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@ Peripherally stressed composite structural units.

@ Prestressed composite structural elements, such as co-

lumns and beams comprise an open hollow member which is i
defined by enclosing walls which walls have internal and exter-

nal side means, a first shear stress being applied to the said

external side means and a filler material in said elements hav-

ing an opposing shear pre-stress. 2

ACTORUM AG



VOSSIUS - VOSSIUS-TAUCHNER HEl"NEi\bAINIIS‘WH

10

15

20

PATENTANWALTE

SIEBERTSTRASSE 4.8000 MUNCHEN 86 - PHONE: (089) 474075
CABLE: BENZOLPATENT MUNCHEN - TELEX 5-29453 VOPAT D

u.%.: S 784 EP (He/mh) - January 3, 1984
Case: 48879/83

1.Miron Tuval 2. Andre Wexler

Ramat Gan 52383,Israel Bnei Brak 51 408, Israel

"peripherally Stressed Cbmposite structural Units"

The present invention is concerned in general with
structural elements and more particularly with prestressed composite

structural elements.

Structural engineers have shown that composite material
can include the beneficial characteristics of each of the materials
of which the composite is fabricated; Thus, for examnle, reinforced *

concrete beams provide the.compression characteristics of concrete

and the tensile characteristics of steel.

It is known that the characteristics of the composite steel

and concrete structural element are improved by presiressing the

metailic rods which are included in concrete beams. The prestressing
for example puts a preftensile stress on the metallic rod that is put
into the concrete beam which in turn places a compressive stress on
~ the concrete. This react%onary stress on the concrete improves among
other things the Poissons ratio of the composite elements.
Engineers and scientists are continuously searching for

new and improved composites. One of the problems with present.day

beams is that while they are extremely resistive to tensile and com-

cg
b

pressive stresses they tend to buckle under certain adverse conditions.iffa_

.
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" Thus it is long been a problem to find a beam that is more resis-

tant to buckling than the presently available composite structures.

Accordingly it is an object of the present invention to
rrovide new and improved composite structural elements in which the
above-referred to disadvantages are substantially reducead or over-
come. Accerding to the present invention a composite structural
element 1s provided; said =2lement ccmprising:

an open hollow structuré,

said structure defined by wall means,

said wall means having internal side means and external
side méans,

a first shear stress apnlied to said external sides, and

a filler material in said structure having zn opposing
shear pre-stress.

A further feature of the present invention provides a
method of fabricating such a struci:ure° The method comprises the
steps of:

forming a hollow structursa,

p]aéing the hollow structure under a first pressure,

inserting a settable filler under a second pressure into

said hollow structure, and

substantially maintainfng said pressure while said filler

sets.

Yet another featura of the invention provides 2 periphery

stress composita structural element.

Yet another feature of the present invention provides for
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and wharein safd walls of said structure are metallic and said fil-

-3 -

the external walls of the structure baing metallic while said set-
table filler being concrete,

Yet another feature of the invention provides for a sand-
wich construction of said peripheral stress composite wherein pre-

stressed metallic rod means is inserted within said composite element -

lable material is concrefe, said walls being peripherally prestressed_
vihile sa%d concrete is also prestressed. To obtain the above-des-
cribed sought-for results the filler injection pressure must be a
function of such things as the:

&) profile cross-section of the element;

b) thickness of tha metal wall;

c) Tlength of tha element; and

d) dinjection pressure variation with time - from zero to

final nominal pressure.
Yet another featqre-provides for a perforated outer wall

tarough which the filler can extrude and solidify as dendrites

attached to the outer wall of the element. The inner part of the

element is Tabricated as are the previously shown elements.,

The operation and the utilization of the present inven-
tion will be more fully apparent from the description of a preferred
embodiment taken in conjunction with the following drawings, in whicﬁ:

Fige 1 is a pictorial showing of an embodiment of the
composite étructural element; |

Fig. 2 1s a cross-section of another embodiment of the

compasite structural element which includes rod means;
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Fig. 3 is a cross-section of another embodiment of the

composite structural element including liner means between the filler

and the shell; »

Fig. 4 is a cross-section of an embodiment of the composite
structure which includes dendrite anchoring; 7 |

Fig. 5 {s a pictorial showing of one method of fabricat-
ing the cdmposite structural elements;

Fig. 6 is a pictorial showing of yet another embodiment
héving_a.multiplicity of different pressures; and

Fig. 7 is a pictorial showing of a composite element

having a general "T" shape.

‘The composite structural element generally shown in pic-
torial form in Fig. 1 is shown as a rectangular beam 11. The beam
is comprised of a walled hollow structure having a settable filler

material 12 therein. The walled structure is shown as having top

'wall 13, bottom wall 14, side wall 16 and opposite side wall 17.

THe walls preferably are of steel and the settable material is
preferably of concrete, However other composite materials are

within the scope of the invention. In addition it must be noted

"that while the rectangular block is shown a cylindrical or other

shaped composite structural element is also within the scope of

this invention.

The cross-section showing of Fig. 2 includes a central rod

18 that also may be prestressed. Here again while a rectangular

rod 18 is shown the rod as well as the structure may be cylindrical.

In addition while one rod is shown in the structure 19 of Fig. 2,
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more than one rod may be used. The placement of the rod or rods

can a]so vary. The composite structure may also use 1nter alia

Wirand* concrete, or other fiber reinforced concretes.

In 19 the filler material is shown as filler material 21,

the top wall is wall 22, the bottom wall is wall 23, the side walls

are shown as walls 24 and 26. It should be noted that here again

cylindrical structure, triangular or other shaped structure can

also be used,

In Fig. 3 the composite comprises an outer'shell 41 pre-

ferably of metal. A liner or liners 42 surround the inner periphery

of the shell, The filler is shown at 43.

The filler under preéSure

forces the 1iner on the inner side of the shell to form a bonded

surface between the shell and the filler,

the outer shell from the chemical action of the filler and vice versa.

This method may protect

Also, the 1ine adds sandwich properties to the outer stressed shell.

There may be aone or more liners made of a similar or different mater-

ial. The bond between the liner and the shell or the liner and

other 1iners may be accomplished by other means as well as by means

‘of the pressures shown in Fig. 1,

Fig. 4 shows an interesting variatjdn of the composite

structural element 45 and the use thereof.

shown as 46. There are a plurality of apertures 47 in the outer shell.

The outer shell 1is

The filler 48 is inserted into the outer shell under pressufe PI;

The outer shell is however first placed in the ground 49 which exerts

*Wirand - Trade name of the Battelle developed metallic fibre re-

inforced concrete.
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a pressure PE on the element 45. When the fi]]erris subjected to
the'pressufe Pp» the filler is forced through the apertures to form
dendrite-1ike roots. This embodiment is especially useful for an-
choring.piers in extremely moist, soft soil, such as sand for
éxamp]e.' | »

In Fig. 5 there is a diagrammatic showing of a pressur-
ized chamber 27 in which the composite structural element is fabri-
cated. Means are provided in the chamber for pressurizing the
chamber. More particularly an inlet valve 28 leads from a high
pressure 1ine at pressure'PE. The high pressure line is shown as
1ine 29. The high pressure chamber is shown as having a top wall
31, a bottom wall 32 and side walls 33 and 34, The composite device
36 in the chamber 27 is shown as cylindrically shaped. A filler 37
is forced into the hollow cylindrical element 36 by a piston 38
acting through piston rod 39. The piston assets a pressure Py on
the filler material 37. The piston maintains the pressure on the
%i]]er material while it is setting. Additionally the pressure Pe

is maintained in the chamber 27 during the process of fabricating

‘the composite element 36.

'Tﬁe:embodiment of Fig. 5 demonstrates a compositerelement
56 fabricated using a plurality of prestressing bressuresc' The
composite element comprises an outer shell subjected to a transverse
pressure Pp and a longitudinal pressure Py, The shell surrounds a
first filler filled compartmeﬁt 58 having filler fherein subjeéted
to a Tongitudinal pressure Py during the filling and setting process.

inner shell 59 defines yet ancther compartment 61. The shell 59

wds
n

pfeferab]y metal and sibjected to a pressure P3 which may be equal

to. greater than the pressurss P1 and/or P2 or may-even be negative.

BAD ORIG!NAL g,:



10

20

Sa- 0115769 -

The inner compartment contains a filler or a rod at pressure P4

Awhich may be negative or less than, more than or equal to the other

pressuras.

Thus the cbmposite elenent utilizes filler material that
1s extremely resistant under compression and external.maferial that
is extramely resistant to tensile stresses. The materials are
joined together while pressure is exerted on the hollow container
and on the filler material in substantialiy normal directions. The
resultant composite is a structural element that is extremely re-
sistant to buckling as well as capable of withstanding extreme com-
pressive and tensile forces. The structural element is fabricated
by maintaining a shsar pressure on the hollow structure while main-
taining a compressive stress on the filler as it hardens. In addi-
tion a reinfercing type rod or rods under tensile stresses may be
inserted into the filler and retained there during the hardening
prbcess. | |

The structure may undergo stress release treatment, if
necessary. The "T" shaped compcsite element of Fig. 7 is especially
useful for interconnecting other composites. The element of Fig. 7
is also a composite as taught herein. Other coupling shapes could

of course be used.

While the principles of the invention have been described‘
above in connection with spzcific apparatus and applications, it
is to be understood that this descripticn is made by way of example

only and not as a limitaticn on the scope of the invention.
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1. A composite structural element comprising:

a hollow structurs,

NI

said structure defined by wall means, ' f?”*
said wall means having internal and external side means,
a first shear stress on said external sides, and

a setiable filler material in said structure having a com-

. pressive strass therecn.

2. Tnie composite structura® element of Claim 1, wherein said

nioliow structure is cylindrical in cross-section,

3. The composite structural element of Claims 1 and 2, wherein
said hoilow structure is made of metallic meterial and said filler

material is cement.

4. “he camposite structural element of Claim 3, wherein rein-
forcing rod means are located within said set filler material,

5. The composite structural element of anyone of Claims 1, 3

or 4, wherein said hollow structure is rectangular in cross—-sectian.

6. The composite structural element of anyone of Claims 1 to 5.
wherein liner means are included between said hollow structure and said

fiiler material.

7. The composite structural element of anyone of Claims 1 to 6,
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vherein said wall means comprises apertures therein enabling dendrites °

+
to form responsive to said compressive stress.

8. The composite structural element of anyone of Claims 1 to 7, E.L

wherein said hollow structure is divided byga plurality of walls into se- .

parated and defined hollow compartments, filler means in at least
some of said plurality of compartments and a plurality of compres-
sive stresses on said compartments and said walls separating said

compartments.

9. The method of fabricating the composite structural elements
of the preceding claims, said method comprising the steps of:
forming a hollow structure,
b1acing the hellow structure under a first pressure,
inserting a settable filler under a second pressure into
said hollow structure, and | |

maintdining said pressures while said filler sets.

10. . The method of Claim 9, wherein said first and second

pressures are normal to each other,

11. The method of Fabricating a composite structural element

of anyone. of Claims - ﬁ‘to 8raccording to claims 9 or 16, wherein
said first pressure is equal to 80 kg per sq. cm. and wherein

said second pressure is equal to 100 kg per sq. cm. '

12. The method of Claim 9, wherein said first pressure is
applied normal to the sides, top and bottom of said hollow structure

and wherein said second pressure is applied normal to the cross-
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section of the opening of said open hollow structure.

13. - The methaod of fabricating the composite structural element

Of anyone of Claims 9 to 12, wherein said open hollow structure is *

fébrica;ed from steel and said filler material is concrete.
14, The composite structural element of anyone of Claims 1 to 8, o

wherein said element is characterized to couple togethér other composite

structural elements.
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