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[57] ABSTRACT 
The invention described herein is intended for use pri-
marily as a nuclear containment structure. Such struc-
tures are required to surround the nuclear steam supply 
system and to contain the effects of breaks in the nuclear 
steam supply system, or i.e. loss of coolant accidents. 
Nuclear containment structures are required to with-
stand interna] pressure and temperatures which result 
from loss of coolant accidents, and to provide for radia-
tion shielding during operation and during the loss of 
coolant accident, as well as to resist all other applied 
loads, such as earthquakes. The nuclear containment 
structure described herein is a composite nuclear con-
tainment structure, and is one which structurally com-
bines two previous systems; namely, a steel vessel, and 
a lined concrete structure. 

Whereas the steel vessel provides strength to resist 
internal pressure and accommodate temperature in-
creases, the lined concrete structure provides resistance 
to internal pressure by having a liner which will prevent 
leakage, and which is in contact with the concrete 
structure which provides the strength to resist the pres-
sure. 

9 Claims, 2 Drawing Figures 
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COMPONENT NUCLEAR CONTAINMENT 
STRUCTURE 

This: is a continuation of application Ser. No. 638,318, 5 
filed Dec. 6, 1975, and now abandoned. 

BACKGROUND OF THE INVENTION 
When a steel vessel is used for containment, a sepa-

rate concrete structure is required to provide radiation 10 
shielding. This separate structure therefore cannot pro-
vide resistance to internal pressure, but must carry iner-
tial seismic loads caused by the earthquake. 

When a lined concrete structure is used for contain-
ment, the liner, which is usually steel, has no significant 15 
strength to resist internal pressure loads, and has not 
been considered to be effective in resisting membrane 
shear stresses. The concrete structure is usually de-
signed to resist all significant applied loads. 

For the composite nuclear containment structure, a 20 
concrete structure is placed in intimate contact with, 
and is connected to a steel vessel. The composite struc-
ture may be proportioned so that both the concrete 
structure and steel vessels act together in resisting all 
applied loads. Since both essential components of the 25 
composite nuclear containment structure act, each 
structure need not have the strength required of an 
independent structure. This provides for a design for 
which the thickness of the steel vessel can be kept 
below that thickness requiring complex welding proce- 30 
dures and the concrete structure need not have the 
quantity of reinforcing bars or prestrung tenddns re-
quired for the usual concrete containment structure. 

In addition to the enhanced strength of a composite 
nuclear containment structure with lesser quantities of 35 
materials than usually required, construction proce-
dures may be employed which are much less costly and 
time consuming than those previously required for ei-
ther the steel vessel or the lined concrete structure. The 
composite nuclear containment may be constructed 40 
such that the steel vessel provides support for an inte-
rior crane prior to concrete placement, and provides 
support for winches which are used to place reinforcing 
bars and tendons. These winches can be used for slip 
forming during concrete placement and the steel vessel 45 
acts as an interior concrete form without the need for 
extensive temporary or permanent stiffening. 

This invention relates, in general, to nuclear energy 
containment systems, and more particularly, to a combi-
nation of structural materials which reduce quantities of 50 
materials or stresses or both, and will permit techniques 
which will facilitate construction. 

Nuclear steam generating systems are contained 
within a containment structural system, which must be 
capable of resisting internal pressure and temperature 55 
increases caused by the Design Basis Accident (effects 
of an assumed loss of coolant accident) in combination 
with other loading requirements. The system must also 
be capable of providing radiation shielding during the 
entire life of the nuclear steam generating system, in- 60 
eluding the Design Basis Accident. These requirements 
have been met heretofore in several ways. One method 
is the application of steel containment supported by a 
foundation mat which serves to provide leak tightness 
and resist the internal pressure. A concrete structure, 65 
separated from the steel vessel, usually surrounds the 
steel vessel in order to provide radiation shielding and 
protection for the steel vessel against the effects of tor-

nadoes and other external loadings. This outer concrete 
structure is usually supported on the same foundation 
mat as the steel vessel. During the Design Basis Acci-
dent, the steel vessel expands as it is subjected to inter-
nal pressure and temperature increases. Because of the 
space provided between the steel vessel and outer con-
crete structure is not significantly affected by the De-
sign Basis Accident. However, both structures must be 
capable of withstanding seismic loads which may be 
assumed to be coincident with Design Basis Accidents. 
Another method consists of a concrete structure which 
provides the primary structural resistance to all im-
posed loads. The interior of the concrete structure is 
lined with a membrane, usually metallic, in order to 
provide resistance to leakage. During a Design Basis 
Accident, pressure load is passed to the concrete struc-
ture which is usually reinforced with steel bars, or pre-
stressed by means of tendons, or a combination of both. 
As the liner is heated during the Design Basis Accident, 
it is constrained by the structural concrete which 
carries the pressure load. Because of this constraint, the 
liner, especially a metallic liner, will develop either low 
tensile mechanical strains, or in fact, compressive me-
chanical strains. The development of compressive me-
chanical strains during the Design Basis Accident is 
particularly evident in prestressed concrete contain-
ments. The development of high compressive mechani-
cal strains, and hence compressive forces in the liner 
will be balanced by corresponding tensile forces in the 
surrounding concrete structure. Therefore, the liner, 
while providing leakage resistance, may impose addi-
tional loads upon the concrete structure containing 
embedded reinforcing bars and/or prestressing tendons. 
For reasons of economics, the liners have been selected 
as thin as practical consistent with requirements of con-
struction. In most applications, the liners range from 
about I" to i" in thickness. 

U.S. Pat. No. 3,605,362 issued Sept. 20, 1971 to E. A. 
Sweeney and assigned to Stone and Webster Engineer-
ing Corporation, describes structural assemblies which 
reduces discontinuity stresses, and was considered to be 
especially suitable for reinforced concrete nuclear 
power reactor containment wall connecting to the sup-
porting mat. An inside liner covers the interior of the 
walls and dome as well as the top of the supporting mat. 

U.S. Pat. No. 3,444,725 issued on May 20, 1969 to C. 
T. Chave and assigned to Stone and Webster Engineer-
ing Corporation, describes a nuclear containment sys-
tem consisting of an inner and outer containment struc-
ture in which the annular space between the two struc-
tures is used for a leak detection system. 

U.S. Pat. No. 3,725,198 issued on Apr. 3, 1973 to G. 
A. Harstead, et al, and assigned to Westinghouse Elec-
tric Corporation, discloses a system which consists of an 
inner and outer structure supported on a common foun-
dation mat, the space between the two structures being 
filled with a fluid. 

While the aforementioned containment systems sat-
isfy the requirements of containment, they usually re-
quire either a dual structural system or a concrete struc-
ture with a metal liner which contributes, at best, little 
to the overall structural resistance capability of the 
nuclear containment system. 

Each structure of the dual system must be capable of 
withstanding independently the considerable loads to. 
which it may be subjected. On the other hand, the metal 
lined concrete structure will be subjected to high 
stresses at discontinuities caused by internal pressure, 
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and the previously described thermal effects of the (d) Because of the lesser prestressing or reinforce-
liner, during the Design Basis Accident in addition to ment, and hence lesser stiffness in the surrounding con-
the general loading imposed by internal pressure ther- crete when compared to a typical reinforced or pre-
mal effects, seismic inertial loads, tornado effect, etc., stressed concrete containment structure, the primary 
the metal liner offering little to structural capability. 5 forces developed in the surrounding concrete of the 

present invention will be much less than those devel-
SUMMARY OF THE INVENTION o p e cj ]n typical reinforced or prestressed concrete con-

It is, therefore, an object of this invention to provide tainment structures, 
for a structure which will reduce the effects of disconti- (e) Because the steel vessel becomes the major load 
nuities, and in general, reduce the strength requirement 10 resisting element, there is little or no need to provide 
in the concrete, i.e., reduce reinforcing bars and pre- bending and radial shear resistance in surrounding con-
stressing tendons. crete structure. This results in an elimination of discon-

It is a particular object of the present invention to tinuity stresses without the need for the connection 
reduce the number of tendons and their anchorages and s y s t e m f o r relieving stress in concrete structures dis-
in associated reinforcement as well as reinforcing bars 15 c l o s e d m u s - Pat- N o - 3,605,362 cited above, 
at discontinuities in the case of prestressed concrete. (0 Because of reduced quantities of reinforcing bars 
Furthermore, it is a particular objective of the present o r prestressmg tendons, the thickness of the concrete 
invention to reduce the quantity of reinforcing bars in surrounding the steel vessel may be less than that usu-
reinforced concrete structures required to resist mem- required m concrete containment structures. This 
brane forces caused by pressure and temperature ef- 2 0 ' e d u c e d thickness also reduces mertial forces resulting 
fects, seismic ground motions, tornadoes, etc. It is also from seismic ground motions. 
an objective to reduce the quantity of reinforcing bars ^ 1 h e extensive anchorage system necessary to tie 
and to simplify the arrangements of reinforcing bars t h e l l n e f . t o h e c° f

n c r e tf 18 r e d u c f d w h f n compared to 
and/or t ndons at discontinuities conventional reinforced or prestressed concrete con-211. , , e n , . . , . . , 25 tainment structures. The steel vessel has sufficient thick-Another object of this invention is to provide for a . . , M 1 . .. , , , . J , A ^ . „ , . , ... . ness so that the following erection methods may be new and improved structural system which will sim- emnloved-
plify construction ofthe containment by providing for a J T h e

:
v e s s e l i s e r e c t e d w i t h o u t t h e n e e d for e x t e n . 

metal vessel substantially thicker than liners used with s i v g t a n d p e r m a n e n t b r a c i n g required of steel 
concrete containments, and by reducing congestion of 3Q j i n e r s 
reinforcing bars and tendons within concrete (b) The steel vessel may be used as a form for place-

Bnefly described, the present invention relates to a m e n t o f c o n c r e t e w i t h g r e a t l y r e d u c e d s t i f f e n i n g a n d 
unique combination of structural elements, in order to s h o r i n g r e q u i r e d t o preclude buckling and deformation 
permit increased participation of all elements of the o f a s t e e l l i n e r d u e t o t h e c o n c r e t e d e a d weight and 
system in resisting loads and to facilitate construction 35 hydros tatic pressures which develop prior to hardening 
and reduced duration of construction. the concrete. 

The sealed containment system consists of a steel (c) The steel vessel may be used to support an interior 
vessel which is sized to carry all, or at least a significant c r a n e t o facilitate construction inside of containment 
portion of the imposed loads, and to eliminate the need without waiting for the concrete construction to pro-
for post weld heat treatment or other costly and time ^ c e e d t o t h e s u p p o r t i e v e i Df the crane or the extensive 
consuming erection techniques. Surrounding, and in stiffening of the metal liner. 
contact with the steel vessel, concrete is placed which (d) The steel vessel may be used to support winches 
provides for radiation shielding, and which participates a n d thereby eliminate the need for high capacity cranes 
with the steel vessel in carrying loads through compos- required for reinforcing bar or tendon duct placement 
ite structural behavior. 45 forming operations, and concrete placement. 

The fact that the steel vessel of the present invention For a better understanding of the invention, reference 
is substantially thicker than the steel liner of a typical m a y be had to the accompanying drawings in which: 
concrete containment structure, and the fact that the FIG. 1 shows an elevational cross-section view of a 
reinforcing bars and/or tendons required is much less reactor containment system in accordance with this 
than that required in a concrete structure results in a 50 invention; and, 
major difference in the relative stiffness when the pres- FIG. 2 shows a sectional view along lines I—I of 
ent invention is compared to the concrete containment FIG. 1. 
structure. The relative stiffness of the steel vessel and 
the surrounding concrete results in the following bene- DESCRIPTION OF THE PREFERRED 
ficial and unique behavior: 55 EMBODIMENT 

(a) Growth of the steel vessel in order to accomodate Referring now to FIGS. 1 and 2 of the drawing, an 
temperature increases which can occur without devel- example of composite containment which may enclose 
opment of large tensile forces in the less stiff surround- nuclear steam supply system is depicted therein. The 
ing reinforced or prestressed concrete. containment system consists of a steel vessel 1 com-

(b) Because thermal growth of the steel vessel is ac- 60 posed of a cylinder 2 and a top dome 3. Surrounding 
commodated, the steel vessel can participate in carrying this steel vessel is concrete 4 of sufficient thickness to 
primary loads, and accommodate without high stresses, provide for radiation shielding and imposed loadings 
the effects of geometrical constraints. consistent with constructability. This structure is sup-

(c) Because the steel vessel can carry substantial ported on a steel lined foundation mat 5. The steel lining 
loads, the surrounding concrete can be reinforced or 65 6 on the foundation mat and the steel vessel provide the 
prestressed to a much lesser degree than in a typical major resistance to potential leakage. A viable alternate 
reinforced or prestressed concrete containment struc- to a steel lined foundation mat is a dished steel base 
ture. which then provides for a complete steel vessel. The 
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dished steel base carrying the forces similarly to a vessel 
head and would in turn be supported by a concrete mat. 
In the case of a steel lined concrete mat, an anchorage 7 
of the cylinder 2 of steel vessel to the foundation mat 5 
is required to transfer meridional membrane forces and 5 
membrane shear forces from the steel vessel 1 to the 
foundation mat 5. 

Hoop reinforcing bars or hoop prestressing tendons 8 
are provided to participate with the cylindrical portion 
of the steel vessel 2 in carrying hoop membrane forces. 10 
Vertical re-bar 9 is provided for crack control and addi-
tional vertical reinforcing bars may be provided to par-
ticipate with the cylindrical portion of the steel vessel in 
carrying meridional membrane forces. While this added 
vertical reinforcement will be in general needed, struc- 15 
tural steel plates and shapes 12 may be welded to the 
steel vessel where it may be required. 

A support for a polar crane 10 is attached to and 
supported by the cylinder 2 of the steel vessel 1 prior to 
the time at which concrete placement has arrived at the 20 
elevation of crane. After concrete has been placed to 
that level, it provides additional stiffness and support 
for the crane during possible loadings. 

Temporary winches 11 may be placed at convenient 
locations after the steel vessel has been erected. These 25 
winches, supported by the steel vessel 1, are used to 
hoist hoop re-bars into place as well as other reinforcing 
appurtenances, and formwork. The winches may also 
be used to pull slip forms. Since the steel vessel serves as 
the inner form, the slip form is only required to form the 30 
outer surface of the concrete. 

The unique combination of structural elements, i.e., 
the composite construction of the steel vessel 1 sur-
rounded by, in contact with, and anchored as required 
to the concrete results in a structural response which 35 
substantially reduces material requirements and con-, 
struction time. 

It should be noted that the present invention has 
utility in any application wherein a vessel is subject to 
internal pressure. 40 

While there has been shown and described what is at 
present considered the preferred embodiment of the 
invention, modifications thereto will readily occur to 
those skilled in the art. In particular as indicated, a 
dished bottom steel vessel head may be used in lieu of 45 
the lined concrete foundation mat. It is not desired, 
therefore, that the invention be limited to the specific 

arrangement shown and described, and it is intended to 
cover in the appended claims all such modification to 
fall within the true spirit and scope of the invention. 

I claim: 
1. A nuclear reactor containment comprising: 
a self-supporting, inner, structural steel, shell-like 

vessel with curved side walls and top walls having 
a wall thickness sufficient to enable said steel vessel 
alone to carry a major portion of the total load 
imposed on the containment, and, furthermore, 
sufficient to withstand construction loads imposed 
upon said vessel during placement of reinforcing 
and concrete surrounding said vessel, 

an outer reinforced concrete vessel surrounding and 
in direct contact with the steel vessel and carrying 
the remaining portion of the imposed load, 

and a foundation mat, said steel vessel and concrete 
vessel being supported on said foundation mat, 

said steel vessel and said concrete vessel acting to-
gether as a composite structure in resisting all ap-
plied loads. 

2. A nuclear reactor containment as claimed in claim 
1 wherein the top walls of the vessel have the same 
thickness as the side walls. 

3. A nuclear reactor containment as claimed in claim 
1 wherein the wall thickness of the vessel side walls 
exceeds one-half inch. 

4. A nuclear reactor containment as claimed in claim 
1, further comprising structural steel members secured 
to the steel vessel and embedded in the concrete vessel. 

5. A nuclear reactor containment as claimed in claim 
4, wherein reinforcing bars are mounted to the concrete 
to reinforce same. 

6. A nuclear reactor containment as claimed in claim 
4, wherein prestressed tendons are mounted to the con-
crete to reinforce same. 

7. A nuclear reactor containment as claimed in claim 
1, further comprising means mounted on the steel vessel 
to support an interior crane. 

8. A nuclear reactor containment as claimed in claim 
1, further comprising means mounted on the steel vessel 
to support exterior winches thereon. 

9. A nuclear reactor containment as claimed in claim 
6, wherein said steel vessel is of sufficient strength to 
serve as a form during fabrication of the surrounding 
concrete vessel. 

* * * * * 

50 

55 

60 

65 


