DESCRI PTI ON TI TLE DEVI CE FOR THE
SAFE CLOSURE COF AN OPENI NG | N A PROTECTI VE STRUCTURE  TECHNI CAL FI ELD
The ‘present invention relates to a device for the safe and reliable closure
of an opening in a protective structure, which can be potentially | oaded
with | oad peaks up to several hundré%Egeﬁ&ﬂgushort duration, which occur
W thi'n a few m|liseconds or which ri ly, particularly as a result
of explosions and with a closing device novable in front of the opening.
Devices of this type are used on the ongyfagnhd for closing openings in the
protective structure in the case of external threats, whilst on the other
and in parti cRDEVICEfFIR THE §# YSURE OFo AR ORENING INA AROZECTIVE STRYCTVRE case
of chanbers for explosives or ammunition, violent actions can arise due to
expl osi ons_of the indicated order of magnitude. The closing device nust
al so be aBEGHNICAL RIELD and arti cl es, fragnents or liquids hurled against it.
In certain cases gastightness is additionally required. PRIOR ART Wth
the sol utions e.qg. kno from.civil_ defence l ications, (it ..s.not readily
poss: bl o He et ABT IR ERB R, o0R FViEe TR, LF (s f ong) Bl cnbEie
of an opening in a protective structure, which can be potentially loaded
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with load peaks up to several hundred bars of short duration, which occur
within a few milliseconds or which rise suddenly, particularly as a result

of explosions and with a closing device movable in front of the opening.

Devices of this type are used on the one hand for closing openings in the
protective structure in the case of external threats, whilst on the other
and in particular for the closing of rooms where, such as e.g. in the case
of chambers for explosives or ammunition, violent actions can arise due to
explosions of the indicated order of magnitude. The closing device must
also be able to withstand articles, fragments or liquids hurled against it.
In certain cases gastightness is additionally required.

PRIOR ART

With the solutions e.g. known from civil defence applications, it is not
readily possible to withstand the aforementioned, extreme loads. Closure
devices for civil defence applications only have to withstand comparatively
low loads with an order of magnitude of one to a few bars. They can readily
be absorbed by an adequately load-bearing door leaf, which is supported on

a door frame anchored in the protective structure and is lockable therewith

in the closed state.

If the known civil defence solutions were to be used for applications where
the aforementioned extreme loads could arise, the door leaf would have to be
made much more load—bea:ing and therefore thicker and stiffer. As a result
its decisive natural oscillation times would be very short and the plasticiz-
ability thereof correspondingly low. The door leaf and frame would be sub-~-
ject to high stresses even with load peaks of short duration. This would

in particular apply in the case of shear stressing, where plasticization,



devi'ces:-for civil defence applications only have to withstand conparatively
l ow | oads with an order of magnitude of one to-a few bars. They can readily
be "dbsor bed by an adequately | oad-bearing door |eaf, which is supported on
‘a door frame anchored in the protective structure and is |ockable therewith
in the closed state. I f the known civil gefence solutions were to be used
for &pplications where the aforenenti oned extrenme | oads could arise, the
door | eaf would have to be nmade nuch nore | oad-bearing and therefore
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al ready use has been nade of conplicated additional neasures, such as e.g.

additional tunnel lengths or baffle plates upstreamof the cl osi ng devi ce.
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;SO-CEHW edKlotz device, cf. e.g. "Underground Ammunition Storage", Model Test to
Investigate the Strength and Effectiveness of a Selfclosing Concrete Block",
Norwegian Defence Construction Service, 0Oslo, Norway, March 1974, with
further supporting documents. This device has been especially developed for
securing the environment of underground ammunition stores. In the case of
accidental explosions in underground ammunition chambers, the Klotz acts as
an automatic closing mechanism. The Klotz essentially comprises a wedge-
shaped reinforced concrete block, which is placed in the interior of the
storage chamber, in front of the exit, but with an adequate spacing for
transportation vehicles. The internal pressure in the case of an accident
then hurls it in the manner of a wedge into the facing exit and closes the

latter.
The Klotz device suffers from the following disadvantages:

The Klotz mechanism is only activated in the case of relatively severe

explosions. WNo protection is provided for less serious accidents.

In order to satisfy the specific operational requirements of the installa-
tion (e.g. necessary access dimensions for vehicles), the Klotz must be
located at a significant distance from the exit. Consequently, in certain
circumstances, there is an escape of a considerable part of the explosion
effects (pressure, gases, fragments, fire), before the Klotz has closed the
opening, so that protection is inadequate. With explosives or ammunition
chambers there is the additional hazard of undetonated ammunition or explo-

sive fragments being hurled out. This could make much more difficult access



Kotz device, cf. e.g. "Underground Ammunition Storage", Mdel Test to
Investigate the Strength and Effectiveness of a Selfclosing Concrete

Bl ock", Norwegi an Def ence Construction Service, Gslo, Norway, March 1974,

W th further supporting documents. This device has been especially

devel oped for securing the environnent of :ynderground ammuni tion stores. In
the c¢ase of accidental explosions in underground amunition chanbers, the
Klotz acts as an automatic cl osing nechanism The Klotz essentially
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i nadequate. Wth explosives or anmmunition chanbers there is the additional
‘hazard of _undetonated ammunition or explo- sive fra(_iments bei ng hurl ed out.
This coul B gemﬁ m ¢ Mot pake 1t nossible to implement undergfound ammuni-

tion store complexes having several chambers. Even if each chamber was
protected by its own Klotz device, there would be a danger, if an explosion

occurred in one of the chambers, of the remaining chambers also blowing up.

DESCRIPTION OF THE INVENTION

The problem of the present invention is to provide a closure device of the
aforementioned type, which avoids the indicated disadvantages and ensures
the complete, necessary protection in an economically and operationally
optimum manner. According to the invention, this problem is solved by a
device, as defined in claim 1. The inventive device is consequently charac-
terized in that the closure element is supported elastoplastically in or
upstream of the opening with respect to the support areas of the protective
structure and that the elastoplastic support permits a deformation path or

capacity of at least 50 mm.

Preferred developments of the present invention are characterized in the

dependent claims.

As a result of the elastoplastic support, the action of the high, short-
duration loads is significantly reduced (up to an order of magnitude), so
that, compared with the hitherto known solutions with rigid supports, a
technically and economically more advantageous solution is obtained. As
closure elements are e.g. usable in part door structures with door leafs and

frames, which have door thicknesses and support dimensions, which are of an



-3 " to the cl osing device, whilst clearing up work woul d be nuch nore

difficult. The Kl otz device provides no protection of effects fromthe
ot hér- side and al so no protection agai nst unauthorized access, unless
additional, com plicated closing nenbers are used. Kl ot z devi ces can

general ly only be used once, because during_an explosion the Kotz is
jammed in its end position and can only be broken away w th consi derabl e
effort and scarcely in a non-destructive nanner. Kl ot z devi ces al one do
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havi ng several chanbers. Even i f each chanber was protected by its own

KI otz device, there would be a danger, if an explosion occurred in one of
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rebound of the closure element, as well as resonance effects, directly

following load application, are much lower due to the elastoplastic support.

As a result of the closure device according to the invention a closure
element comprising e.g. a door leaf and a door frame, can be effectively
protected against overstressing, damage and corresponding deformation. Thus,
it is possible to avoid the possibility of the closure device no longer
being openable and c}osable following the explosion, because the unit formed
by the door leaf and door frame is unimpaired. For the same reasons, it is
possible to bring about a gastightness of the closure device and maintain it~
even in the case of high loads. Thus, the closure device can also provide
protection against fire gases, fire heat, fragments and/or flying debris of -
all types.

For elastoplastic support purposes use 1is preferably made of descreet shock
absorbers, which have a marked, statically and dynamically predeterminable,
checkable, extended dynamic yield plateau in the plastic range, in which the
dynamic yield force only changes insignificantly. Obviously the deformation

capacity must be adequately dimensioned.

Closure devices of the aforementioned type are admittedly mainly stressed by
uniform forces acting perpendicular to the plane of the opening. However,
non-uniformly acting forces or those having a component parallel to the

door leaf plane, can lead to e.g. distributed, discreet, elastoplastic shock
absorbers undergoing a non-uniform deformation and consequently the closure

element passes into an angled position with respect to the starting position



dependent cl ai ns. As a result of the elastoplastic support, the action of
t he high, short- duration loads is significantly reduced (up to an order of
magni-t ude), so that, conpared with the hitherto known solutions with rigid
supports, a technically and econom cally nore advantageous solution is
obtained. As closure elenents are e.g. usaple in part door structures with
door 1 eafs and franes, which have door thicknesses and support di nensions,
whi ch are of an -4-
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'SUPPOrt. tion chambers can always be completely mutually compartmentalized.
It is also possible to use shear keys as elastoplastic supports.
Further advantages and developments of the invention can be gathered from
the following description of embodiments with reference to the attached

drawings.

BRIEF EXPLANATION OF THE DRAwINGS

In the drawings show:

Fig. 1 A horizontal section (A-A in fig. 2) through a first embodiment
of a protective structure closure device according to the

invention with a gas~tight hinged door.

Fig. 2 A vertical section (B-B in fig. 1) through the arrangement of
fig. 1.
Fig. 3 A horizontal section (C-C in fig. 4) through an embodiment of a

protective structure closure device according to the invention,
with a gas-tight sliding door.

Fig. 4 A vertical section (D-D in fig. 3) through the arrangement of
fig. 3.

Fig. 5 A detail of a slip joint.



As. a result of the closure device according to the invention a closure
el.ement conprising e.g. a door |eaf and a door frane, can be effectively
protiect ed agai nst overstressing, damage and correspondi ng def or mati on.
Thus, it is possible to avoid the possibility of the closure device no

1 onger being openabl e and cl osabl e fol | owigg the expl osion, because the
unit fornmed by the door |eaf and door franme is uninpaired. For the sane
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yield plateau in the plastic range, in which the dynamc yield force only
changes insignificantly. Qoviously the deformation capacity nust be
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Fig. 9 The characteristic configuration of a possible load diagram
for the protective structure closure device according to the

invention.

Fig. 10 The characteristic configuration of another possible load
diagram, the so-called “step function" (very rapid load rise to

a specific level).

Fig. 11 The typical, dynamic load-deformation behaviour of an elasto-
plastic éhock absorber for the protective structure closure

device according to the invention.
Fig. 12 A variant to figs. 7 and 8, where in place of the elastoplastic
shock absorbers, use is made of an elastoplastically deformable

shear key 25.

WAYS OF IMPLEMENTING THE INVENTION

Fig. 1 shows a typical example of a highly load-resistant and gas-tight
hinged door closure device. The function of the door leaf 3 is to protect
the area 11 against the effects of an explosion caused by war or accident
or any other mechanical violent effects in the area of origin 12, herein-
after called the load side. The door leaf 3 and door frame 2 are together
supported on the elastoplastic shock absorbers 1. The latter are so



and i ndi vi dual shock absorbers can even be overstressed. Therefore the
closure elenent is preferably so installed and nounted, e.g. by a suitable
sliding support, that non-uniformand/or |ateral defornmations of the shock
absorbers are avoi ded. The invention nmakes it possible to inplenent
under ground ammuni tion store conplexes w §h several ammunition chanbers,
'becatse the individual ammuni- tion chanbers can al ways be conpletely

nmut ual Iy conpartnmentali zed. It is also possible to use shear keys as
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sliding (HNQE frame 2 in the load direction and prevents jamming in the case of
asymmetrical loads. It can be given a largely gas-tight construction and
prevents the penetration of air or gas pressure. A closure device is
adequately gas-tight, if as a result of the ventilation within the protec-
tive structure it is possible to maintain an internal overpressure of

approximately 20 to 200 Pa.

The fixing of the door leaf 3 to the door frame 2, as well as the seal

between door leaf 3 and door frame 2 can take place in conventional manner,
i.e. by means of hinges, door closure and door seal 8, because the door leaf
and door frame form a unit and are therefore only subject to very small

displacements relative to one another.

In that in the closed state.the door leaf 3 is introduced in all-round,
non-displaceable manner in the door frame 2, it is also protected against
lateral displacements in the case of door-parallel forces, e.g. as a result

of the action of fragments.

The connections 4, 5 can optionally also ensure gas-tightmess. 1In

cases where neither the specific construction of the elastoplastic shock
absorbers 1, nor the slip joint 9 ensure gas-tightness, this function can be
fulfilled by a thick plate 7. In addition, cover plates 24 can be provided

on the load side 12 to prevent pressure surges penetrating the slip joint 9.

Fig. 2 shows a vertical section through the arrangement of fig. 1; the
elastoplastic shock absorbers 1 only being positioned laterally.

A possible alternative to fig. 2 comprises the elastoplastic shock absorbers

1 also being arranged at the top and bottom, i.e. on all four sides, as



Fi-g. .4- A vertical section (D-Din fig. 3) through the arrangenent of

fi-g. 3. Fig. 5 A detail of a slip joint.

-6- - Fig. 6 A horizontal section (E-Ein fig. 7) through a sinplified
con- struction of a protective structure closure device
according to the invention, fgr_a non-gas-tight sliding door
runni ng on roll ers. Fig. 7 A vertical section (F-F in
fig. 6) through the arrangenent according to fig. 6. Fig. 8
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devi ce according to the i nventi on.
Fig. 3 shows an example of a highly load-resistant, gas-tight sliding door
closure device. The door leaf 3 is laterally displaceable into a door
recess 21 and a floor groove 22 (fig. 4) or rollers provided there serve as
a guide. Much as in the case of the hinged door (fig. 1), the door leaf 3
and door frame 2 are supported as a unit on the elastoplastic shock
absorbers 1. As a result of a pressing device 13 the door leaf 3 is secured
against rebound forces and simultaneously pressed against the door seal 8.
An expansion joint 14 is located on the load side 12. A circumferential
slip joint 9 ensures that the door leaf 3 and door frame 2 can be moved in

freely and cleanly guided manner against the elastoplastic shock absorbers 1.

Fig., &4 shows the arrangement of fig. 3 in vertical section. The elasto-
plastic shock absorbers 1 are also located here at the top and bottom, i.e.
on all four sides. Alternatives, as shown in fig. 2, are also possible. In
cases where (comparatively low) loads from the other side of the closure
device must be expected, the pressing device 13 and the door leaf 3 are to
be designed for the corresponding forces on the basis of a mainly rigid
system. Naturally, also for this case, shock absorbers 1 can be placed in
the expansion joint 14, should this prove necessary and economic, possibly -
in the form of intermediate foam layers 18. This leads to a closure deviqe,
which, as desired, can protect the area 1l against an event in area 12, or

can protect area 12 against an event in area 1l1.

.In figs. 3 and 4 there are additional cover plates 24 acting against late-

rally penetrating préssure surges. As a shock protection measure, i.e. as a
measure for the case that the environment of the door is moved in shock-like
manner, in fig. 4 the engagement dimension d1 of the door leaf 3 in the door
frame 2 is greater than the clearance d2 of the door leaf 3 in door frame 2

necessary for displacement purposes.

Fig. 5 shows a possible construction of the slip joint 9. It is important
that the sliding faces have an adequate planarity, so that a clean guidance



Fi.g.” 10 The characteristic configuration of another possible |oad
di.agram the so-called "step function" (very rapid |oad rise to

a specific level). Fig 11 The typical, dynam c | oad-deformation
behavi our of an el ast o- pl asti ¢ shock absorber for the
protective structure closure -adevi ce according to the invention.
Fig. 12 A variant to figs. 7 and 8, where in place of the elastoplastic

shock absorbers, use is made of an el astopl astically defornable
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‘the el astopl astic shock absorbers 1. The latter are so
- 7- Figs. 6 and 7 show an example of an extremely high-resistant closing device
for cases where no gas-tightness is required. 1In this case, there is a
rolling door 3 running on rollers 23. Fig. 6 shows the door leaf 3 in the
closed state. In this case, the elastoplastic shock absorbers 1 are fixed
in the lateral, vertical door recesses 21. The small gap 15 between the
elastoplastic shock absorbers 1 and the door leaf 3 is kept to a minimum, so
that it is possible to just respect the expected installation and operat-
ional tolerances. A possible alternative for the arrangement of the elasto-
plastic shock absorbers 1 consists of fitting the latter to the door leaf 3,

instead of to the door recesses 21.

The described arrangement indicates that there can be a certain "leakage" of
explosion gases through the gaps 16 between the door leaf 3 and door
recesses 21, i.e. a completely tight closure device is not obtained. In
this example, there is also no clean guidance of the door leaf 3 and/or door
frame, as is achieved in the first example (figs. 1 to 5) by means of the
slip joints 9. This naturally simplifies the design, but means that a poss-
ible jamming of the door leaf 3 must be accepted if asymmetrical loads occur,
which although not rendering impossible door opening following an extreme
load, certainly makes it more difficult. However, this limitation is

acceptable and appropriate for many practical applications.

In cases, where it is necessary to absorb loads from the other side of the
closure device, it is bossible to have further shock absorbers 7, as indi-
cated in fig. 6. They are used optionally additionally for absorbing
rebound forces. Using further elastoplastic shock absorbers, the closure
device can also be made completely symmetrical with respect to the areas

11 and 12. This also applies in the case of other embodiments shown in the

drawings.

The drawings do not show the closures or locking means for the door leafs,



connected to the door frame 2 and supporting structure 10 (connections 4,
5), that the dynamc yield force Plerr](fig. 11), as well as possible
rebounds can be transnmitted. It nust naturally be ensured that there is an
adequate deformation area 6 (fig. 1) for the elastoplastic shock absorbers
1. Aslip joint 9 is provided between thg-door frame 2 and the supporting
structure, which permts an unhindered, cleanly guided displacenent of the
door frame 2 in the load direction and prevents jamring in the case of
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‘non-di spl GBBe'itﬂlBoﬂ%&B&_Fe 20 édimesafyy oﬁéﬁ&o&l Hlffi&u&iﬁ&.prme@%l@ da&a-'l@Sf

| at er al agenent s e case of door-parallel forces, e. resul t
of the acEREiF OF THRRGHURCELY saqtiescoh g, PETS Acougmdd fooBEeita] tipespaige:
ensure gasitishbthedsorberschsms aliheoar ruajdbberl.teheors pecth faideg,0ast waldt a®ratof

t he el ast | absorbers 1, nor the slip joint 9 ensure

gas-ti ght(relg%g:%g %né%?un(‘:ntl on can be fulfilled by a thick plate 7. In

addi tion, cover plates 24 can be provided on the |load side 12 to prevent

pressure sy 9QSgRKRCL! Alilgh tﬂasdsdi' gfhplpzk Uhich Fésgent_zl ?Vﬁamgri/seerstgcﬁort-

section through the arrangenent he el asto
absor ber sIYraAPY G kY tﬁos?tﬁeﬁnw PaeeqX&Fwely high loa Peak with a peak

pressure Ps {(up to several hundred bars) and a following, longer (up to tg,
a few 100 ms) load Pg at a much lower level (up to several 10 bar). With a
large Ps:Pg ratio, which is often the case in'practice, the design with

respect to the dynamic bearing loads becomes critical if rigid supports are

provided and often leads to uneconomic solutions.

This problem is counteracted in an optimum manner by the elastoplastic shock’
absorbers. The extreme load peak (Ps, ts) accelerates the (flexibly mounted)
door frame and/or door leaf with the mass m in the load direction to the
velocity v. The kinetic energy mv2/2 is absorbed by the elastoplastic shock
absorbers and is then converted into deformation work P *8 and then

Fl,dyn

into heat, P representing the dynamic yield capacity and E; the

deformation z;;gZity of the shock absorbers. The latter, like the door leaf,
can be dimensioned in such a way that with their dynamic yield capacity they
can absorb smaller, quasi-static loads (Pg, tg) without significant defor-
mation. The shear and bending stresses of the door leaf and door frame are
reliably limited. The bearing loads can never be chosen greater than the
sum of the dynamic yleld capacities of the shock absorbers, provided that

the latter are given an adequate deformation capacity (fig. 1l1).

Fig. 10 shows another typical load configuration, the so-called "step

function”. It essentially comprises a load P very rapidly rising (theoretic-



A possible alternative to fig. 2 conprises the el astoplastic shock
absorbers 1 also being arranged at the top and bottom i.e. on all four

si des, as - 8- shown in
fig. 4. Further possibilities, such as e.g. the positioning of

el astopl astic shock absorbers 1 at the_tpp _and bottomonly, on three S|des
or only at individual |ocations would al so be possible. Fig. 3 shows an
exanple of a highly | oad-resistant, gas-tight sliding door closure device.

The dooraliy:afsuaaéxﬁyl, at:eLab) Vtodh SbARERNaBud Mudxp wH2eh fseﬁmazae@rfdraa floor
groove 22 or rqQllers provided there serve as a_guide. Mich as in

t he caséeﬁéait“héi'i‘g RGedf 468t Pty defreaseasestyyy - | fr suchydgadpdrerappited are
sSupport ed BFmeartéliadstDd siyeensd, aayﬁmasidam shaok s l)s @bhdxs 100% Ascwr s ethd t Of

a pressi door af 3 js secured a reb nd fQrces and
a1 Pl t s RO e e o 1280 eV ik, sotoh 3ECHHESs AT RS in BRI e 2hEE°, 2
| ocat ed tbas h!enmia:d lgadidad orsAcan rbeunéd.ucsdtolalcocﬂq&e}mavpitgechnsmres t hat

the doolexhigfe,32@MofPhn HAM0Z GANANEWIRVALY Faddazolin %@dréahgew'tx gui ded

manner a alnst t he el asto astlc ers ows the
arr angerk8fi 1gf thaty thg shecheahsiorber dyranisnyiqlse capasdty- PFgl @i ile Biredkat
absor bens; lpgke al so | ocated here at the top and bottom i.e. on all four
sides. Alternatives, as shown in fig. 2, are also possible. In cases where
(conparatively low) |oads fromthe other side of the closure

Fig. 11 shows the typical, dynamic load-deformation behaviour of an elasto-

plastic shock absorber, as used in the clbsure device system according to
the invention. It is important to ensure that it has a marked, checkable,
extended yield plateau, which can also be predetermined for a high deform-
ation velocity, and that the dynamic yield capacity PFl,dyn in the plastic
deformation range only changes insignificantly. This ensures a reliable
forecast of the behaviour of the closure device system under the design load.
It must obviously be ensured that the plastic deformation capacity Qmax is
adequate. This can readily amount up to several 100 mm and can e.g. be
designed for up to 500 mm. If this is not the case, there is a hard impact
of the door on the support with shock absorber failure. It can then still

absorb limited further loads until its load carrying capacity is exhausted.

Finally, fig. 12 shows a variant relative to figs. 7 and 8. In place of the
elastoplastic shock absorbers 1, use is made of an elastoplastically deform-
able shear key 25, which is embedded on the one hand in the door leaf 3 and
on the other runs in a guide groove 26. A corresponding arrangement is
provided at the top. The shear key can be a steel plate with a thickness

of one to a few centimetres. The gap 16 between the door leaf 3 and the
structure 10 must be at least roughly twice ﬁhe thickness of the shear key
25. The guide groove 26 must be roughly twice as wide as the thickness of
the shear key 25. In the case of a load, plastic deformation pathé between
50 and 100 m or more can be implemented (cf. dotted line representation of

the deformed shear key).

All the drawings are at a scale of 1:100. However, this does not mean that

the implementation of the invention is restricted to this scale. The



devi ce nust be expected, the pressing device 13 and the door leaf 3 are to
be designed for the corresponding forces on the basis of a mainly rigid
syst-em Naturally, also for this case, shock absorbers 1 can be placed in

t he expansion joint 14, should this prove necessary and econom c, possibly
in the formof internediate foamlayers- 48.-This |l eads to a cl osure devi ce,
whi ¢ch, as desired, can protect the area 11 against an event in area 12, or
can protect area 12 against an event in area 11. In figs. 3 and 4 there
are addi i:idlr&ahiaouertml stale P4 metiyngnagmiedsto [prbeider ahligmppesﬂiona@ﬁ e
pressure_su As a sh ck rote S r the
case t haP°$¥h gf%n i FOR of ° r%\ g%‘%)s(r?lgle? %%\géeﬁ aL|c|'r:1~'°s ogkt%ltggaﬁng%ﬁg'r&

fig. 4 the engagenent dlnen5|on d[err] of the door leaf 3 in the door frane
2 is greater than the clearance d[lerr] of the door leaf 3 in door frame 2
necessary for displacenent purposes. Fig. 5 shows a possible construction
of the slip joint 9. It is inportant that the sliding faces have an
adequate planarity, so that a clean gui dance

- 9- is ensured and the door frame cannot jamin the slip joints. This can
e.g. be achieved with correspondingly stiffened steel plates 19. A slip

| ayer 20, e.g. of graphite or grease between the plates 19 reduces the
sliding resis- tance to a necessary |evel.



‘Figs.” 6 and 7 show an exanple of an extrenely high-resistant closing device
for cases where no gas-tightness is required. In this case, there is a
roliing door 3 running on rollers 23. Fig. 6 shows the door leaf 3 in the
closed state. In this case, the el astoplastic shock absorbers 1 are fixed
in the lateral, vertical door recesses-213 -The snmal|l gap 15 between the

el astopl astic shock absorbers 1 and the door leaf 3 is kept to a m ni nmum
so that it is possible to just respect the expected installation and
operat- ional tolerances. A p&SEOF| REEBRENGH MUMERALSor t he arrangenment of the
el asto- plastic shock absorbers 1 consists of fitting the latter to the
door leaf 3, instead of to the door recesses 21. The descri bed
arrangefent i ndi E3eERCRIAZELG §BPER @RPOTRET certain "I eakage" of expl osion
gases through t heogapsraké between the door |eaf 3 and door recesses 21,
i.e. a conpletely tight closure device is not obtained. In this exanple,
there i S al so no "@Pta agfui dance of the door leaf 3 and/or door franme, as is
achi eved i n the fOonaéctehoanyd eupporging Istiractyreby neans of the slip joints 9.
This natwurally sihplifli J but nmeans that a poss- ible jamm ng
of the door | eaf ﬁﬁ%ﬁi%ﬁeégggggtsféggff asymmetrical |oads occur, which

al t houglé not rend@fermptiopoarsiabl e door opening followi ng an extrene | oad,
certainly nmakes iqdn;@Rrf,defficult. However, this limtation is acceptable
and appropriate for many practical applications. In cases, where it is
necessady to absd9TI#Rfds fromthe other side of the closure device, it is
possi bl & to have di4pt {@mtshock absorbers 7, as indi- cated in fig. 6. They
are used optionall]y additionally for absorbing rebound forces. Using
further 18 ast opl a%%?&r%cﬁt%%?’oer s, the closure device can al so be made
conpl et aly symmetareaato Wet frotespert to the areas 11 and 12. This al so

applies.i,n the case of %trge{n %@bﬂgaidng S shown in the draw ngs. The
dr awi ngslzdo not 2%3\7\/ ?%e cF L OF es™%6r Pockl ng nmeans for the door |eafs,

13 Pressing device

14 Expansion joint

15 Gap

16 Gaps

17 Further shock absorbers

18 Intermediate foam layers

19 Steel plates

20 Slip layer

21 Door recess

22 Floor groove

23 Rollers

24 Cover plates

25 Shear key

26 Guide groove



- 10- ° which lock the door in the closed state. They can al so be given an
el asto- pl as So as to protect them appropriately agai nst
shocks genemﬂmﬂm“uﬂllﬁmlom on action. As alternatives fig. 8 shows
el ast opl asti c *shbck" absor®her's 1 at the top and bottom This type of
arrangenment is advantageous where the heilght of thedoot.leaf is mich
smal’l er than its width and where sinultaneously a lct8rSHEHS BAS IB&EN [gr oove
22 causes no operational difficulties. \Wen the dopr | e®EPEAGHEEE 1S
approxi mately square, it may prove ecor@#IMSto pro ic
shock absorbers 1 on all four sides, i.e. on both sides, as well as at the
top and potto Fi . 9 shows a typical |oad diagram P/t whi ch

esgent ialty DEngﬁfrif §;#(?r flosugg of aBPReH"E 30t & perF“e‘i/?r"ﬁsﬁtra‘ﬁEl“"é(t(%@rrel y
hi gh | oaehymaks Vﬂotbntﬁ.ammlﬂ.oﬁﬂ&ﬁwr Bodds (tabﬁntop&@éeﬁ;ﬁkohm&'@ﬂ Hualsdd and a

foll | o o] 100 | ower | evel
(ch)p '?\(,)VI gga\‘/reI’a{‘;&g%.})l %ar)tf Wﬁq’h ‘gur gg\%’é’ ﬁgc'ﬁ)d:if’ 5E9'§‘Mﬁ éﬁw T’gigﬁeéﬂ“‘ti%@rcase
i n pract viish swedbls|Dgﬁevmtdharesipenarttlou1drecat;aednby: czphosings| oddh DHelewes
critical gife Ei thswpgstnfbvg{)fe Flofllj:o%?,do?‘qﬂeoaﬁe%@n% e%ﬂ;::ac(ae}."{]z %bgr(\)r%xc

sol utions. I's problemis counteracted 1n I mum nmanner
el ast opl & |°é°%‘}TGCR1%§5r(t?er 3) iphelastopbantirably pmr(:% int g3 iac&edm,rr af es
the (flextdloyedtignired) rég¥cef f@@ﬁpﬁr\ﬁ‘y QF edL0BE dh%aﬁrd’ﬂel:bi\;ehgd]:mﬁrén('la)t he

| oad direction to the velocit ki netic ener mv[err i's absorbed
by t he e?“a"sttbf)‘f égﬁl%lagﬁgﬂ,@stic supports permit a deformation capacity of at
least 50 mm.

2. Device according to claim 1, characterized in that the closure element
(2, 3) is constructed in a substantially rigid manner, i.e. is substantially
dimensionally stable with respect to the indicated loads.

3. Device according to claim 1, characterized in that the closure element
(2, 3) is elastoplastically supported by means of individual, discreet,

elastoplastic shock ébsorbers (1).

4. Device according to claim 3, characterized in that the elastoplastic
shock absorbers (1) have a load-deformation behaviour with a marked yield
plateau in the plastic range.

5. Device according to one of the claims 1 to 4, characterized in that the
closure element (2, 3) is elastoplastically supported on all sides, on three

sides or on two parallel, facing sides.
6. Device according to one of the claims 1 to 5, characterized in that the
closure element comprises a door leaf (3), which is elastoplastically supp-

orted with respect to the support areas of the protective structure (10).

7. Device according to claim 6, characterized in that the support areas

are formed by a door frame rigidly anchored in the protective structure (10).

8. Device according to one of the claims 1 to 5, characterized in that the

This Sheet Has Been Re,ilaced
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absorbers and IS then converted into deformation work P[err] and then into

heat, Plerr] im ﬂ " ynam c yield capacity-and [err] the
_ def or mati on ¢ ﬂ'ﬁ, lmmm ck absorbers. The | apt-eer—Llike the door
| eaf, can be di'nefisi bnel in such a way that with thpTHISISHERT HASiBEFM

capacity they can absorb smaller, quasi—-$¥atic | oadp (Pg,REpgAC@thout
sighificant defor- mation. The shear and bendi ng st | eaf
and door frane are reliably limted. The bearing | oads can never be chosen
gr eat er CLA%H o Remenf euPEhge dyAeen degf L3 E‘H’p&cg?qfe?@fe (hb $hecjoor leaf

absor bers) &&agl sifpot bt sﬁﬁ&ah@iél@.& a{gadgyvmaenv@ieqe&fa QoéstefrRhmatc2pn
capaci ty hows : anot h or %chal | oad configuration, the

so-cal | 8 "S}’t% ﬂ°‘f%ﬁ€?‘?“oﬁg) ’rst e&%té’ﬁtl?%‘ﬁc? %ré§d N o (o b t\9eF‘§F r api dl y
ri sing (suppmtettre€as of the protectiwd lsyrucmtdeqloy. tr = 0) to a maxi num val ue
Pmax, which is maintained for a certain tine or at |east only decreases
slowy. If such loads are applied to linear-elastic systens, dynam c | oad
fact or s %dp Reyigeactotdirngctorclalned,adbaracageizaed Linghak oxsseal ddVi te pIyst em
accor di Rgqle bk@eeém%ﬁ@taogp 1e§ftt; ¥ ahfSffor dYNaT @% j.oad factors can be
reduced or conpletely avoid or exanple, as shown in fig. 10, the
dynam c | oad factor can be reduced to 10% in that the shock absorber

dynam c mL edbiedPGot iy €6 dnel 6f fuh¥eelatns 16 oPYPXcharadiedtizddl 16 hams t he

typi cal , am ¢ | oad-defornmati on behavi our of an el asto-
yp yﬁ%or feaf (9) is constructed as a hinged, sliding or rolling door or as

a vertically or sloping-movable door.

11. Device according to one of the claims 1 to 10, characterized in that a
gap is provided between the closure element (2, 3) and the support areas of
the protective structure (10) and said gap is bridged and sealed by a

deformable sealing element (7).

12, Device according to one of the claims 1 to ll, characterized in that for
absorbing loads from different, opposing directions, the closure element
(2, 3) is elastoplastically mounted on its two sides relative to support

areas of the protective structure (10).

13, Device according to one of the claims 1 to 12, characterized in that the
closure element (2, 3) is guided in the expected load direction by means of
a guide, said guide preferably being constructed in the form of several,
substantially gas—~tight slip joints (9) and is preferably so constructed
that a jamming of the closure element is impossible, even with asymmetrical

and/or partly door-parallel load components.

14. Device according to one of the claims 8 to 13, characterized in that
there is an elastoplastic locking with a corresponding clearance, partic-

ularly of the door leaf (3) relative to the door frame (2).

15. Device according to one of the claims 8 to 14, characterized in that
the door leaf (3) is constructed as a hinged door and is embedded in a

manner secured against lateral displacement in the door frame (2) in the
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plastrc shock ed in the closure device systemaccording to
t.-he |nvent|o “ﬂﬁ; H t to ensure that it has a marked, checkabl e,
ext énded y|e can al so be predeterm ned for a high deform
ation veIOC|ty, and that the dynam c yield capacity P[err] in the plastic
deformation range only changes insignif+asntly. This ensures a reliable
forécast of the behaviour of the closure device syst
| oad. It nust obviously be ensured that the plastic
[ err] maxclaseddstarete. This can readily anount up to gever aREpl_ﬂQEmnﬂ andj can
e.g. be designed for up to 500 mm If this is not thé—easer—ttrere TS a hard
i npact of the door on the support w th shock absorber failure. |t can then

still abkbr Berioh REEPTUIPE Her ohbAdstRmMERring 8 Fudd» cdieryi hgotrpdli tiM)i be

exhaust egrovidkd Nilthen thd dob? Hh@WSary YRE lsaebomhatéatacé.&ef | faraétéd¥ided. | N
pl ace of  the elasto | astic shock absorbers

el ast opl Lo thal) §31dgdqigtnts £OVeredhen theeloas: Si%l"’&ﬁtl‘lcé’véﬁﬁgﬁﬁé*’d (@t he one

hand in the door |eaf 3 and on the other runs in a QUIde groove 26. A
correspo rrange I s _provided,at_the.to shear. o e

st eel P? %gv ‘ﬁe A°FHi 1f%‘i‘lets°sco o?\aol tco‘a'éacftg\fvicedgfl regh ?1°r 315 9%85) 1’

bet vveen tmtdocﬁredl eafa 81lidiast e rollingt deer DO asist vtle:iaallyeastslmu@ﬂ y tw ce
the thickhe, h Vel T IR TlleTo) 28 r

twice as w geaésoo%h%ldts ?ﬁlnﬂégst o?h? h%%gﬁiéﬂ;& E Exﬁd %He gg%é g a Ioad
pl asti c &kfudaretd Ghe pisnkaqsaenk direcigndhas0e ﬂeréuaimleawwebédz)nm érent ed
(cf . dOlagek kil (EPIRSRMGY Alkell (19 GG QR haBOeak ROl (a2 Mhb duliEicr

drawi ngs are at a scale of 1:10 oes not nean_that the
i npl enentlAs She (ﬂ“gf'ﬁeé"ef‘ﬁv‘@ﬁﬂ‘%ir?“l Sd]r)egf r'f‘lﬁ 88°rt ('}ef‘f'll(é)si:’hlt@e dgez frame

(2) or door recess (21).

18. Device according to one of the claims 1 or 2, characterized in that in
the case of a sliding or rolling door, the closure element (3) is elasto-
plastically supported with one or more shear keys (25) anchored therein and

guided in one or more guide grooves (26) in the supporting structure (10).

19, Device according to claim 18, characterized in that between the closure -
element (3) and the supporting structure (10) is provided a gap (16) bridged
by the shear key or keys, the thickness of the shear key (25) is smaller
than the dimension of the gap (16) and the guide groove is roughly twice

as wide as the thickness of the shear key.
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212 - indication of the scale is nerely intended to provide an
i:npression of the possible or usuaksize’ of.the closure devices according

to the invention. . - 13 -

LI ST OF REFERENCE NUVERALS 1 _ El ast opl asti ¢ shock absorber 2

Door frame 3 Door | eaf 4 - 17 Connection to supporting
structure 5 Connection to door frane 6 Def ormati on area 7
Thick plate 8 Door seal 9 Slip joint 10

Supporting structure 11 - Area t QABSERAGDt ected 12 Area of
origin or |oad side 13 Pressing device 14 Expansi on j oi nt
15 Ga

The dézice according to the invention is used for closing openings in pro-
tective structures, which are subject to the action of dynamic loads with
high, short-duration load peaks and/or a very rapid load rise. The device
is also suitable for the closing or sealing of rooms, where explosions or
other mechanical violent actions are to be expected and for the safe and
reliable enclosing or sealing in of the actions and subsequent effects of
such events. In the case of the device according to the invention the
closure element (2, 3) closing the opening is supported by elastoplastic
shock absorbers (1) with respect to support areas of the protective struc-
ture (10). Preferably guides (9) are provided with regards to the dis-
placement of the closure element expected in the case of a load. The
inventive structure can be in the form of a hinged, rolling or sliding door
and can optionally even be gas-tight. It can also be constructed so as to
act in opposite load directions. Elastoplastic locking means and clearances
between the door leaf and door frame preferably ensure that the closure
element is protected against the effects of a shock, occurring during an

explosion, or during an earthquake or the like.

(Fig. 1)



16 Gaps 17 © ™  Further shock absorbers 18 | nt er medi at e
figam | ayers 19 Steel plates 20 - Slip layer 21 Door

rvgcess ,22 23 é; ngioéﬁﬁrrnggl BEEq Cover plates
25 ove

I of arﬁEg%%Dnn lnia protective
sc,:!t_'rA\lJ(I\:/"tSure (1%@3" m‘""jmjummal ;I Ioflulroaded by | oads havi ng peaks up to

several hundred bars Whith *are of short-duration, occurri ng within a few
mlliseconds or whi ch suddenly ri setHdSare in particul ar caused by
explosions, with a clo- sure element (2, 3) novable in front of the

openi ng, characterized in that the closure elenent (2, 3) is

el astopl astically supported in or in front of the opening with respect to
support areas lof P#dcprwittbct icteswter gbdment (210}) and 4 happdritepadiasémyal astic

supports per mJut@i(ﬂaeftpé @LL&Q QM@GU%,OQ) a1‘Ior the safe closure of an

opening in a protective structure (10), which is potentially loaded

by loads having peaks up to several hundred bars, which are of short-
duration, occurring within a few milliseconds or which suddenl} rise

and are in particular caused by explosions, the closure element (2, 3)
being movable in front of the opening, characterized in that the

closure element (2, 3) is elastoplastically supported in or in front

of the opening with respect to suéport areas of the protective structure
(10) and that the elastoblastic support permits a deformation path of

at least SO mm.

2., Device according to claim 1, characterized in that the closure
element (2, 3) is constructed in a substantially rigid manner, i.e.
is substantially dimensiorally stable with respect to the indicated

loads.

5. Device according to claim 1, characterized in that the closure
element (2, 3) is elastoplastically supported by means of individual,

discreet, elastoplastic shock absorbers (1).

4. Device according to claim 3, characterized in that the elastoplastic
shock absorbers (1) have a load-deformation behaviour with a marked

yield plateau in the plastic range.
5. Device according to one of the claims 1 to 4, characterized in that

the closure element (2, 3) is elastoplastically supported on all sidea,

on three sides or on two parallel, facing sides.

AMENDED PAGE
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| east 50 nmm 2. Device according.-to claim11, characterized in that the

cl-osure eIeﬁEﬁ%—f2~—37—TS‘tﬁﬁstructed in a substantially rigid manner, i.e.
i s substanti y stable with respect to the indicated | oads.

- 3. 'Device a @ﬁ mm 1, charact €4 zed | Substitute Isheet o A& July| 2000t

1 (2, 3) is eI w supported by neans of individual, discreet,

el ast opl astic shock absorbers (L). 4. Device according to claim 3,
characterized in that the el astoplastic shock absorbers (1) have a
| oad- def ormati on behaviour with a marked yield plateau in the plastic

range. 2. Device according to one of t ainms 1 to 4, characterized in
that the closure elenent (2, 3) is elast I cally supported on al
sides, on three sides or on two paraIIeI, faci ng sides. 15

Substitutq sheglcs &3 il %a Qog.oshre Qe ¥ FS&&CEQW'pPQchQiQQ%cQEcEtﬂ% (10)

claims 1 to 5, characterlzeg in osure el enent conprises a door

| eaf (3), “WAFRHS| Botangdakhy Asadedaby }osewtavm g2l IR beSsueEak hupdred
support anRas, GhitherRr 6f hbky-Quehiidal, Us&urillg within a few milliseconds or

which suddenly rise and are in.particular caused by explosions, with a clo-
sure element (2, 3) movable in front of the opening, characterized in that
the ciosure element (2, 3) is elastoplastically supported in or in front of
the opening with respect to support areas of the protective structure (10)
‘and that the elastoplastic supports permit a deformation capacity of at
ieast 50 am.

2. Device according to claim 1, characterized in :that the closure element
(2, 3) is constructed .ih a substantially rigid manner, i.e. is substantially

dimensionally stable with respect to the indicated loads.

3. Device according to claim 1, characterized in that the closure element
(2, 3) 1is elastoplastically supported by means of individual, discreet,
elastoplastic shock absorbers (l).

4. Device according to claim 3, characterized in that the elas;dplastic'
shock absorbers (1) have a load-deformation behaviour with a marked yield

plateau in the plastic range.

5. Device according to one of the claims 1 to 4, characterized in that the
closure element (2, 3) is elastoplastically supported on all sides, on three

sides or on two parallel, facing sides.
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. Device acco

7. Device accordi character| zed in that the support areas are
forned by a door frame rj lg‘gmanchored in the protective structure (10).

8. Pevice acc mﬁn‘\m he clains 1 to 5, characterized in t { he
cl osure el emen | eaf (3J5and a%ﬂﬂjﬁéﬂiﬁ&aﬂw&g
| eaf (3) being 8upp orLte substantlally rigidly relative to the door frane
(2) and the door franme (2) is elastoplastically supported relative to the
support areas of the protective structure (10) 9. Device according to
claim8, characterized in that a seal BLE ro- vided between the door
| eaf (3). dhd BEGef feAPEIEng to omgof By céaidSchr'h Ry B TaReedred HE EMaL tBe6
to 9, charaekerd zednim: tbagrisbe gaosr l1eat ((33), m&caomtdlustﬁﬂaasl@mfrkg@d

sliding or, A r vertical op|n e.doar.
thfin%ﬁ?ogg%eecgft hte‘gcﬁugf’?r%t frf% ?1% Fc cé"r”l'%ecfmcmfrﬁ l(la gap
i s provided between the closure el enent (2, 3) and t he support areas of the

protectivey st bU@{[dér QC&OJEQ).né‘rt@ éfdiqx gaﬁ:h‘a?a@d’e‘rg.g@dj lﬂn&&e@ﬁgc&ugifoﬁ: areas
def or mabl e seal I"F% el enen 7). Devi ce according to one of the claips
|

1 to 11, cHdr fetmed besp |dﬁ°‘E hféﬁm? &risa%’svoﬁbf*fﬂjeﬁoawhfrmtaﬂirv(sr grEuct8ppds P hy
directions, the closure elenent (2, 3) is elastoplasticall y nmounted on its

two sides gel gLiNg LO-SMRRE o BLERY Ble LHELRY 9t ESY,VESLLVEINLE {dPhac cne

_Closure element comprise a door leaf (3) and.a door frame (2), the door leaf
(3) being supported substantially rigidly relative to the door frame (2)
and the door frame (2) is elastoplastically supported relative to the

support areas of the protective structure (1L0).

9. Device according to claim 8, characterized in that a seal (8) is pro-

vided between the door leaf (3) and door frame (2).

10. Device according to one of the claims 6 to 9, characterized in that
the door leaf (3) is constructed as a hinged, sliding or rolling door or as
a vertically or sloping-movable door.

11. Device according to one of the claims 1 to 10, characterized 'in that a
gap is provided between the closure element (2, 3) and the support areas of
the protective structure (10) and said gap is bridged and sealed by a
deformable sealing element (7). .

12. Device according to one of the claims 1 to ll, characterized in that for
absorbing loads from different, opposing directions, the closure element

(2, 3) is elastoplastically mouhted on its two sides relative to support
areas of the protective structure (10).
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16 Substitute sheet - 28 July 2000 13. Device according to one of
the clains 1 to 12, charaeterized in that the closure elenent (2, 3) is

guided in the expected | o irection b rreans f.a gul 2doeo
preferably b m igﬂﬂl n the fot sﬁﬂgﬁﬂl——!ﬁw‘—
gas-tight slm“m S preferably So constructed that a jamm ng -
of the closure eFen’ent is inpossible, even with asymretrical and/or partly
door-paral l el |oad conponents. 14. Device according to one of the clains
8 to 13, characterized in that there is an elastoplastic locking with a

correspondl ng cl earance, partic- ularly of the door |eaf (3) relative to

t he doof fr V|ce Qr dj t ne,of .the cl 8 59 14
char act erl|32e “iget%cctor%%ieg gg ggﬁ: %f Sfialr}%scgntst (rflzjbtcél ragkex n&rslied h(féoth%nd
i s enbeddddsure alﬁm\teﬁzsé@utettuégw gt theaesredtedi lapdaderastton I’PYt hearngoof

frame (2), kﬂi&é“e saidgased p'iké‘éﬁ’oly bUing [l’o‘ﬁ's%u&(‘eﬁo{rg IthE £dimO8€ sQ.treHle

claine 8 to rea%om provi ded between the door frane
and t he s'i‘:‘ﬁﬁb?‘ﬁiﬁbl%tgtaﬁc RH0E, s’éﬁaﬂ%i’d‘t“érfgz)eéniirﬁ REELeTAPLY j6i FRnStEueiRfer ed
on the | oadtsa deaniid o€ ovter cpbiir@SeXeddht is idpodseyie&,e etef aiidh NGsyhfeedizam

char ?@&%; ngqtiy dth@-t-patrQﬁéjP%aJ eom?(gnS ¢kS constructed as a sliding or

Illng oor “*Fovabl e door and parallel to
the door | eaf plane and in partlcular per pen-

l14. Device according to one of the claims 8 to 13, characterized in that
there is an elastoplastic locking with a corresponding clearance, partic-
ularly of the door leaf (3) relative to the door frame (2).

15. Device according to one qf the claims 8 to 14, characterized in that
the door leaf (3) is constructed as a hinged door and is embedded in a

manner secured against lateral displacement in the door frame (2) in the

-~closed state..

16. Device according to one of the claims 8 to l4, where a joint (9, 14) {is
provided between the door frame and the supporting structure, characterized

in that saiq joint is covered on the load side with cover plates (24).

17. Device according to claim 10, characterized in that thé door leaf (3) is
constructed as a sliding or rolling door or as a vertically or sloping-
movable door and parallel to the door leaf plane aand in.particular'perpen—
dicular to the displacement direction has a certain clearance (d2) in a
door frame (2) or a door recess (21) and that said clearance (d2) is smaller
than the engagement dimension (dl) of the door leaf (3) in the door frame i

(2) or door recess (21).
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sdicular to the displacenment direction has a certain clearance (d2) in a
‘door .frame (2) or a door recess (21) and that said clearance (d2) is

small er than the sion (dl) of the door leaf (3) in the door
dframe (2) or doo“"ﬂtﬂﬁmnummm 16)3 168ubstitute isheet ntZ8 dukye200028
July 2000 18. Dewi ce aécofding to one of the claims 1 or 2,
characterized in that in the case of a sliding or rolling door, the closure
element (3) is elasto- plastically supported with one or nore shear keys
(25) anchored therein and guided in one or nore guide grooves (26) in the
supporting structure (10). = 19. Device according to claim 18,

charact-eri zged uemw&hcbﬁiﬂ&ge& bhe Jdt eRurd . eheMert £3)ch§{hféck?§ze%u@&€¥hfahnﬂ1
structure glo) OV|ded azgae? (l16) bridged b{Pthe shear
)

t hi ckness etcﬁée ér s}rng J§'1§ﬁa‘|19°ér’ F‘I‘Fa Fredr RS o ?‘l?/)of"s ‘h‘éslj%lp
(16) and tbhasyicdblygsopmeted widhgdtey ot Wik 8lsedd Heya 25 hanchotdnenereah 4dde
shear

t he

key'guided in one or more guide grooves (26) in the supporting structure (10).

19. Device according to claim 18, characterized in that between thé closure

element (3) and the supporting structure (10) is provided a gap (16) bridged
'by the shear key or keys, the thickness of the shear key (25) is smaller

than the dimension of the gap (16) and the guide groove is roughly twice

as wide as the thickness of the shear key.
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