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[57] ABSTRACT 
In a reactor pressure tank for a nuclear reactor, self-
locking hooks engage a steel ring disposed over the 
removable cover of the steel vessel. The hooks exert 
force upon the cover to maintain the cover in a closed 
position during operation of the reactor pressure tank. 
The force upon the removal cover is partly the result 
of the increasing temperature and thermal expansion 
of the steel vessel during operation. The steel vessel is 
surrounded by a reinforced-concrete tank. 

9 Claims, 3 Drawing Figures 
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REACTOR PRESSURE TANK 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the field of nuclear reactors 5 

and more particularly to a reactor pressure tank having 
a pressure-resistant steel vessel with a removable cover 
and a special closure mechanism having self-locking 
hooks. 

2. Description of the Prior Art 10 
In reactor pressure tanks for nuclear reactors, con-

crete enclosures or tanks have been used to surround 
the steel vessel for the purpose of providing a biological 
shield to intercept the radiation which emanates from 
the reactor vessel. In addition, there have been at- 15 
tempts to increase the safety of reactor pressure tanks 
by means of a reinforced-concrete tank which sur-
rounds the steel tank and is open at the top. Intercept 
structures have been provided for these reinforced-
concrete tanks for the purpose of closing the opening 20 
at the top of the steel vessel so that, in the event of a 
rupture of the steel vessel, f ragments of the steel vessel 
propelled by the pressure forces of the reactor coolant 
may be intercepted before they acquire large kinetic 
energy. For such a structure, see German published 25 
Pat. application 1,934,748. 

Although the known intercept structure is designed 
so that it can be detached, the effort required for re-
moving and attaching it is unsatifactory. 

SUMMARY OF THE INVENTION 
30 

The object of this invention is to provide a pressure-
resistant reactor tank having a safety closure and inter-
cept mechanism which is more accessible and conve-
ment to use. 

According to this invention for a pressure-resistant 
reactor tank, self-locking hooks engage a steel ring 
which has been placed over the removable cover o f t h e 
steel vessel within a reinforced-concrete tank which 
surrounds the steel vessel. The hooks are self-locking 4 0 

because of the thermal expansion and elongation of the 
steel vessel in the longitudinal direction as the tempera-
ture increases from a cold condition to the operating 
temperature. The expansion of the steel tank is trans-
mitted through the cover and the steel ring to the self-
locking hooks and produces a clamping action of the 
cover over the steel vessel. The self-locking hooks are 
pivotally mounted on an annular steel beam so that 
they can be swung away hydraulically or electrically 
when desired. 

The reinforced-concrete tank which surrounds the 
steel vessel not only provides a biological shield, but 
also acts as a structural element. The reinforced-
concrete tank provides mechanical support for the 5 5 

pressure-resistant steel vessel in the event that special 
stresses occur due to escaping coolant. 

The steel ring placed over the cover provides uniform 
distribution of the holding forces from the hooks over 
the cover, so that the cover need not have special sup-
ports. The steel ring is also provided with an inclined 
surface which is designed to engage the hooks. The 
self-locking feature of the hooks in conjunction with 
the steel ring makes it impossible for coolant pressure 
to ever push the cover and the steel ring past the hooks. 6 5 

Since the hooks need not be under additional external 
pressure, a small force provided either hydraulically or 
electrically is sufficient to move the hooks. This allows 
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the cover to be locked or removed quickly by means of 
the steel ring. 

The hooks are supported at pivot points which in turn 
are supported by an annular steel beam which is an-
chored in the upper edge of the reinforced-concrete 
tank. This annular steel beam allows the distribution of 
forces to be transmitted uniformly to the concrete. 

A cooling system is provided within the reinforced-
concrete tank. This cooling system is important in the 
event of a rupture of the steel vessel. Coolant within the 
reactor may escape and the parts of the reactor which 
are retained in the reinforced-concrete tank by means 
of the hooks may exert greater stress on the reinforced-
concrete tank. A layer of insulating concrete is also 
provided around the steel vessel to reduce the thermal 
stresses on the reinforced-concrete tank which may be 
highly stressed in event of damage. The cooling system 
is preferably arranged between the insulating concrete 
and the reinforced-concrete. 

The insulating concrete may be lined with sheet 
metal on the side facing the steel vessel. This design 
should not be confused with known pressure tanks 
which consist of reinforced concrete and include a lin-
ing as a sealing means. In this invention, the steel vessel 
itself is pressure-resistant. The sheet metal lining on the 
inside of the insulating concrete merely improves heat 
removal. A filling may also be provided between the 
concrete and the steel vessel. Such a filling may consist 
of steel balls or spheres of ceramic material or other 
spherical filler bodies. 

The steel vessel may be braced against the rein-
forced-concrete tank by means of support beams in 
order to distribute any excessive stresses on the rein-
forced-concrete tank. 

To improve the self-locking feature of the hooks, a 
small clearance may be provided between the hooks 
and the steel ring. This clearance should be smaller 
than the elongation which occurs in the steel vessel as 
the result of thermal expansion. The elongation in the 
longitudinal or axial direction is transmitted to the steel 
ring as the steel vessel is heated to operating tempera-
ture. This design reduces the danger of circular or cir-
cumferential f racture. If a circular fracture does occur , 
the cross section available for the escape of reactor 
coolant is, at least, limited. Having the clearance 
smaller than the elongation of the steel vessel results in 
compressive forces in the steel vessel which counteract 
the internal pressure and resulting stresses which occur 
as the steel vessel is heated up from a cold condition of 
approximately 20° C. to the operating condition of ap-
proximately 300° C. The clearance can be arranged so 
that the compression force of the steel vessel is approx-
imately equal to the tensile stress exerted by internal 
pressure. For practical purposes, the steel vessel is then 
free of stress in the longitudinal direction, at least in the 
range in which it is kept under pressure by the rein-
forced-concrete tank and the hooks. In this way, ,the 
tensile stress caused by internal pressure is canceled by 
the compressive forces which are produced by the re-
stricted thermal expansion against the pivoted hooks. 

In another embodiment of this invention, the pivoted 
hooks are affixed to steel rods which are axially dis-
posed in pipes within the reinforced-concrete tank. The 
thermal expansion of the steel vessel places the steel 
rod under tensile stress. The hooks are mounted in an 
annular beam. The steel rods and the hooks on the one 
hand and the steel vessel on the other hand form a 
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closed system of forces with a stress distribution deter-
mined by cross section and elasticity. 

Springs may also be provided in this closed system of 
forces consisting of the steel vessel and the steel rods 
in the re inforced-concrete tank. Such springs may be 5 
used to limit the pressure of the steel vessel generated 
by thermal expansion. Two supports for the steel vessel 
may also be arranged in vertical alignment. The two 
supports may be spaced apart at a distance which is 
greater than the corresponding length of the steel ves- 10 
sel in its cold condit ion, but is smaller than the corre-
sponding distance of the steel vessel at its operating 
condit ion. In this manner , one can control the longitu-
dinal expansion of the steel vessel in reference to the 
tensile forces applied. 15 

DESCRIPTION OF THL DRAWINGS 

FIG. 1 is a vertical section showing approximately 
one-half of an embodiment of the invention, the con-
struction being symmetrical about the vertical axis; 20 

FIG. la is the same as FIG. 1 but shows another em-
bodiment; and 

FIG. 2 is an enlarged view of a portion of FIG. 1 
showing a portion of a self-locking hook and the steel 
ring. 

DETAILED DESCRIPTION 

Referring to FIG. lo , many but not all of the parts for 
the embodiment of the reactor pressure tank shown are 
the same as the parts for the embodiment of the reactor 3 0 

pressure tank shown by FIG. 1. The reactor pressure 
tank of this invention for a nuclear reactor includes a 
pressure-resistant steel vessel 1 which is open at the 
top, a removable cover 2 for the top of the steel vessel 
1 and a re inforced-concrete tank 3 which surrounds the 3 5 

steel vessel 1. The re inforced-concrete tank 3 is also 
open at the top. For safety, the reac tor pressure tank 
is mounted in a spherical steel enclosure, not shown. 

In both embodiments , the steel vessel 1 is provided 
around its c i rcumference with eight coolant connec-
tions 5. Other embodiments may be designed with a 
larger or smaller number of such coolant connect ions. 
In the embodiment of FIG. 1, the steel vessel 1 is sup-
ported by stools 7 each on a support ring 8 which is an-
chored to the re inforced-concrete tank 3. In the em-
bodiment of FIG. la, the steel vessel 1 is supported by 
steel brackets 9. 

The removable cover 2 of the steel tank 1 is fastened 
to the steel tank 1 by screws 10 which are distributed 
uniformly around the c i rcumference of the top of the 
steel tank 1. The steel ring 26 has recesses into which 
the screws 10 fit. The cover 2 also contains stubs 12 for 
control rods 13. The control rods 13 control the output 
of the reactor core (no t shown) which is located in the ^ 
steel vessel 1. 

The concre te t ank ,3 is open at its upper end and its 
upper end terminates at the height of the cover 2. T h e 
concrete tank 3 consists of a re inforced-concrete por-
tion 14 and an insulating concrete portion 15. The rein- 6 Q 

forced-concrete portion 14 can be stressed mechani-
cally and is provided, for this purpose, with steel rods 
30, shown by dashed lines in FIG. 1, which are movably 
arranged in pipes 31. The rods 30 and pipes 31 are axi-
aliy disposed in the re inforced-concrete port ion 14. 6 5 

A cooling system 16 is arranged between the rein-
forced-concrete portion 14 and the insulating concre te 
portion 15. The cooling system 16 consists of pipe coils 

4 0 

5 0 

for cooling water . In both embodiments shown, the 
cooling system 16 extends to the lower region 17 of the 
re inforced-concrete tank 3 where the cooling system 
16 is associated with the bot tom of the steel vessel 1. 
In the embodiment of FIG. 1, the stool 7 and the sup-
port ring 8 for the steel vessel 1 provide a direct bridge 
for the heat which is absorbed f rom the steel vessel 1 
by the cooling system 16. 

In the embodiment of FIG. l a , a sheet metal lining 18 
is provided between the insulating concrete 15 and the 
vessel 1 in the region at the bottom of the steel vessel 
1. Steel balls 20 are provided in the remaining space 
above sheet metal lining 18 between the insulating con-
crete 15 and the steel vessel 1. In place of steel balls 20, 
ceramic spheres or sphere-like natural products of suit-
able grain size may also be used. 

In both embodiments shown, an annular steel beam 
22 is anchored in the upper edge 21 of the reinforced-
concrete tank 3. This annular beam 22 may be made of 
a plurality of beams which are connected together . This 
ring-shaped beam 22 provides support for the self-
locking hooks 24 at pivot points 23. The steel hooks 24 
engage the steel ring 26 which is disposed over and 
around the cover 2. This steel ring 26 holds the cover 
2 down and braces the cover 2 against upward move-
ment of the steel vessel 1 out of the reinforced-
concre te tank 3, in the event of coolant pressure push-
ing the steel vessel upwards as the result of a leak in the 
pressure-resistant steel vessel 1. 

The hooks 24 are self-locking over steel ring 26 be-
cause of a moment exerted on the hooks 24 about pivot 
point 23 toward cover 2. A force component is gener-
ated at the contact surface 27 between the hooks 24 
and the steel ring 26 due to the incline of annular beam 
22. When there is no load, the hooks 24 can be swung 
out of the way of the steel ring 26 easily and quickly by 
means of hydraulic drives 25 or by electrical means 
(not shown). The steel ring 26 can be removed com-
pletely af ter the hooks 24 have been swung away, so 
that the steel vessel is accessible. The concre te tank 3 
would otherwise be necessary as a shield. But, in this 
invention, it also serves as a structural e lement which 
increases the safety of the nuclear reactor substantially. 

One of the advantages of the new design of this in-
vention is that it allows repeated tests to be per formed 
at the steel tank 1. For example, it is possible to check 
the steel tank 1 in the vicinity of the coolant connec-
tions 5. It is also possible to expose the bot tom of the 
steel vessel 1 in order to perform repeated tests at tha t 
point by means of a discharge canal 28 extending radi-
ally through the concre te tank in the embodimen t 
shown in FIG. l a . If such tests at the bot tom of the steel 
vessel 1 are not required, the concre te port ion can be 
designed to fit close to steel vessel 1, as shown in the 
embodiment of FIG. 1. 

The contac t area 27 between the hooks 24 and the 
steel ring 26 is shown in FIG. 1. The steel ring 26 has 
an inclined surface in the region of this contac t a rea 27. 
Referring to FIG. 2, a c learance S is provided between 
the hook 24 and the steel ring 26 in the cold condition 
of the reactor , such as at an installation tempera ture of 
about 20° C. This clearance S is smaller than the elon-
gation D which occurs in the steel vessel 1 and is trans-
mitted to steel ring 26. The elongation D results f rom 
the elongation in the axial or longitudinal direction of 
the steel vessel 1 between the support stool 7 and the 
contac t surface 27 in the embodiment of FIG. 1 or be-
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tween the brackets 5 and the contact surface 27 in the 
embodiment shown by FIG. l a . This elongation of the 
steel vessel 1 occurs as a result of thermal expansion 
when the steel vessel 1 is heated f rom its cold condi-
tion, which may be approximately 20° C., to the tern- 5 
perature of approximately 300° C. or more, which pre-
vails during operation of the reactor. 

After the reactor is started up, the steel vessel 1 ex-
pands with increasing temperature and thereby closes 
the gap indicated by the clearance S between the hook 10 
24 and the steel ring 26, as shown in FIG. 2. Further 
temperature increase produces compressive forces in 
the steel vessel 1 and tensile forces in the axial steel 
rods 30, shown in the embodiment of FIG. 1. The mag-
nitude of this tensile force and the compression force 15 
depends upon the initial clearance S and can be ad-
justed to desired values by means of inserts between 
hook 24 and steel ring 26. Thus, the thermal expansion 
and elongation of steel vessel 1 operates to produce a 
self-locking effect by means of the pivoted hooks 24 in 20 
reference to the cover 2 of the steel vessel 1. 

This idea of the use of the elongation of steel vessel 
1 to produce a self-locking effect can also be realized 
by a plurality of arrangements of the two support points 
displaced in the longitudinal direction for steel vessel 25 
1. For example, the two support points for steel vessel 
1 may comprise steel bracket 9 as shown by FIG. l a at 
the upper part of steel vessel 1 and support stool 7 of 
FIG. 1 at the lower portion of steel vessel 1. For this ar-
rangement , the bracket 9 and the support stool 7 are 3 0 

arranged in vertical alignment on the side of the steel 
vessel 1. The bracket 9 and the stool 7 are arranged so 
that the distance between bracket 9 and stool 7 is 
greater than the corresponding length of the steel ves-
sel 1 in the cold condition and is smaller than the corre-
spending length of the steel vessel 1 at the operating 
temperature . As a result, the steel vessel 1 in its cold 
condition is initially supported by bracket 9. With in-
creasing temperature and corresponding elongation of 
the steel vessel 1 in the longitudinal or axial direction, 4 0 

the steel vessel 1 makes contact with stool 7 and be-
comes supported by stool 7. Continuing elongation of 
steel vessel 1 causes the steel vessel 1 and steel ring 26 
to " g r o w " by temperature elongation and expansion 
into hooks 24. The result is a self-locking action by 
means of hooks 24 on cover 2 of steel vessel 1. The 
coolant connections 5 are only slightly displaced, al-
though the thermal expansion of steel vessel 1 occurs 
over the entire height of steel vessel 1. 

During operation of the reactor the internal pressure 
is confined not only by the side wall of the pressure ves-
sel but also by its ends, this resulting in the vessel's side 
wall being stressed in tension. As explained hereinbe-
fore, the present invention, during operation of the re-
actor, applies to the pressure vessel a vertical compres-
sion. The vertical thermal expansion of the pressure 
vessel throughout its portion between the supporting 
means 7 and/or 9 and the ring 26 can, of course, be cal-
culated as to its extent, and the space S shown in FIG. 
2 may be proportioned so that when the reactor is in 
full operation with the hooks holding down the ring 26, 
the vertical compression applied to the portion of the 
reactor vessel between the supporting means 7 and/or 
9 and the ring 26, equals or exceeds the tension stress 6 5 

resulting from the internal pressure, thus at least main-
taining this portion of the wall of the steel vessel free 
from tension stress. As previously described, the clear-
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ance S can be adjusted to such desired values by means 
of inserts between the hooks 24 and the steel ring 26. 

What is claimed is: 
1. A .nuclear reactor pressure-resistant vessel com-

prising a vertical metal tank having an open top pro-
vided with a removable metal cover, said metal tank 
being positioned in and surrounded by a vertical rein-
forced concrete tank having an open top and contain-
ing means below its top for supporting said metal tank 
therein against downward movement , and an intercept 
structure for restraining said metal tank and its cover 
from displacement upwardly through said concrete 
tank's open top; wherein the improvement comprises 
said structure being in the form of a metal ring remov-
ably positioned on said cover and resting on the cover 's 
peripheral portion, the upper surface of said ring being 
adjacent to said concrete tank's open top and the latter 
having hooks pivotally connected thereto to swing radi-
ally with respect to said ring, said hooks having declin-
ing end surfaces which overlap said ring when the 
hooks are swung thereover, the periphery of said ring 
having a radially inwardly inclining surface positioned 
for engagement by said hooks ' said end surfaces upon 
upward movement of said ring and providing a self-
locking action holding the hooks against outward 
swinging during said engagement; said metal tank sup-
porting means interconnecting said metal tank and said 
concrete tank at a position spaced below the tops of the 
metal tank and concrete tank a distance causing said 
end surfaces of said hooks and said declining surfaces 
of said ring to be pressed together to provide said self-
locking action when at least the portion of said metal 
tank between the metal tank's top and said supporting 
means is thermally expanded vertically by reactor oper-
ating temperature, and so that the portion of said con-
crete tank between said hooks and said supporting 
means is tensioned by holding said hooks downwardly 
while applying vertical compression to said portion of 
said metal tank via the latter's said cover and said ring, 
and so that when said portion of said metal tank is con-
tracted by a lower temperature , said declining surfaces 
of said ring and said overlapping ends of said hooks are 
interspaced to permit swinging of said hooks. 

2. The vessel of claim 1 in which at least said portion 
of said concrete tank is provided with cooling means. 

3. The vessel of claim 1 in which thermal insulation 
is interposed between said metal tank and at least said 
portion of said concrete tank. 

4. The vessel of claim 1 in which at least said portion 
of said concrete tank includes metal bars reinforcing it 
against tensile stress when tensioned by holding said 
hooks downwardly. 

5. The vessel of claim 1 in which said concrete tank 
has an annular metal beam anchored to its upper edge 
and to which said hooks are pivoted. 

6. The vessel of claim 1 in which said interconnecting 
position is adjacent to the bottom of said metal tank. 

7. The vessel of claim 6 in which said concrete tank 
contains a second means for supporting said metal tank 
therein against downward movement and interconnect-
ing said metal tank and said concrete tank at a second 
position spaced below the tops of the metal tank and 
concrete tank, the two said positions being vertically 
interspaced a distance greater than the length of said 
metal tank between them when said tank is at said 
lower temperature and so that said metal tank is then 
supported by said second supporting means. 
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8. The vessel of claim 1 in which rolling bearing ele-
ments are interposed between said portion of said 
metal tank and said concre te tank. 

9. The vessel of claim 1 in which said vertical Com-

8 
pression applied to said metal tank is at least equal to 
the stress on the metal tank exerted by the internal 
pressure said vessel is designed to contain. 
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