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BUI LDI NG BLOCK AND PROTECTI VE WALL CONSTRUCTI ON THEREW TH FI LED OF THE

| NVENTI ON The present invention relates to novel hollow building blocks, in
general, and_in icular, to their use in the constructi\wmbl ast
and gas per é’o?a@’“ sistant walls. BACKGROUND OF THE | NVE

Traditionally, bonb shelters are steel reijnforced concrete structures,
usually built at ground or bel ow ground level, having especially thickened
and reinforced concrete walls. A di sadvantage of conventional bonb
shelters is, however, that as they are |ocated at or bel ow ground |evel,
they are particularly suscepti che mas the chem cal s
normal Iy used may have a densnﬁéﬁg‘é@a uIrLrBL B air, and they thus
accunul ate in | ow pl acesPRORECGT IVE ‘ SR ‘ BEWEFHM was faced by
authorities in Israel during the Gulf V\ar of 1990- 1991 when it was

necessary to advise civilian populations how best to take cover when under
mssjle attack, as it was suspedid®D: QEt THReINYENIIQN carried cheni cal

war heads. It woul d ﬁ@%&%ed&ﬁﬁ@&kﬁdr@ ARtesUeb hbPel ST1d WuiQdioh
bui | di ngs, sucbhlocﬁ‘ partnments. and gfflces

in general, in particu?ar, to their use in the
construction of bomb-blast and gas permeably resistant

walls.

BACKGROUND OF THE INVENTION

Traditionally, bomb shelters are steel reinforced
concrete structures, usually built at ground or below-
ground level, having especially thickened and reinforced
concrete walls. A disadvantage of conventional bomb
-shelters is, however, that as they are located at or below
ground level, they are particularly susceptible to chemical
attack, as the chemicals normally used may have a density
greater than that of air, and they thus accumulate in low
places close to ground level. This problem was faced by
authorities in Israel during the Gulf War of 1990-1991,
when it was necessary to advise civilian populations how
best to take cover when under missile attack, as it was
suspected that the missiles carried chemical warheads.

It would thus be desirable to construct the upper
stories of buildings, such as apartments and offices, so as
to be blast resistant. This, however, is impractical as
concrete reinforced walls constructed to the thickness
conventionally required would present an acute weight
burden on the structure and if a number of such walls were
to be erected in a building, the additional weight may
necessitate costly enlargement of structural elements.

Moreover, there is a serious problem with existing
‘buildings that do not have bomb shelters to retrofit them
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to be blast resistant. This, however, is'inpractical as concrete
-reinforced wall's constructed to the thickness conventionally required woul d
present an acute wei ght -burden on the structure and if a nunmber of such

walls were to be erected in a building, the additional weight n%%?
necessi t at EWO8890682 en| ar gement of structural el ements. Moot ereis a

serious problemw th existing buildings Ehat do not have bonb shelters to
retrofit them SUBSTI TUTE SHEET (RULE 26) WD 98/ 00612

PCT/1L97/ 00207 2 with bl ast resistant roons, preferably on each floor or
even.in each apartnent. Varying nethods, techniques and building materials
have been suggested for inparting particular properties to walls. Thus
conposi te st MPuRIRSIh I AT BPPRFgcRERLLEADHY| PBWSRHCHC KELIRK i 9F a
plurality of e@RMiAI ea&h Ngpareimtnt.i|led with a reinforced concrete

concrete bl ocks. SREVERGCRPdsy ESRhEaes, e i T e, o Retetoelel 1o,
to Frantz. Shavie deeor skggebtedsfoucimparting particular properties to
walls. Thus composite structures including an arrangement
of hollow blocks having a plurality of communicating voids
filled with a reinforced concrete construction are known,

per se. Such constructions, employing cinder or concrete
blocks, are disclosed in USP 1,884,319 to Smith and
USP 2,994,162 to Frantz. smith describes his structure as
being employed to provide insulation against “heat, cold
and moisture”. Frantz states that his construction is
simply easier to erect than other block wall constructions.
USP 4,577,447 to Doran discloses a similar construction to
those in the above-referenced patents, but employing
.expanded polystyrene blocks.

USP 4,167,840 to 1Ivany discloses improving the
‘refinforcement of hollow-concrete-block masonry walls with
vertical and horizontal reinforcing bars while pouring
concrete into the hollow voids of the blocks. The wall
thus becomes a solid reinforced wall with the wall surfaces
being of concrete masonry.

French Patent No. 2,612,971 describes a well-known
DURISOL® building block made from ‘wood concrete’, which is
essentially a mixture of treated wood shavings and
concrete. As indicated in an article by Ralph Ironman,
entitled “Wood Concrete Branches Out”, published in the
August 1988 edition of CONCRETE PRODUCTS, these wood
concrete building blocks are known to be lightweight, have
thermal and acoustic insulation properties, fire retardant,
frost resistant and rot-proof and are used to impart one or

more of these specific properties to structures built with
them.
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bei ng enpl oyed to provide insulation against "heat, cold and noisture".
Frantz states that his construction is sinply easier to erect than other

bl ock wal | constructions. USP 4,577,447 to Doran discloses a simlar
construction _to those in the above- referenced patents, but enployj

expanded pol YEQSHM$R2 bl ocks. USP 4, 167,840 to |vany dISC|OSgg¥4H%b§@7ng t he
refinforcenent of holl ow concrete- bIock magonry walls wth vertical and
hori zontal reinforcing bars while pouring concrete into the holl ow voi ds of

t he bl ocks. The wal | thus becones a solid reinforced wall with the wall
surfaces being of concrete masonry. French Patent No. 2,612,971 describes a

wel | - known DURI SOL[ g " | ed3si sl nﬁa@éﬁkpﬁﬁiﬁcééemn %@399&'£éft %mc‘i’%@g s
essentially a mxture of treated wood Shavings and concrete. As indicated

in an article SPPRAFBREFR8nndnN, h@ﬂﬁIﬂqafngﬁﬁéﬁsﬁﬁh%?%teaﬁganEHEE Oktast
publi shed in ”i%sABQHﬁE 19881 edidhon %gm@uﬁmﬁ@?%&%ﬂ

concrete building bloc are known to have
acoystic insul Fhese hlanks,i owever, rarar gast pemmesblecdiesanse ool the

rot-proof and a@udeedst enkMehdrI e WL s Hﬁvigﬁﬁeff&z’?qmj.'c@x Rhepeakees
to structures 2&&&; wi th them SUBSTI TUTE SHEET (

U.S. Patent No. 4,371,968 ¢to Obino discloses a
formwork component for the formation of shuttering for use
in concrete construction the framework comprising parallel
hardened foamed plastic panels such as from polystyrene and
polyurethane connected by vertical rigid metal cross
-members embedded in the panels. The framework of this
patent does not provide any energy absorbing properties
and therefore is unsuitable for a blast resistant wall
construction. Furthermore, the framework is manufactured
as a complete unit and each such unit occupies substantial
space during storing and shipping.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
blast resistant and gas impermeable building block for
constructing a barrier wall which can be constructed in
place of or in addition to substantially any selected wall
portion of a building, thereby providing bomb blast
protection and gas impermeability to the interior side of
that wall portion.

A further object of the present invention is to
provide a lightweight, easy-to-erect wall construction
having blast resistance and gas impermeable properties, and
which substantially maintains its structural integrity in
the face of a bomb blast.

In particular, it is sought to employ specially
constructed mineralized hollow wood concrete blocks in
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earlier patent publictation WO 93/14281 di scl oses constructing a high

ener gy-absorbing and bonb bl ast resistant wall w th known Durisol [err]
bui | di ng bl ocks. These bl ocks, however, are gas perneabl e because of the
nature of tWEe6? alized wood shavings from which they arBEHR@023 g
Patent No. 4,371,968 to Obino discloses g formwrk conponent for the
formati on of shuttering for use in concrete construction the framework
conprising parallel hardened foaned plastic panels such as from pol ystyrene
and pol yur et hane connected by verti cal rigid metal cross nenbers enbedded
In the panels, The. granemnrk of .,this P tent dogs notdgrov | de_any ener gy

absor bi ng pr&?@PPFé ancéPrf‘e?"l%rruecTtd'Pél [ st tﬁ%ﬁrg‘cfr(ﬁg BPRSte T RsF8F8At wal
construct|onsuCMH§¢¢mnsmru;tﬁdmahavmugmhdensianndﬁbwtUhedIageatcnnpbete

ahi ppi 1. S0 RS ar R ERVERERRATIOP I 3PP B BB et o

to provi de aThe Inventor discovered that the flex1b111ty of the
composite blocks of mineralized wood shavings and concrete
is substantially greater than that of a standard masonry
building block, and the energy absorption of these blocks
.results in a major improvement in blast resistance
~characteristics. Furthermore, such wood concrete blocks
are gas impermeable because of a gas impermeable partition
within the block. The wood-concrete blocks of this
"invention are about 25% less fragment penetrable than
ordinary masonry blocks. Thus a 15 cm thick wood-concrete
block can substitute for a 20 cm thick ordinary masonry
“block.

In accordance with a preferred embodiment of the
invention, there is thus provided, for absorbing blast
energy Iand imparting gas impermeability in a ‘composite
block and reinforced concrete wall construction, a
lightweight hollow building block for constructing a blast
resistant and gas impermeable barrier wall comprising
oppositely disposed spaced apart walls connected by
bridging elements forming interconnected horizontal and
vertical voids characterized in that the walls are formed
of a mixture of mineralized wood shavings and concrete
having a density of no more than approximately 1 ton per
cubic meter and'bridging elements that are gas impermeable.

The gas impermeable bridging element may comprise
metal or other rigid gas impermeable plates or Dbars
permanently embedded in the opposite parallel walls, or
rods journaled through holes in the walls and capped on the
exterior side of the walls. Such caps may be nuts,
threaded onto terminal ends of the metal rod spacers.
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bl ast resistant and gas inperneable building block for constructing a
-barrier wall which can be constructed in place of or in addition to
substantially any selected wall portion of a building, thereby providing

bonb bl ast protection and gas inperneability to the interi :;ﬁigﬁmﬁﬁ t hat
wal | porti onWOASPY#IE her object of the present invention |sq{ provi

| i ght wei ght, easy-to-erect wal l constructi®n having bl ast resistance and
gas ‘i npernmeabl e properties, and which substantially maintains its
structural integrity in the face of a bonb blast. In particular, it is
sought- to enpl oy specially constructed mneralized holl ow wood concrete

bl ocks i n SUBSTI TUT. SH 26 612 b
PCT/ 1L97/ 00207 4 coﬁ%os:‘; °%§%J§Fru0%“,i§# Wi %&ahe(r}el nf orce ecr%)tncr‘ethe ctohre
such a const rutbvemtirwi ngthere fimndigvided | verbamd t Plagh evand hgas

f‘ﬁove st at ed Oﬁgghﬁ% 1d fﬁaﬁ&%%e%mmﬂat 'aoa.ecﬂaa bBVEBhSE et SoRYy Shtsh t hat
e flexibility 1t g conp OSI{'E}? ab bl rl?nera |z%d ywood ts%ain ntqs a(Pd
concrete a wa y using the ove ocks so as to impar an
' gas resistance to the wall. The barrier wall comprises a
construction of lightweight hollow building blocks placed
in direct contact on top of and next to one another, said
blocks having formed therein interconnected vertical and .
horizontal voids and an interconnected core of vertical and .
horizontal steel reinforced concrete beams disposed in said
voids, characterized in that said hollow blocks have -
oppositely disposed walls formed of a mixture of
mineralized wood shavings and concrete having a density of -
no more than approximately 1 ton per cubic meter, said
oppositely disposed walls being connected by gas .
impermeable bridging elements, said construction providing
energy absorption to resist forces resulting from an -
explosive blast and prevent permeation of - gases .
therethrough.
The method of constructing such a wall includes the
following steps: '
assembling in a wall arrangement a plurality of the
above hollow blocks, so as to place the blocks in direct
contact on top of and next to one another such that the
vertical and horizontal voids of adjacent blocks are
interconnecting; and
forming an integral web of concrete and steel
reinforcement in the interconnecting vertical and .
horizontal voids, forming a composite wall construction of
the hollow blocks and reinforced concrete which impart to
the composite wall construction the ability to
substantially retain its structural integrity in the -
presence of blast forces of a magnitude sufficient to
destroy a block and reinforced concrete wall employing
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I's substantially greater than that of a standard masonry buil di ng bl ock,
-and the energy absorption of these blocks results in a major inprovenent in

bl ast resistance characteristics. Furthernmore, such wood concrete bl ocks
are gas-inperneabl e because of a gas inperneable partition within the
bl ock. W9s/A6k3d- concrete blocks of this invention ZFETOMT 250 | ess

fragnment penetrabl e than ordinary nasonrg bl ocks. Thus a 15 cmthick
wood- concrete bl ock can substitute for a°20 cmthick ordi nary masonry

bl ock. In accordance with a preferred enbodinment of the invention,
there is thus provided, for absorbing blast energy and inparting gas

I nperneability in a conposite block and reinforced concrete wall
construct i onconventighahehghlonomasanpyi bdoglsblapck #lmo cprevides i gasa

bl ast resi st 3ppedmdad@sityper neabl e barrier wall conprising oppositely
di sposed spaced aRart wal1s, connected by bridging elenents formng
i nt er connect ed hoffddhtarally inra¢condanse)withaPre: ePPRE4mePRE { R4t thRe

wal I's are form®eénefion, m tter method neneludeyl whed adavtigmanndtepncoete

br dging el oABREedtRd, AP Seal haertemene dxfendind Baviind B bmiy ™o

el ement may dantrheseeinforced airnmrete gtdughure npehersdy ¢oplaxttashothbéar s
composite wall construction to the reinforced concrete
structure so as to protect the selected portion of the
reinforced concrete structure from blast forces.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1 is a front elevational view of a protective -
wall constructed in accordance with this invention;

Figures 2a, 2b and 2c are respectively a perspective,
top and end view of one embodiment of a wood concrete block
according to this invention;

Figures 3a, 3b and 3c are respectively perspective,
top and end view of another embodiment of a wood-concrete
block in accordance with this invention;

Figure 4 is a cross-sectional view of the front of the
wall of Figure 1; and

Figure 5 is a cross-sectional view as seen from the
top of the wall of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to Figure 1, there is shown a composite
wall construction 1 formed of an assembly of building
blocks 2 which are made of a mixture of mineralized wood
shaving and concrete as illustrated in Figures 2a-2c and

3a~3c and an integral web of reinforced concrete extending
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permanent|ly enbedded in the opposite parallel walls, or rods journal ed
through holes in the walls and capped on the exterior side of the walls.
Such caps may be nuts, threaded onto term nal ends of the netal rod
spacers. SUBSTI TUTE SHEET ( RULE 26) WD 98/ 00612

PCT/ 1 L97/ 00200 9800613 cor dance with another enbodi ment BFrmt’gﬂ'gmm

I nvention, there is provided a bonb blast and gas inperneable barrier wall
and a nethod of constructing such a wall by using the above bl ocks so as to
i npart blast and gas resistance to the wall. The barrier wall conprises a
construction of |ightweight hollow building blocks placed in direct contact

on top of and A8 XhihO t3Re @IBEli‘?ésseﬁﬂif&.b! ogkishay %é&im ther abPail
i nt erconnected vertical and horizental "voids and an i nterconnected core of

vertical and hBPLSYNnLR| CRRIBACLIQM Mitbe FigUREF et AMb s di sposed in said

voi ds, characterizeghenhbhabwsSphilldind B ddies khowav anOpngarks! Pa-gdesanged
wall's formed of __a mixture of mneraljzed wpg%kshavings and concrgée
having a densi £§ 3F n8%for E°FRAREApp? bxi MR 1 E N0 WA ¢ FBRAY REPer 2% i d
oppositely dicopogetie, wahbs diseusged clateact esh. by Thegas blocks are

lightweight, having a density of approxiamtely 0.9 tons per
cubic meter, as opposed to approximately 2.4 tons per cubic
meter for conventional masonry blocks. They also have
desirable characteristics with respect to fire resistance,
sound absorption, thermal insulation and gas and radiation
impermeability.

Composite walls constructed with blocks and having
internal reinforced concrete beams are known as such in
conventional construction. However, the combination of
wood-concrete blocks with an integral reinforced concrete
web such as described herein for providing blast-proof and
gas impermeable protective walls is unknown. Furthermore,
notwithstanding the various qualities attributed to wood-
concrete material in the art, the Inventor is not aware of
any disclosure indicating blast resistance and gas
impermeable qualities either of an individual block per se,
or of a composite block and reinforced concrete
construction as described. The Inventor was thus surprised
to learn, upon comaprative testing of different wall
constructions, including that of the present invention,
that the present composite construction using the wood-
concrete blocks disclosed provided the only susbtantial
resistance to blast forces and gas impermeability. These
comparative tests are discussed hereinbelow.

Furthermore, it was surprisingly found that walls can
be constructed 1in accordance with this invention as
internal double walls in existing buildings, thus making it
possible to provide blast and gas shelters in every
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| nper meabl e bridging el enents, said construction providing energy
-absorption to resist forces resulting froman explosive bl ast and

prevent per neati on of gases therethrough. The nmethod of constructing

such a wall includes the follow ng steps: assenbling in a_wall arrangenent

a plural i t yW@$84068 above hol | ow bl ocks, so as to place t h&PBITPLRY 1" i rect

contact on top of and next to one anotheg such that the vertical and

hori zontal voids of adjacent bl ocks are interconnecting; and form ng an

integral web of concrete and steel reinforcenent in the

I nt erconnecti ng verti cal and horizontal voids, formng a conposite wal |

the | composrpaTERenf, on” SEREFT EXoR by SRSy eritinctifig"ahER, Llpse) (O
retainits sMpyagaiaBtianngwmtgide1wﬂh§ pResuMcEoom. blast forces of a y
magni tude suffici wé%éﬁ% %Eﬁ’%b#ﬂ&é‘ é’&%ﬁﬁid%fi%c%‘i @ORaretiervahhl

enpl oyi ng SUBSTI T 98/006
PCT/ | L97/ 002with Dblocks according ' to 1nvention is made much

easier. This is because the concrete poured into the voids
of the blocks flows more rapidly and can bé poured faster
since the bridging elements, for example thin plates and
especially rods, do not offer any significant resistance to
the flow and even spread of the poured concrete. This is

not the case with conventional Durisol ® blocks which have
substantially thick bridges connecting the block walls
which impede rapid flow and complete spreading of the
concrete.

Another advantage found with barrier walls constructed
with the blocks of this invention is that there is no
possibility for bullets or fragments to penetrate the wall,
since there are no “soft” bridges through which bullets can
penetrate, as is the case with conventional Durisol. ®
blocks.

Referring once again to Figure 1, the illustrated wall
is typically constructed within a frame 3 of reinforced
concrete. The surface finish on the blocks 2 is naturally
decorative enough to be suitable for the interior of an
apartment, without requiring further finishing.

The wall consists of blocks 2 placed on top of one
another 4 and next to each other 5 without any spaces left
between blocks, thus not requiring any caulking or grouting
which would detract from the attractive natural surface of
the wall.

The blocks 2 are composed, as stated above, of a
nixture of minheralized wood shaving a.nd concrete, and they
have been found to have a high energy absorption
capability. They may have very good characteristics with
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6 conventional hollow masonry bl ocks and al so provides gas inperneability.
Addi ti,onal ly in accordance with one enbodi nent of the invention, the method
i ncludes the additional step of enbedding the steel reinforcenent extending
beyond t he II |n he reinforced concrete structure, thereg%ar SbAch the
conposite wa ruction to the reinforced concrete structure so as to
protect the selected portion of the reinfopced concrete structure from

bl ast forces. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be nore
fully understood and appreciated fromthe follow ng detailed description
taken in conjunction with the drawings, in which: Figure 1 is a front

el evati onal V|@gsgggg pégtegg é”afﬁgﬂst%ﬂﬁﬁtrugaﬁﬂda d 3R ce @hggmgfls

i nvention; Figure c are respettiv pers ectlve top and
end vi ew of onénéﬁﬁéﬂiﬁﬁnénﬁfgéﬁ\&ﬂﬂfﬂ&ﬁﬁgﬂéFEYblock according to this

i nvéntion; Figures $ar gbpéfte 8B Qi stanagall ye Vh@%&%\id‘t&ont o &Rndsend
AT B S e N JERT PR G TR AR
Figure 1, and the basic building blocks suitable for the construction of
wall 1.

The block 10 is comprised of two parallel walls 12 and
14 made of mineralized wood shaving-concrete which are
connected by metal plate bridging elements 16. The
bridging elements 16 form partitions between walls 12 and
14. Elements 16 do not bridge the walls 12 and 14 along
their entire height, but rather leave spaces between. the
top 6 and bottom 8 of bridge 16 (see Figure 2c) and the top
17 and bottom 18 of the walls 12 and 14 respectively, so .
that reinforcing rods (not shown) can be placed therein.
Optionally block 10 may have apertures 19 in the bridging
elements 16 to allow concrete poured into the block 10 to
flow more freely to fill the entire interior of the block .
10. The advantage of using metal bridges 16 rather than
bridges of the same wood-concrete material as the walls 12,
14, as is known in the art, is because wood-concrete is
porous in nature and thus permeable to gases. Walls
constructed with blocks made entirely with this material,
even when filled with concrete, provide a porous path via
the wood-cement bridge from one side of the block through
to the other side of the block. However, the block
according to the present invention provides a complete
concrete and metal separation between block walls .once
concrete is poured therein, so that gases cannot permeate
through the block.

In Figures 3a-3c there is shown another embodiment of
a wood-concrete block 10a according to the invention. The
block 10a has two parallel walls 32, 34 that are connected
with a space between them by four bolts 36. The bolts 36
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Figure 5 is a cross-sectional view as seen fromthe top of the wall of
-Figure 1. DETAI LED DESCRI PTION OF THE | NVENTI ON Referring now to Figure 1
there is shown a conposite wall construction 1 formed of an assenbly of
bui I di ng bl ocks 2 which are nade of a mixture of mineralized wood shaving
and concr et®™O2¥09613 ystrated in Figures 2a-2c and 3a-3c and AT ral web
of reinforced concrete extending SUBSTI T\HE SHEET ( RULE 26) WO 98/ 00612
PCT/1L97/ 00207 7 within the bl ock assenbly. This is described in detai
bel ow in conjunction with Figures 4 and 5. The hol | ow buil di ng bl ocks shown
I n Fikgures 2a 2c and 3a-3c are conposed of mneralized wood shaV|ngs and

T bl.gck are |i
havi ng & dendS) SFSRdodil Prcdfln, wall¥ 2, ol Shrafe’ s8PBE SN 1o
appr oxi mat el yauts4 3ons The mmgmfertﬁeorbqichsv@r& |mzﬁuairasarmrtp Hleawles .
They al so havgfey r4%bha%t@aahaea@r5§it§zama&.fa LHa g{; %%é‘éf waslsSance,

sound absorptlon t hermal insulation an as an
nd '34. This is to enable relnforcing reds (not shown) to

be laid across a row of blocks 10a within the volume of the
blocks.

The novel block illustrated in Figures 3a-3c has
another advantage not found in conventional blocks in that
it can be assembled in situ. Thus many more disassembled
blocks comprising walls 32, 34, bridging rods 36 and
capping nuts 38 can be transported per carrier, whether
containers or truck, than conventional blocks. These
disassembled parts can be then assembled at the
construction site. ' ’

Other means of connecting the walls 32 and 34 are also
contemplated within the ambit of this invention, the only

- requirement being that the bridging element is made of a
material that is non-pervious to gases. .

In constructing a wall according to this invention, for
example, in the case of a free-standing wall, there is
first poured a reinforced concrete frame bottom 20, as
shown in Figure 4, and the blocks 2 are placed thereon in a
row adjacent one another. Steel reinforcement 21 is then

- placed horizontally on top 6 of bridging element 16 (see
Figure 2a) of the blocks 10, extending 22 (Figure 4) beyond
the terminal blocks 2E and 2F.

A second layer of blocks 2 is placed staggered on top
of the first layer, leaving vertical cavities. Further
rows of blocks are added up to the desired height of the
wall. Steel reinforcing rods 24 are introduced vertically
into the cavities 13 and concrete is then poured into these
cavities 13 to fill the voids and form a web of vertical

and horizontal steel reinforced concrete beams within the
blocks.
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i npermeabi lity. Conposite walls constructed with blocks and having internal
-reinforced concrete beans are known as such in conventional construction.
However, the conbination of wood-concrete blocks with an integral

rei nforced qgncrﬁiizmeb such as described herein for provi dichgm®eesdr- pr oof
and gas i npe protective walls is unknown. Furthernore,

notw t hstandi ng the various qualities attaitbuted to wood- concrete materi al
in the art, the Inventor is not aware of any disclosure indicating bl ast
resi stance and gas inperneable qualities either of an individual block per
se, or of a conposite block and reinforced concrete construction

as described. The 'ﬂyqflf{rn%%tmﬁadsaw&aﬁ@&ﬂ Oth%atamﬂﬂan MR Al e
testing of different wa

constructions, 1ncluding that, of the es
i nvent i on, thaﬁh?hétﬁPés€ﬁFn§6ﬁ5§%9t§°€6n§FPu5P@Bnqmﬁ efgethd ék? Qéhhrete
bl SCKS di scl osaﬂ%@?%mt%ﬁe}sem thel yestHsbtoig aﬂramusstaaaundtohéalwsn flar ces -
and gas i nperneabi . he co tiv e S
her ei nbel ow. Furthé$$g%€?aﬁﬁye g SHESF?%?%§|§ %el 5 ?ﬁg%égﬂg fghef4tﬁ§n
construct ed i nbecinsexied intch the cawitdesi 33 af theebh®¢kﬁd%baﬁtamﬂth§'

Sherterd Ph LoEIEE AMBEIRE Mo byl ot deabl ashad daive
been placed in position and tled to the horizontal steel
rods 21 where they cross each other 25. Subsequent layers
of Dblocks are then slipped over the vertical steel
reinforcing rods 24 and placed in position with the
vertical and horizontal steel bars being tied together
wherever they cross each other.

When such a protective wall is constructed in ‘an
existing apartment, the <core is connected via the
reinforcing steel to the reinforced concrete framework:of
the building.

Additional strengthening of the protective wall may be
accomplished by providing prestressing (or post-tensioning)
at the top and bottom and on either side of the wall. This
strengthens the membrane or wall formed by the DURISOL®
blocks and also strengthens its connection to - the
framework.

In order to test the blast resistance of different
types of wall, the Inventor conducted comparative tests.
Five types of wall were tested, including -

a) A wall consisting of conventional masonry building
blocks internally reinforced with concrete and steel bars
similar to Ivany, US 4,167,840;

b) A wall constructed of conventional building blocks to
which plates of ferro-cement were glued on their inside
surface to provide reinforcement;

c) A wall made of solid blocks of silicate;

d) A wall made of ITONG® blocks reinforced with beams;
and

>
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.apartment on every floor by nerely constructing such walls up agai nst any
outside wall in any room It was also found that construction of a barrier

wal | with bl ocks according to this invention is nade nuchéﬁﬁﬁjy hIS S
because thé¥@8#¥6&t e poured into the voids of the blocks f nore rapidly

and can be poured faster since the bridgang elenents, for exanple thin
pl ates and especially rods, do not offer any si gnificant resi stance to the
fl ow and even spread of t he poured concrete. This is not the case with
conventi onal Durlsol [err] blocks which have substantially thick bridges

of the concr Ble.  Anrigy Hadt R e BREE AR g Ry hEf e

of the concr arrier wa onstructed
with the bIoehyeotlphps invention is that there is no pOSSIbI|Ity for

bullets or fragmegys téhé&*‘é‘e%ﬂ@ t\k@ré"’ah%prékﬂ&@tél@rg .8’ MbnfOohhd
bri dges through whi ch bullets can penetra as is the case with
conventi onal 2045 Bopigh ngsrelnforced with concrete beams all around.

An explosive device was detonated equidistant from all
the walls. Examination of the walls subsequent to the
testing showed that the wall constructed of wood-concrete
blocks in accordance with the present invention had
sufficient elasticity to absorb the blast, making the wall
completely blast resistant. The other walls were all
deformed or crumbled. This showed that the present wall
construction proved far superior to the other walls a)-d)
constructed in accordance with prior art, and which
underwent varying degrees of destruction. Furthermore, the
wall e) according to this invention did not allow gas -to
permeat therethrough.

It will be appreciated by persons skilled in the art
that the scope of the present invention is not limited to
what has been shown and described hereinabove, merely by
way of example. Rather, the scope of the invention is
limited solely by the claims which follow.

This Sheet Has Been Reﬂlaced
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Referring once again to Figure 1, the illustrated wall is typically
constructed within a frame 3 of reinforced concrete. The surface finish on
the blocks 2 is naturally ‘decorative enough to be suitable for the interior
of an apartnent, without requiring further finishing. The \N?H. ts of
bl ocks 2 pl a@%‘aw{zop of one another 4 and next to each ot out
any spaces |left between bl ocks, thus not ngquiring any caul ki ng or groutl ng
whi ch woul d detract fromthe attractive natural surface of th\‘H\The

bl ocks 2 are conposed, as stated above, of a m xture od
shaving and concrete, and they have been found to hav m fm
Ml

absorption capability. They nay have ve%ﬁ&gd char act ér i Stilcs
SUBSTI TUTE SHEET (RULE 26) WO 98/ 006

PCT/ 1197/ 00207 9 respect to fire resistance, sound absorption, thernal

ook Py Ton oS A REFEIHE per Rl BRDESLES I TR AGc ot il «

illustrate blast resistant and gas impermeable barrier wall comprising
oppositely disposed spaced apart walls connected by
bridging elements forming interconnected horizontal and
vertical voids characterized in that the walls are formed
of a mixture of mnmineralized wood shavings and concrete
having a density of no more than approximately 1 ton per
cubic meter and the bridging elements are gas impermeable. -

2. A hollow building block according to Claim 1 wherein
said gas impermeable bridging elements are gas impermeable
plates. '

3. A hollow building block according to Claim 1 wherein

said gas impermeable bridging elements are gas impermeable
rods.

4, A hollow building block according to Claim 1 wherein
the bridging elements are made of metal.

5. A blast resistant energy absorbing gas impermeable
barrier wall comprising:

a construction of lightweight hollow building blocks
placed in direct contact on top of and next to one another,
said blocks having formed therein interconnected vertical
and horizontal voids; and

an interconnected core of vertical and horizontal
steel reinforced concrete beams disposed in said wvoids,
characterized in that said hollow blocks have oppositely
disposed walls formed of a mixture of mineralized wocd
shaving and concrete having a density of no more than
approximately 1 ton per cubic meter, said oppositely

This Sheet Has Been R
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t he basic building blocks suitable for the construction of wall 1. The

bl ock 10 is conprised of two par jlmmumumuumﬁm 14 made of mineralized
wood shavi ng-concrete which are do h al plate bridging
el'enents 16. The bridgi ng el enent’s £6 fortn partitions between walls 12
and 14. El WasM086126 do not- bridge the walls 12 and 14 al oRgVEH#M0%entire
hei ght, but rather |eave spaces between 199 top 6 and bottom 8 of bridge 16
(see Figure 2c) and the top 17 and bottom 18 of the walls 12 and 14

respectively, so that reinforcing rods (not shown) can be placed therein.
Optionally block 10 may have apertures 19 in the bridging elenments 16 to

al | ow concr et oured into the block 10 t | ow nore freely tq fill, the
entire interi p(?fsefjhé'ag'héc&’eiﬁg G‘Fﬁgeﬁﬁﬁ‘gn{%ggaﬁf n&%?ﬂbear%]tealci”ﬁr‘*%@@s 16
rat her than sledgamtsef the sane wood-concrete material as the walls 12, 14,
as is known in th rd, woQd- te is roys. ..in.natur and
t hus per neabl e to%gagg:as.coas%?:dgggongg?ﬁjc?@%gj&w’ T ocka;i’sr?a eq-‘lé’%lti rtgl y
with this nmatresigit foreeswhweaultingdfxen arc @xplesévepbbasticand mrenentpat h

via the wood-gauenltilh deeghsad PREretkiodyn.t he bl ock through to the other
side of the bl ock. However, the Dblock according to the present

I nvention provides a conplete concrete and netal separation between bl ock
wal I's once 6. A blast resistant and gas impermeable wall according

to Claim 5, further comprising a reinforced concrete frame,
said construction of hollow blocks being erected within -
said frame, said reinforcement of said core of reinforced -
concrete being anchored to said frame.

7. A blast resistant wall according to claim 5, and -
wherein said steel reinforcement is pre-stressed.

8. A blast resistant and gas impermeable wall according
to Claim S5 wherein said gas impermeable bridging elements
are gas impermeable plates.

9. A blast resistant wall according to Claim 5 wherein
said gas impermeable bridging elements are gas impermeable
rods.

10. A method of constructing a wall so as to impart
thereto energy absorbing elasticity providing blast
resistant and gas impermeability said method including the
following steps: '

assembling in a wall arrangement a plurality of hollow
blocks, said blocks having formed therein vertical and
. horizontal voids, including placing the blocks in direct
contact on top of and next to one another such that the
vertical and horizontal voids of adjacent blocks are
interconnecting; and

LT
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concrete i s poured there that ses cannot perneate through the
"bl ock, In Figures 3a- 3c Hﬂ ﬂﬂ“ ot her enbodi nent of a
mpod-concrete bl ock 10a |nvention The bl ock 10a has two

parallel "walls 32 34 that are connected wi th a space bet y four
bol ts 36. TMORME2 36 SUBSTI TUTE SHEET (RULE 26) WO 9\3?8'8’6@%?

PCT/1L97/ 00207 10 are throughgoing througls walls 32, 34 and are capped by

nuts 38. The spacing of the bolts 36 is such as to | eave spaces 40 between
the bolts 36 and the edges 42 of walls 32 and 34. This is to enable

rei nforcing rods (not shomn) to be laid across a row of blocks 10a within

the volunme of the ?bggan oo o Edraib! Qe 'BEUSEBQEEQ el Nan&i 94 g@

3a-3c has anot her ound in conventional blocks I1nt it
can be asseanéanﬁﬁr§¢$%PtThu§1naﬁ?ennrénﬂﬁ§€@£&§ﬁﬂkﬂﬂ'bI8@K§166ﬁpr|%¢%g

valTs 32, 34, nBridehba) " 0dsids, anéhéﬁaw ngeout foBR CAN BEmboSPELOr WLl Per

carrier, whet BeLoRoRLAlne Sy e T bR SAMRIBREa 2EREISk

These ’
characterized in that each block has oppositely disposed
walls formed of a mixture of mineralized wood shavings and
concrete having a density of no more than approximately 1
ton per cubic meter, said oppositely disposed walls being
bridged by gas impermeable bridging elements,

wherein saild steps of assembling the plurality of .

hollow blocks and forming an integral core impart to the__'
composite wall construction the ability to substantially:
retain its structural integrity in the presence of blast
forces of a magnitude sufficient to destroy a concrete and -
.steel reinforced masonry wall not employing said hollow.
blocks and prevent the penetration of gases.

11. A method according to Claim 10, and wherein said step-
of assembling a plurality of hollow blocks includes:
assembling said plurality of hollow blocks adjacent to a
selected portion of an existing reinforced concrete
structure.

12. A method according to Claim 11, wherein said step of-
forming an integral core includes:

placing steel reinforcement in the interconnecting
vertical and horizontal voids such that ends of the.
reinforcement protrude beyond the block assembly, and

pouring the concrete in the vertical and horizontal
voids,

wherein said method further comprises the step of
embedding the steel rinforcement extending beyond the wall
in the reinforced concrete structure, thereby to attach the:
composite wall construction to the reinforced concrete

This Sheet Has Been Replaced
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di sassenbl ed parts can—be—tthen assenbl ed at the construction

site. Other neans of con 32 and 34 are al so contenpl at ed
within the ambit of this mﬂ mﬂ“ "m !ﬂ Iy requirement being that the
bri dgi ng el ement |s made I S non- perV|ous to gases. In

constructi MO according to this invention,for exanpPETI4: case of
a free-standing mall there is first pou{ gd a relnforced concrete franme
bottom 20, as shown in Figure 4, and the blocks 2 are placed thereon in a

row adj acent one another. Steel reinforcenment 21 is then placed
horizontal ly on top 6 of bridging elenent 16 (see Figure 2a) of the blocks

10, extendin% gu& 4%°€g%ogg}the term nal bl ocks 2E and 2F. A second
| ayer of bl o&k&EYS u§ pFcRECEE Sy Jere Fedrct6d BPrEHRr 9% dthe Frdmrorredy ng
vertical caviconegsete Btirtuhture oftomfblastcifsraee andeshsipermaatdonesi red
hei ght of the wall. Steel reinforcing rods 24 are introduced vertically

into the cavities 13 and concrete is then poured into these cavities 13 to
fill the voi d3-and PeERrd aeeoRlingrid §diaimndOhofurithem|canpedising ther ced

concrete beawtey blti Brebgebosivy HETHLVTESHEEILRAE 26)

14. A method according to any of Claims 1-4 and

substantially as described in conjunction with any of
Figqures 1-5.

15, A wall according to any of Claims 5-10 and
substantially as shown in and described in conjunction with
any of Figures 1-5.

16. A hollow building block according to any of Claims
11-13 and substantially as shown in and described in
conjunction with any of Figures 1-5.

~ This Sheet Has

R
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-the illustrated enbodi ment, the term nal ends 22 of the steel reinforcing
rods are then enbedded in concrete which conpletes the reinforcing franme 3
around the wall 1. Alternatively, a vertical steel reinforgcLémee?4 can
be inserted WOO0@6kk cavities 13 of the blocks 2 after the first layer of

bl ocks and horizontal steel rods 21 have been placed in position and tied
to the horizontal steel rods 21 where Y&y cross each other 25. Subsequent

| ayers of blocks are then slipped over the vertical steel reinforcing rods
24 and placed in position with the vertical and horizontal steel bars being
ti ed together wherever they cross each other. Wen such a protective wall

is constructed in an existing apartnent, the core is connected via
the reinforcing steel to the reinforced concrete franmework of the building.
Addrtional strengthening of the protective wall may be acc | i shed by
provi di ng prestressing ([ SI=IENSIONgI—ar_the Top-and-bottpgm-and on
either side of the wall.|{This strlengthen$ the nmegnbrane ¢r wall for Td by
the DURI SOL[err] o

{ A 4

Uz
| | 5

F1G. |

14

(Z77777 7777777}
- ¢ | 16 /16
77777/ 20778

12 FIG. 28
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bl ocks and also strengthens its connection to the framework. In
order to test the blast resistance of different types of wall, the Inventor
conducted conparative tests. Five types of wall were tested, including - a)
A'wal | consisting of conventional nmasonry buil di ng bl ocks ig&@h§®bh§7

rei nforced W% rete and steel bars sinmlar to Ivany, USZ, L 840; b)
A wall constructed of conventional building blocks to which plates of
ferro-cenent were glued on their inside surface to provide reinforcenent;
C) A wall rmade of solid blocks of siliggte; d) A wal | nade of

| TONG err] bl ocks reinforced with beans; “and SUBSTI TUTE SHEET (RULE 26)

12 e) A wall nmade of wood-concrete blocks according to this invention. Al
these walls were approximtely 3.6 mlong and 2.75 m high and reinforced

wi th concrete beans all around. An expl osive device was detonated
equi'di stant from al

0a
36 g5 440 36 %
32 -"-~(t/'f%1 26 g ) %
T T 34~ T8

/3
HE IR IR AR
i o L B S I
S NI
I N A
ze{{ e e 25
THEE T F A AREE D EE TR)
Sy S oy a3 { X
ze/ ‘20| | 1313 2F
2z F1G. 4
4 21 24
: e s L
v wr Ly 4 —7f ﬁf'ﬂ 2
¢ }. = Y/ = i -
12
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.the, walls. Exam nation of the walls subsequent to the testi np@hemgdot hat
the wall constructed of wood-concrete blocks i'n accordance wth the
present: invention had sufficient eIastichy'to absorb the bl ast, making
the wall conpletely blast resistant. the other walls were all deforned or
crunbl ed. This showed that the present wall construction proved far
superior to the other walls a)-d) constructed in accordance with prior art,
and whi ch underwent varying degrees of destruction Furthernore, the wall e)

according to ebhi sA nll iwaddi d£naiccdlcRtictatet BlRkEeaiceditimf htoughisThe
bl ocks accordi ng to this invention can have any desired dinension.
Thus such bRB¥R&EiCH conprise conventional masonry size building bl ocks

for placing on top;zqf Qﬂgsgno;,ggisor‘ré%;e g’r gccklk_gtaggg_lgh 91 6 W CH gy ”Exda

panel in a wall construction y persons skille
the art that tzhéssaope.ghf atddeqme@ncedwmm cencrefiet beamst adlt srabad. has

been, shown and, desgl SRR IAE RS B SRt ShaFAEIRAS: er BB B0

the wa.lls. Exam:.nat:.on cf the walls subsequent to the
testing showed that the wall constructed of wood-concrete
blocks . in accordance with the present .invention had
sufficient elasticity to absorb the blast, making the wall
completely blast resistant. the other walls were all
deformed or cxuinbled. This showed that the present wall
construction proved far superior to the other walls a)~-d)
constructed in accordance with prior art, and which
underwent varying degrees of destructien Furthermore, the
wall e)'aécozding-ta this invention did not allow gas to
permeate theresthrough. |

The blocks according to this invention can have any
desired dimension. Thus such blocks can comprise
conventional masonry size building blocks for placing on
top of one another or large blocks, each of which forms a
panel in a wall construction. = , |

It will be appreciated by persons skilled in the art
that the scope of the present invention is not limited to .
what has been shown and described hereinabove,. merely by
way of' example. Rather, the scope of the invention is

limited solely by the claims which follow,
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.13 1. A hollow building block conprising oppositely disposed spaced apart
wall's connected by bridging el ements fornwg I nt er conngc ﬁmMg@ng rrand
verti cal voi ds characterized in that the Walls are forrec_ok_ayanLuL" o]

m neral i zed wood shavings and concrete having a density d4f no nore tha
apprOX|nater 17ton per per“TiHT“*Wérér and the bridging elleder@4 JAN 192%

i mper meabl e. bIock according to Cjaijm 1 wherein s

gas i nperneabl e @"'ﬂg"ﬂmmuﬁg are gas | nger-meabl e glates. 3. A hollo
bui | di ng bl ock according tmo ai*m 1 aid gas in Ldgi

el ements are gas inperneabl e rods. 4. A hoIIow bui I di ng bl ock according to
claim1 wherein the bridging elenents are made of netal. 5. A hollow

- bui I di ng bl odk aécmmﬁhqythuildﬂngJbb@ubrbsmw@ﬁswﬁqsogpdsbtéﬂgidgspbsednts
to be assenbled into sa k at _a_c rLuction, site. arrier wal l
corpri ot ng.  SBESHR ARETSMBHLRo FBRERERR Y, ] saments (FpEring

contact on t dateircantiedted ot zaitalingideveritdl broLds bhdragtheisnd
t herein interconnected vertical and horizontal voi ds; and
in that the walls are formed of a mixture of mineralized

wood shavings and concrete having a density of no more than
approximately 1l ton per cubic meter and the bridging

elements are gas impermeable.

2. A hollow building block according to Claim 1 wherein.
said gas impermeable bridging elements are gas impermeable
plates.

3. A hollow building block according to Claim 1 whezein
said gas impermeable hri@ging elements are gas impermeable

rods.

4. A hollow building block according to claim 1 wherein

the bridging elements are made of metal.

5. A hollow building block according to Claim 1 comprising
walls and bridging elements to be assembled into said block

at a construction site,

6. A barrier wall comprising:

a construction of hollow building blocks placed in
direct contact on top of and/or next to one another, said
blocks having formed therein interconnected vertical and
horizontal voids; and

an interconnected core of vertical and horizontal steel
:einfoiced concrete beams disposed in said voids,

characterized in that said hollow blocks comprise



l l | REPLACEMEN! ontt|
.an interconnected core of verticat—and horizontal steel neifiTorced

‘ t b i i i d i ds, h teri i t [
v oot M = Feoonee™l 2 g 28 2
eatr Woo

mxture of mnerdlig ing and concrete having f

more than approximately 1 ton per cubic neter, said opposjtely disposed A
wal I's bei NggnpeeiRetied g i rEeab s dgi e : I d |
constructionog}Povi din e,nergglogﬁéora&?'&rr?t oh%é-'tsaégt fét%:’ceék resu ‘%ﬁg ofrom
an expl osi veingiradfizednaoost cslawiner asdt concoktgadasririgerat denajghy 3£ A
wal | according to Claim®6, further .c riging a reinforced concrete frane,
said constr uegi s ﬁ??ﬁov?%?ﬁ%ﬁmﬁg% - 37 eg?ﬁd Rfi% hFﬂgéﬁi Perere, Séééd
rei nforcenenprBss.&ba!ycoraigiao&sa_nf OY&§EUs COTKE AP DRIdHhaHKDr eyt O galsd
frame. 8. A wall according to Claim®6, and wherein said steel reinforcenent
i s pre-stresimpergeable hEiAgingcodemegtsio Caim 6 wherein said gas
| npernmeabl e bri dgLg ls p lols
aceording to  Crare GRRISRERCIGh §3yidRRL ALy uikGipeiin fo Watst
forces resultirg . from an explosive blast and prevent

permeation of ¢gases therethrough.

7. A wall according to Claim 6, further comprising a
reinforced concrete frame, said construction of hollow
blocks being erected within said frame, said reinforcement
of said core of reinforced concrete being anchored to said

frame.

8. A wall .acc:of:ding to Claim 6, and wherein said steel

reinforcement is pre-stressed.

9, A wall accorxding ¢to Claim €6 wherein said gas

impermeable bridging elements are gas impermeable plates.

10. A wall according ¢to Claim 6 wherein said gas

impermeable bridging elements are gas impermeable rods.

11. A method of constructing a wall comprising the
" following steps:
assembling in a w‘é:!.l arrangement a p.lurality of hollaw
blocks, said blocks having formed therein wvertical and
horizantal voids, including placing the blocks in direct
contact on top of and/or next to one another such that the
voids of adjacent blocks are interconnecting; and
forming an integral corxe of concrete and steel
reinforcement in the interconnecting voids, thereby to form

a composite wall construction of the hollow blocks and



J nperneabl.e bridgimg—etenrents—are-—gas i nperneabl e rods. 11. A nethod of
constructiang a Y - risj the foll owing steps: assenbling in a wal
arrangenent a pmfmmgmgwﬂﬂﬁlu Lb_l ocks,!3sai d bl ocks having forned therein
verti.cal and hori zontadl ¢ s iy¥c| udi ng pl aci ng the-bl ocks in direct
contact on top of and/or next to one another such that the voids of

adj acent bl o L Jt ting. farjnng ang nieqr r e, of

coner ete andEetatpfosd BRENER. NhadlitetaRd el (et “Ualh BRI 07 o
forma conposppeoieelycordispmuddedn ehlile hEddinad bl 6€ks aandmixtieant @ged
concrete, characterized in that each bl ock has oppsgﬁtely di sposed walls
formed of BIReFRLLFed ¥prod; 1nGEJ 3G FRTEFEER SRR A danrsd tarfhg a

density of ngeMyfrd haRaAPRILEEIELel va ,tenw_%@% HE metdkd saia
oppositely disposed walls bei'ng bridged by gas i fperneabl e bridging
el ements. 12cppoabtaly disprérdgwadlsCheimg bridgedeiby tdas histpermasbiek s

axe assenbl C ryction site. 13. A nmethod according to Caim1ll
and mhereinegggégéggpeggagag§énbling a plurality of hollow blocks

i ncl udes

12. A method according to Claim 11 wherein the hollow
blocks are assembled at the construction site.

13. A methad according to Claim 11, and wherein said step
of assembling a plurality of hollow blocks includes
assembling said plurality of hollow blocks adjacent to a
selected portion of an existing zeinforced concrete

. structura.

,%4. a method according to Claim 13 uﬁerein said step of
£orming an integral core includes:
. placing steel reinforcement in the interconnecting
vertical and/or horizontal wvoids such that ends of the
reinforcement protrude beyond the block assembly, and |
pouring the concrete in the vertical and horizontal
voids,
wherein said method further comprises the .step of
embedding the steel reinforcement extending beyond the wall
in the reinforced concrete structure, thereby to attach the
composite wall construction to the =zeinforced concrete
structure to protect the selected portion of the reinforced

concrete structure from blast forces and gas permeation.

1S. A method according to Claim 11, further comprising the

step of pre-stressing the steel reinforcement.
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of* an existing reinforced concrete structure.
Claim 13 wherein said step of forming an integral
I nt erconnecting verti cal

st eel

wher ei n

rei nf orcenent
voi ds such that e
assenbl y,
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{57) Abstract

A lightweight hollow building block (2, 10) for
constructing & blast resistant and gas impermeab)e barmier
wall (1) oppositely disposed spaced apart walls
(12, 14, 32, 34) connected by bridging elements (16)

interconnected borizontal and vertical voids (13,
19, 40) characterized in that the walls (12, 14, 32, 34) arc
formed of a mixture of mineralized wood shavings and
concrete having a density of no more than spproximately
1 ton per cubic meter and bridging elements (16) are gas
impermeable.
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