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The present invention relates to a heat-resistant struc 
tural element or the like and, more particularly, the 
present invention is concerned with a structural or build 
ing element having ?re-resistant ‘and heat-insulating prop 
erties and, according to a preferred embodiment of the 
present invention, also having radiation-blocking proper 
tim, which element may be in the shape of a plate, a box, 
a shell for covering another body or building element and 
the like. It is frequently desirable and sometimes re 
quired by building ordinances and the like to protect build 
ing elements against ?re and heat. For instance, the 
steel skeleton of buildings usually must be covered with 
fire-resistant material. More recently it has also been 
required in many cases that structures of reinforced con 
crete, particularly with prestressed reinforcements, as well 
as other temperature sensitive structures ‘are shielded or 

- covered with ?re-resistant material. 
conventionally, protection against ?re was accomplished 

by applying to an intermediate wall or, for instance, to a 
false ceiling of wire mesh a mortar or plaster layer which 
layer was required to have a thickness of at least 3 cm. 
and had to be formed of highly insulating ?reresistant 
mortar or plaster. Considerable labor is involved in ap 
plying such plaster layer of the required thickness and, 
furthermore, since the plaster layer ‘has to be applied in 
wet condition, temporarily the supporting structure has to 
carry a weight which is considerably greater than that of 
the dried plaster layer. In order to be able to carry the wet 
weight of the plaster layer, the dimensions of the support 
ing structure frequently have to be increased considerably 
beyond the dimensions which would be required for carry 
ing only the dry plaster layer. Furthermore, considerable 
quantities of moisture are introduced in the form of wet 
plaster or mortar and the drying of the protective layer 
requires time and possibly heating or ventilating arrange 
ments, all of which increases the costs of providing the 
?re and heat protection. 

It has been tried to overcome the above discussed di?'i 
culties and ‘disadvantages by forming a protective structure 
of prefabricated plates. However, the plates suggested 
for this purpose up to now do not seem to ~ful?ll all re 
quirements with respect to ?re resistance and heat insula 
tion. Upon prolonged testing, most of these prefabricated 
plates could not withstand the required high temperatures, 
or, in fire tests, the plates were damaged by the 'water 
used for extinguishing the ?re. It was also not possible 
in these cases to suf?ciently prevent or reduce the passage 
of heat through the joints between adjacent plates. Thus, 
there are, for instance, no prefabricated plates available 
which, with respect to ?re resistance will comply with the 
German standards DIN 4102 and which, in accordance 
therewith, could be labeled as ?re-resistant structural or 
building elements. ' 

It is therefore an object of the present invention to 
overcome the above-discussed dif?culties and disadvan 
tages in the protection of building elements and the like 
against ?re and heat. 

It is a further object of the present invention to provide 
a shaped, prefabricated building element and a structure 
consisting of a plurality of such building elements joined 
to each other, which structure, for instance, may be in 
the shape of plates, boxes, or shells of any con?guration 
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suitable for protecting the structure covered thereby, 
which protective building element or structure will possess 
high ?re-resistant and heat-insulating properties and can 
be produced ‘and assembled in a simple and mechanical 
manner. 

It is yet another object of the present invention to 
provide such protective ?re and heat-resistant element and 
structure which, in addition thereto, will also be capable 
of ‘absorbing and thereby blocking the passage of radi 
ation. 

Other objects and advantages of the present invention 
will become apparent from a further reading-of the de 
scription and of the appended claims. 
With the above ‘and other objects in view, the present 

invention includes a composite structure element having 
?re-resistant and heat-insulating properties, comprising, 
in combination, a plurality of shaped solid bodies con 
sisting of a mixture of (1) a substance selected from the 
group consisting of expanded perlite and vermiculite, (2') 
clay and (3) a substance selected from the group con 
sisting of cement and gypsum, the shaped solid bodies 
being arranged adjacent to each other with adjacent edge 
vfaces of adjacent bodies spaced from each other but a 
short distance de?ning a narrow open space therebe 
tween, and a solid binder consisting essentially of an 
intimate mixture of perlite, glass powder, water glass and 
clay substantially ?ling the narrow open space thereby 
?rmly adhering the shaped solid bodies to each other. 
The term “cement” as used in the following speci?ca 

tion and claims is intended to include also gypsum. 
According to a preferred embodiment of the present 

invention, the same comprises in a composite structural 
element having ?re-resistant and heat-insulating proper 
ties, a plurality of plates consisting of about six parts by 
volume of perlite, about two parts by volume of plaster of 
Paris and about one part by volume of bentonite, the plates 
having reinforcing members of expanded metal incorpo 
rated therein and the plates being arranged adjacent to 
each other in edge-to-ed-ge relationship, adjacent edges of‘ 
adjacent plates having along the length thereof spaced 
projections and recesses, the projections of one of the 
adjacent edges registering with the recesses of the other 
of the adjacent edges and being located within and spaced 
from the .same so as to de?ne a narrow open space be 
tween the adjacent edges; a solid binder consisting essen 
tially of about two parts by volume of water glass, about 
two and one half parts ‘by volume of glass powder, about 
two and one half parts by volume of perlite, and about 
one half part by volume of benton-ite ?lling the narrow 
open space thereby forming a composite plate having op 
posite faces, ‘and a layer consisting of about ?fty parts 
by volume of lead powder, about thirty parts by volume 
of quartz sand, about ten parts by volume of cement 
and about ten parts by volume of bentonite, the layer 
having radiation-blocking properties, substantially cover 
in g one of the opposite faces. 

Thus, according to the present invention, it is possible 
by assembling prefabricated bodies of the desired shape 
to provide ?re resistant and heat insulating coverings or 
casings which will have the desired ?re resistance and 
heat insulating properties throughout, including the joints 
between the individual plates or the like and also in 
cluding the portions thereof at which the protective struc 
ture is supported or suspended. 

According to the present invention an insulating mate 
rial of the above described composition is combined with 
certain structural features of the edges of the insulating 
bodies, plates or the like, which are located adjacent to 
and facing each other; and the joints between adjacent 
insulating bodies are ?lled with a binder material of the 
above described composition. 
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Preferably, the insulating plates or the like are formed 
of an intimate mixture of about six parts by volume of 
perlite, about one part by volume cement and one part 
by volume clay. Throughout the present speci?cation and 
claims wherever proportions are given in parts by volume, 
it is to be understood that such proportions may deviate 
upwardly and downwardly by up to about 10%. Thus, 
for instance, six parts by volume of perlite are meant 
to denote between 5.4 and 6.6 parts by volume thereof. 

Perlite is a well known inorganic incombustible mate 
rial containing closed micropores and is produced of 
volcanic mineral in an expansion process requiring heat 
ing of the mineral to more than 1000° C. By this ex 
pansion process, the volume of the mineral material is 
increased to between about 15 and 20 times its orginal 
volume. Perlite is resistant to moisture, non-hygroscopic 
and possesses a relatively high pressure resistance. The 
heat conductivity of perlite (lamba) equals between 0.034 
and 0.040 kcaL/mh. °C. Preferably, a commercially 
available perlite having particle sizes of up to 4 mm. and 
a speci?c gravity of between 50 and 70 kg./m.3 is used. 
The cement preferably will be of a quickly binding type 
and the preferred clay is natural bentonite corresponding 
substantially to the formula: 

It is also possible to replace the cement of the plate 
forming mixture with gypsum or preferably with plaster 
of Paris. In this case, the preferred composition of the 
mixture will be six parts by volume of perlite, two parts 
by volume of gypsum and one part by volume of clay. 

Insulating bodies according to the present invention 
which will be exposed to atmospheric conditions or placed 
in moist locations are preferably made of a cement-con 
taining mixture. 

In all of the above described mixtures, perlite may be 
replaced with an equal proportion of vermiculite. 

Preferably, the adjacent edges of adjacent insulating 
plates or the like according to the present invention will 
dove-tail or will be formed with registering projections 
and recesses whereby a depth of the recess of between 
about 2 and 2.5 cm. will suf?ce. However, the adjacent 
edges may also be formed with other types of overlapping 
or intermeshing faces. 
The joints formed between adjacent edges are then 

?lled with a binder material which originally contains an 
organic binder, perlite, glass powder and clay, the latter 
preferably in the form of bentonite. 

Preferably, the binder material will be of the follow 
ing composition: two parts by volume of a 50% non 
re-emulsi?able dispersion of polyvinylpropionate, for in 
stance of the type known as Propiofan 5D, 6D made by 
BASF, 2 parts by volume of water glass, 2.5 parts by 
volume of perlite, 2.5 parts glass powder and 0.5 part 
bentonite. 
The 50% polyvinylpropionate dispersion commercially 

available from the Badische Anilin- & Soda-Fabrik AG 
under the trade name Propiofan can be diluted with 
water to any desired degree but will give upon drying a 
water insoluble ?lm which cannot be re-emulsi?ed. The 
size of the suspended particles is between 0.3 and 2 
microns. 
The organic binder material of the above mixture 

which initially provides the adhesive power will be de 
stroyed upon exposure to su?iciently high temperatures 
and the remaining inorganic constituents of the mixtures 
will then form a ?rm ?re resistant and heat insulating 
bonding material which may safely be exposed to tem 
peratures of up to and even in excess of 1000° C. 
To increase the mechanical strength of the prefabricated 

insulating plates or bodies, particularly when the same 
are of relatively large dimensions, it is preferred to re 
inforce the same by embedding in the plate forming mate 
‘rial or the like, during molding of the same, a reinforcing 
structure consisting, for instance, of a mesh of struc 
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4 
tural steel. Preferably expanded metal formed with ?at 
ribs is used for this purpose and it has been found that 
expanded metal which has a maximum cross sectional 
dimension of about 5 mm. is particularly suitable. 
For most purposes a plate thickness of between about 

30 and 38 mm. will su?ice, however, it is of course 
within the scope of the present invention to provide plates 
or other shaped ?re resistant and heat insulating bodies 
of greater or also of smaller cross sectional dimensions. 

According to a preferred embodiment of the present 
invention, the heat insulating and ?re resistant structure 
will also absorb and thus block radiation such as radio 
active rays. This is achieved by applying to one face of 
the insulating body a lead-containing layer, having a thick 
ness of for instance 20 mm. Such radiation blocking 
layer may be formed of a mixture of 50 parts by volume 
lead powder having a particle size of up to 1 mm., 30 
parts by volume quartz sand, 10 parts by volume cement 
and 10 parts by volume clay, preferably bentonite. Here 
again it should be understood that the indications of 
volumetric proportions are meant to include a tolerance 
of 10% in either direction. 
The novel features which are considered as character 

istic for the invention are set forth in particular in the 
appended claims. The invention, itself, however, both 
as to its construction and its method of operation, to 
gether with additional objects and advantages thereof, will 
be best understood from the following description of 
specific embodiments when read in connection with the 
accompanying drawing, in which the ?gure is a frag 
mentary elevational view, partially in cross section of a 
ceiling structure protected against heat, ?re and radiation 
in accordance with the present invention. 
As shown in the drawing, the ceiling structure com 

prises I~bearns 1 supporting a steel reinforced concrete 
plate 2. The protective structure according to the present 
invention consists of a false ceiling which is suspended 
from I-beams 1. Elongated bars 4 of T-shaped cross 
section are suspended by suitable hook-shaped elements 
and wires from elongated bars 3 of suitable cross section 
which rest on the lower ?anges of the beams 1, portions 
of the bars 4 also being connected to the lower ?anges 
of the beams 1. The lower portions of the bars 4’ are 
perforated and have fastened thereto, by means of counter 
sunk screws, the insulating plates which have a thickness 
of approximately 30 mm. and which are reinforced with 
expanded, ribbed steel 9. The insulating plates 5 are 
provided with mating projections 6 which complement 
and overlap each other at the side edges of the plates 5. 
The gaps between the overlapping portions 6 are ?lled 
and sealed with the binder material 7 described further 
above. The space between the lower side of the beams 
1 and the upper side of the insulating plates 5 may be 
approximately 65 mm. 

If protection against radiation is desired, a layer of 
radiation blocking material 8 may be applied to the lower 
face of the false ceiling formed by plates 5. 

The above described ceiling structure was installed in a 
test building, the false ceiling extending horizontally and 
so that the distance between parallel I-beams 1 amounted 
to 4 meters. A ?re test was then carried out in accord 
ance with German standards DIN 4102. Within 10 min 
utes, the temperature within the test building reached 
650° C., after 30 minutes 880° C., after 60 minutes 
1000° C. and after 90 minutes about 10250 C. There 
after, the ?re was extinguished within three minutes by 
applying a stream of water at a gauge pressure of two at 
mospheres from a distance of 3 meters. 

It was found that 90 minutes after start of the test, 
at which time the temperature within the test building 
had reached 1012° C., the average temperature at the 
reinforced concrete plates 2 amounted to only 38° C. 
The temperature at the lower ?ange of I-beams 1 did 
not rise above 88° C. Surprisingly, it was also found that 
the portion of the upper face of the false ceiling formed 
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of plates 5 did not exceed 57° C. even at the binder 
?lled joints thereof. During the subsequent extinguish 
ing of the ?re by applying water under pressure as de 
scribed above, the false ceiling resisted the stream of water 
without breaking. 

It was thus found that the protective ceiling structure 
according to the present invention could resist for one 
and one-half hours exposure to ?re and subsequent con 
tact with water under pressure used for extinguishing the 
?re and that during the entire test the structure of the 
false ceiling remained essentially unaffected. 
The mechanical strength of the entire ceiling struc 

ture including its load carrying capacity was not di 
minished and the ?re could not penetrate through the 
false ceiling. Thus, the structure according to the present 
invention and as illustrated herein complied with the 
requirements of the German standards applicable for ?re 
resistant structural elements. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also ?nd a 
useful application in other types of protective structural 
elements differing from the types described above. 

While the invention has been illustrated and described 
as embodied in a ?re and heat resistant false ceiling, it is 
not intended to be limited to the details shown, since 
various modi?cations and structural changes may be made 
without departing in anyway from the spirit of the pres 
ent invention. 

Without further analysis, the foregoing will so fully 
reveal the gist {of the present invention that ‘others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential char 
acteristics of the generic or speci?c aspects of this inven 
tion and, therefore, such adaptations should and are in 
tended to be comprehended within the meaning and range 
of equivalence of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. A composite structural element having ?re-resistant 

and heat-insulating properties, comprising, in combina 
tion, a plurality of shaped solid bodies consisting of a 
mixture of (1) a substance selected from the group con 
sisting of expanded perlite and vermiculite, (2) clay 
and (3) cement, said shaped solid bodies being arranged 
adjacent to each other with adjacent edge faces of ad 
jacent bodies spaced from each other but a short distance 
de?ning a narrow open space therebetween; and a solid 
binder consisting essentially of an intimate mixture of 
perlite, glass powder, water glass and clay substantially 
?lling said narrow open space thereby ?rmly adhering 
said shaped solid bodies to each other. 

2. In a building structure, a ?rst Wall; a second wall 
adjacent said ?rst wall, said second wall comprising a 
plurality of plates consisting of a mixture of (1) a sub 
stance selected from the group consisting of expanded 
perlite and vermiculite, (2) bentonite and (3) cement, 
said plates being arranged adjacent to each other with 
adjacent edge faces of adjacent plates spaced from each 
other but a short distance de?ning a narrow open space 
therebetween, and a solid binder consisting of an intimate 
mixture of an organic binder material, perlite, glass pow— 
der, water glass and clay substantially ?lling said narrow 
open spaces thereby ?rmly adhering said plates to each 
other; and attaching means for attaching said second wall 
to said ?rst wall, whereby said ?rst Wall will be protected 
against ?re and heat by the interposition of said second 
wall between said ?rst Wall and a source of ?re and heat. 

3. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combination, 
a plurality of plates consisting of a mixture of (1) a sub 
stance selected from the group consisting of expanded 
perlite and vermiculite, (2) bentonite and (3) cement, 
said plates being arranged adjacent to each other in 
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6 
edge-to-edge relationship, adjacent edges of adjacent plates 
having along the length thereof spaced projections and 
recesses, the projections of one of said adjacent edges 
registering with the recesses of the other of said adjacent 
edges and being located within and spaced from the same 
so as to de?ne a narrow open space between said adjacent 
edges; and a solid binder consisting essentially of an 
intimate mixture of an organic binder material, perlite, 
glass powder, water glass and clay substantially ?lling said 
narrow open space thereby ?rmly adhering said plates to 
each other. 

4. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina 
tion, a plurality of shaped solid bodies consisting of a 
mixture of (1) about six parts by volume of a substance 
selected from the group consisting of expanded perlite 
and vermiculite, (2) about one part by volume of clay 
and '( 3) about one part by volume of cement, said shaped 
solid bodies being arranged adjacent to each other with 
adjacent edge faces of adjacent ‘bodies spaced from each 
other but a short distance de?ning a narrow open space 
therebetween; and a solid binder consisting essentially 
of an intimate mixture of perlite, glass powder, water 
glass and clay substantially ?lling said narrow open space 
thereby ?rmly adhering said shaped solid bodies to each 
other. 1 

5. A composite structural element having ?re-resistan 
and heat-insulating properties, comprosing, in combina 
tion, a plurality of shaped solid bodies consisting of a mix 
ture of about six parts by volume of perlitez about two 
parts by volume of plaster of Paris and about one part by 
volume of bentonite, said shaped solid bodies being ar 
ranged adjacent to each other with adjacent edge faces 
of adjacent bodies spaced from each other but a short 
distance de?ning a narrow open space therebetween; and 
a solid binder consisting essentially of an intimate mix 
ture ‘of perlite, glass powder, water glass and clay sub 
stantially ?lling said narrow open space thereby ?rmly 
adhering said shaped solid bodies to each other. 

6. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina 
tion, a plurality of plates consisting of a mixture of (l) 
a substance selected from the group consisting of ex 
panded perlite and vermiculite, (2) clay and (3) cement, 
said plates having reinforcing members of expanded 
metal incorporated therein and said plates being arranged 
adjacent to each other with adjacent edge faces of ad 
jacent bodies spaced from each other but a short distance 
de?ning a narrow open space therebetween; and a solid 
binder consisting essentially of an intimate mixture of 
perlite, glass powder, water glass and ‘clay substantially 
?lling said narrow open space thereby ?rmly adhering 
said plates to each other. 

7. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina 
tion, a plurality of shaped solid bodies consisting of a 
mixture of (1) a substance selected from the group con 
sisting of expanded perlite and vermiculite, (2) clay 
and (3) cement, said shaped solid bodies being arranged 
adjacent to each other with adjacent edge faces of ad- . 
jacent 'bodies spaced from each other but a short distance 
de?ning a narrow open space therebetween; and a solid 
binder consisting of about two parts by volume of a 50% 
dispersion of polyvinyl propionate, about two parts by 
volume of water glass, about two and one half parts by 
volume of glass powder, about two and one half parts 
by volume of perlite and about one half part by volume of 
bentonite ?lling said narrow open space thereby ?rmly 
adhering said shaped solid bodies to each other. 

8. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina 
tion, a plurality of plates consisting of a mixture of ( 1) a 
substance selected from the group consisting of expanded 
perlite and vermiculite, (2) clay and (3) cement, said 
plates being arranged adjacent to each other with adjacent 
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edge faces of adjacent plates spaced from each other 
but a short distance ‘de?ning a narrow open space there 
between; a solid binder consisting essentially of an inti 
mate mixture of perlite, glass powder, water glass and 
clay substantially ?lling said narrow open space thereby 5 
forming a composite plate having opposite faces; and a 
layer of lead-containing radiation-blocking material sub 
stantially covering one of said opposite faces. 

9. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina- 10 
tion, a plurality of plates consisting of a mixture of (1) 
a substance selected from the group consisting of ex 
panded perlite and vermiculite, (2) clay and (3) cement, 
said plates being arranged adjacent to each other with 
adjacent edge faces of adjacent plates spaced from each 15 
other but a short distance de?ning a narrow open space 
therebetween; a solid binder consisting essentially of an 
intimate mixture of perlite, glass powder, water glass and 
clay substantially ?lling said narrow open space thereby 
forming a composite plate having opposite faces; and a 20 
layer consisting of about ?fty parts by volume of lead 
powder, about thirty parts by volume of qpgrtz 82nd,.‘ 
about ten parts by volume of cement and about ten parts 
by volume of bentonite, said layer having radiation-block 
ing properties, substantially covering one of said opposite 25 
faces. 

10. A composite structural element having ?re-resistant 
and heat-insulating properties, comprising, in combina 
tion, a plurality of plates consisting of about six parts by 
volume of perlite, about two parts by volume of plaster 39 
of Paris and about one part by volume of bentonite, 
said plates having reinforcing members of expanded 

8 
metal incorporated therein and said plates being ar 
ranged adjacent to each other in edge-to-edge relation 
ship, adjacent edges of adjacent plates having along the 
length thereof spaced projections and recesses, the pro 
jections of one of said adjacent edges registering with the 
recesses of the other of said adjacent edges and being 
located within and spaced from the same so as to de?ne 
a narrow open space between said adjacent edges; a solid 
binder consisting essentially of about two parts by volume 
of water glass, about two and one half parts by volume of 
glass powder, about two and one half parts by volume of 
perlite, and about one half part by volume of bentonite 
?lling said narrow open space thereby forming a com 
posite plate having opposite faces; and a layer consisting 
of about ?fty parts by volume of lead powder, about 
thirty parts by volume of quartz sand, about ten parts by 
volume of cement and about ten parts by volume of 
bentonite, said layer having radiation-blocking properties, 
substantially covering one of said opposite faces. - 
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