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. FIELD OF THE INVENTION

The present invention relates to blast protective doors

and door assemblies generally.

BACKGROUND OF THE INVENTION

Various. types of blast protective doors and door
assemblies are known. Generally, such doors are of massive
rigid construction, and are arranged to open outwardly of a
protected volume, such that the force of the blast may be
tfansferred to the door frame along at least three edges of the
déor.'_Such doors are designed insofar as possible to resist
deforﬁéfion due to the force of a blast.

In general, the conventional wisdom with'regard to the
construction of blast resistant doors requires that the doofs and
the der frames onto which they are mounted be resistant to

deformation in response to the force of the blast.
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transferred to the door frame along at |east three edges ot_Lhe_dggL—__sygh___
doors are designed insofar as possible to resist deformatjon,du t

force of a blast. In general, the conventional wisdomwth r t mmd
construction of blast resistant doors requires that the doors
frames onto which they are nounted be resistant to deformatio
to the force of the bl ast .
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SUMMARY OF THE INVENTION

The  present invention rejects the conventional
teachings of the prior art with respect to the construction and
installation of blast proteetive_doors.

The present invention seeks to provide ‘an improved
light weight door which is readily deformable when exposed to the
force of a blast, and which, by virtue of its deformability is
mountable so as to open inwardly into a protected voiume.

. There is thus provided' in accordance witn a preferred

embodiment of the present invention a door formed of first and

| second sheets of metal enclosing a layer of a high strength,

~high density foamed engineering resin, preferabiy a polystyrene
resin;

Preferably, the door does not include any reinfdrcement
between the first and second sheets and is arranged to bow in
response to the force of a blast, thus absorbing a substantial
amqunt of the force of the blast and transmitting a relatively
small aﬁount of the force of the blast to a door frame to which
it ie attached.

There is additionally provided in accordance with a
preferred - embodiment of the invention a blast resistant door
assembly useful with a protected volume including a .door frame
mounted on a wall of the protected volume and a blast lresistant
door hingedly mounted. on the door frame end arranged to open
inwardly toﬁards the protected volume.

In accordance with a preferred embodlment of the

present invention, there is provided .at gas impervious seal



;2-_§UNNARY.CF THE | NVENTI ON The pr esent i nvention rejects t he
conventional teachings of the prior.art with respect to the construction
and installation of blast protective doors. The present invention seeks to
provi de an inproved |ight weight door which is readily defornabl e when
exposed to the force of a blast, and which, by virtue of its defornmability
IS
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between the door frame and the wall of the'protected volume and a
gas impervious seal between the door and the door frame.
Further in accordance witﬁ a preferred embodiment of
the present invention, there is provided a multi-bolt lock
selectably locking the door: onto the door frame.
Preferably, the multi-bolt lock is operative ' in two
operative modes, a gas impervious sealing mode which can be
opened from both the interior and the exterior of the protected
volume without requiring a key, and an ordinary locking. mode
which is lockable from both the interior and the exterior of the
protected volume and which can be unlocked from the exterior of
the protected volume only with a suitable key. |
Additionally in accordance with a preferred embodiment
of the present invention, the door frame may be mounted into the
wall of the protected volume by employing a plurality of elongate
rods extending transversely into the wall at a plurality of
disparate locations.
.Preferably, the door is formed of first and second
sheets of metal enclosing a layer of a high strength, high
density foamed engineering resin, preferably a polystyrene resin.
A preferred resin is a GECET expandéble engineering resin, which

is- commercially available from GE Plastics 6f ‘Pittsfield Ma,
‘U.s.a.. The precise density and thickness of the resin employed
" is determined empirically by operational requirements, including

the size of the container. '
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gount abl e so as to open inwardly into a protected vol ume. Th&hieSlee HahBeon Replaced

provided in accordance with a preferred enbodi nent .of the pre

a door fornmed of first and second sheets of netal enclosi ng a1muuwlnﬁﬂﬂl

hi gh strength, high density f oanmed engi neering resin, preferably a

pol ystyrene resin. Preferably, the door does not i ncl ude any reinforcenent
between the first and second sheets and i4s-arranged to bow in response to
the force of a blast, thus absorbing a substanti al
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and
appreciated more fully from the following detailed description,
taken in conjunction with the drawings in which:

Fig. 1 is a partially cut éway simplified illustration
of a blast protective door constructed and operative ih
accordance with a preferred embodiment of the present invention;

Figs. 2A, 2B, 2C and 2D are simplified pictorial
illustrations of a door constructed and operative in accordance
with one preferred embodiment of the present invention,

respectively prior tb,a blast, bowed in response to the force of

-the blast, further deformed in response to the rebound force and

in a final post-blast orientation;

Figs. 3A, 3B, 3C and 3D are simplified sectional
illustrations of the door of Figs. 23 - 2D, respectively prior to
a._blast, bowed in response to the force of the. biast, further
deformed in-response to the rebound force and in a final post-
blast origntation;

Figs. 4A, 4B, 4C and 4D are simplified pictorial
illustrations of a door constructed and operative in accordance

with another preferred embodiment of the pfesent invention,

.respectively prior to a blast, powed in response to the force of

the blast, further deformed in response to the rebound force and
in a final post-blast orienﬁation;

‘Figs. 5A, 5B, 5C ahd 5D are simplified sectional
illustrations of the door of Figs. 4A - 4D, respectively priof to
a blast, bowed in response to the force of the blast, further

deformed in response to the rebound force and in a final post-
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~anount of the force of the blast and transnitting a relatively small anount
of the force of the blast to a door franme to which it is attached. There is
additionally provided in accordance with a preferred enbodi rent of the

i nvention a blast resistant door assenbly useful with a prodtected vol une
,|nclud|ng a door frame nounted on a wall of the protected volune and a

bl ast resistant door hingedly nounted on the door. frame and arranged to
open inwardly towards the protected volun®.-

M blast orientation;

Figs. 6a, 6B and 6C are simplified pictorial'
illustrations of the locking mechanism of a preferred embodiment.
of the door assembly of Figs. 1 -~ 5D in respective locked,
unlocked and gas-tight sealed orientations;

Figs. 74, 7B and 7C are simplified . sectional

: illustrationﬁujtéken along respective 1inés vViia - VIIa, VIIB -
VIIB, and VIIC - VIIC in Figs. 6A, 6B and 6C, and lshowing the
locking mechanism of a preferred embodiment of the door assembly
of Figs. 1 - 5D in respective locked, unlocked and gas-tight
locked orientations; and

Figs. 8A, 8B and 8C are simplified illustrations of
three alternative door mounting arrangements useful in

accordance with a preferred embodiment of the present invention.

_____'________
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I'n accordance with a preferred enbodi ment of the present

Is provided a gas inpervious seal -3- between the daE u h
wal | of the protected volune and a gas inpervious seal bet

the door frame. Further in-accordance with a preferred enbodlnent of

e . _6-

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

4)

Reference is now made to Figs. 1 - 8C which illustrate
a blast protective door conétructed and operative in accordandé
with a preferred embodiment of the présent invention and more
particularly to Figs. 2A - 3D which illustrate the door'.mounted
with 1respect to a protected enclosure so as to open towards the
outside of the encloéure.

The blast protective door of the present invention
'preferably comprises first and second sheéts 10 and 12 of metal
(Fig. 1),enclosing a layer 14 of a high strength, high density'
foamed engineering resin, preferably a polystyrene resin. A
preferred resin is a GECET expandable engineering resin, which is
commercially available from GE Plastics of Pitﬁsfield MA, U.S.A..
The precise density and thickness of the resin employed is
determined . empirically by operational requirements.
Alternatively, any suitable material may be used for layer 14.
Preferably, the first and second sheets 10 and 12 are of
thickness 1.2 - 1.6 mm, while the layer 14 is of thickness
approximafely 3 cn.

The door is preferably formed with .a multiple bolt
locking mechahism, indicated generally by reference numeral 16,
and which includes horizontal bolt assemblies 18, 20 and 22 and a
vertical bolt assembly 24, all of ﬁhich are operated by .a lock
26, such as a MUL-T-LOCK Modei 270, having associated therewith a
locking handle 28 and a latch 30.

It is a particular feature of the present invention and
a radical départure from prior art teachings regarding blast

protective doors +that rather than being massive and 7rigid in



t.he ﬁresent i nvention, there is provided a nmulti-bolt lock selectably

| ocking the door onto the door frame. Preferably, the multi-bolt lock is
operative in two operative nbdes, a.gas inpervious sealing node which can
be opened fromboth the interior and the exterior of the protected vol ume
wi thout requiring a key, and an ordinary |ocking node which is |ockable
fromboth the Interior and the exterior of_the protected volume and which
can be unl ocked fromthe exterior of the protected vol ume onIy with a

sui tabl e key.

_- response to a blast, the blast protective door of the present
invention is relatively readily deformable, such that the
deformation absorbs a substantial portion of the force of
blast..

Accordingly, in accordance with a preferred- embodiment
of -the present invention, the door does not includé rigid
reinforcement between the fiféf and second sheets 10 and 12 and

is arranged to bow in response to the force of a blast, thus

absorbing a substantial amount of the force of the blast and

transmitting a relatively small amount of the force of the blast

to a dopr frame to which it is attached.

The intended deformability of the door, which is
particular feature of the present invention is illustrated
particularly in Figs. 2A - 2D and 324 - 3D which correspond
thereto. These figures show a door 50, which may be identical to
the door of Fig. 1, and is hingediy mounted onto a door frame 52
by hinges 53. Door frame 52 is located in a wall 54 of an
enclosure7 to be protected and is arranged to open outwardly of
the enclosure.

Figs. 2A and 3A illustrate the door prior to a blast.
It is noted that gas-tight sealiﬁg protection may be provided by

means of a sealing strip 56 disposed between the ffame 52 and the

wall 54 and of a peripheral seal 58 mounted between the door

frame 52 and the door 50.
Figs. 2B and 3B illustrate the door under deformation
due to the effect of a blast, indicated by arrowé 60. It is seen

that the door bows inwardly towards the interior of the
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ally in accordance with a preferred. enbodl
n, the door frame may be nmounted into the ﬁ ected
y enploying a plurality of elongate rods. ex ersely

wall at a plurality of ‘disparate |ocations. Preferably, t he door
d of first and second sheets of .netal enclosing a |ayer of a high
hi gh density foamed engi neeri ig-resin, preferably a pol ystyrene

resin. A preferred resin is a GECET expandabl e engi neering resin, which .

enclosure, thus absorbing a significant portion of the force of

the blast via the deformation itself. Inasmuch as a relatively

'small part of the blast force is transmitted from the door to the

frame 52, substantially no deformation of the door frame results.

Figs..zc and 3C illustrate the door under deformation
due to the effect of the biest rebound force, indicated by arrows
66. It is seen that the door bows outwardly away from the

interior of the enclosure, thus absorbing a significant portion

.of the .force of the blast rebound via the deformation itself.

Inasmuch as a relatively small part of the blast rebound force is

‘transmitted from the door to the frame 52, the door is retained

in the frame by means of the bolt assemblies of the locking
mechanism 16 and the hinges 53. _
| Figé-_ 2D and 3D illustrate the door following the
blast. It is seen that the door 50 is deformed and damaged but _
remains intact in frame 52 and operative. It is appreciated that
as the result of the deformation the gas tight sealing cannot be
expected to be retained.
There is additionally provided in accordance with a
preferred embodiment of the invention a blast }esistant door
assembly useful with a protected vo}ume including a door frame

mounted on a wall of the protected volume and a blast resistant

door hingedly mounted on the door frame and arranged to open

inwardly towards . the protected volume. This embodiments

represents a further radical departure 'from the conventional
design and mounting of blast resistant doors, wherein only
outward opening door mountings were thought to be acceptable, in

order that substantially the entire force of the blast could be
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kS cénnercially avai l able from GE Plastics of Pittsfield MA, U S. A . The

preci se density and thickness of the resin enployed is determ ned
enpirically by operational requirenents, including the size of the
cont ai ner. -4- BRI EF DESCRI PTI ON OF THE DRAW NGS :
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fully transferred from the rigid door to the peripheral frame and
thence to the surrounding structure.

An oppositely designed door structure, whefein the door
opens towards the interior of a protected enclosure and also is
constructed to have intended deformability, is illustrated
particularly in Figs. 4A - 4D and 5A - 5D which correspond
thereto. These figures show a door 70, which may be identical to
the door of Fig. 1, and is hingedly mounted onto a door frame 72
by hinges 73. Door frame 72 is located in a wall 74 of an
enclosure to be protected and is arrange to open outwardly of the
enclosure.

Figs. 4A and 5A illustrate the door prior tola blast.
It is noted that here also gas-tight sealing protection may be
provided by means of a sealing strip 76 disposed between the
frame and the wall 74 and of a peripheral seal 78 mounted between.
the door frame 72 and the door 70.

Figs. 4B and 4B illustrate the door under deformation
due to the effect of a blast, indicated by arrows 80. It is seen
that the door bows inwardly towards the interior of the
enclosure, thuéﬂébsorbing a significant portion of the force..of

the blast via the deformation itself. Inasmuch as a relatively

small part of the blast force is transmitted from the door to the

frame 72, the door is retained in the frame by means of the bolt
assemblies of the locking mechanism 16 and the hinges 73.

Figs. 4C and—sc illustrate the door under deformation
due to the effect of the blast rebound force, indicated by arrows

76. It 1is seen that the door bows outwardly away from the

This Sheet Has Been Replaced




The pr esent i nvention wll be under st ood and appreci ated nore
fully fromthe follow ng detailed description, taken in conjunction with
the drawings in which: Fig. 1 is a paftially cut away sinplified

i tlustration of a blast protective door constructed and operative
I n accordance with a preferred enbodi nent of the present invention; Figs.
2A, 2B, 2C and 2D are sinplified pictori &0 iHlustrations of a door

constructed and operative'in accordance with one preferred enbodi nment

of the inpeesent ofi mhenlen@losure, thus absorbing a significant portion
| of the force of the blast rebound via the deformation itself.
Inasmuch as a relatively small part of the blast rebound force is
transmitted from the door to the frame 72, substantially .no
deformation of the door frame results.

Figs. 4D and 85D illustrate the door following the
blast. It is seen that the door 70 is deformed and damaged but
remains intact in frame 72 and operative. It is appreciated that
as the result of the deformation the gas tight sealing cannot be
expected to be retained.

Reference is now made.to Figs. 6A, 6B and 6C, which are
simplified pictorial illustrations of the locking mechénism of a
preferred embodiment of the door assembly of Figs. 1 - 5D in
respective locked, unlocked and gas-tight sealed orientations,
and to Figs. 7A, 7B and 7C, which are simplified sectional
illustrations taken along respective lines VIIA - VIIA, VIIB
VIIB, and VIIC - VIIC in Figs. 6A, 6B and 6C.

It 1is seen that in accordance with a preferred
embodiment of the present invention, a protective door 90 is
provided having three 6perative orientations, locked by latch 30,
as shown in Figs. 6A and 7A, unlocked, as shown in Figs. 6B and
7B and gas-tight sealed by .the bolt'assemblies, as shown in Figs.
.6C and 7C.

'In the orientations shown in Figs. 6A, 6B, 7A and 7B
the door may be locked and unlocked from both the inside and the
outside by conventional key operated locking mechanisms, such as
those employed, for example in the PLADELET, commercially

available from Mul-T-Lock Ltd. ' —_
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respectively prior to a blast, bowed in response to the force of the bl ast,
further deforned in response to the rebound force and in a final post-blast
orientation; Figs. 3A, 3B, 3C and 3D are sinplified sectional illustrations
of the door of Figs. 2A - 2D, respectively prior to a blast,” bowed in
response to the force of the blast, further deforned in response to the
rebound force and in a final post- bl ast orlentatlon Fi gs. 4A, 4B, 4C and
4D are sinplified pictorial - 11 -

- In the gas-tight sealing orientation shown in Figs. 6C
and 7C, the door is'preferably not locked and may be opened
without the use of a key from both the inside and the outside, as
is required in emergency situations. -

- Door 90 may be of the type shown in Fig. 1 and may be.
mounted in any suitable manner, pfeferably as shown in either the
embodiments of Figs}lZA - 2D and 3A - 3D or that of Figs. 4A - 4D
and 5A - Sb. The operative'orientatioﬁ.is determined by the
angular.orientation of a locking handle 90, which typically is in
a genefal}y horizontal orientation when unlocked or locked by
latch 30, as shown in Figs.'sA, 6B, 7A and 7B.

Handle 92 operates a lock mechanism 96, Which mdy be
similar to mechanism 16 (Fig. 1), and which in turn causes axial
displacement of a number of bolts, such as bolts 18 and 98, into
and out of 1locking and gas-tight 1locking engagement with
corresponding strikes such as strike 100 in a frame 102.

When the door is locked by latch 30 or unlocked, as
shown in. Figs. 6A, 6B, 7A and 7B, the bolt 98 is entirely
retained inside door 90 and does not penetrate strike 100 and the
handle 92-is generally horizontal. When the handle 92 is arranged
typically in an upward facing vertical orientation, as shown in
Fig. 6C, the bolt 98 is levered against a step 104 in strike 100, -
thus forciﬁg the door against a peripheral sealing  member 106,
thereby compfessing the sealing member 106, as seen in Fig. 7C

.and providing a gas tight séal between the door and frame 102;

The above-described mechanism thus preferably allows

emergency opening of the door from outside the enclosure without
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il lustrations of a door constructed and operatlvelﬁhs
anot her preferred enbodi nent of the present inventio y prlor
to a blast, bowed in response to the force of the bl ef or med

. in response to the rebound force and in a final post-blast orientation;

'Figs. 5A, 5B, 5Cand 5D are sinplified sectional illustrations of
the door of Figs. 4A - 4D, respectively prior to a blast, bowed in response
to the force of the blast, further deformdd im response to the rebound

force and in a final post
a key when tﬂ%siolt 98 is in the gas—tlght locking orientation of

Figs. 6C and 7C, but requires a key when the door'is locked in a
normal mode, as by latch 30,'£hus enabling the door to function
both as a security door against break-ins and as a blast and gas-
protectiveIdoor.

Reference is now made to Figs. 8A, 8B and 8C, which are
simplified illustrations of three alternative door mounting
arrangements usefq} in accordance with a preferred embodiment of
the present invention. The door may be the door of Fig. 1,
mounted in accordance with any of the embodiments of Figs. 2 -
7C.

Fig. 8A illustratés an arrangemént wherein a door frame
120 is bolted br otherwise attached to a wall edge 122 by means
of a bolt or rod 124. Gas tight sealing material 126 is
preferably _ﬁrovided along all joints between the wall edge 122

"and the frame 120. A gas tight sealing strip 128 is disposed
peripherally of the frame, for pressure engagement with a door
130. |

Fig. 8B illustrates an arrangement wherein a ‘door
frame 140-15 bolted or otherwise attached to a wall edge 142 by
means of a plurality of bolts 144“which fix the frame .140 ﬁia.
gas tight sealing material 146't6 a peripheral steel plate 148,
which is . sealingly embedded in the wall edge 142. A gas tight
sealing strip 150 is.disposed peripherally of the frame, for
pressure engagement with a door 152.

Fig. 8C illustrates an arrangement wherein a door fraﬁe
160 is bolted or otherwise attached to a wall edge.162- over an

existing frame 163 by means of a bolt or rod 164. Gas tight



-5- blast orientation; Figs. 6A 6B and 6C are sinplified
pictorial illustrations of the |ocking nechanismof a preferred enbodi nent
of the door assenbly of Figs. 1 - 5D in respective | ocked, unlocked and
gas-tight seal ed orientations;. :

- 13 -

sealing material 166 is preferably provided along all Jjoints
between the wall edge 162 and ﬁhélframe 160. A gas tight sealing
strip 168 is disposed peripherally of the frame, for pressure
engagement with a door'170{

It will be apprééiated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove, but extends to
modifications and variations thereof within the scope of a person
skilled in the art. The present inventidn is.thus defined by the

claims which follow:

This Sheet Has Been Reﬂlaced :




Fi gs. TA, 7B and 7C are sinplified sectional illustrations taken
al ong respective lines VIIA - VIIA VIIB - VIIB, and VIIC - VIICin Figs.
6A, 6B and 6C, and show ng the | ocking nmechani smof a preferred enbodi nent
of the door assenbly of Figs. 1 - 5D in respective |ocked, unlocked and
gas-tight |ocked orientations; and Figs. 8A, 8B and 8C are sinplified
i{lustrations of three alternative door nounting arrangenent s

usef ul i n accordance with a preferred enbodi nent of the present
i nventi on.

- 14 -

CLAIMS

i. A 1light weight door which is readi;y deformable when
exposed to the force of a blaét, thereby absorbing a substantial'
portion of the force of the blast directed thereto and which, by
virtue of its deformability is mountable so as to open inwardly

into a protected volume.

2. A door formed of first and second sheets of metal
enclosing "a layer of a high strength, high density foamed

engineering resin.

3. -A door according to claim 1 and being formed of first
and second sheets of metal enclosing a layer of a high strength,

high density foamed engineering resin.

4. A door according to either of claims 2 'and 3 and

wherein said engineering resin comprises a polystyrene resin.

"5. A door according to any of the preceding claims and
which does not include any reinforcement between the first and

second sheets.

6. A door according to any of the preceding claims and
which 1is arranged to bow in response to the force of a blast,
thus absorbing a substantial amount of the force of the blast and

transmitting a relatively small amount of the force of the blast

to a door frame to which it is attached.
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DETAf LED DESCRI PTI ON OF PREFERRED ENMBQODI NENTS- Reference is now nmade to

Fi gs.

nounted with respect to a protected enclosure so as to o

i nvention and nore particularly to Figs. 2A - 3D whi ch Ilp’J Immu'r

1 - 8Cwichillustrate a blast protective door constructe
operative in accordance with a preferred enbodi nent of tThis Been Re

f

- 15 -

7. A blast fesistant doorxr assémbly useful with a protected
volume including a. door frame mounted on a wall of the protected
volume and a blast resistant door hingedly mounted on the door

frame and arranged to open inwardly towards the protected volume.

8. A blast resistant door assembly according to claim 7
and wherein said door comprises a door according to any of claims

1 - 6.

9. A door assembly according to either of claims 7 and '8
and also.comprising a gas impervious seal between the door frame
and the wall of the protected volume and a gas impervious seal

between the door and the door frame.
10. A door assembly according to any of claims 7 - 9 and
also comprising a multi-bolt lock selectably locking the door

onto the door frame.

12. - A door assembly according to claim 10 and wherein said

Iauﬂ

oor

multi-bolt 1lock is operative in at least two operative modes, a“

gas impervious sealing mode which can be opened from both the

interior and the exterior of the protected volume without

requiring a key, and an ordinary locking mode which is lockable

from both the interior and the exterior of the protected volume
and which can be unlocked from the exterior of the protected

volume ‘only with a suitable key.

13. A door assembly according to any of claims 7 - 12 and

* c L L} S *




outside of the enclosure. The blast protective door of the present

i nvention preferably conprises first and second sheets 10 and 12 of netal
(Fig. 1),enclosing a layer 14 of a high strength, high density foaned

engi neering resin, preferably a polystyrene resin. A preferred resinis a
GECET expandabl e engi neering resin, which is comercially available from GE
Plastics of Pittsfield MA, U. S.A . The precise density and thickness of the
resin enpl oyed is determ ned enpirically by oper at i onal

requi renents.

- 16 -

' wherein said door frame is mounted into the wall of the protected

volume by employing a plurality of elongate rods extending

transversely into the wall at a plurality-of disparate locations.

4. Apparatus according to any of the preceding claims,

substantially as shown and described hereinabove.

15. . Apparatus according to any of the preceding cléims,

substantially as shown in any of the drawings.

This Sheet Has Been R,
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Alternatively, any suitable material may be used for |ayer 14. Preferably,
the first and second sheets- 10 and 12 are of thickness 1.2 - 1.6 mm
while the layer 14 is of thickness approximately 3 cm The door is
preferably fornmed with a nultiple bolt |ocking nmechani sm- i ndicated
generally by reference nuneral 16, and which includes horizontal bolt
assenblies 18, 20 and 22 and a vertical bolt assenbly 24, all of which are
operated by a Iock 26, such as a MJL-T-LOCK Model 270, having associ ated
therewith a _

-

- 17 -

ABSTRACT OF THE DISCLOSURE
BLAST PROTECTIVE 006R
This invention c;liscloses a light weigh;c door which is
readily deformable when exposed to the force of a blast; thereby
absorbing a substantial portion of the. force of the blast
di:r.;ected théreto and which, by virtue of its deformability is

mountable so as to open inwardly into a protected volume.

This Sheet Has Been Re; ﬂ
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l ocking handle 28 and a latch 30.- It is a particular feature of the present
I nventiton and a radical departure fromprior art teachings regardi ng bl ast
protective doors that rather than being massive and rigid in 7 response
to a blast, the blast protective door of the present : :
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FIG. 1



Pnvention is relatively readily deformable, such that t he

def or’imeit i on absorbs a substantial portion of the force of a blast.
Accordingly, in accordance with a preferred enbodinment of the present

i nvention, the door does not include rigid reinforcement between the first
and second sheets 10 and 12 and is arranged to bow in response to the force
of a blast, thus absorbing a substaptial anmount of the force of the
blast and transmitting a relatively fhf1 anount of the force of the bl ast
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FIG. 2B




to a door frame to which it is attached. The intended defornmability of the
ddor,” which is a particular feature of the present invention is illustrated
part|cularly in Figs. 2A - 2D and 3A - 3D which correspond thereto. These
figures show a door 50, which nay be i dentical to the door of Fig. 1, and
I's hingedly nounted onto a door franme 52 by hinges 53. Door franme 52 is
lpcated in a wall" 54 of an enclosure to be protected and is arranged to
open outwardly of the enclosure. /1
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Figs. 2A and 3Aillustrate the door prior to a blast. It is noted that
gas-ti ght sealing protection may be provided by neans of a sealing strip 56
di sposed between the frane 52 and the wall 54 and of a peripheral seal 58
nount ed between the door frane 52 and the door 50. Figs. 2B-and 3B
illustrate the door under deformation due to the effect of a blast,

indi cated by arrows 60. It is seen that the door bows inwardly

towards the interior of the 4/12 '
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-8- enclosure, thus absorbing a significant portion of the force of the

bl ast” Via the deformation itself. Inasnuch as a relatively small part of
the blast force is transmtted fromthe door to the frame 52, substantially
no deformation of the door frame results. Figs. 2C and 3C itlustrate the
door under deformation due to the effect of the blast rebound force,

| ndi cat ed by arrows

5/12
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FIG. 4B




66, It is seen that the door bows outwardly away fromthe interior of the
encl 8sdre, thus absorbing a significant portion of the force of the bl ast
rebound via the deformation itself. Inasnuch as a relatively snall part

of the blast rebound force is transmtted fromthe door to the frame 52,

the door is retained in the frane by neans of the bolt assenblies of the
l-ocki ng nechani sm 16 and the hinges 58/1Rigs. 2D and 3D illustrate the door
following the blast. It is seen that the door 50 is deformed and danaged

but : '
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rempins intact in frame 52 and operative. It is appreciated that as the
result of the deformation the gas tight sealing cannot be expected to be
retained. There is additionally provided in accordance with a preferred
enbodi nent of the invention a blast resistant door assenbly useful with a
protected volune including a door frame nounted on a wall of the protected
velume and a bl ast resistant door hingedlyy mounted on the door frame and
arranged to open inwardly t owar ds the protected volune. Thi s

“enbodi nent s F](; ES/\
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représents a further radical departure from the conventional design
and fodnting of blast resistant doors, wherein only outward openi ng door
nounti ngs were thought to be acceptable, in order that substantially the

entire force of the blast could be - 9 - fully transferred fromthe
rigid door to the peripheral franme and

o 8/12

i 4 ' ‘/\

L |
VIA - WA

&l e )

|~ “’
|

Il

] Jl””””




t hence to the surrounding structure. An oppositely designed door structure,
wher é1 i t he- door opens towards the interior of a protected enclosure and
also is constructed to have intended deformability, 1is illustrated
particularly in Figs. 4A - 4D and 5A - 5D which correspond thereto. These
figures show a door 70, which nmay be identical to the door of Fig. 1, and
I« hingedly nounted onto a door franeg7 2by hi nges 73. Door frame 72 is
located in a wall 74 of an encl osure t& e protected and is arrange to open
[

oatwardly of the :
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.enclosure. Figs. 4A and 5A illustrate the door prior to a blast. It is
nbt el *t hat here al so gas-tight sealing protection nmay be provided by neans
of a sealing strip 76 disposed between the frane and the wall 74 and of a
peri pheral seal 78 nounted between the door frane 72 and the door 70. Figs.
4B and 4B illustrate the door under %Zrnatlon due to the effect of a

bl ast, indicated by arrows 80. It is % ¥that the door bows inwardly
towards the interior of the

z ||,

FIG. 6C




encl osur e,

‘va™t'e deformation itself.

t hus absorbing a significant portion of the force of the bl ast
| nasnmuch as a relatively small part of the
bl ast force is transmtted fromthe door to the franme 72,
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- 10 .- interior of the enclosure, thus absorbing a significant portion of

"t Re>Tdr ce of the bl ast
relatively small
door to the frame 72,

rebound via the deformation itself.
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blast. It, i's seen that the door 70 is defornmed and darragequpﬂ?t_éerrai ns
intact in frame 72 and operative. It is appreciated that as He“result of
the deformation the gas tight sealing cannot be expected to™#2 retained.
Retf.erencq is now made to Figs. 6A, 6B and 6C, which are sinplified

pictorial™rllustrations of the |ocking nmechanismof a preferred enbodinent

of the door assenbly of Figs. 1 - 5D imrespective |ocked, unlocked and
gas-tight sealed orientations, and to Figs. 7A, 7B and 7C, which are
sinplified sectional BLAST PROTECTIVE DOOR

FIELD OF THE INVENTION

The present invention relates to blast protective doors

and door assemblies generally.

BACKGROUND OF THE - INVENTION

Various types of blast protective doors and door
assemblies are known. Generally, such doors are of massive
rigid construction, and are arranged to open outwardly of a
protected volume, such that the force of the blast may be
transferred to the door frame along at least three edges of the
door. Such doors are designed insofar as possible to resist
deformation due to the force of a blast.

In general, the conventional wisdom with regard to the
construction of blast resistant doors requires that the doors and
the door frames onto which they are mounted be resistant to

deformation in response to the force of the blast.

G
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i I'fustrations taken al ong respective lines VIITA - VIIA, VIIB - VIIB, and
VIIC- VIICin Figs. 6A 6B and 6C. It is seen that 1in accordance
with a preferred enbodi nent of the present invention, a protective door
90 is provided having three operative orientations, |ocked by latch 30, as
shown in Figs. 6A and 7A, unl ocked, as shown in Figs. 6B and 7B and
gas-tight sealed by the bolt assenblies,2as shown in Figs. 6C and 7C. In
the orientations shown in Figs. 6A 6B, 7A and 7B

SUMMARY OF THE INVENTION

The present invention rejects the conventional
teachings of the prior art with respect to the construction and
installation of blast proteetive_doors.

The present invention seeks to provide .an improved
light weight door wﬁich is readily deformable when exposed to the
force of a blast, and which, by virtue of its deformability is

[ mountable so as to open inwardly into a protected voiume.

There is thus provided -in accordance with a preferred
embodiment of the present invention a door formed of first and
second sheets of metal enclosing a layer of a high strength,
high density foamed engineering resin, preferably a polystyrene
resin.

Preferably, the door does not include any reinforcement
between the first and second sheets and is arranged to bow in
response to the force of a blast, thus absorbing a substantial
amount of the force of the blast and transmitting a relatively
small aﬁount of the force of the blast to a door frame to which
it is attached.

There is additionally provided in accordance with a
preferred embodiment of the invention a ~blast resistant door
assembly useful with a protected volume including a door frame
mounted on a wall of the protected volume and a blast  resistant
door hingedly mounted on the door frame and arranged to open
inwardly towards the protected volume.

In accordance with a preferred embodiment of the
present invention, there is provided a gas impervioue seal

?;ﬁggﬂ
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t he "door may be | ocked and unl ocked from both the inside and the outside by
conventional key operated | ocking nmechanisns, such as those enployed, for
exanple in the PLADELET, comercially available from Ml -T-Lock Ltd.
In the gas-tight sealing orientation shown in Figs. 6C and 7C, the door is
preferably not | ocked and may be opened

- 3 -

between the door frame and the wall of the protected volume and a
gas impervious seal between the door and the door frame.

Further in accordance with a preferred embodiment of
the present invention, there is provided a multi—bolt lock
selectably locking the door: onto the door frame.

Preferably,' the multi-bolt lock is operative in two
operative modes, a gas impervious sealing mode which can be

.( opened from both the interior and the exterior of the protected
volume without requiring a key, and an .ordinary locking mode
which is lockable from both the interior and the exterior of the
protected volume and which can be unlocked from the exterior of
the protected volume only with a suitable key.

Additionally in accordance with a preferred embodiment
of the present invention, the doér frame may be mounted into the
wall of the protected volume by employing a plurality of elongate
rods extending transversely into the wall at a plurality of
disparate locations.

-Preferably, the door is formed of first and second
sheets of metal enclosing a layer of a high strength, high
density foamed engineering resin, preferably a polystyrene resin.
A preferred resin is a GECET expandable engineering resin, which
is commercially available from GE Plastics of Pittsfield MA,
U.S.A.. The precise density and thickness of the resin employed
is determined empirically by operational requirements, including

the size of the container.
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W thout the use of a key fromboth the inside and the outside, as is
required in energency situations. Door 90 nmay be of the type shown in Fig.
1 and may be nounted in any suitable manner, preferably as shown in either
t he embodi nents of Figs. 2A°- 2D and 3A - 3D or that of Figs. 4A - 4D and
5A - 5D. The operative orientation is, determned by the angular
orientation of a |ocking handle 90, which typically is in a generally

hori zontal orientation when unl ocked or |ocked by |atch 30 as shown in
Figs. 6A 6B, 7A and 7B. BRIEF DESCRIPTION OF THE DRAWING

The present invention will be understood and
appreciated more fully from the following detailed description,
taken in conjunction with the drawings in which:

Pig. 1 is a partially cut away simplified illustration
of a Dblast protective "door constructed and operative in
accordance with a préferred embodiment of the present invention;

Figs. 2A, 2B, 2C and 2D are simplified pictorial

( ' illustrations of a door constructed and operative in accordance
with one preferred embodiment of the present invention,
respectively prior to a blast, bowed in response to the force of
the blast, further deformed in response to the rebound force and
in a final post-blast orientation;

Figs. 3A, 3B, 3C and 3D are simplified sectional
illustrations of the door of Figs. 2A - 2D, respectively prior to
a. blast,l bowed in response to the force of the blast, further
deformed in response to the rebound force and in a final post-
blast.origntationr

Figs. 4A, 4B, 4C and 4D are simplified pictorial
illustrations - of a door constructed and operative in accordance
with another preferred embodiment of the present invention,
respectively prior to a blast, bowed in response to the force of
the blast, further deformed in response to the rebound force and
in a final post-blast orienﬁation:

Figs. 5A, 5B, 5cC ahd 5D are simplified sectional
illustrations of the door of Figs. 4A - 4D, respectively priof to

a blast, bowed in response to the force of the blast, further

deformed in response to the rebound force and in a final post-
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Hafidl e 92 operates a | ock nechani sm 96, which may be sinmilar to nechani sm
16 (Fig. 1), and which in turn causes axial displacenment of a nunber of
bolts, such as bolts 18 and 98, into and out of -locking and gas-tight
| ocki ng engagenent wi th corresponding strikes such as strike 100 in a
frame 102. Wien the door is |locked by latch 30 or unlocked, as shown in
Figs. 6A, 6B, 7A and 7B, the bolt 985 is entirely retained inside door
90 and does not penetrate strike 100 and the handle 92 is generally

horl zont %Iasvt\:heor}iter}; o %_rc',%l;e 92 is arranged

Figs. e6a, 6B and 6C are simplified pictorial
illustrations of the locking mechanism of a preferred embodiment
of the door assembly of Figs. 1 ~ 5D in respective locked,
unlocked and gas-tight sealed orientations;

Figs. _ 74, 7B and 7C are simplified sectional
illustration§_-taﬁen along respective lines VIIA - VIIA, VIIB -
VIIB, and VIIC - VIIC in Figs. 6A, 6B and 6C, and showing the
locking mechanism of a preferred embodiment of the door assembly
of Figs. 1 - 5D in respective locked, unlocked and gas~tight
locked orientations; and

Figs. 8A, 8B and 89 are simplified illustrations of
three alternative door mounting arrangements useful in

accordance with a preferred embodiment of the present invention.

This is the replacement sheet

Date: 16 MAY 1936



typtcally in an upward facing vertical orientation, as shown in Fig. 6C
the bolt 98 is |levered against a step 104 in strike 100, thus forcing the
door against a peripheral sealing menber 106, thereby conpressing the
seal i ng nenber 106, as seen in Fig. 7C and providing a gas tight seal

bet ween the door and franme 102. The abovge-descri bed nmechani smthus
preferably allows energency opening of the door from outside the enclosure

wi t hout DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Figs. 1 - 8C which iilustrate
a blast protective door constructed and operative in accordance
with a preferred embodiment of the present invention and more
particularly to Figs. 2A - 3D which illustrate the door mdunted
with respect to a protected enclosure so as to open towards the
outside of the encloéﬁre.

The blast protective door of the present invention
preferably comprises first and second sheets 10 and 12 of metal
(Fig. 1),enclosing a layer 14 of a hiéh strength, high density
foamed engineering resin, preferably a polystyrene resin. A
preferred resin is a GECET expandable engineering resin, which is
commercially available from GE Plastics of Pittsfield MA, U.S.A..
The precise density and thickness of the resin employed is
determined empirically by operational requirements.
Alternatively, any suitable material may be used for layer 14.
Preferably, the first and second sheets 10 and 12 are of
thickness.' 1.2 - 1.6 mm, while the layer 14 is of thickness
approximafely 3 cnm.

The door is preferably formed with a multiple bolt
locking mechanism, indicated generally by reference numeral 16,
and which includes horizontal bolt assemblies 18, 20 and 22 and a
vertiéal bolt assembly 24, all of which are operated by a lock
26, such as a MUL-T-LOCK Model 270, having associated therewith a
locking handle 28 and a latch 30.

It is a particular feature of the present invention and
a radical departure from prior art teachings regarding blast

protective doors that rather than being massive and rigid in
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- 12 - a key when the bolt 98 is in the gas-tight |ocking orientation of
Figs. 6C and 7C, but requires a key when the door is |locked in a nornal
node, as by latch 30, thus enabling the door to function both as a security
door agai nst break-ins and as a bl ast and gas- protectiveldoor. Reference
I's now nmade to Figs. 8A, 8B and 8C, which are sinplified illustrations of
three alternative door nounting

- 7 -

response to a blast, the blast protective door of the present
invention is relatively readily deformable, such that the -
deformation absorbs a substantial portion of the force of a
blast._

Accordingly, in accordance with a preferred- embodiment
of -the present invention, the door does not includé rigid.
reinforcement between the fiféf and second sheets 10 and 12 and
is arranged to bow in response to the force of a blast, thus
absorbing a substantial amount of the force of the blast and
transmitting a relatively small amount of the force of the blast
to a door frame to which it is attached.

The intended deformability of the door, which is a
particular feature of the present invention is illustrated
particularly in Figs. 2A - 2D and 32 - 3D which correspond
thereto. These figures show a door 50, which may be identical to
the door of Fig. 1, and is hingedly mounted onto a door frame 52
by hinges 53. Door frame 52 is located in a wall 54 _of an
( enclosure to be protected and is arranged to open outwardly of
- the enclosure.

Figs. 2A and 3A illustfate the.door prior to a blast.
It is noted that gas-tight sealing protection may be provided by
means of a sealing strip 56 disposed betweén the frame 52 and the
wall 54 and of a peripheral seal 58 mounted between the door
frame 52 and the door 50.

Figs; 2B and 3B illustrate the door under deformation
due to the effect of a blast, indicated by arrows 60. It is seeﬁ

that the door bows inwardly towards the interior of the
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arrangenents useful in accordance with a preferred enbodi nent of the
present invention. The door may be the door of Fig. 1, nounted in
accardance with any of the enbodinments of Figs. 2 - 7C. Fig. 8Aillustrates
an arrangenent wherein a door frame 120 is bolted or otherw se attached to
a wall edge 122 by neans of a bolt or rag 124. Gas tight sealing materi al
126 is preferably provided along all joints between the wall edge 122 and
the frame 120. A gas tight sealing strip 128 is di sposed
enclosure, thus absorbing a significant portion of the force of
the blast via the deformation itself. Inasmuch as a relatively
small part of the blast force is transmitted from the door to the
frame 52, substantially no deformation of the door frame results.

Figs. 2C and 3C illustrate the door under deformation
due to the effect of the blast rebound force, indicated by arrows
66. It is seen that the door bows outwardly away £from the
interior of the enclosure, thus absorbing a significant portion

{ of thé force'of the blast febound via the deformation itself.
Inasmuch as a relatively small part of the blast rebound force is
transmitted from the door to fhe frame 52, the door ;s retained
in the frame by means of the bolt assemblies of the locking
mechanism 16 and the hinges 53.

Figé. 2D- and 3D illustrate the door following the
blast. It is seen that the door 50 is deformed and damaged but
remains intact in frame 52 and operative. It is appreciated that
as the result of the deformation the gas tight sealing cannot be
.expected to be retained.

There is additionally provided in accordance with a
preferred embodiment of the invention a blast resistant door
assembly useful with a protected volume including a door frame
mounted on a wall of the protected volurie and a blast resistant
door hingedly mounted on the door frame and arranged to open
inwardly towards . the protected volume. This “embodiments
represents a “further radical departure ' from the éonventional
design and mounting of blast resistant doors, wherein only

outward opening door mountings were thought to be acceptable, in

order that substantially the entire force of the blast could be
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peripherally of the frame, for pressure engagenent with a door 130. Fig. 8B
Illustrates an arrangenent wherein a door frane 140 is bolted or otherw se
attached to a wall edge 142 by nmeans of a plurality of bolts 144 which fix
the frame 140 via gas tight sealing material 146 to a peripheral steel

pl ate 148, which is sealingly enbedded in the wall edge 142. A gas tight
sealing strip 150 is disposed peripherdalHy of the frame, for pressure
engagenment with a door 152..

fully transferred from the rigid door to the peripheral frame and
thence to the surrounding structure.

An oppositely designed door structure, whefein the door
opens towards the interior of a protected enclosure and also is
constructed to have intended deformability, is illustrated
particularly in Figs. 4A - 4D and 52 - 5D which correspond
thereto. These figures show a door 70, which may be identical to
the door of Fig. 1, and is hingedly mounted onto a door frame 72

{ by hinges 73. Door frame 72 is located in a wall 74 of an
enclosure to be protected and is arrange to open outwardly of the
enclosure. |

Figs. 4A and 5A illustrate the door prior to a blast.
It is noted that here also gas-tight sealing protection may be
provided by means of a sealing strip 76 disposed between the
frame and the wall 74 and of a peripheral seal 78 mouhted between-
the door frame 72 and the door 70.

Figs. 4B and 4B illustrate the door under deformation
due to the effect of a blast, indicated by arrows 80. It is seen
that the door bows inwardly towards the interior of the
enclosure, thus absorbing a significant portion of the force of
the blast via the deformation itself. Inasmuch as a relatively
small part of the blast force is transmittéd from the door to the
frame 72, the door is retained in the frame by means of the bolt
assemblies of the locking mechanism 16 and the hinges 73.

Figs. 4C and 5C illustrate thé door under deformation
due to the effect of the blast rebound force, indicated by arrows

76. It 1is seen that the door bows outwardly away from the
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Fig: 8Cillustrates an arrangenent wherein a door frame 160 is bolted or
ot herwi se attached to a wall edge 162 over an existing frane 163 by neans
of a bolt or rod 164. Gas tight - 13 - sealing material 166 is
preferably provided along all joints between the wall edge 162 and the

frame 160. A gas tight sealing - 10 -
interior of the enclosure, thus absorbing a significant portioﬁ
of the force of the blast rebound via the deformation itself.
Inasmuch as a relatively small part of the blast rebound force is
transmitted from the door to the frame 72, substantially ho
deformation of the door frame results.

Figs. 4D and 5D illustrate the door following the
blast. It is seen tﬁat the door 70 is deformed and damaged but
remains intact in frame 72 and operative. It is appreciated that

( as the result of the deformation the gas tight sealing cannot be
o expected to be retained.

Reference is now made.to Figs. 6A, 6B and 6C, which are
simplified pictorial illustrations of the locking meéhanism of a
preferréd embodiment of the door assembly of Figs. 1 - 5D in
respective locked, unlocked and gas-tight sealed orientations,
and to Figs. 7A, 7B and 7C¢, which are simplified sectional
illustrations taken along respective lines VIIA - VIIA, VIIB -
VIIB, and VIIC - VIIC in Figs. 6A, 6B and 6C.

It is seen that in accordance with a preferred
embodiment of the present invention, a protective door 90 is
provided having three operative orientations, locked by latch 30,
as shown in Figs. 6A and 7A, unlocked, as shown in Figs. 6B and
7B and gas-tight sealed by the bolt assemblies, as shown in Figs.
6C and 7cC. '

In the orientafions shown in Figs. 6A, 6B, 7A and 7B
the door may be locked and unlocked from both the inside and the
outside by conventional key operated locking mechanisms, such as

those employed, for example in the PLADELET, commercially
available from Mul-T-Lock Ltd.

This is the replacement sheet

Date: 16 MAY 1836



strip 168 is disposed peripherally of the frame, for pressure engagenent
with a door 170. It will be appreciated by persons skilled in the art that
the present invention is not limted to what has been particularly shown
and descri bed herei nabove, but extends to nodifications and variations
thereof within the scope of a person skilled in the art. The present

i nvention is thus defined by the clmlnifwnch'follomz :

In the gas-tight sealing orientation shown in FPigs. 6C
and 7C, the door is preferably not locked and may be opened
without the use of a key from both the inside and the outside, as
is required in emergency situations.

Door 90 may be of the type shown in Fig. 1 and may be
mounted in any suitable manner,_pfeferably_as'shown in either the
embodiments of Figs. 2A - 2D and 3A - 3D or that of Figs. 4A - 4D

and 5A -~ 5D. The operative orientation is determined by the

—

angular.orientation of a locking handle 90, which typically is in
a generally horizontal orientation when unlocked or 1locked by
latch 30, as shown in Figs. 6A, 6B, 7A and 7B.

Handle 92 operates a lock mechanism 96, which may be
similar to mechanism 16 (Fig. 1), and which in turn causes axial
displacement of a number of bolts, such as bolts 18 and 98, into
and out of locking and gas-tight locking engagement with
corresponding strikes such as strike 100 in a frame 102.

When the door is loéked by latch 30 or unlocked, as
{ shown in. Figs. 6A, 6B, 7A and 7B, the bolt 98 is entirely
retained inside door 90 and does not penetrate strike 100 and the
handle 92 is generally horizontal. When the handle 92 is arranged
typically in an upward facing vertical orientation, as shown in
Fig. 6C, the bolt 98 is levered against a step 104 in strike 100,
thus forcing the door against a peripheral sealing member 106,
thereby compressing the sealing member 106, as seen in Fig. 7C
.and providing a gas tight seal between the door and frame 102.

The above-described mechanism thus preferably allows

emergency opening of the door from outside the enclosure without
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-14°- CLAIMS 1. A light weight door which is readily deforna
exposed to the force of a blast, thereby absorbing a substanti al
the.force of the blast directed thereto and whi-ch, by virtue of

bl e when
portion of
its

deformability is nmountable so as to open inwardly into a protected vol une.

2. A door according to claim1 wherein said door is forned of
second - 12 -

first and

a key when the bolt 98 is in the gas-tight locking orientation of
Figs. 6C and 7C, but requires a key when the door is locked in a
normal mode, as by latch 30, thus enabling the door to function

both as a security door against break-ins and as a blast and gas-

protectiveldoor.

Reference is now made to Figs. 8A, 8B and 8C, which are

simplified illustrations of three alternative door
arrangements useful in accordance with a preferred embod

( the present invention. Ihe door may be the door of

mounting
iment of

Fig. 1,

mounted in accordance with any of the embodiments of Figs. 2 -

7C.

Fig. 8A illustrates an arrangement wherein a door frame

120 1is bolted or otherwise attached to a wall edge 122 by means

of a bolt or rod 124, Gas tight sealing mnaterial
preferably provided along all joints between the wall
and the frame 120. A gas tight sealing strip 128 is
peripherally of the frame, for pressure engagement with
130. |

Fig. 8B illustrates an arrangement wherein
frame 140 is bolted or otherwise attached to a wall edg
means of a plurality of bolts 144 which fix the frame
gas tight sealing material 146 to a peripheral steel pl

which is sealingly embedded in the wall edge 142. A g

126 1is
edge 122
disposed

a door

a door
e 142 by
140 via
ate 148,

as tight

sealing strip 150 is disposed peripherally of the frame, for

pressure engagement with a door 152.
Fig. 8C illustrates an arrangement wherein a d
160 is bolted or otherwise attached to a wall edge 162

existing frame 163 by means of a bolt or rod 164. G

oor frame
over an

as tight
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sheets of netal enclosing a |ayer. of high strength, high density foaned

engi neering resin. 3. A door according to claim1l and being forned of
first and second sheets of netal enclosing a |ayer of a high strength, high
density foamed engi neering resin. 4. A door according to either of
claims 2 and 3 and wherein said engineering resin conprises a polystyrene
resin. 5. A door according to any of the preceding clainms and which does
not include any reinforcenent between thgsfirst and second sheets. 6. A

door according to any of the preceding clains and which is arranged to bow
sealing material 166 is preferably provided along all Jjoints

between the. wall edge 162 and the frame 160. A gas tight sealing
strip 168 is disposed peripherally of the frame, for pressure
engagement with a door 170.

It will be apprgciated by persons skilled in the art
that the present in?ention is not limited to what has been
particularly shown and described hereinabove, but extends to
modifications and variations thereof within the écope of a person

skilled in the art. The present invention is thus defined by the

claims which follow:
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response to the force of a blast, thus absorbing a substantial anount of
the force of the blast and transmtting a relatively small anount of the
force of theJeql—as{—{—e—a—dogL_f_r_a,neto which it is attached. - 15 - 7.

A bl ast resi st 1 etqiasg useful with a protect ed volune including a
door frane rmun “”I l m‘¥ the protected =

THIS SHEET Fas 5 Bin
REPLACED

CLAIMS

i. A 1light weight door which is readily deformable when
exposed to the force of a blast, thereby absorbing a substantial
portion of the force of the blast directed thereto and which, by
virtue of its deformability is mdpntable so as to open inwardly

into a protected volune.

2. A door formed of first and second sheets of metal
enclosing a layer of a high strength, high density foamed

engineering resin.

3. * A door accoxrding to claim 1 and being formed of first
and second sheets of metal enclosing a layer of a high strength,

high density foamed engineering resin.

4. A door according to either of claims 2 and 3 and

wherein said engineering resin comprises a polystyrene resin.

5. A door according to any of the preceding claims and
which does not include any reinforcement between.the first and

second sheets.

6. A door according to any of the preceding claims and
which is arranged to bow in response to the force of a blast,
thus absorbing a substantial amount of the force of the blast and
transmitting a relatively small amount of the force of the blast

to a door frame to which it is attached.

This is the replacement sheet
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vol umé and a bl ast resistant door hingedly nounted on the door .frame and

arranged to open inwardly towards the protected vol une. 8. A Dbl ast
resi stant door assenbly according to claim 7 and wherein said door
conprises a door according to any of clains 1 - 6. 9. A door

assenbly according to either of clains 7 and 8 and al so conprising a-gas
| npervi ous seal between the door frane and the wall of the protected vol une
and a gas inpervious seal between the door and the door frane.

~ 15 -

7. A blast resistant door assembly useful with a protected
.volume including a door frame mounted on a wall of the protected
volume and a blast resistant door hingedly mounted on the door

frame and arranged to open inwardly towards the protected volume.

8. A Dblast resistant door assembly according to claim 7
and wherein said door comprises a door according to any of claims

1- 6.

9. A door assembly according to either of claims 7 and 8
and also comprising a gas impervious seal between the door frame
and the wall of the protected volume and a gas impervious seal

between the door and the door frame.

10. A door assembly according to any of claims 7 - 9 and
also comprising a multi-bolt lock selectably locking the door

onto the door frame.

12. :A door assembly according to claim 10 and wherein said
multi-bolt lock is operative in at least two operative modes, a
gas impervious sealing mode which can be opened from both the
interior and the exterior of the protected volume without
requiring a key, and an ordinary locking mode which is lockable
from both the interior and the exterior of the protected volume
and which can be unlocked from the exterior of the protected

volume only with a suitable key.

13. A door assembly according to any of claims 7 - 12 and

This ia ths replacgment sheet
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10. : A door assenbly according to any of clains 7 - 9 and al so
conprising a multi-bolt |lock selectably | ocking the door onto the door
frame. 12. A door assenbly according to claim10 and wherein said
multi-bolt lock is operative in at |east two operative nbdes, a gas

| mpervi ous sealing node which can be opened from both the interior and
the exterior of the protected volunme w thout requiring a key, and an

ordi nary | ocking node which is | ockable fromboth the interior and the
exterior of the protected vol une

- 16 -
wherein said door frame is mounted into the wall of the protected

volume by employing a plurality of elongate rods extending

transversely into the wall at a plurality of disparate locations.

14. Apparatus according to any of the preceding clains,

substantially as shown and described hereinabove.

15. Apparatus according to any of the preceding clains,

substantially as shown in any of the drawings.
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and which can be unl ocked fromthe exterior of the protect vol u only
with a suitable key. 13. A door assenbly according f o%fd?/"%? cl ai ms
7 - 12 and -16- wherein said door franme is nounted into wwh® wall of the
protected volune by enploying a plurality of elongate rods extending

- 17 -

ABSTRACT OF THE DISCLOSURE
BLAST PROTECTIVE DOOR
This invention éiscloses a light weighf door which is
readily deformable when exposed to the force of a blast, thereby
( absorbing a substantial ﬁortion of the. force of the blast
directed thereto and which, by virtue of its deformability is

mountable so as to open inwardly into a protected volume.

(Figure 1)
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transwersely into the wall at a plurali ty%‘f"‘br&par at e—Lac.a.t_L,Q_nms_:.__._
Apparatus according to any of the precedi®g cl ai rrs?ishmwa- li’

shown and described herei nabove. 15. Appar at us -aqcof-éi-lmg -:‘=-(t"Q~ :
the preceding clains, substantially as_?‘p_own in any; o?ﬁ t;f% dravm ngs;’

i:"ri )‘,

CLAIMS ,

o
-~

1. A light weight door which is readily deformable when exposed to the force of a
blast, thereby absorbing a substantial portion of the force of the blast directed thereto
and which, by virtue of its deformability is mountable so as to open inwardly into a

protected volume.

2. A door according to claim 1 wherein said door is formed of first and second
sheets of metal enclosing a layer of high strength, high density foamed engineering

resin.

3. A door according to claim 1 and being formed of first and second sheets of metal

enclosing a layer of a high strength, high density foamed engineering resin.

4. A door acooi'ding to either of claims 2 and 3 and wherein said engineering resin
comprises a polystyrene resin.

5. A door according to any of the preceding claims and which does not include any

",

reir]foroement bétween the first and second sheets.

6. A door according to ény of the preceding claims and which is arranged to bow in
response to the force of a blast, thus absorbing a substantial amount of the force of the

blast and transmitting a relatively small amount of the-forcé of the blast to a door frame -

A

| ,[ AMENDED  SHEET Date:  ~ 9 MAY 1939

to which it is attached.
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