211cra

All reinforcing steel was cold-worked using an electric-powered pro-
duction bender. Some final adjustments to the reinforcing steel were
done with a lever-type conduit bender. The reinforcing was cut with a
rebar shear; a bench-mounted unit was used at the fabrication area or
a pneumatically assisted hand-held shear was used at the cot.tainment
model. No flame cutting of the rebar was conducted.

Although each size of reinforcing was rolled from the s.*me heat of

steel there were differences between the deformations on the 04 rein-
forcing steel. The deformations of the 04 reinforcing steel seemed to
be of two different heights. About half of the bars had deformation
heights of 0.030 in, while the other half were approximately 0.020 in.

-36-
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in height, although both meet the ASTM A615 standard (0.020 in. aver-

age minimum).
,

As mentioned in Section 2.6, the cold-swaged splices used on the
reinforcing steel could be installed with either a hand-held hydraulic

j powered press or with a bench-mounted hydraulic press. As prescribed

i by the ASME code, the minimum strength of the splices should not fall
I below 1.25 times the minimum specified yield (1.25 x 60,000 psi .

75,000 psi) and the running average of 15 consecutive splice strengths
should not fall below the minimum specified ultimate strength of
90,000 psi.

l
To ensure these ASME code require.wents were met, a systematic testingi

program was developed for this project. In addition to qualificetion.
'

and special test series, about 340 splices for the #4 reinforcing
steel were tested. Table 5 lists the ultimate strengths of the rein-
forcing bar, both swaged and unswaged, and the ultimate strength of t

the swages.'

Table 5

) Ultimate Strength of Reinforcing Steel and Splices (psi)

|

Number of Average Standard Splices
,

Specimens Strength Deviation Y/N Failure

*
31,, 106,000 1200 No Bar
60 104,600 2800 Yes Bari

122 99,100 6640 Yes Splice
'

All test results presented in this table mte for #4 reinforcing
steel

*
Used as a control--no splices were in the specimens

A4
in were randomly selected from the 218 spliced specimens thatThe ,

4

'

fat v. in the rebar,

i
i

The 340 tests on these spitees represent about 91 of the total #4
j splicos used in the construction of the containment model.
|
'

3.4 LingI

The liner was built in sections of 180' and attached to a stiff frame.
! The frame supported the liner during transportation, liner erection,

and concrete placement. For the cylindrical sections, the frame was
made of steel stringers and webs, to which plywood was attached. The

i

1
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|

liner was held to the plywood by many threaded studs that were welded
to the liner and passed through and bolted to the plywood. The struc-
ture of the support frame can be seen in Figure 29.
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Figure 29. Support Frame for the Liner Cylinder.

The dome was not supported in the same way, since it was difficult to,

) roll the plywood in two planes. For this reason the plywood was I,

; omitted and the steel stringers and webs were more closely spaced.
| This arrangement can be seen in Figure 30.

,

i

j Again, the dome l'nor was attached to the frame by the use of threaded
j studs.

! Four weld processes were used for the fabrication of the liner
j shielded metal arc, gas metal arc, gas tungsten arc, and capacitor'

discharge stud welding.

j Inspection of the welds was done by several r:ethods in accordance with
! the ASME Boiler and Pressure Vessel Code, Section V, which includes
I

i

Hagnetic particle examination !*

Liquid penetrant examination*
)

I* Radiographic examination
!

I
t
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|
* Vacuum box

|
I

* Visual examination.

I

! Most of the liner velds were inspected using the vacuum box technique
'

and a spot radiographic inspection. The areas of inspection as well
as the technique used can be ascertained from the liner construction.

drawings in Appendix B.
,

3.5 QAIQQ

.i
i A Sandia QA coordinator was assigned to oversee the construction of

} the containment model and to ensure that the plans and procedures

j produced by United Engineers and Constructors (United) were followed,
including the proper documentation of the construction activities.,

To ensure that the intent of United's Quality Assurance Program was
followed, United developed 11 specifications for the construction of

j the containment model as well as field structural procedures, which
'

included the controls and forms necessary to document the progress of
the construction activities and inspection results. This, when taken
with the design basis criteria, the construction drawings, and other

|-
referenced documents (such as the ASME Code) provided a rigorous
quality assurance program.

1

:
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All subcontractors were rtquired to have a quality assurance program.
Subcontractors who did not have an adequate QA program were required
to develop and implement their own procedures and documentation. The
subcontractor's quality assurance programs were subj ect to Sandia's
and United's review.

United assigned a full-time, on-site QA supervisor to conduct daily
and task specific surveil?sr.cos of all construction activities.

It was also in the scope of United's quality assurance plans to ensure
that all items received at the site from vendora, manufacturers, and
fabricaters conform to contract requirements prior to fabrication,"

insta14ation, and erection.

All records wore controlled by the respective United or subcontractor
personnel and were stored at the site in a fire-proof file. Sandia's
QA coordinator made periodic innpections of the files to ensure ac-i

! ceptable identification and retrievability of information.
i

i 3.6 Recairs

Several small flaws were detected on the steel liner before it was
erected. The liner arrived at the site with a few of the anchorage
studs broken off, thereby removing a small ' divot" of the liner mate-
rial. There were also some fairly deep scratches on the liner. Both
of these types of flaws were repaired in the same manners weld mate-
rial was addad to the defect. A scratch in the liner that was re- |

paired can be seen in Figure 31.

This repair was done at azimuth 225 and at an elevation of 5 ft 10 in,
on the containe.ent model. .ibout six similar repairs were made at

1 other locations on the liner. In the case of the broken studs, a new
stud was installed adjacent to the repair.

1 After the removal of the internal support framing, three holes were
I found in the linwr. Two of the bolen were csumed when the support

frame was removed. When two of the threaded studs that held the liner !
to the frame were broken off, the liner material was torn. The cause
for the third hole appeared to be from a stray weld arc, and was about
the same size as holes caused by the threaded studs: 3/16-in. in
diamster. This latter hole is shown in Figure 32.

' To repair these areas, a small slot was ground through the defect and I

a small piece of steel was inserted between the liner and the concrete
to serve as a bacLup bar. The slot was then plug-welded as can be
seen in Figure 33.

i

L
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Thero were also repairs made to the concrete shall of the containment
model. Three voids were found between the cylinder wall and the first
wall lift. A fourth area was damaged during construction. The loca-
tion and size of these areas are shown in Drawing 7847-F-1280AB in
Appendix B on page B-43. A picture of one of the voids is shown in
Figure 34

All of the unsound concrete was chipped away to reveal sound concrete.
The remaining hole was then shaped (by removing sound concrete, if

necessary) to ease the placing of the repair concrete. The exposed
concrete surfaces were covered with an epoxy-bonding compound before
the repair concrete was placed. To form the area, a small wooden box
was made. The top of the box extended above the repair, which allowed;

the hydrostatic weight of the concrete to aid in the censolidation of !
Ithe repair concrete. Figure 35 shows the wooden box filled with the

repair concrete.
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It should be noted that the repair concrete was the same as the rest
! of the concrete used in the construction of the containment model.

After the concrete attained some strength, the wooden forms were
removed and the excess repair concrete was chipped away. All three
areas in the first cylinder-wall lift were repaired in the same man-

i

ner.

The fourth concrete flaw was caused by a pulled form anchor. This
flaw can be seen in Figure 36. The concrete was chipped back so that'

the minimum depth of repair was 1 in. This allowed the containment
concrete to be used in the repair. The original steel forms were used

,

to form the repair area.
I
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Figurc 36. Concrete Damsge Caused by a Pulled Form Anchor.

j As with the other repaired ce,ncrete areas, the surfaces were coated

| with an epoxy bonding compound and the form was placed so that the
t hydrostatic head aided in consolidating the fresh concrete.
4

| One other notable incident occurred during the construction of the
I containment models a concrete vibrator became stuck in the first dome
I litt. Although workers tried to remove the vibrator, they were unable

to freo it. The end of the vibrator that was embedded in the concrete
j was cut off and the shaft housing was sealed with epoxy.

|

|

|
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3.7 Facility Work

|

The containment model was constructed at a remote site in the same
location as the previous containment model tested by Sandia: the
1:8-scale steel containment. To prepare for the conetruction of the
reinforced-concrete containment, work pads for the previous test had

,

to be removed, and areas graded for the several work areas needed for i

the concrete containment.
L

A roof was also placed over the containment model. This afforded some
weather protection during the instrumenting of the containment model

,

and was also used to attach some of the still and video cameras used r

during testing of the containment model.
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4. INSTRUMENTATION I

l
The containment model was instrumented to assess its structural be-

j havior, which includes large strains and displacements, as well as its 1

| 1eakage characteristics during testing. The transducers used to j
'

accomplish this goal are connected to a group of clustered data ac- |

! quisition and control units located in the signal conditioning bunker, j

! adj acent to the containment model. Data scans are transmitted to -the :

j data acquisitiot computer, located in the command bunker about 1500 ft i

away from the containment model. The site layout is- shown in Vig- ;

4 ute 37 }
I

y

J The majority of transducers on the containment are strain Cages and |
i! displacement transducers. Over 300 strain gagea were attached to the

reinforcing steel during construction and over 160 strain rosettes,
,

j (480 gages) 160 si*gle and strip gages, and over 30 thermocouples were

|| applied to the steel liner. Also embedded in the concrete wall are
q about 40 thermocouples and 20 cmbedment tages. There are cver 130 :

displacement gages located about the containment model. Including |'

other groups of instrumentation, this brings the total number of |
'

transducers to over 1200. A list of the transducers that will be used !

for the containment test can be found in Table 6. In addition to !

these discrete transducers, several video and still cameras will be |
used during testing to provide both qualitative and quantitative data. j

..

' :
|

Table 6 {,

'

i
Transducers Planned for Containment T: sting ],

1 l

|
|

I 295 Veldable Strain.Cuges on Robar
29 Bondable Cages on Rebar

: 161 Rosettes en the Liner (483 gages)
: 101 Strip Cages

| 59 Single Cages
1 137 Displacement Transducers

| 73 Thermocouples
^

!? Embedment Cages
5 Precoure Cages
13 RTDs

3
8 Inclinometers

f' 2 Veather Channels
| 1 Load Link

a -

1224 Totel Transducers

!

|
--

4

;

!
,

I
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Figure 37. Layout of the Containment Test Site.
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All transducers that require calibration were calibrated at Sandia
using standards that are traceabic to the National Bureau of Stan-
dards. Manufacturer's calibrations were not used, which ensured that
the calibration did not change or that the trensducers were not in
some way damaged during shipping.

All of the instrumentation on the containment model is graphically
presented in F*gures 42 to 61, which are group <sd together at the end
of this chapter. Further information on the instrumentation may also
be found in Appendix At Type and Location of Instrumentation.

4.1 Strain CEu

Encapsulated, weldable gages of a single.. element HiChrome design were
predominantly used on the reinforcing steel. Their small size allowed
them to be spot-welded to the reinforcing steol with minimal distur-
bance to the bar. Figure 38 shows the gage attsched to a #4 reinforc-

; ing bar. Althouga the gagus are quite durable, they were c]ated with
Isilicone rubber and potted in epoxy to protect the gage during instal-

lation and placing of the concrete. The weldable gagee are capable of
measuring 6 to 71 strain as determined by tests conduct (d at Sandia
(manufacturer's claims are to 2% strain). '

|
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Figure 38. Veldable Strain Gege Attached to a Piece of Reinforcing
| Steel. I
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Special attention was also given to the strain relief loop on each
weldable strain gage. The otrain relief loop is placed between the
gage and the leadwires. This loop must be allowed to straighten as
the reinforcing steel lengthens under load. To ensure taar the loop
could move freely, a dab of silicone grease was placed ur. der the loop
before it was seated with silicone rubber and potted in opoxy. A
cross section of the potted gage is shown in Figure 39.

Figures 49 to 57 show the location of the strain gages that were
attached to the reinforcing steel and/or embedded in the containment
wall.
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Figure 39. Cross Section of a Strain Cage on a Reinforcing Bar.

The majority of the gages on the liner are three-arm 45' rosettes,
4 which are made of Annealed Constantan and have a polyimide backing.
' Although the liner must be carefully prepared and the Armstrong A12
L epoxy must be heat-cured for several hours, the rosettes are capable

of measuring strains to 20% [27). Single gages and strip gages with
, the s ee properties as the rosettes are also used at various places on
'

the containment liner. The strip gages are made of 10 single gages
attached to a common backing and are used to measure strain gradients.

l

1

-49-

__



. - _ . - - - . . . .. - - - - - - . - - . . _ - - ..- .

-

,

;

1

1

: Two styles of strip gages are used: one has an overall length. cf

i .795 in., each gage being 0.062 in. in lengths the second style has an
overall length of 1.59 in., each gage being 0.125 in. in length.'

i
1 Figures 43 to 47 and 59 to 61 show the sages that are attached to the
] liner.
q

I
1 4.2 Displacement Transducers
a

Nearly 140 displacament transducers are used on the containment model.
Linear potentiometers and Linear Variable Differential Transformers'

(LVDT) are used to measure displacements of 4 in, or less. They are
predominantly used to measure local deformations of the penetrations |

and to monitcr crack widths during testing.

Cable potentiometers, with maximum rangen of 5 to 300 in., are used to
j measure the displacement of the model. Several displacement trans-

ducers are attached at discrete locations to measure global deforma-,

i tions of the conta.nment, and to augment them. 9-track transducers

i were des'.gned and built, which are discussed later.

i
'

'

1 Most of the global displacements will be measured from the internal

I column located in tb3 center of the containment. The column is

{ treated as the reference system upon which a*1 other internal global
j measurements will be based. Some. c.asurements will also be taken from
- the internal platform in the containment model. To correct for rela- [

f tive movement between the column and platform, measurements will be i

; taken between the two. Figure 58, detail ll, shows the locations of [
j the displacement transducers used to measure the relative motion

'

,

I between the platform and the reference column. !

\ i

i Figure 48 shows the location of the displacement transducers on the |

coctainment model that are used to measure global response. Fig- I4

j ures 59 to 61 show the instrumentation located around the major pene- |
' trations, i

l !
!

| The track transducers are, as their name ieplies, mounted on tracks

} and powered by a gear motor as shown in Figure 40. The motor pulls i
the transducer along a track, while an arm follows the contour of the (j
containment. Each track system has two transducers mounted on them: ;

q
j one will measure the location along the track, while the other will |

measure the movement of the track-arm perpendicular to the track, j

i
i

( Nine track systems will be used durleg testing. One track is located |
| in a horizontal position and will measure the "dishing" of the base- |
! mat. The remaining eight systems will measure displacement of the ;

j cylinder wall. Four track systems are located below the two equipment !
! hatchest two inside and two outside the containment. The remaining i

! four track systems are located next to the two personnel airlocks and |

| travel the length of the cylinder, about 20 ft. Two of the tracks are |

inside and two are outside the containment. j
|
l I

I i

: .

|

|
'

:
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i F!gura 40. A Treek Transducer System for Measuring Displacements of
the Containment Model.

I
: |

| 4.3 Other Transducers

|

| There are over 40 thermocouples embedded i n the containment wall and
j several more on the inside of the contaic. cent liner. The thermal data
a vill be used in the correction of the apparent strain read by the
j strain gages. Also located in the containment wall are embedment

gages. Although they are similar to a strain gage and measure strain,'

I they are not attached to the reinforcing steel, but placed directly in
the concrete. A photograph of an embed; tent gage is shown in Fig-
ute 41. The length between the ends of the gage (gage length) can be

! 2, 4 or 6 in. All three e, age lengths were used in instrumeuting tht
containment model.

| Other instrumentation used for the containment testing will include
eight inclinometers, three weather channels, three pressure channels,
and 12 resistance temperature detectors, and a load link,

i

The inclinometers will be used to measure tilt of the internal column,
and the tilt of the two lenger outside track systees. In addition,

1
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Fidure 41. A Typical Embedaunt Cage.
I

three sensors will be used to measure the uplift of the basemat by
attaching them to a team tb;c rests on the edge of the basemat while
the other end of the beet is supported and allowed to pivot about a
column that is 1cated redially about 10 ft from the basemat edge,

iSse Figure 58. ty knowing the length of the beam, the tilt measured '
,

) can be conver'. d to a measurercent of the basemat uplif t.
)

| The tb me weather channels will measure wind speed and direction, and f
! bar metric pressure. Ambient temperature will be measured by using

t'ermocouples,
l

|

Pressure will be measured by five pressure transducers. Two are ;

quartz manometer type transducers that measure absolute pressure. The ;
,

three remaining pressure transducers measure gage pressure. i

j Thirteen resistance temperature detectors will be used in the contain-
ment model to measure the gas tertperature during leak-rate measure- |,

ments.
3 i

I
A sin 4e load link will be used to measure the force in the reinfore-u

| ing bar that connects the two constrained penetrations. See Sec-
tion 2.9.3.

,

4.4 Optical Coverage

Although s ubj ec t to change, 18 still camera stations will be located
;

about the containment at the time of the high-pressure test. Twelve
!
t

6
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of the stations will be adjacent to the model and focused on par-
t

ticular areas of interests the remaining six stations will be located [
at a distance and photograph an overview of the containment during [
testing. Twelve video cameras (including monitors and recorders) are
also planned for use during high-pressure testings one of those will I

be inside the containment model. The feedback from the cameras will ;

be used extensively during high-pressure testing to aid in selecting i

pressure step size, determining the length of hold periods, and pos-
sibly for selecting specific transducers to monitor in areas exhibit- '

ing interesting or unusual behavior.
L
'4.$ Acoustic Coverate

The monitoring of ecoustic emissions in a complex reinforced-concrete
,

! structure is tot a well-defined technology. yew previous experiments
| on acoustic monitoring of reinforced concrete have been conducted, let

alone reinforced concrete stressed in biaxial tension. The primary
purpose of the acoustic system is to determine if a leak is present in [

4

the containment model and to give a vicinity of where it is leaking,'
,

' '
but uot a specific location. The placement of eight, low-frequency

1 acoustic sensors in the containment model will be based on areas where
d leakage is most likely to occur. For this experiment the acoustic '

] sensors will be placed near the major penetrations and near the base-
mat-cylinder wall junction. L

'

The acoustic system is based on an extensively modified Acoustic
| Emission Technology (AET) Hodel 4900 (28). The system was also modi- !
i tied for use with a HieroVax II computer. The sensors chosen are !

; manufactured by Physical Acoustic Corporation and have a maximum '

responso between 30 kHz and 100 kHz. The sensors have an internal
j amplifier that boosts the signal by 40 dB, which is again amplified !

another 40 dB at the AET 4900. |

I
| The data from the sensors will be processed for both burst noise and

|
steady-state noise. Although it is not possible to totally separate !

the two types of noise with any system, it is estimated that more than ;

j 901 separation can be achieved in the containment experiment. j
l 1

As leaks are 1etected with the acoustic system, test personnel can
dete rmine tLe leak rate by conducting mass measurements of the gas in j
the containment over a period of time if leakage is small or by the 14

use of flow meters if the leakage is larger. I

.

:
|
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Figure 42. Index to Instrumentation Drawings.
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5. MATERIAL PROPERTIES TESTING4

i

| Material properties are the crucial link between the containment model
and the finite element analyses. In addition to the many material

j testa conducted during the design and construction phases of the
containment, Sandia has taken material specimens and has conducted'

j additional material testing. Since the material properties are impor-
tant, more material sampics were taken than- those needed for tests
presented in this report and may be used later for yet undefined

j material testing.
\ .

- 5.1 Soil Testing
I
e

i A plate-load-bearing test was performed in situ on the fill soll under
i the containment model by Western Technologies, Inc. (Note that a
j reinforced-concrete working mat was placed over the soil and the

|
containmeut model was built on top of the working mat.) The fill soil :

was imported to the site and compacted to a thickness of about 15 19 |
J to replace a concrete slab that was removed with the last containment i

j model. The tests were conducted in accordance with ASTM D-1194 [29] I

J
by loading three plates--12, 18 and 30 in. in diameter--while (

- deflections were measured by two dial gages 180' apart on the plates.
; All tests were conducted on the soil at its existing water content,

i
;

Each plate was loaded and unloaded in about 2 h. The pressure and t

deflection measured during testing for each plate is listed in7

Table 7.,

-
!

} The plates were all within the outline of the basemat and each test i

! var located at 1 cast a couple of plate diameters from other plate !

i tests. !
i

Six soil tagts on the imported soil indicated a maximum dry density of |
137.2 lb/ft with an optimum moisture content of 6.9%. The natural

'

4

soil below the import soil was also testgd. The maximum dry density ;3

for the five samples tested is 127.6 lb/ft with an optimum moisture i
'

{ content of 8.9%. The in-place characteristics of the subgrade soil !
| are listed in Table 8. !

, [
| 5.2 cenerete Testing

i

fi All fresh concrete testing was conducted at the site by Western Tech-

| nologies, Inc., (30, 31]. They also completed the strength tests of ;

| the concrete per ASTM C39 ($J) for t,astruction purposes. See Sec- |
tion 3.2. For purposes of analysis more data were obtained. Typi- ;

cally, fifteen cylindrical specimens were taken for each lift in the |
containment shell, as well as three dogbone-shaped specimens for

[
direct tension testing. j;

| f

I l

[:

! !
1 |
4

,

!

!,
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i

i

!
Table 7 |

!

Plate Pressure and Deflection for the Subgrade Soil
of the Concrete Containment Model

,

l !

12-in. Plate 18-in. Plate 30-in. Plate

* **
Pressure Deflection Pressure Deflection Pressure Deflection

!

2715.8 0.020 1207.0 0.015 348.6 0.004 :3

! 2928.5 0.025 1301.5 0.024 611.2 0.009
i 4329.0 0.036 1924.0 0.037 916.7 0.021

5602.3 0.051 2489.9 0.051 1234.5_ 0.036 ;

7002.8 0.089 3112.3 0.094 1527.9 0.053'

'
; 8403.4 0.104 3734.8 0.123 1833.5 0.064
i 9676.6 0.119 4300.7 0,143 2139.0 0.079 f

j 10949.9 0.150 4866.6 0.169 2281.6 ~ 0.084 (
12350.4 0.160 5489.1 0.194 2444.6 0.103 '

,

1 13751.0 0.185 6111.3 0.210 2628.0 0.103 t

4 8403.4 0.176 3734.8 0.204 1752.0 0.099
2928.5 0.163 1924.0 0.186 896.4 0.091

{ 0.0 0.122 0.0 0.131 0.0 0.057 r

i
1

i *
,, Pressures are in pounds per square foot., ,

! Deflections are in inches. !
| !

I
i

i |
! !

| Table 8
l |

! In-Place Characteristics for the Subgrade Soil |

; of the Concrete Containment Model I

;
! Igit Imoort Soil Native Soil

| Hoisture Dry Density Relative Moisture Dry Density Relative
3 3 !

1
-

(1) Ib/ft comnaet.(1)(1) Ib/ft cemenet.(1)
i

j 1 7.5 133.3 97 10.4 119.4 94 i

'
j 2 7.4 127.1 93 9.3 120.8 95

] 3 7.9 127.0 93 11.9 119.1 93

| 4 7.0 127.7 93 11.9 120.8 95
|

j 5 7.1 127.5 93 12.3 122.4 96
|- 6 7.3 131.0 95

.

4

4

'f

k

i

}
.
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w- -_-- - _ - _ _ - . . . . - _ . .. _ . . - ,. . . - . _ _ _ . . - - . _ _ . .



To analyze the containment, the following additional properties of the
cured concrete were needed:

Stress-strain culvi for uniaxial compression*

* Stress-strain curve for uniaxial tension

Split cylinder strength.*

Some tests completed during the design phases of the containment were
repeated at Sandia. Concrotc/ stud interaction tests were modified and
repeated using actual construction materials. The results from these
tests are in Section 5.2.4.

All concrete testing conducted at Sandia used one of two HTS servo
controlled loading frames. One was a 220,000-1b load frame while the
second had a 1,000,000-lb capacity. All test specimens were loaded
using stroke control on a machine-mounted LVDT. Data were gathered
during tuo tests with the use of a Digital Equipment Corporation's
(DEC) LSI, and later transferred to a DEC VAX for plotting. All
transducers used for testing--both load cells on the load frame and
displacement transducers on the load frame and specimen--have calibra-1

tions that are traceable to the National Bureau of Standards.

5.2.1 Compression Testing

For determining the stress-strain curve for unconfined uniaxial com-
pression of the concrete, a standard (6-in.-diameter x 12-in.-long)
cylinder was used. The ends of each of the specimens were ground flat
and parallel to minimize end effcets. Figure 62 shows a specimen
ocing prepared. Vater was used as the cutting fluid / lubricant. Each
specimen was dimensionally inspected por ASTM C39 (32] before being
compression-tested.

ASTM C39 [32] procedures were followed for the loading of the specimen
and the addition of two radial displacement transducers and a lon-
gitudinal transducer were used to measure loading-induced strains.
The two radial displacement transducers measured lateral strains at
about mid-height while the longitudinal strain wss measured by rhe
longitudinal displacement transducer. A typical test set up is shown
in Figure 63.

Note the use of the spherically seated loading platen and the metal
plates used between the specimen and the loading platens. The gage
length used to measure the longitudinal strains was typically about
4 in.

The concrete was typically tested at ages of 28 4 months,thetimeofthecontainmenttest. jays,6 months and again at Plots of the
results at these times are shown in Figures 64 to 67.

I
This work was conducted at Sandia in the Geomechanics Division by
Michael J. McNamee.

,
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Figure 62. The Ends of a Concreto Specimen Being Ground Flat and
Parallel.

A summary of the average of the ultimata strength of the concrete at
various specimen ages and at test time is listed in Table 9.

Tabic 9

Ultimato C.aprensive Strength of Concreto (psi)

Time of Number of Average Standard<

Test Specimens Strength Deviation

28 days 6 5260 260

{ 4 months 10 6520 700
6 months 11 6980 600,

: at test time 11 6180 470

i

.i
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| Figure 63. Concrete Specimen Shown After Compression Testing.
|

.

5.2.2 Tension Testing,

Tensile testing of the concrete was also conducted. Initial tests
I using the standard 6 in, by 12 in. cylindrical specimens proved to be i

difficult. Although care was taken to eliminate bending through the i

use of loading chains as suggested in ASTM D2936 (33], the end plates I

appeared to influence specimen f ailure. |

l
To sireplify direct tension testing, a dogbone-shaped specimen was [
developed. United Engineers and Constructors designed and used the !

'

specimens during the initial phases of the refining of the concrete
' mix. The dogbone specimen is shown in Figure 68. 1

f

:

|
'

i
1

I
.

1

i
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Figure 64. Concrete Compressive Strengths at Specimen Age of 28 Days.
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Figure 65. Concrete Compressive Strengths at Specimen Age of 4
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Figure 66. Concrete Compressive Strengths at Specimen Age of 6
Months.
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Strength.

|
|

Sandia's use of the dogbone specimens mot with only limited success.
Failures were again associated with the ends and were generally lo-

; cated away from the necked-down region of the specimen at a point i

where the specimen was reinforced to provide adequate anchort.3e of the
bars used to load it. In other cases, proper care was not exorcised
when the specimens were cast, resulting in a poor sample and poor
results.

Again, the specimen was loaded using chains to minimi:o any bending
induced by the load, but measurements from the LVDTs attached to two

j opposite sides indicated that some bending was present during loading
of the specimen. The bending is probably introduced by the anchor

j bars not being perfectly parallel to the axis of leading. Even in the
presence of the bending and the poor breake, the results seem to bei

i
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fairly consistent. Figure 69 shows the data pairs for four direct
tension specimens. Testing was conducted at the time of the contain-
ment test.

Direct Tension of Concrete
at Time of Containment Test

400 i i i i i i i i i i i i i !

|
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Figure 69. Results of Direct Tension Tests of the Dogbone-Style
Specimens.

Since there were v.wo LVDTs per specimen, there are eight lines for the
four specimens tested. Other dogbone style specimens were tested, but
were so poor in quality the results are omitted from this report.

One other specimen vis tested in direct tension. A standard 6-by-12
cylinder was ground into a necked-down shape and ends were epoxied to
it. The specimen was instrumented and loaded using chains, as can be
seen in yigure 70. The specimen f ailed in the reduced area just
outside the instrumented region.

1

i
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Figure 70. Specimen Ground to Shape and Loaded in Direct Tension.

Two strain gages and two LVDTs were used to measure strain during
loading. The results from this test are plotted in Figure 71. This |
specimen was tested about five months after the testing of the con-e

|tainment model,
t

5.2.3 Split Tensile Testingi

The split cylinder strength test, ASTM C496 (34], also known as the
,

Brazil test, was completed on the concrete used in the containment |
model. The specimen was sandwiched between two strips of thin plywood |,'

before it was loaded in the platens of the testing machine. The '

plywood acts as bearing strips as suggested by ASTH C496. A typical |

test setup is shown in Figure 72. I

At test time the tensile strength of the concrete averaged about
450 psi as determined by the splitting tensile strength of the cylin-
ders. See Table 10. It should be noted that the splitting tensile
strength is estimated to be about 15% higher than the direct tensile
strength and that the tensile strength of concrete does not generally

!
;
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Ground Specimen
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Figure 71. Stress-Strain Curve for Direct Tension Testing of the
Ground Specimen.

Table 10
l

Splitting Tensile Stress of Concrete (psi)

Time of Number of Average Standard
Test Specimens Stress Deviation

28 days 6 385 27
4 months 10 479 43
6 months 11 498 39

at test time 10 449 29 |

t

f

l

l
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Figure 72. Typical Test Setup for Indirect Tensile Testing.

'
generally execed 600 psi [35]. Note that the average splitting ten-
sile strength is about 19% higher than the results from the direct

j tension test or the ground specimen.

| 5.2.4 Stud / Concrete Testing

Scme tests were developed to determine the strength and capabilities
| of the studs embedded in the concrete. Much of tl.o pioneering effort

on these tests was conducted at ''iss, Jannoy, Elstner and Associates
; [25]; however, these tests did not use the actual liner matorist and
'

concreto used in the model containment construction. Sandia essen-
tially conducted the tests again (with some minor improvements) using
materials used in the construction of the containment model.

Two groups of tests were conducted on the 3/4-in.-long studs. (No
-| tests were conducted at Sandia on the 1/2-in.-long studs.) The first
' was a simpic pullout of the stud from the concrete. The specimen was
; cesigned so that a failure modo of the linor could occur during test-
'

ing. The specimen consisted of a 4-in. x 4-in, square of liner mate-
rial with a 3/4-in.-long stud located at its center. The stud was
cast in a concrete block. On the exposed side of the liner, four

,

'|

1

|' These tests were conducted at Sandia in the Coomechanics Division by
Michael J. McNamec,

i

i

i 1

i -85- |
; 1

! |
1



threaded studs were attached at the corners of the specirnen and were
used to load the embedded stud. A sketch of the specimen is shown in

Figure 73.

|

, . . . . . , I
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Figure 73. Specimen to Test Stud Pullout.

;

A 1/4-in.-thfck steel plate and eye-bolt assembly was bolted to the
j

specimen via the threaded stude. The concrete block and the tout
specimen were aligned in the load frame. The load was introduced by a
chain coupled with a load cell as can be seen in Figure 74

i

i

!

i !

!

!
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|

The results of these tests are presented in Table 11.

k
) Two of these failure scodes can be seen in Figure 75.

| The second series of 3/4-in.-long stud tests consisted of loading the
'

studs in shear. For these tests, one, two, or four studs were at-
.

j tached to the liner specimen as shown in Figure 76 ard were embedded |
| in concrete.

The test setup was much the same as for the pullout tests as can be
j seen in Figure 77,

1

i

I
!
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Table 11

Summary of Results for Pu11 cut Tests of 3/4-in.-Long Studs
>

Haxircum
Specimen ID Load Failure Mode

(1bs)

CONP11 983 Concrete failure, stud pullout
i CONP12 853 Fixture failure

| CONP13 1089 Concrete failure, stud pullout

|
CONP14 1016 Concrete failure, stud pullout

' CONP15 1104 Liner tear at stud weld
| CONP16 1060 Concrete failure, stud pullout

j CONP17 1010 Concrete failure, stud pullout
CONP18 1042 Stud weld failure (no hole in liner)

4 CONP19 1075 Liner tear at stud weld
CONP10 1080 Concrete failure, stud pullout

|
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Figure 76. Specimen to Test Stud Shear Behavior. l

:

Vith the specimens using multiple studs, it was anticipated that there !
would be some rotation of the specimen due to the load not being in i

line with the studs as studs failed. Although this rotation was
observed and measured, it did not affect the results as much as an-
ticipated. The average maximum load por stud was 1199 lbs, 1521 lbs, ;,

: and 1417 lbs for the ningle-stud specimen, the two-stud specimen, and |
I the four-stud specimen, respectively. The results from the ten shear i

tests are presented in Table 12.
|

1
' S.3 11121 Testing

The testing of the steel constituents of the containment model was1

I conducted at Sandia. A detailed report of the testing has been pre.
4 pared (36] that describes the chemical composition of the steels, the

effects of creep on the material properties, and the effects of con-
struction practices on the prediction of yield and fracture stresses

] (such as cold working and the Bauschinger effect).

i

Some of the plots of the material properties found in Reference 36 are<

reproduced here.

| S.3.1 Reinforcing Steel
;

I The majority of the reinforcing steel used in the construction of the
- containment model was #4, which has a nowinal diameter of 1/2 in.

Other sizes of reinforcing steel were also used #6, f5, and #3, as

3 -89-
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I Table 12

Su=rnary of Results for Shear Tests of 3/4-in.-Long Studs

Maximum Displacement Load Displacement
Specimen Number Load at Max. Load at Failure at Failure Failure Mode

ID Studs (Ibs) (in.) (Ibs) (in.)

CONT 11 1 1440 0.066 1095 .070 Shearing of stud material

CChT16 1 1136 0.039 1042 .052 Failure of weld

CONr17 1 756 0.012 756 .012 Failure of weld

CCST18 1 1463 0.038 1149 .054 Shearing of stud material

e CCNT22 2 3023 0.027 2801 .055 Shearing of stud material
$
'

CCNr24 2 3165 0.025 2708 .043 Shearing of stud material

CONT 25 2 2940 0.036 2563 .053 Shearing of stud material

CCNT43 4 5729 0.014 5030 .043 2 studs shear
2 weld failures

CCNT49 4 5356 0.034 4818 .052 3 studs shear
I weld failure

CCNT40 4 5918 0.028 5171 .044 Shearing of stud maturial

__ _ , _ _ _ _ _ . - .
. _ _ _ _ _ _ _ _ _ _ _ _ _
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s

Stude, l
'

|

4 well as some imported reinforcing steel that was 6 mm in diameter.
1 The #6 through 03 reinforcing was obtained from the same manufacturer,

|
1 making their chemical and material properties very similar. Each size |
4

of reinforcing steel was rolled from one heat of steel, thus minimiz-
ing variations of the resterial properties for each size rebar.

i
J A typical load-versus-strain plot is shown in Figure 78 for a specimen |
! of #4 reinforcing steel.

|
;
;

1
!

} |

; !
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i [

f 5.3.2 Liner Material

! I

j The liner material was also tested for both its chemical and struc- [
tural properties (36). Some typical engineering stross-strain curves ;

a

I are shown in Figure 70. The curves included in this figure were |

) tested both parallel and perpendicular to the major rolling direction. |

1 L

The stress used for plotting Tigure 79 is based on the actual material |
thickness, which is 0.0680 in. thick,

f
I f
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'

Material.
!

|
|

| The liner material used in the dome was also tested. Samples werc
j taken both before and after the dishing operation was performed, i

1 Tigure 80 shows the results from these tests. As with the cylinder
j material, specimens that were taken both parallel to and perpendicular
- to the major rolling direction are plotted in the figure.
}
{ The stress plotted in Figure 80 is based on the actual material thick- )
i ness, not the non.i ns t thickness. The thickness of the dome liner i

j material is 0,090 in. A well-defined yleid plateau was not present in
i either the virgin material or the dished material.
|
4

1
1

l

i
,

i
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Figure 80. Engineering Stress-Strain Curves for the Domo 1.iner Mate-

rial.

The insert plates that surround the penetration in the liner are made
of A516 steel, with a thickness of 0.20 in. The engineering stress-
strain curves for six samples of the insert plate materini are plotted

! in riguro 81.

5.3.3 Veld Material

The strength and ductility of the veld material t:aa also analyzed
during the course of materfa1 testing. A stross-strain curve for the
all-veld netal is shown in Figure 82 for the veld metal used for
liner-to.-liner velds in the cylinder. Additional all-weld and cross-
weld samples vere made ano tested. The results from these *.ests are
published in Reference ,6.

The welds were found to be stranger than the material joined and the
ductility of the all-weld material samples ranged from 8% to over 20%
strain with a gage length of about 2 1/2".

,

I
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5.3.4 Tests of Reinforcing Steel Splices

Although many construction tests en the splices were performed during
the course of construction, these tests only provided streu th data
and failure modes. A few splice specimens were tested at Sandia to
determine the strain in both the bar and across the splico. Four of
the samples and the attachment 7f instrumentation are sketched in
Figure 83a-d. The measurements of the samples tested are listed in

Table 13.
;

T.1ble 13

Splice Samples Tested

; !
;__

1
Total Bar Lent'a Joint Length LVDT Cage Lengths * 1

Joint Type Site (in.) (in.) Rebar(in.) Joint (in.) ;
, -. -

None 4 32.0 12.03

Swaged 4 32.0 4.375 8.0 3.75,

Threaded 4 31.875 6.125 9.0 5.75
'

f

Threaded
Coupling 4 31.875 8.0 8.0 7.3

i

*See Figure 82.
,

; The splice specimens were tested in a 220,000-lb. testing machine with
a constant rate ram displacemea i of approximately .005 in./L. As
shown in Figure 83, the LVDTs west h 1d to the specimen in two ways:.

spring-loaded clamps and epoxy. Hechine load and stroke and the,

: strains calculated from the LVDTs were recorded during the test. The .'

amount of pullout of the reinforcing steel from the splice was mea- '

sured with a steel ruler.
,

The resulta of the splico testing are shown in Table 14 All straina

; values listed in Table 14 tre as measured at maximum load. By measur-
1 ing the strain of sections of the specimen, the strain in a section

and interaction with other sections can be deduced however, the
method in which total strains were calculated needs some explanation.

LThe total bar strain was calculated by adding the displacements of the
sections as measured by the LVDTs, adding in the amount of slippage of3

the reinforcing steel from the splice and dividing the sums by the "

4

i

This work was conducted at Sandia in the Geomechanics Division by
Mark E. Stavik. !

w

!

I
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!

|

Table 14
|

Results of Splice Tests

~

Rebar Joint
i

Max Load Strain Strain Total Bar
Sample ID Joint Size (Kips) (%) (%) Strain (3) Comments |

REBAR1 (None) 4 19.8 10.1 10.1
REBAR2 (None) 20.6 10.0 10.0
REBAR3 (None) 20.5 10.4 10.4

FT1 Swaged 4 19.7 9.4 0.36 8.3 |

)FT2 19.4 10.7 0.51 9.5
FT3 19.6 11.9 0.20 10.5
FT4 19.1 8.6 0.18 7.7
7YS 20.1 11.0 0.05 9.7

j, FT6 20.0 9.2 0.25 8.2

P FT7 20.3 10.8 0.11 9.4 l
FT8 20.4 8.6 0.10 7.7
FT9 20.8 10.7 0.08 9.5

FT1215 Threaded 4 21.0 8.9 0.48 7.5
FT1114 71.0 9.3 0.39 7.7
FT1013 -- -- -- - Jaws failedl

FT1619 Threaded Coupling 4 -- -- -- - Jaws failedl
FT1720 20.8 11.6 0.39 9.0

i

FT1821 20.5 10.1 0.49 7.9

1

I3 Clamping j aws f ailed before maximum load was reached. j

!

!

.
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entire bar length (including the section of the tar thst was in the
jaws of the testing machine,)

A typical engineering load-strain plot for the sections of the spliced
reinforcing bar is shown in Figure 84

The amount of slippage of the reinforcing steel from each end of the
j splice was approximately 1/16 in. in every test. In every test pre-

sented, failure occurred in the reinforcing steel. (In two tests the'

testing jaws f ailed, however, the results f rom these tests are not
presented.)

,

Other steel materials were used in the construction of the containment
model. Information on these other materials as well as addittoaal

; information on the liner material may be found in Reference 36.

t

i'
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Figure 84. Typical Engineering Load-Strain Plot for Sections of a
Spliced Reinforcing Bar
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6. CONTAINMENT TESTING

The model will be testod much as a full-size prototypical containment,

'

would be, that is, a Structural Integriti Test (SIT) and an Integrated
Leak Rate Test (ILRT) will be conducted. A computer-controlled valve.

gallery controls gas flow both into and out of the containment model.
The valve system has a maximum flow rate of 6 lbm/s, allowing a small
increase in pressure to be applied in fractions of a minute.

{ 6.1 Elans for Lev-Pressure Terting

| After all instrumentation has been checked, the containment model will
' be pressurized in five steps, using dry etr, to 53 psig. 1.15 times

its design pressure. Inspection of the containment model, including,

j measuring and mapping cracks in specific areas, will be conducted at
i each presture step. The pressure in the containment model vill be
i reduced back to ambient in five steps however, crack mapping will be
} conducted at ambient pressure on1/. A full scan of all transducers
j will also be conducted at each step as pressure is both increased and

decreased.,

t ,

Following the SIT, instrumentation will be added to the cracks that {
j f ormed during testing. Tsenty displacement transducers are reserved
q for attachment across cracks, and about 40 strain gages will be used
j to measure strain in the vicinity of the cracks (both on the concrete
2 and at the liner). An ILRT will be conducted after the SIT.
e

] The ILRT will be performod at 46 psig and leakage will be brought into ;

j less than 0.2% mass / day. The method for calculating the leak rate is
based on ANSI 56.8 (37). Two methods, *.otal time and mass-point-leak-
rate, wilt be used during leakage testing. Following the ILRT, small
orifices will be placed in the containment model (through a port at

] the valve gallery) and leakage vill again be measured. This will
1 serve as a check on the implementation of the ANSI leck rate equa-
j tions.

-
.

) A flow meter will be used to measure larger leaks, should they occur {
during high-pressure testing.

|
'

6.2 Elans for High-Pressure Testlyg
'

i
j High-pressure testing will be conducted as a continuous test, being
a manned 24 h a day. Nitrogen gas will be used to pressurize the con-
j tainment for high-pressure testing. The nitrogen will be trucked to
i the site in liquid form and gasified as it enters the pressure lines. |In this way, a large amount of gas is available and can be fed into

) the lines at high flow rates if significant leakage develops during
! testing. '

I {
j Initial pressure steps vail be about 10 psi and will be reduced as the

,

containment begins to respond nonlinearly. The temperature in the,
r

I containment is controlled to slightly above ambient. Shortly after
j each pressure step all transducers will be scanned. As these data are
i being reviewed, selected transducers on the containment model will be

scanned to monitor creeping of the model, photographs will be taken,j

| ;

) *

; -100-
|

! I

. -



._ .. - _ -

and the model will be surveyed with the remotely controlled video
cameras. It is anticipated that these activities will tske about I h.
It is also anticipated that the centainment model will not fully
stabilize, especially at higher pressures during this time. The
pressure will, nevertheless, be increased to <e next pressure step
after another complete scan of the transdtcers has been completed.
This sequence will be completed several times until the containment
model fails. Intermittently throughout this sequenco of tracaducer [
scans and pressurization, leak-rate measurements will be taken. The
frequency and duration of leak-rate measurements will depend on test-
ing conditions, the state of the containment model, and feedback from
the acoustic emission system.i

:

The test will be terminated when either excessive leakage or struc-;

tural failure of the containment model occurs. Obviously, leakage out
of the containment can only be fed if it does not exceed the system's
capacity. The leakage could be due to excessive deformations around
penetrations or due to a local failure of the containment shell. f

'

After depressuriestion and inspec".~6n of the containment, the model |

may be repaired and rotested.,

An 'ncrgetic failure of the containment model may also conclude the
test. This type of fa!!ure is usually associated with a more complete
failure of the containment model and is not conducive to repair or
retesting. the containment model is scheduled to begin low-pressure '

testing in Ju)] 1987, followed by high-pressure testing. ;

J

l

f

I

i

)
,

I |
t
,

1

1

l

l
<

i

1

1
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7. ANA.YSES

Performing an adequate analysis of the containment model subjected to
overpressurization is indeed the motivating factor behind this testing
program. This experiment is seen an a challenge to the analyst and
the analyst's toola. It is highly impractic.a1 to test every design of
containment according to every accident scenario because of time and
cost considerations. The intent of the program has been to generate
data that can be used to quality analytical tools. These analytical
tools can then be used to extrapolate the performance of full-size
containment buildings subjected to hypothesized severe accidents. To
this end, Sandie, as well as several other national and international
organizations, conducted pretest analyses of the containment building. ]
The following list identifies the groups that participated and are j
published in Reference 38:

Sandia National Laboratories (USA)a

Argonne National Laboratory (USA)*

* Electric Power Research Institute (USA)

Commissariat a l'Energie Atomique (Trance)*

HH Nuclear Installations Inspectorate (U.K.)*

* Comitato Nazionale per la ricerca e per lo sviluppo dell-
'Energia Nucleare e delle Energie Alternative (ENEA) (Italy)

* U.K. Atomic Energy Authority, Safety and Reliability Direc-
torate (U.K.)

* Cese11schaft fuer Reaktorsicherheit (CRS) (yederal Republic of
Germany)

Brookhaven National Laboratory (USA)*

Central Electricity Generating Board (U.X.).*

Each group that performed an analysis was given detailed construction
drawings and specifications, and actual material properties of the
construction materials as they became available. Each organization
worked independently using an analytical method of its choosing. The
results of these analyses are presented in Reference 38. Further
pretest analyses performed by Sandia can be found in References 39,
40.
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APPENDIX A
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i

A-1. INTRODUCTION

!

This series of mechanical inspection reports was prcduced by Paul Lefebre
and David Leyva of Sandia's Hechanical Measurements Division. The measure-

| ments, explanations of the measurements, and drawings of sJveral features '

'

of the containment model are included. Some instrumentation, however, is i
not included in this appendix: the instrumentation that was embedded in the

i
containment wall. The information on the embedded instrumentation may be (found in the drawings included in the body of this report. '

Accuracy of Hessurements '

Linear measurement inaccuracies were maintained within 1/8 in, and angular ;
reasuring inaccuracies were maintained within two minutes for the measure-
ments presented in this appendix.

; Sunnary

This report documents the mechanical measurement tasks that were performed
on the 1:6 reinforced-concrete model located at the 9806 test area. Cen- f

i

l eral measurements of the reinforced-concrete model (rem) are included along I! with detailed measurement data for particular features, strain gages, dis- !

placement gages, thermocouples, acoustic sensors, tilt sensors, and related:

j internal and external structures. The measurement data are presented in
!

] pictorial form in the appendix. ;

l I

1

1

l

| !
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! !
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5 A-2. GENERAL INFORMATION
J

' Location, Size Inward Projection of Penetrations
Vertical Lceaticas of Concrete and Gratings

i
; Vork this report with drawings A1, AS, or A8. which are located at the end
j of this appendix.

I

Detail Azimuth Vertical Inward Project Diameter
l
1

i EH-A zero set 156.370" 4.430" 0.D. 41.00"

| 19-A same same |

EH-B 180.008 157.220" 10.150" 0.D. 41.100" !'

15-A 159.602 |
201.266

]' E-1 51.077 106.625" 0 D. 7.750"

))
E-2 62.753 106.625" 0.D. 7.750"

I

25-B 34.702 117.200"
; 66.985_ _ 96.200= |_

J E-3 39.090 158.550" 0.D. 7.750"
i E-4 50.823 158,400" 0.D. 7.750" I

E-5 62.465 158.350" 0.D. 7.750" f

! 25-A 34.516 169.625" f
j 67.173 148.625" |
' PL-A 89.881 156.430" 4.400" I.D. 20.000" ,

,
22-A same same 0.D. 27.800" i

IJ R-1 134.975 241.440" 3.500" 0.L. 8.600"
^

29-A name same O.D. 27.800"
I A 234.497 106.450" 5,700" 0.D. 4.500"

! B 226.706 115.488" 4.930" 0. D. 2.323"
i C 230.612 115.410" 4.850" O.D. 2.380" t

,

; D 234.519 115.555" 4.750" 0.D. 2.390" |
I 230.577 106.300" 4.850" 0.D. 8.500" i2

24-A 222.192 119.600" |

237.601 92.900" !

IPL-B 269.972 156,560" 4.350" !.D. 19.100"

) M ssee sare o.D. 27.900" __,
"

R-2 314.943 241.500" 3.500" 0.D. 8.680"

) 29-A same same O.D. 2 6 . 8 8 0 " _ ,,,,

j P 329.906 45.100" 0 1.D. 3.825" i

|
23-A same same 0.D. 14.625" [

l BTM/ Content 24.000" |
1 Concrete 39.750" ;

crating 133.500" |t

J Grating 229.400"
Grating 325.400" ,

Dome /cyl 287.625" [
Ten Colu-n 235.850" t,,,,,

I
;

i I
i !
! !
i t

;
,

',

I
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A-3. STRAIN CACE DATA
!

'A-3.1 Descrietion of coordinate Systems

1. The location of each gage is described using the (a) global, (b) local,
or (c) cartesian coordinate system as defined below. The coordinate
system (a, b, or c) used to describe the location of each gage is noted I

in column 4 of the listed data. ,

|

a. The global coordinate system is used to describe the location of
gages about the vessel. Angular location of each gage is in a

| clockwise direction from penetration EH-A centerline (00 de-
j grees) as viewed from above the vessel. The vertical location ;
'

of each gage is from a benchmark located outside the vessel and

! marked -1.6'/7 ft. ;

I

b. The local system is used to describe the location of gages about,

j the penetrations. The local system is a cylindrical system with |
the zero-degree orientation at the top and angular increases in

3
'

the clockwise direction (viewing the penetration from inside the i

j model). The linear measurement recorded indicates gage location j
1 relative to the data identified on the detail drawing of the
) related penetration.
;
1

; c. The cartesian coordinate system is used to describe the location i

) of gages located on flat features of penetrations (i.e. PL-A). |l The center of the penetration is the origin of this system with '

the "x" axis being horizontal location and the "y" sxis being,

the vertical location (as viewed from inside the model). The [
!

| sign preceding each recorded value is pictorially represented (
) below.
j

i

Y+ |
1 |

1 :

) X- X+
1

)

]

] Y-
1
I
<

1

] 2. All strain gages of the same type are 1Jeted together in assigned numer-
ical sequence.i

|
3. The ceasured point of each 45-degree rosette is the intersection arrow<

| on each gage.
i

)

l
4

4

$,

A-7.
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4. The orientation of each 45. degree rosette is represented using the quad.
rant system pictured below (viewing the gage). The intersection arrow,

located on the gage, points to the intersection of the quadrant lines

(x) in all cases.

Quadrant 2 Quadrant 1

.............x.............

Quadrant 3 Quadrant 4,

4

5. The measured point of each single strain gage, strip strain gage and
Tee-Rosette strain gage is the center of the sage as pictured below.

:

Single Strain Cage Strip Strain Cage Tee. Rosette

4 .....

X X X

{.....

l i

( 6. The orientation of each single gage and strip gate, denoted by 'M" for

4 meridional or "C" for circumferential, indleates the direction in which
the gage measures.

!

7. All angular values listed in the azimuth column are in decimal degrees.

8. All linear values listed in the vertical column are in inches and are
; measured from the benchmark located outside the model (.1.677 ft). ;

}
i 9. The numbered columns on the succeeding pages contain gage information as

,

, listed below
)

1. Quadrant (i.e., 1, 2. 3. or 4)

! 2. Tap test ($= solid. H. hollow) !
1 3. Special location (i.e. EH-A. EH-B. PL-A etc.) |

] 4. System used to locate gage (i.e., a, b, or e from preceding |
paga.)2

I
'

t

i -

:

I
4 ,

I l
1.
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'

A.3.2. Data en 45-dearee Rosetten

Work this report with drawings At through A7, which are located at the end
of this appendix.

Gage # Gage type Asimuth Vertical 1 2 3 4

R013 350 CHN 11.221 156.150" 4 S A
R014 350 CHN 12.094 156.200" 4 S A
R015 350 OlM 12.953 154.200" 4 S A
R016 350 OlM 13.831 156.200" 4 S A
R017 350 O!M 16.869 156.200" 4 H A
Rolb 350 OlM 19.470 156.200" 4 S A
R019 350 OHH 0.087 182.200" 4 S A
R020 350 Olm 0.115 184.200" 4 S A>

R021 350 OlM 0.116 186.200" 4 S A
i R022 350 Olm 0.100 188.240" 4 S A
i R023 350 Olm 0.092 194.200" 4 H A

R024 350 CFM 0.092 200.200" 4 H Aa

j R025 350 OlM 359.500 61.900" 3 S A
R026 350 Olm 359.470 99.750" 3 H A
R027 350 ofM 44.478 26.500" 4 S A

4 R028 350 OHH 44.175 49.200" 4 S A
R029 350 OlM 45.043 65.900" 4 S A |
R030 350 OIM 45.347 80.400" 4 S A

i R031 350 CIM 44.956 106.100" 4 S A |
! R032 350 CHH 45.086 11).900" 1 S A ;

R033 350 OHH 43.303 128.205" 4 S A :
|j R034 350 OHH 89.153 32.320" 4 S A !
,

R035 350 OlM 89.153 39.32C" 4 S A |,

: R036 350 OlN 89.218 43.870" 3 S A
i R037 350 OHH 89.218 49.590" 4 S A

R038 350 CEM 89.218 54.120" 2 S Aj

j R039 350 OlM 89.869 85.500" 3 H A
< R040 350 Olm 89.782 118.300" 4 S A
3 R041 350 OlM 89.240 132.110" 4 S A ,

i R042 350 Olm 91.888 63.600" 1 H A |
| R043 350 Olm 179.500 62.050" 3 H A
' R044 350 OlN 179.557 99.280" 3 H A i

R045 350 OEM 221.856 107.120" 3 S A
'

R046 350 CEM 228.234 26.350" 4 S A |

R047 350 OlM 228.334 63.600" 1 S A l
R048 350 Old 228.473 92.300* 4 5 A |
R049 350 OlM 228.300 106.520" 3 S A I

<

I R050 350 OHH 228.603 120.220" 1 S A |
I R051 350 0FM 269.609 62.100" 3 H A

'

] R052 350 OlM 269.630 99.630" 3 H A

j R053 350 OHN 269.444 119.740" 3 S A
; R054 350 OlM 315.000 62.160" 4 S A
j ROS5 350 Olm 314.913 "9.660" 4 H A,

i

i

A-9
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i
a

;

j

i
!
.

j Gage e Gage type Azimuth Vertical 1 2 3 4

R056 350 0101 179.947 110.150" 2 S A
R057 350 CHM 180.000 116.000" 3 S 15-A
R058 350 OHM 180.000 117.600" 3 S 15-A

; R059 350 OKM 180.000 135.770" 3 .S 15-A
) R060 350 0:01 0.197 212.600" 4 H A

|

| R061 350 OHM 7.526 173.800" 4 S A
1 R062 350 0fDi 13.572 187.500" 4 H A

R063 350 OKM 44.908 139.500" 3 S A
R064 350 CHH 45.928 160.440" 3 S A

i R065 350 CHM 45.103 169.380" 2 S A
R066 350 ORM 45.515 194.420" 3 S A i

R067 350 OKM 45.884 213.8'40" 2 H A |
R068 350 CHM 46.321 229.760" 3 S A !4

j R069 350 CHM 82.987 158.360" 3 S A [
{ R070 350 CHM 89.481 141.240" 3 S A

R071 350 CHM 89.976 145.320" 3 S A .,

i R072 350 OHM 89.536 167.550" 2 S A I

R073 350 OHM 89.819 170.980" 2 S A -

{ [Ro74 350 CHM 89.862 176.350" 2 S A
.

R075 350 ORM 89.775 212.730" 3 H A |-

R076 350 CHN 133.642 155.130" 3 S A F

R077 350 CHM 157.841 154.350" 3 H A
|R078 350 CHM 159.665 154.350" 3 S A ,

R079 350 CHN 161.269 157.740" 2 S 15-A i

R080 350 OHM 161.754 157.740" I 5 15-A
i R081 350 CHH 165.403 189.350" 2 S A

R082 350 CHM 166.778 180.200" 3 S 15-A
R083 350 CHM 167.283 185.300" 3 S 15-A '

ROS4 350 CHM 170.193 157.060" 3 S 15-A |
i ROSS 350 OHM 180.008 178.380" 2 S 15-A I
! R08o 350 CHM 179.963 196.920" 3 3 15-A i

R087 350 CHM 179.963 198.720" 3 5 15-A !
'

| R088 350 CHM 180.262 204.420" 1 S A
R089 350 OHH 189.508 215.340" 4 H A j
R090 350 OHH 228.366 156.950" 3 3 A "

fR091 350 CHM 228.366 185.500" 3 S A
i R092 350 OHM 228.366 203.650" 3 S A (R093 350 CHM 260,912 157.200" 3 S A L

R094 350 olm 263.673 157.600" 3 S A !

R095 350 CHM 269.727 142.820" 3 S A f

f
R096 350 CHM 269.735 156.250" 2 S A,

R097 350 CHM 269.735 176.330" 2 3 A i

*

R098 350 CHM 314.879 156.250" 3 S | A t

4 i
i l

J
'

i

! i
i t
j A-10 ;
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!
|
',

Gage 9 Gage type Azimuth Vsrtical 1 2 3 4
I

R099 350 OHM 0.093 249.125" 3 S A I
| R0100 350 CHM 0.226 286.650" 3 H A !

'R0101 350 OHM 44.462 249.000" 3 H A
l R0102 350 CHH 44.525 286.500" 3 H A

R0103 350 OHH 44.358 288.000" 1 S DOME A ;

R0104 350 CHH 44.901 317.751" 3 S DOME A i
R0105 350 0HM 89.901 249.290" 3 S A ;

R0106 350 CHH 90.214 286.820" 3 H A ;

R0107 350 CHH 90.244 288.230" 1 H DOME A !

R0108 350 CHH 90.137 313.089" 4 H DOME Ai

| R0109 350 OHM 112.663 240.850" 3 S A
R0110 350 CHN 128.794 241.110" 3 S A

{
R0111 350 CHH 134.703 286.900" 3 S A
R0112 350 OHN 179.859 247.375" 3 S A'
R0113 350 CHM 179.888 286.930" 3 H A t

Rolla 350 OHM 224.644 248.450" 3 H A (i R0115 350 CHH 228.297 287.150" 3 H A i
R0116 350 CHM 228.322 288.150" 1 H DOME A
R0117 350 CHM 228.326 312.987" 3 S DOME A

1 R0118 350 CHM 269.938 248.750" 3 S A

] R0119 350 CHM 292.522 241.500" j 3 S A
.iR0120 350 OHM 307.943 241.500" 3 H A

'

R0121 120 OHM 308.879 241.480" 3 S A (
j Rol22 350 CHM 309.436 241.480" 4 5 A }i R0123 120 CHM 314.974 246.550" 2 S A |
j R0124 350 CHM 314.969 254.000" 4 S A !

', R0125 350 CHM 315.351 255.570" 1 S A
R0126 350 CHM 315.438 286.490" 4 H A ,

j R0127 350 CHM 90.163 339.875" 4 S DOME A j
j R0128 350 CHM 90.239 370.875" 4 S DOME A

|R0129 350 OHM 90.234 389.500" 4 S DOME A '

R0130 350 CHN 90.097 402.625" 4 H DOME A
R0131 350 CHM 90.091 406.875" 4 S DCME A
R0132 350 OKM 90.150 410.125" 4 S DOME !. I
R0133 350 CHM 90.150 413.125" 4 H DOME A |R0134 350 CHM 90.150 416.125" 4 5 DCME A e
R0135 350 CHH 90.150 417.675" 4 S DOME A

<

f R0136 350 CHM 228,119 346.125" 3 H DOME A
R0137 350 CHM 228.585 377.500" 3 $ DOME A,

R0138 350 OHM 229.345 402.375" 3 H DOME A i

j R0139 350 CHM TDC 418.875" 1 H DOME A f
a R0140 350 CHM 0.000 PROJ . . 300" 4 S COVER A B :

} R0141 350 CHM 0.000 PROJ. . 300" 1 S EH-A B |

|
;

t

I

!

1

!
1

I A-11
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i

l
4

]
Gage p Gage type Azimuth Vertical 1 2 3 4

!

) R0142 350 OHM 269.954 -0.200" 3 S COVER B B

R0143 350 OlM 269.954 0.300" 4 S EH-B B

I R0144 350 Olm 269.954 28.650" 3 S EH-B B

j R0145 350 OlM 269.954 29.250" 4 S COVER B B

R0146 350 OtM 359.622 -0.300" 4 S COVER B B

R0147 350 OlM 359.622 0.300" 4 S EH-B B

R0148 350 Olm 359.479 28.700" 3 S EH-B Bq

R0149 350 OlM 359.479 29.250" 4 S COVT.R B B<

R0150 350 Olm X.-l.700 Y.00.000" 3 S EXT.EH-B C

] R0151 350 CHN 270.000 PROJ. .300" 2 S COVER A B

| R0152 350 Olm 270.000 PROJ. +.300" 3 S EH-A B

j R0153 350 Otm 181.998 213.010" 3 H A i

R0154 350 CHN X +0.210" Y.-0.120" 3 S 'PL-A C |
R0155 120 0}M X=+0.380" Y.+6.670" 2 S PL-A C !

I R0156 120 0}M X=+0.420" Y.+9.370" 4 S PL-A C |
IR0157 120 OtN 87.640 PROJ.3.500" 3 S PL-A B

R0158 120 OHM X +3.650" Y--0.140" 3 S PL-A C f
R0159 120 CFM X=+3.700" Y.+6.720" 2 S PL-A C (
R0160 120 OtM X=+9.185" Y=+0.880" 2 S PL-A C ;

R0161 120 CEM 357.315 PROJ.3.300" 3 S PL-A B
'

i f

;
;

; ;

i i
1 ,

.

.

<

l

i

} -

|
i !

<

I
)

4

i :
j t

1 |
! r
s

I

> c

i

f

|
1

I

! i
! ,

i A-12 j
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, 1

A-3.3. Sinnie ftrain Cagen

Gage f Horizontal Vertical Tap Note Note
angle angle test f2 #1 !

| S1 359.868 24.000" ~ S C 1.300" From wall i

32 89.624 24.000" H H 1.760" From wall |

| S3 89.550 24.000" S H Bottom of Radius
| S4 89.550 24.000" S H Top of Radius |

35 90.433 25.640" S H On vall .

86 90.433 26.350" S H on wall (
$7 90.433 26.890" S H On wall
S8 226.960 24.000* S C On Radiusi

I S9 226.960 24.000" S C on Radius
$10 158.653 153.850" S C on vall

'

511 158.871 153.850" H C On wall
S12 159.462 153.850" H C on walli

S13 308.316 241.000" H C On wall
i S14 308.460 241.000" H C on wall

S15 0.000 PROJ. 5.200" S C EH-A (Local B)'

S16 0.000 PROJ. 4.600" S C EH-A (Local B)<

i '

S17 0.000 PROJ. 4.000" S C EH-A (Local B)
] S18 267.949 PROJ. 2. 550" S C EH-B (Local B)

S19 267.949 PROJ. 3.150" S C EH-B (Local B)
S20 267.949 PROJ. 3.800= S C EH-B (Local B)
S21 268.378 PROJ.24.450" S C EH-B (Local B)'
S22 268.378 PROJ.25.125" 3 C EH-B (Local B)

| S23 268.378 PROJ.25.750" S C EH-B (Local B) r' S24 357.617 PROJ.4.620" 3 C EH-B (Local 5) !
j S25 357.617 PROJ.5.250" S C EH-B (Local B) |

S26 357.617 PROJ.5.880" S C EH-B (Local B) !

S27 357.617 PROJ.25.150" S C EH-B (Local B) ;

j S28 357.t!7 PROJ.25.750" S C EH-B (Local B)
iS29 357.617 PROJ.26.350" 5 C EH-B (Local B) |

$30 270.000 PROJ. 2.700" S C EH-A (Local B) I

$31 270.000 PROJ. 3.300" S C EH A (Local B) !,

i S32 270.000 PROJ. 3.900" S C EH-A (Local B)
S33 20.745 150.450" S H Inside (Post sit)

; S34 20.962 150.450" S H Inside (Post sit)
335 21.179 150.450" S H Inside (Post sit)

j S36 144.384 199.500" S H Inside (Post sit)
337 144.628 199.500" S H Inside (Post sit)
S38 144.873 199.500"

.
S H Inside (Post sit)

S$4 276.660 Cages numbered 54 through 59 are located,

$55 276.660 on the exterior bolts around EH-B. The
$56 28.276 system used to describe the location of '

557 28.276 the sages is the local system (B).4

i $58 180.000 I

i 550 180.000
1 Notes: 1. Denotes that the gage is located on the feature listed in the

last column.

! 2. The "C" listed in this column indicates circumferential
j nessuring direction relative to the axis of the feature on which

the gage is located. The "H" listed in this column indicates,

meridional measuring direction relative to the axis of the
feature on which the gage is located,

a

A-13
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1

i A-3.4 atrie-Type Strain Cages |
1 1
:

i
,

f

Cage f Horizontal Vertical Tap Noto Gage
1 angle angle test #1 Type
j

i ST-1 89.776 24.000" S 'M 062 On floor, wall radius

| ST-2 226.960 24.000" S H 062 On flosr/ wall radius
j ST-3 89.888 24.000" H C 125 2.250" frors wall

ST-4 90.216 26.320" S C 125 On wall .*

ST-5 00.000 24.000" S H 125 2.000" from wall
ST-6 158.671 154.350 H H 125 On wall

i ST-7 308,386 241.500" H H 125 On wall ;
) ST-6 0.000 PROJ. 4.600" S H 125 EH-A (Local B) t

j ST-9 269.954 PROJ. 3.200" S H 125 EH-B (Local B) {
j ST-10 269.954 PROJ.25.200" S H 125 EH-B (Local B) [
: ST-11 359.622 PROJ. 5.300" S H 125 EH-B (Local B) |
) ST-12 359.479 PE0J.25.750" S H 125 EH-B (Local 3) '

ST-13 270.000 PROJ. 3.300 S M 125 EH-A (Local B) :
'

ST-14 20.962 151.200" S C 125 Inside (Post sit) '

ST-15 144.628 175.375" S C 125 Inside (Post sit)
|

|
| r

I

i

Note 1. The "C" listed in this column indicates circumferential measuring
direction relative to the axis of the feature on which the gage is [located.

I The "H" listed in this column indicates meridional measuring '

i direction relative to the axis of the feature on which the gage
is located.

<

| Cage Type
125: 062:

| '125MW 062MW
)
,

|

HORi20NT AL POSITION
esat vitaagt e4 0 g.taa$g caut 0 444.6 uma g.saa,6
(ENat (t%3tw Actw nictm tfN3tm (f%3tw wiet, 4 37.

O SM E5 1lo cP c W E3 0 $M cp 092 E5 ; FM c' 0 0N ($ o tu ce

J ts is 43 39 C # 15d if # S3 c A 8 S' f1 N f 9 C* t iP f 3 4 77 cs ;

j vr. s n Sm.oua .i rt . o e., vr.sn e n. . c a a n s s e a-

i

i

l
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I

I

|

| A-3.5 Tee-Rosette. Strain Cagga >

|

| This report lists the locations of the Tee-Rosettes installed post sit. 1

The measured point on each Tee-Rosette gage is the center of the sage. The !
coordinate system used to locate each Tee-Rosette sage is the global coor- [
dinate system. [

!

The "Tee *-gages were attached to the outsido concrete surface between two |
well-defined cracks that developed during the Structural Integrity Test. i

| l
i i

,
,

) !.D. Azimuth Vertical

4
- i-

TR-1 | 90.271 | 266.500" (,.

3 .

j TR-2| 90.814 | 266.500*

l TR-3| 91.355 | 266.500- |
1 ,

) |TR-4 | 91.940 | 266.500*

i
<

1

!

!

!
!

!
a

I

. t

1 !

| !

l
.

3 I

.

1 '

I
4

\ I

1 !
i i
l

'

|
4

i i

)
4 1

J 41, i

'
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A-4. DISPLACCHENT CAGE DATA

A-4.1 Descrietion of coordinate Systems

1. The location of each gage is described using the (a) global,(b) local or
(c) cartesian coordinate system as defined below. The coordinate system
(a, b, or c) used to describe the location of each gage is noted in
column 4 of the listed data,

a. The global aoordinate system is used to describe the location of |
gages about the vessel. Angular location of each gage is in a clock-
wise direction from penetration EH-A centerline (00 degrees) es
viewed from above the vessel. The vertical location of each gage is

|
from a benchmark located outside the vessel and marked .1.667 ft.

'
i

b. The local system is used to describe the location of gages about the
penetrations. The local system is a cylindrical system with the
zero-degree orientation at the top and angular increases in the
clockwise direction (viewing the penetration from inside the model).
The linear measurement recorded indicates gage location relative to
the data identified on the detail drawing of the related penetration.

c. The cartesian coordinate system is used to describe the location of
gages located on flat features of penetrations (i.e. PL-A). The
center of the penetration is the origin of this system with the "x"
axis being horizontal location and the "y" axis being the vertical
location (as viewed from inside the model). The sign preceding each ;

recorded value is pictorially represented below.

Y+

X- X+

|

,

Y- |

|

2. Displacement anges are listed together in assigned numerical sequence.

3. The measured point of each cable-type displacement gage is the cable
port.

4. The measured point of each plunger-type displacement gage is the point
of contact.

5. The measured point for bridge-type displacement gages is the intersec. I
tion of the plunger and the feature which it straddles.

,

6. Unless otherwise noted, all angular values listed in the horizontal
angle columns are in decimal degrees.

7. Unless otherwise noted, all linear values listed in the vertical columns

are in inches and are relative to the benchmark located outside the
model (-1.677 ft).

1

,

A-16 |
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A-0.2 Data en timplacemggt Camen
This report lists the locations of displacement gases about the Reinterced- '

Concrete Model. Work this report with drawings A8 through A10, which are
located at the end of this appendix.

:
'

Gage
!.D.f Ser. # Horizontal Vertical Attachment point Hote #1 i

'

___AD! e - location _ Hori2pntal Verticall ,_,

D-1 A31224 353.395 155.587" 0.000 156.370" Column
D-2 A31209 355.452 175.920" 0.000 176.370" Column
D-3 1021 2.664 Local (B) 0.400" EH-A |

D4 10!? 270.000 Loc al (B) 0.400" EH-A
D-5 1080 0.000 Loc d (B) 11.250" EH-A
D-6 983 270.000 Loca. (B) !!.100" EH-A
D-7 5024 180.000 Loc,il (B) 0.050" EH-A
D-8 5017 180.000 Local (B) 1.100* EH-A

j D-9 4996 270.000 Local (B) 0.100* e5.000 EH-A
,

D-10 5035 270.000 Local (B) 1.200" *S.000 EH-A'

j D-11 4990 0,000 Local (B) 0.200* EH-A
|

1 D-12 5018 0.000 Local (B) 1.200" EH-A '

| D 13 5031 90.000 Local (B) 0.200" *5.000 EH-A ;

D-14 4995 90.004 Local (B) 1.200" *5.000 EH-A -

D-15 A15776 87.388 166.963" 90.000 166.563" Column i
D-16 4004 0.000 t Local (B) 1.000" PL-A Ext. i

! D-17 3999 90.000 Local (B) 1.000" PL-A Ext. (
J D-18 7725 Local (C) X. 00.000" Y +00.700" PL-A
1 D-19 7721 X.+03.200* Y +00.700" PL-A*

l D-20 7720 " X. 00.000" Y +04.950" PL-A
D-21 7722 Local (C) X +0).200" Y.+04.950" PL-A
D-22 A31218 177.412 157.353" 180.008 157.220" Column
D-23 A31212 180.328 178.060" .80.008 177.220" Column ,,

J D-24 1018 2.003 * Local (B) 0.400" EH-B !
D-25 1022 92.003 0.200" EH-B

,

"
,

! D-26 1023 0.000 14.750" EH-B |
"

l D-27 1012 90.000 i14.500" EH-B"

I D-28 1016 2.003 28.500" EH-B L*

! D-29 1020 92.003 28.500" EH-B"

) D-30 5004 180.000 * Local (B) 0.100" . EH-B
'

| D-31 5034 180.000 1.100" EH-B :
*

1 D-32 5030 270.000 0.100" *2.000 EH-B"
,

j D 33 4992 270.000 " 1.100" *2.000 EH-B |
) D-34 5023 0.000 " 0.100" EH-B i

| D-35 5027 0.000 " 1.100" EH-B (
D-36 5000 90.000 0.100" *3.500 EH-B"

D-37 5006 90.000 1.100" *3.500 EH-B"

) D-35_. *011 180.020 _ te c c i _( Bl. . __ ? L 7 0 3 " EH-B Ext.,

I Note 1. This column lists the locations of the gage anchor points.

1 * Tor gegen on the equipment batches the values listed in the
i horizontal column are measured from the pressure seating sealing
j surface.

,

Cages D-24 through D-37 are plunger type. Cases D-24 through D-29 |
are located inside EH-B. ;

{ The value listed in the horizontal angle column plus 180 degrees !
! locates the opposite end of the gage. The values listed in the !
.

attachment horizontal column represent the outward proj ection f som i

{ the inside sealing surface of EH-B. For gages numbered D-9. D-10 |

| D-13. D-14 D-32. D-33. D-36 and D-37 the values listed in the
- attachment vertical column repres.nt engular orientation relative 1

) to the sleeve O.D. required to clear the curvature of feature 19-A. |
| l
| A-17 {
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The following report lists the locations of disrtacement gages about the RCH.

Ccge
I.D.f Ser. # Horizontal Vertical /4ttachment point Note #1

angle location Horizontal Vertical

D-39 4986 180.000 Local (B)' 28.800" EH-3 Ext.

D-40 7719 180.000 Local (B) Horizontal 137.220" EH-B Ext.
D-41 3029 270.000 Local (B) 27.800" EH-B Ext. j

D-42 5013 270.000 Local (B) 28.800"' EH-B Ext. 1

D-43 7724 270.000 Local (B) Horizontal 157.220" EH-B Ext. |
D-44 5015 0.000 Local (B) 27.700" EH-B Ext. '

] D-45 4985 0.000 Local (E) 28.700" EH-B Ext. !

| D-46 7723 0.000 Local (B) Horizontal .77.220" EH-B Eat.
j D-47 4988 90.000 Local (B) 27.800" EH-B Ext.

D-48 4998 90.000 Local (B) 28.900" EM-B Ext-
D-49 7726 90.000 Local (B) Horizontal 157.220" EH-B Ext.
D-50 A27985 83.727 24.000" 83.727 56.500" R=127.437",

D-51 A30811 179.741 228.100" 180.000 231.375" Columns

D-52 A30810 270.851 232.100" 269.415 231.328" Column
D-53 J-6 45.000 240.000" R. 14.250" Top / Col Top /Columu >

) D-54 A27980 354.292 24.000" 354.183 71.650" R=129.687"
D-55 A31400 356.896 24.000" 356.918 132.000" R=130.000" >

q D-56 A31215 357.795 181.100" 000.000 177.600" Column ;
D-57 A31244 350.190 24.000" 358.133 215.600" R-118.162" f

D-58 A31242 338.385 216.865" 359.843 216.000" Column |.

D-59 A31240 358.836 240.600" 359.657 239.719" Top / Column
.

D-60 A27510 359.392 24.000" 359.300 286.650"- R-118.162" l

D-61 A30998 | C4.791 D-61 and D-62 Horizontal Track BTH/ Concrete
D-62 A31257 84.791 Measuro Lift From R-23,750" TO R=108.875"#

D-63 A27778 98.046 D-63 and D-64 are Hounted Internal Vertical ;

D-64 A31158 98.046 Track System Between 29.187" and 291.30"
D-65 A27774 278.084 D-6" and D-66 are Mounted Internal Vertice'.
D-66 A31254 278.C34 Track System Between 29.312" and 291.70"

' D-67 A277?6 102.481 D-67 and D-68 are Mounted Exterior Vertical
D-63 A31255 102.481 Tydek System Between 24.000" and 268.300" !

: D-69 A27777 285.000 D-69 and D-70 are Mounted Exterior Vertical
D-70 A17140 285.000 Track System Between 25.750" and 267.100"
D-71 A3 ". '9 7 2.431 D-71 and D-72 are Hounted Internal Vertical ;

i D-72 A?. :56 2.431 Track System Between 30.875" and 98.120"
i D 73 A'' i ]O3 182.778 D-73 and D-74 are Mounted Internal Vertical. *

| D-74 A.424/ 182.778 Track System Between 29.987" and 97.600"
D-75 A31004 358.825 D-75 and D-76 are Mounted Exterior Vertical !
D-16 A31245 358.825 Track System Botvecn 23.875" and.99.937" !

L
t

Note 1. This column lista the locations of the gage anchor points.

'
,

h

i

!

i.
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The following report lists the locacions of displacement gages.meunted-
inside the RCM.

;

i

Gage Attachment point
I.D.# Sor. # Horizontal ' Vertical anglo Note il

angle location. Horizontal Vertical i
;

i
D-77 A30999 179.091 D-77 and D-78 are Mounted Exterior Vertical j
D-78 -A31246 179.091 Track System Between 25.937" and 101.625"

~

+

D-79 A31237 90.000 325.400" 90.000 332.055" R-88.875" ;

D-80 A31223 90.000 325.400" 90.000 370.875" R 49.000"
D-81 A31211 89.861 287.225" 89.890 287'965" R-69.000".

. D-82 A31214 89.773 301.325" 89.658 313.865" R-69.000" i

h D-83 A31401 90.000 325.400" 90.000 349.232" R-67.250", '

'
: D-84 A31239 90.000 325.400" 90.000 387.272" R-32.875"
! D-85 A31208 90.000 325.400" 90 000 410.952" R-15.125"'
f D-86 A31235 00.000 325.400" 00.000 418.875" R-0.00

D-87 A31233 133.436 156.447" 134.110 155.875" Column. ,

D-88 A27981 176.484 24.000" 176.484 71.750" R-128.437"
D-89 A31398 179.218 24.000" 179.181 139.870" R-124.344" ,

i D-90 A31230 182.136 217.506" 180.000 216.137" Column :

D-91 A31243 177.352 39.750" 177.612 216.137" R-108.187" j
D-92 A31210 177.862 240.900" 180.000 239.937" Top / Column i

D-93 A27509 178.350 39.750" 178.476 287.600" R-108.000"
"

D-94 A31225 177.352 288.900" 180.000 288.200" Extend / Col |
D-95 A30859 , 22.t J65 24.000" 225.207 71.570" R-129.187" '

' D-96 A31238 230.166 72.134" 228.376 71.820" Column !
D-97 A31216 229.278 102.500" 228.376 102.560" Column I
D-98 A31399 227.626 24.000" 227.626 131.720 R-129.500" i,

D-99 A31228 232.659 134.47C" 228.571 134.450" Column |D-100 A31217 233.531 156.304" 228,571 156.000" Column !
D-101 A31241 235.556 185.420" 228.484 184.850" Column |

D-102 A31220 238.986 214.330" 228.276 215.063" Column |
D-103 A31222 227.912 240.900" 227.860 240.750" Top / Column r

'

D-104 A31249 223.198 24.000" 222.980 215.600" R-126.312" |'
D-105 A27511 225.933 24.000" 225.954 287.150" R-126.375"

'

D-106 A31231 275.685 240.900" 289.435 241.062" Top / Column
D-107 A34221 296.542 240.900" 304.482 241.390" Top / Column
D-108 A31232 003.270 239.300" 311.949 241.469" Top / Column j

, D-109 A31227 310.390 156.291" 315.024 156.000" Column
! D-110 A31226 312.133 214.131" 315.088 214.313" Column

D-111 84202-5 0 000 Gages Numbered D-111, D-112, and D-113 are
i D-112 84202-2 90,000 Hounted 0 Hud Hat / Base Hat Intersection

D-113 84202-1 225.000 Hoasuremont Direction is Moridional.4

D-114 A30996 243.906 91.500" | 243.906 |85.500"| Beltline
J

!

i Note 1. This column lists the locations of the gage anchor points.

!

s

.

i
,
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The following report lists the locations of- displacement gages mounted
about the RCM.

Gage Attachment point
I.D.f Ser. # Horizontal Vertical angle Note #1

angle location Horizontal Vertical,,

-.- . -= -.

D-115 A31001 275.643 201.250" 275.643 194.625 Beltline
D-116 A27967 182.837 135.228" 180.000 135.770* Column .

D-117 A30858 272.377 135.000" 270.143 135.820", Column
D-118 84185-7 0.434 133.250" Circumferential
D-119 84185-15 20.970 151.375" Circumferential
D-120 84185~17 69.482 140.000" Circumferential |

'

D-121 84185-14 95.669 26.250" Heridional
,

D.122 84185-9 141.772 269.000" Heridional
D-123 84185-10 144.632 175.000" Circulate rential

i D-124 84185-16 180.582 130.000" Circumferential
D-125' 84185-13 270.000 23.000" Meridional
D-126 '

2

D-127.

; D-128 ,

D-129 r

D-130
D-131
D-132 -+

D-133 f,

; D-134
' D-135

D-136
D-137

L

D-133 A31251 90.000 325.400" 90.000 400.505" R-15.125",

D-139 A31250 90.000 32).400" 90.000 416.920" R- 7.875" ;

,
D-140 A17137 102.481 259.876" Vert. Track to S.W. Corner Beam [
D-141 A16962 285.000 255.813" Vert. Track to N.E. Corner Beam t

! !

|

Notes
,

!;

1. This column lists the locations of the gage anchor points.
|

2. Gages numbered D-118 through D-125 were installed over cracks [
i which appeared after the low-pressure test. The measured point i
j for the gages numbered D-118 through D-125 is the point of (j intersection of the plunger and the crack over which the plunger
j extends.

[
i

|;
i

) '

[

!
!

,

|
!

! I
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A-5. THERH0 COUPLE LOCATIONS

!'

I
'This report lists all thermocouple locations. and should be worked with

drawings A5-A7, which are located at the end of this appendix.
,

l

\-

I.D. f Azimuth Vertical
!(decimal degrees) (inches)

T1-T43 Embedded in the containment wall: see figures in the,

1 body of the report for locations

I~
T45 00.000
T44 00.000 135.870"

Proj. 0.500" EH A (Local B)'s

T46 1.000 189.140"
T47 45.406 161.940" ?

'

, ,

T48 43.333 249.300"
'

T49 89.500 27.300"
TSO X-( .150") Y.(+.500") 'PL-A (Local B) f
T51 90.000 171.980"
T52 90.910 314.689" I

T53 128.281 241.810"
T54 180.000 136.670"
T55 158.058 152.750"

; T56 180.570 197.570"
T57 210.000 27.800"
T58 227.300 106.220"
T59 229.555 285.850"
T60 85.110 416.000"

) T61 271.000 99.330"
T62 262.804 185.500"
T63 306.941 243.100" I

T64 329.261 27.500"
T65 180.000 Proj . 0. 300" EH-A (Local B)
T66 0.000 Proj . 0. 250" EH-A (Local B)

'
< T67 182.859 .400" EH-B (Lecal B) i

i T68 270.000 15.875" EH-B (Local D) ,

T69 358.713 15.875" EH-B (Local B)
) T70 355.711 Proj . 2 9. 000" EH B (Local B) !
'

T71 0.000 Exterior Bolt EH-B Cover- |
T72 150.236 Exterior Bolt EH-B Cover "'

; T73 Thermocouples Numbered T73 and T74 are Located r

- T74 Outside the Model Under TB-6 to Honitor Ambient i

! .| | !
\
l !

!

?
|
i

I

(
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A-6. VELDABLE GAGE LOCATIONS

This report lists the locations of weldable gages. Work this report with
Drawing A5, which is located at the end of this appendix.

I.D. # Azimuth Vertical isoto #1
-

W278 89.543 L '+ . 0 0 0 " C Floor to Wall Radius
W279 89.543 e6.420" C
W280 89.543 28.420" C
V281 89.153 2^.000" M Floor to Wall Radius
W282 89.153 26.000" M
V283 88.762 28.520"- H
V284 210.000 24.000' C Floor to Vall Radius
W285 210.000 26.600" C
V286 210.000 28.600" C
V287 210.000 24.000" M Floor to Wall Radius
W288 210.000 27.000" M
V289 210.000 28.700" Mi

V290 329.565 24.000" C Floor to Wall Radius
V291 329.565 26.600* C
V292 329.565 28.400" C
W293 330.000 24.000" M Floor to Wall Radius
W294 330.000 26.200" M
V295 330.000 28.200" H

I

Note 1. The "C" listed in this column indicates circumferential measuring
direation relative to the axis of the feature on which the gage in
located. The "M" listed in this column indicates meridional
measuring direction relative to the axis of the feature on which
the gage is located.

,

A-22
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A-7. RTD LOCATIONS

i
Work this report with Drawing AS, which is located at the er.d of this ap-
pendix.

Type /I.D.# Azimuth Radius Vertical |

RTD-100 286.859 66.000" 184.000" |
RTD-101 286.859 65.000" 89.500"

'

RTD-104 151.912 69.000" 184.500" :
RTD-106 151.912 70.000" 280.400" l

i RTD-107 286.859 65.000" 280.744"
| RTD-108 44.166 67.000" 184.000"
l RTD 109 44.166 66.000" 99.500" !
! RTD-110 151.912 71.000" 88.500" i

RTD-111 284.985 67.676" 353.400" i

RTD-112 153.038 72.785" 351.400" !
RTD-113 63.254 53.330" 351.400" I
RTD-114 44.166 66.000" 280.650" I

i

lNote: All temperature devices listed on this page are located using the !

*

global coordinate system (a). |,

A-8. ACOUST.tC SEUS0RS

'

This report describes the locations of the pan acoustie sepaors.
'

I.D._ ,_. _ Azimuth Verti,g31
,

#1 PAC 140.099 27.450" !
#2 PAC 234.140 28.250" I
#3 PAC 319.882 27.900"
#4 PAC 49.819 28.600"
#5 PAC 236.551 Exterior EH-B (Local B)
#6 PAC 114.000 Proj. 12.150" EH-A (Locs1 B)
#7 PAC 315. 156" (Location Estimated)
#8 PAC 135. 116" (Location _ Estimated),

A-9. TILT SENSORS

This report lists the locations of the tilt sencors mounted about the rein-
forced-concrete model.

~~~

,
I.D. Ser. # Azimuth Vertical Notes

f

1 0118 90.000 235.850" ' Top Column Oriented 90 dog.
~~

2 0122 180.000 235.850" Top Column Oriented 180 deg.
3 0123 0.000 127.000" Top of Track System 0 0 dog.

I 4 0116 0.000 23 500" Ext. Rail Moment Arm =124.750"
5 0117 93.612 21.000" Mounted on Top Outer Edge

of Base Mat
6 0124 90.00C 23.500" Ext. Rail Moment Arm =126.000"
7 0115 180.000 '?7 C'o" Top of Track System 0 180 det.
9 0120 2 2 5. ORD _,_,, 23.500" E m _Rgil Moment A rm :129.000"d

" A-23
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A-10. EH-B EXTERIOR O-RIn'G DETAILS

A-10.1 Measurements of EH-B O-Rinn Grooves

This report lists the exterior EH-B 0-Ring groove details.

Inside 0-Ring Groove Outside 0-Ring Groove
Angular Station Depth Radius Width Depth Radius Width

0 .102" 20.050" .117" .101" 20.290" .119"
|36 .098" 20.100" .113" .100" 20.350" .116" i

72 .100" 20.060" .115" .102" 20.310" .117" |

90 .099" 20.030" .116" .101" 20.280" .120" ,

108 .16 1" 20.010" .115" .100" 20.260" .118"

144 .100" 20.040" .115" .102" 20.280" .118"
180 .100" 20.060" .119" .101" 20.300" .121"
216 .099" 20.120" .118" .101" 20.360" .116"
252 .100" 20.110" .115" .101" 20.360" .116"
270 .101" 20.090" .115" .101" 20.315" .117"
288 .302" 20.070" .114" .101" 20.310" .117"
324 .101" 20.040" .115" .102" 20.280" .118"'

,

.

'A-10.2 S.grface Finish for Crooves in Eaulement Hatch B

The table below cantains the surface finich values of the exterior EH-B
0-Ring groovas which were taken at three approximately eqt: ally spaced sta-

'
tions. !

.

'

Surface Finish Surface Finish ;

Inner 0-Rin8 Groove Outer 0-Ring Groove

Sample 1 80 80
$empic 2 100 90
Sample 3 30 72 '

!

h

.

E >

b

!

i

i

h

i

'
i
r

!

!
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A-10.3 Tonauen and Seated 0-Rinna

This report details the cutside sealing tongues for EH-B outside cover.
m

Angular Inside Tongue Outside Tongue
Station I.D. Thickness O.D. Thickness

0 'Is ~ 40.222" 0 .048" 40.787" 0 .043"
180 .044" 180 .044"

36-216 40.216" 36 .047" 40.784" 36 .043"
216 .045" 216 .044"

72-252 40.220" 72 .046" 40.790" 72 .043" i
252 .043" 252 .045" '

j 90-270 40.218" 90 .046" 40.738" 90 .044"
i 270 .048" 270 .043"
( 108-288 40.225" 108 .046" 40.792" 108 .045"
l ,

288 .048" 288 .043" !

324-144 40.228" 324 .048" 40.800" 324 .043"
! 144 .047" 144 .044"
I

,

The following table lists the tongue heights relative to the inner,
central, and outside sealing surfaces of the outside cover. ;

.l
; Angular

i
Station Inner Central Outside

t

' 0 .048" .062" .052"
36 .046" .065" .052" t

.
72 .046" .066" .053" :

90 .047" .065" .052"
108 .046" .063" .051" |
144 .048" .065" .052"

'180 .045" .065" .053"
216 .048" .065" .053"4

252 .046" .066" .052"
d 270 .046" .065" .053"

288 .046" .065" .052"
324 .046" .062" .052"

!

l

i

;

i

:|
l

I
;
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A-10.4 Distance Valuc-n of O-Rings in Eauipment Hatch B

The following table lists the distance of the seated 0-Ring relative to the
exterior mating surface-of EH-B. All values listed in the table are below
the mating surface. Values listed in Column 1 are measured prior to sit.
Values listed in Column 2 are measured post sit. Values listed in Column 3
are the new set of 0-Rings installed and measured prior to bi-pressure.
All values listed in Columns 1, 2, and 3 are in inches. '.

I

Angular Inside 0-Ring Groove Outside 0-Ring Groove
Station l' 2 3 1 1 2 3 1 2 3 1 2 3

,

!
'0 .010 .016 .015 .022 .030 .035 .021 .022 .018 .030 .026 .030

'36 .017 .020 .006 .031 .025 .019 .023 .022 .012 .032 .027 .023 ;

72 .022 .022 .014 .032 .029 .025 .024 .019 .018 .034 .020 .026
90 .014 .014 .021 .025 .026 .025 .025 .017 .025 .033 .028 .030

108 .016 .010 .013 .026 .025 .021 .020 .013 .025 .031 .027 .030
144 .016 .012 .011 .028 .027 .023 .025 .020 .021 .036 .034 .024
180 .010 .020 .025 .022 .021 .035 .020 .020 .030 .035 .032 .040
216 .019 .022 .020 .030 .025 .028 .023 .012 .023 .034 .018 .026
252 .023 .024 .021 .029 .026 .028 .022 .020 .015 .034 .013 .028
270 .016 .024 .019 .027 .027 .032 .027 .011 .023 .035 .026 .033
288 .020 .006 .020 .030 .025 .030 .023 .002 .025 .031 .018 .029
324 .023 .014 .015 .033 .030 .027 .022 .015 .015 .032 .032 .026

;

i

|

i

I
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This report describes the design, construction, and instrumentation of a 1/6-scale rein-
forced concrete containment building that has been built at Sandia National Labora aries
in Albuquerque, New Mexico. The model Light Water Reactor (LWR) containment building was
designed and built so the American Society of Mechanical Engineers (ASME) Cc3e by United
Engineers and Constructors, Inc. The containment model will be tested to failure to
determine its response to static internal overpressurization. The results from testing
the heavily instrumented containment will be used to assess the capability of analytical
nethods for predicting the performance of containments subject to severe accident Joads
as part of the U.S. Nuclear Regulatory Comission's program on containment integrity.

The scaled dimensions of the cylindrical wall and hemispherical dome are typical of a
full-size containment. Features representative of a prototypical containment and included
in the heavily reinforced model ate equiptent hatches, personnel airlocks, several small
piping penetrations, and a thin steel liner attached to the concrete by headed studs. '

Over 1200 channels of instrumentation will be used to assess the model's behavior during
testing. Several video and still camera stations are also used duri 1; testing of the
containment for ooth data gathering purposes and for support in conducting the test. ;
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