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l..' Introduction

A review of the Containment Structure of the Donald C.
Cook Plant was undertakan for the purpose o= obtaining a rough
estimate of the ultimate sirength of the containment to resist
internal pressure loads. Due to the fact that D.C. Cook Units
1 and 2 make use'of ice condensers, the design pressure for éhe
containment structuse is much lower than the dry containments
such as TMI 22, . .

2. Description

2.1 Containment Dome and Cylinder

’

The cylinder has an inside radius of 57.5 ft. and a height
£rom the base mat to the springline of dome of approximately 113

:ft. The cylinder walls have a thichness of 3.0 ft. of reinforced

concrete and an inner steel liner with a thickness of 3/8". The -
reinforcing is generally two layers of 718 @ 18" o/c in *he hoop
direction.

The dome is‘essentiallj hemispheric with a thickness that
varies from 3 £t. at the springline and 2 f£t. at its peak. The
reinforcing pattern generally is two layers of %18 @ 18"’o/c in
both the meridional and hoop direction. ’

2.2 Penetrations

The containment cylinder has many pénetrations for piping,
electrical conduct, etc. The two largest are the ecquipment hatch
anéd the personnel hatch. -In general, the liner platnvsur:oundinq
the ovening has a thickness of 3/4", which satisfies the area
replacement rule of onenlngs in pressure vessels. The reinforcing
bars are either bent aroung the opening or are lntéfrupted. Thick-
ening- of the concrete around the opening is only provided at the
equipment hatch and personnel hatch. 1In the case.of these two
hatches, practically all the bars are interrupted and anchiored by
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means .of a cadwell connection weld to a steel plate.

| . The equipment hatch cover is mounted on the outside of
| .. - the penetration barrel and is bolted to the barrel. .The hatch
’ cover also accomcdates a seconé personnel-air lock. TQe hatch. *
_ cover is 4" thick ASTMAS16 Gr. 70; however, due to the size, the
v plate is spliced and bolted together. In addition, the personnel
air lock cover is 1" thick. The openings for the equipment hatch
and the personnel air locks are abcut 20'Zt. and 10 £t. éespectively.

2.3 Foundation Base Mat

The mat is not an ideal circular disk with a thickness of
10 £ft, due to the pits and depressions, such as those reguired by
the reactor, instrumentation, refueling canal, etc. The top is ~
lined with 1/4" steel plate.

*

2.4 rane Wall

e e The crane extends from the base mat up 115 ft. to a little
' above the spring line of the dome. The operating deck acts as a
diaphram and is located about 54 ft: above the-'mat. While the
crane wall forms a cylinder above the operating deck, below the

operating deck the wall is not continuous in the hoop direction.

«

10
(R}
[T
[t







. .
.
.
. b
.
.
H L
. .

-
-

3. Analjsisl“

3.1 General

-

A review was undertaken of pertinent material f£rom the

FSAR and amendments.: Additional familiarity with the structures

was obtained by a review of the engineering drawings ‘and certain
vendor drawings. Dead loads and pressure loads were éhe only
loads considered. Inasmuch as an. estimate of ultimate capacity

is desired, the elements of the structure were examined and likely
failure mechanisms were postulated. In general, the -failure mech-
anism was considered one where general yielding occurred Que to
primary stresses.- Secondary stresses would not be a £actor in
significantly'reducing ultimate capacity in a ductile structure.
Under ultimate conditions self relieving stresses caused by thermal
effects and geometrical constraints were ignored due to the fact
that these efféects have little effect on the ultimate Eapacity
under internal pressure and would be less than the margin of error

‘implicit in approximate methods used in this analysis.

“
.

3.2 Containment Dome

Based upon a failure mechanism due to membrane yielding
of both the rebar and the liner, the ultimate pressure was calcula-

.

ted as 85 psig.
3.3 Containment Cylinder

Neglecting for the moment the effect of the penetraions, the
failure mechanism in the hoop direction is the result of yielding
of both the hoop rebar and the liner in the hoop direction. The
ultimate pressure was calculated as 56 psig. In .meridional direc-
tion, the failure mechanism is more complicated for several reasons:

(1) The liner is not anchored iato the mat and therelore
cannot carry meridicnal Zorces until the ancherage

' of the liner can provide adeguate shear anchorage.
(2) The dead load effect of the ccntainment structure
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in resisting préssuretgéads increases for lower
elevations. | ™
- ) (3) The anchorage of verticals into the mat may not
' fully develop the vield stress of tﬁe_;ebar.

The mechkanism considered for the anchorage is that diagonal
cracks will form from the ends of the hooked meridional bars. The
resistance. provided for the anchorage consists of the:concrete
plug, the weight of £ill concrete, the pressure acting on the mat,
and vertical 7ll bars which wers placed probably because of thé two
layered concrete pcur of the mat. The vertical #1l bars were not
considered very effective in increasing the anchorage capacity. -

' Discontinuity moments and shears were-neglected in this
analysis. The effects while resulting in very high stresses
under elastic conditions are self relieving. Based upon the ober-
vation of the reinforcing in the haunch of the cylinder and the
liner "knuckle" deéetail, these effects should not have_significant
effects on the ultimate pressure load.

If the rebar were fully anchored into the mat the ultimate

wme v pressure would be 72 psig. Because of the anchorage detail used,

the ultimate pressure is reduced to about 46 psig.
3.4 Equipment Hatch

3.4.1 Hatch Cover

The hatch cover is complicated by the personnel air lock
and the fact that a splice was necessary. Due to the complexity
of the structure several mathematical models were examined. If
the éplicing detail acted as a beam the ultimate capacity would
be limited to approximately 17.3 psig. EHowever, if it is ass-
ummed that the splice can transfer plate bending moments in full,
the ultimate pressure would appyoach that of a 4" thick circular
plate, namely 52 psig. A check of the splice; however, indicates
that the ultimate would be limited to about 24 psig.

The hatch cover is located outside of the containment:
therefore, the pressure will place 'the bolts in tension. The
ultimate capacity of these bolts is equivalent to-53 psig.

- RN * .- N - . e




«,




3.4.2 Containment Reinforcement -..’ -

The concrete is thickned surrounding the equipment hatch and
additional reinforcing is placed. The liner is thickned in accor-
dance with the rule of area replacement.

A failure mechnaism was assumed in which the hcop and meri-
dional forces are carried by reinforced concrete beams .which are
formed on each of four sides. The liner carries considerable
membrane force in both the hoop and meridional direction. The
equirment hatch is located sufficiently above the elevation of the
mat so that theﬂmeridional forces carried by the liner are trans-
ferred to the concrete wall above the elevation of the knuckle.
The ultimate pressure load for this case was calculated at 38 psic.

3.5 Personnel Air Lock

.

"3.5.1 General

There are two personnel air locks for each containment struc-
ture. One of the personnel air locks is incorporated into the
equipment hatch cover, while the other is independently anchored
to the containment cylindrical wall.

3.5.2 Air Lock Cover

The hatch cover is a steel plate of a thickness of 1" with
an access door rated at a design pressure of 18 psig. Stiffening
plates around the door form part of structural resistance to
external pressure. An ultimate pressure was calculated as 40
psig; however, it should be established as 36 psig, twice the
design capacity of the door.

;1 As was the case for the eguipment hatch, the bolting has

greater capacity that the plate material itself,

3.5.3 Containment Reinforcement
"A failure mechanism was assumed similar to the equipment H

hatch opening. With the assumption that the liner is suificiently
anchored in meridional’'direction, the ultimate pressure load was :
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calculated ' as 64 psié.
3.5.4 Foundation Base Mat

Considering that the mechanism described for the meridional

‘anchorage of the containment cvlinder develops, the mat will not

be loaded so as to cause large bending mcments or shear forces in
the mat, in the area contained within the-crane wall. ‘This judce=-
ment is based upon the distribution of dead and operating loads

of the ‘internal structure.

3.5.5 Crane Wall

The crane wall is a reinforced concrete cylinder supported
on the mat and rises to an elevation just above the springlines,

_for a height of about 115 ft. However an 80° segment is open

which extends for the entire height except foé‘the top 35 ft.
which is a closed cylinder. Due to the opening, the crane wall
cannot carry internal pressures by shell action. Horizontal tan-
géntial forces will develop at the sides of the opening, which
will transfex reactions'to the mat and to.the upper closure cylinder,
Using this mechanism for the pu¥pose of analysis, the ultimate
capacity was calculated as 16 psig.

3.5.6 Operating Deck :

The operating deck is an irregular slab which extends from
the walls surrounding the four steam generators, the pressurizer
and the reactor cavity and instrumentation canal. Selecting a
strip which appears to be critical by inspection, based upon one
way aqtion, the slab is very likely limited to a value not very
different from the design value. It should be assumed that an
ultimate pressure load of about 16 psi. is about all the capadility
that the operat;dg deck possesses.

» -

3.5.7 _Pressurizer and Steam Generator Enclosures

By inscection it ‘appears that ‘theseé structures will posséss

sufficient capability o resist an ‘Qltimate pressure which would
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be 22.5 psig. the pressurizer and the- steam generator enclosures,
respectively. ' ’

3.5.8 Missile Shield

This missile shie;@ structure coﬁsists of concrete blocks
which are held together bv bolted steel rods. A pressure capability
of 55.5 psig. is stated in the FSAR material. Without perfo;ming
any analvsis it would appear reasonable to take this value as
ultimate pressure capability.

3.9 _Small Penetrations

R Since pipe penetrations are designed‘for penetrations, pipe
reactions and thrusts. a1l these would have a high ultimate
strength. Electrical penetrations might need further 'study; how-
ever, even these shéuld have a high ultimate strength in resisting
ruoture.

"W 7..-3,10 Dynamic Effects

In the event the internal pressure is ra§idly developed, the

dynamic effects would change the value of the ultimate pressure

| capability. As an illustration, the containment structure was

i " jdealized as a cylindrical shell. A fundamental period of T=1.6

sec and 1.3 sec was caiculated in the hoop and vertical directions,

| : respectivelv. If the pressure excursion when plotted against time
could be taken as an isosceles triangle, the ultimate pressure
would be close to the static value for time durations greater than
1.0 sec. 'However, assuming a ductility of 3.0, if time durations
weﬁe less than 0.25 sec, the ultimate peak pressure would be at least
three times that of the static value in the hoop direction. 1In the
neridional direction that ductility is limited due to féct that a

‘ major portion of the resistance is dead load ané the fact tha: the

1 postulatéd failure mechanism for the rebar. anchorage would not be

i considered ductile. ' |

4. Summary and Conclusion

mhis review was undertaken because pressure excursions might
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occur deu to hydrogen burning which' exceeds’LOCA. Hewaver, the

‘review was confined to structural aspects only; furthermore, the

review was carried out using simplifying assumptions and judgment
of the writer. 1Indeed a rigorous analysis would probably be imprac-
tical considering the enormous computer costs involved in a time

"d@evendant none-elastic analysis. Such anc~analysis normally required

for the design of containment structures is certainly not incon-
siderable. '
In general, the only load considered in combination with

'tie internal pressure is. dead loads.

Nevertheless, the information provided herein can provide
guidance of future directions and decisions.
In general, it appears that the limiting factor for the

‘ultimate pressure capacity of the containment structure is at the

major penetrations, particularly the equipment hatch. If the nature

of the pressure load is one of very short duration the net eiffect

on the containment might be minimized due to long period dynamic
response of the containment structure td internal pressures.

The interior structures appear to be adequate to carry the
differential pressures due to LOCA; however there is not a large

excess margin if this would be needed.
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