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As i3 known, the normal armoured concrete
has & very smal] transverse or tensile strength
ahd a small elasticlty. Besldes, the consump-
tlon of iron 1is relatively high. According to
recent proposals, 1t has been tried to improve the
resisting propertles of armoured concrete by
maintaining a prellminary tension in the armour
untll the concrete is hardened, using straight
iron rods and subjecting the rods to a prelim-
inary tension of 40 to 60 kgs. per mm?2 Although
by this preliminary tension a certain prelim-
inary compressive tension is obtalned, it has not
been possible to substantially improve the known
properties of armoured concrete. Nor did this
result in a materlal reduction of the quantity
of iron consumed. PFurthermore, the connection
of the Iron with the concrete Is insufficlent with
these pre-tensioned rods, which have to give the
concrete a relatively great tensile strength. 'This
insufficlent connectlon 15 due to the fact that
the rods have a relatively small surface and that
these rods are loosened Inside the concrete owing
to dynamic stresses caused by their inherent
vibration. The small adhesive strength of the
iron rods in the concrete makes it necessary to
brace the rods in the concrete especially at the
ends. Owing to this bracing, pieces of concrete
with pre-tensloned armour can only be made
in certain lengths. This limitation is also gov-
erned by the limited length of the iron rods
avallable for armourlng purposes. If girders of
greater lengths or the like are required, the iron
rods have to be welded or joined together in
order to obtain the required length of armouring.

Even if, as mentioned above, high quality steel
of a greater strength is used for armouring, it
is not possible, as wili be shown below, to obtain
substantial preliminary tensions in the concrete,
as elastic jumping of the concrete as well as
contracting and shrinking causes a great reduc-
tion of tension in the armour rods. As the maxi-
mum preliminary compressive tension obtainable
is 150 kegs. per cm? with a modulus of elas-
ticlty Ev=140000 kgs. per ¢m3, the compressive
strength of the concrete iz utilised only to a very
small degree, the concrete admitting a much
greater preliminary tension.

The method according to the invention is dis-
tinguished from the above mentioned method of
production by using thin, highly refined steel
wires with a diameter of 0.5 to 2 mm, for exam-
ple, and with a very great tenslle strength of
up to about 30000 kgs. per cm?, the wires belng
subjected to a very great prelininary tension,
about equal to the final tensile strength required,
until the concrete is hardened.

These refined high carbon steel wires which,
as 1s known, are drawn to this thickness pos-
sesg apart from their extremely high tensile
strength a great hardness and a small elonga-
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tlon of rupture of only 2 to 5%, It is the type
of steel wire which is also used as plano wire
and for wire ropes, but in the present case it
18 used in its natural raw state, 1. e. unpolished.
These steel wires have & tensile strength of about
12000 to 30000 kgs. per cm2? They are very
elastic and the very high limit of stretching
strain amounts to about B0% of the tensile
strength, If double safety Is calculated with,
these steel wires may by subjected to a perma-
nent safe tension of about 5000 to 14000 kgs.
per em3.

The method according to the invention enables
to produce armoured concrete which may not
only be regarded as a substantially improved
ferroconcrete but represents a hew bullding ma-
terial of quite different properties, With the new
method a building material of low iron contents
is obtained which contains only 10% of the lron
armour in normal ferroconcrete. BY using steel
wires of very high tensile strength, a prelim-
Inary compressive tension of up to about 800
kgs. per cm? can be obtalned in the concrete
which at the same time corresponds with the
safe tensile straln of the concrete. This ar-
moured concrete may therefore be regarded as
to a high degree resisting extension and bending.
As the steel wires used are made in any desired
length, 1t 1s possible to make extraordinarlly long
pleces of concrete, thelr length being nearly un-
limited, without welding the inserted armourine.
Very long pleces of armoured concrete, e.g.
girders, can be made by the new method and
can then be sawn into single pleces of any de-
sired slze, e.g. single girders. This sawing does
not in any way alter or impalr the reslsting
properties,

A considerable advantage of the new method
may be seen In the fact that no bracing of the
armouring is required, le. that smooth drawn
wires may be used.

In order to work out the new method, great
difficulties had to be overcome. It did not at
all suggest itself to the expert to use thin, highly
refined steel wires for this purpose, besldes, it
seemed Impracticable to use such highly pre-
tensioned wires for producing armoured concrete.

Hitherto, only highly alloyed steels were known
possessing a strength of up to 120 kgs. per mma2,
Thouegh it was known that highly reflned steel
wires have a greater tensile strength, it was
thought that this great strength, produced by re-
fining, would only be temporary and that these
wires would not be suitable for permanent strains,
as their strength is weakened by symptoms of
fatigue and as they were liable to a certaln
amount of permanent stretching, However, ex-
act experiments have proved that a permanent
strength actually exists in the case of these high-
ly refined steel wires and that only if they are
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subjected to a load of above 80% of the tensile
strength, a reduction of strength and a certain
amount of stretching occurs. The invention is
therefore based on the knowledge that highly
refined steel wires withstand a great permanent
tension and are thus rendered suitable with re-
gard to thelr stremgth for producing armoured
pre-tensioned concrete.

In addition, the Invention recognlses the fact
that, contrary to iron and steel rods, thin highly
pretensioned steel wires do not require bracing.
Experts could not assume that smooth, highly
tensioned thin wire should not require bracing
In the concrete, as highly pre-tensioned armour
rods made bracing indispensable. Therefore, it
was thought that thin, smooth, drawn wires
would slp into the concreie when the latter iIs
hardened and tha tension at the ends of the
wire is removed, and that, in consequence of the
small adhesive strength of the wires, the tension
of the wireg could not be conferred to the con-
crete, But, just on the contrary, exact experi-
ments have proved the adheslve strength of the
wires, uged for ammouring, to be very great,
whereas the adhesive strength of rods is so small
as not to be sufficlent to confer the tenslon to the
concrete.

The following calculation s to show the pre-
lminary compressive tension which may be ob-
tained in the concrete in the case of the known
methods &s compared with the new method.
These preliminary compressive tensions are equal
to the final tensile strength of the conecrete.

Let he:

ceux the prellminary tension of the steel armour :

befors being conferred to the concrete,
aev the permanent tehsion acting in the steel
armour after the tenslan has left off,
Vs the decline of tensien occurring:
(@) owing to the elastic Jumplng e of the
comncrete,
() owlng to the shortening & of the con-
erete caused by contractien, and
(e) owlng to the sortening & of the con-
crete caused by subsequent shrinking.
sox the prelimlnary compressive tension pro-
dueed I the concrete,
Ee, E» the madulus of elasticity of iron and con-
cxets respectively.

The decline of tension Vx In the steel armour-
ing is:
Vr=—0ewz—om

The elongation e of the steel, which equals the
decline of tension Vx:

- Vn':a'azz k. 127
ea E:. El
must be squal ta the jumping « of the concrete
Th»
€@ =T
E,
from which fellows:

Tyy __ Tgrx — ey

» .
Imtroducing the valne
= E.
FoN

we have:
N . ohy=—~depz—0ecyv

This equation shows the connection between the
neccssary preliminary tension cew and the pre-
liménary compressive tension ove in the concrete.
It ix te be seen that it 18 Independent of the de-
gree of armeuring.

It the moduli of contraction, shrinkage, ahd
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elasticity are known for the respective concrete,
it 1s possible to ind the maximum preliminary
compressive tension obv max of the concrete in-
dependent of the cross section of the concrete.

Then, In the equation, the value of the limit
of stretching straln ses must be put for oevx, and
the value ¢ov for the permanently acting steel
tension. The value ses—oev represents the value
of the decline of the tension.

The equation for the maximum preliminary
compressive tension of the concrete becomes:—

Tup ™ Gayp & +6;
Top MBX=—"F— —~—

E, E,

The first part on the right of the equation gives
the value of the preliminary compressive tension
of the concrete without regard to the contraction
and shrinkage. The second part represents the
value of the contraction and of the shrinkage.

If rods of ordlnary constructional steel are used
for armourlng wlth a limit of stretching strain
ger=2400 kgs. per cm?, with a safe load of
rer=1200 kgs. per c¢cm?, and using concrete with
E»=140 000 kes. per cm?, with a modulus of con-
traction &=0.0005 em/cm, and a modulugs of
shrinkgge 3:=0, the maximum preliminary com-
pressive tension of the concrete at the maximum
preliminary tension ses of the armouring becomes:

a3 max=10 kgs. per cm3

If high quality constructional steel with a Imit
of stretching strain se=3600 kgs. per em? and
gev=1800 kgs. per em? i3 used for the same con-
crete, the maximum preliminary compressive ten-
sion 13 o»o max="50 kgs, per cm?,

For rod armouring of steel with maximum
strength (chromium-nickel-steel) having a ten-
sile strength of 11,000 to 12,000 kgs. per em?, and
e limit of stretehing strain o-.=8000 kgs. per cm?,
and ce»—4000 kgs. per cm?, we get for the same
concrete with a modulus of shrinkage 82—=0.0003
cm/em:

oo MaX=153 kgs. per cm?

It is pointed out that the maximum preliminary
campressive tension of the concrete cannot be In-
creased by adding to the quantity of armouring
or by decreasing the cross section of the concrete.

In comparison with the foregolng calculation
of the preliminary compressive tension of the
concrete, the maximum preliminary compressive
tenston 15 calculated, resulting, i, for example,
aiteel wire according to the invention 1s used with
cee—24,000 Kes. per cm? and oes=12,000 kgs. per
cra?, when these pre-tensioned wires are imbedded
In a very resisting concrete with a modulus of
contraction $=0.0004 cm/cm and a modulus of
ghrinkage 32=0.0004 cm/cm. Uslng these values,
the maximum preliminary compressive tension of
the concrete becomes

oy max—~6088 kgs, per ¢m?

If a very high quality concrete is used, for
which Ee Is somewhat greater than 140,000, it is
possible to obtain & permanent preliminary com-
pressive strength of up to 800 kgs. ber em?2.

The followlng will serve to prove that concrete
armoured according to the Invention with steel
wires, can be produced, in which the steel wires
are imbedded without any bracing. The fact that
the highly tensioned wire confers its tension to
the concrete is partly due to the very large sur-
face of numerous relatively thin wires, contrary
to the case when rods are used. In addition,
when cutting off the tensioned wires, the diante-
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ter at the ends of the wires is enlarged owing
to the transverse extension, whereby the steel
wires are pressed agalnst the concrete. The fric-
tion between the wire and the concrete, set up
by these compressive forces, prevents the wires
from being drawn into the concrete, as will be
seen from the following calculation.

Let be:

de the dlameter of the pre-tensioned wire,

d1 the enlarged dtameter of the wire after the
decline of tenslion,

mb, me Polsson’s values for concrete and steel
respectively.

The enlargement of the diameter of the wire
from do to d1 causes In the conerete the compress-
ive tension:

_. M. E;. a'”,—a',_,_
gm—ml'l'l Ea-m:—ﬂ'eas

The frictional resistance Ra for 1 em length of
wire 1s:

Rl 2']‘ *dFro" U
where / represents the coefficient of friction be-
tween steel and concrete, and U the circnmference
of the wire,
For the length of adhesion \ the frictional re-
sistance is derlved from:

Z=X\
Ry= f ftree Uz
=0

xr
. By Tpox — er'i

my+1 E.m,—o,,;

The tenslle force acting In the wire inside the
concrete Is:

*here

L

Z=F-0ev

When R Is greater than Z, the wires cannot he
drawn in anymore. Therefore, the length of ad-
hesion is:

2F 1 mtl Beine—on, o
I, 2 0y —

For example, having 7=0.25; mv=6; m.=3:
Eb=300,000; E.=2,100,000: cevr=15.000 kgs. per
cm?; eer=12,000 kgs. per cm?, we find:

A=33-d
and with a threefold safety against sliding:
L=100-g

The lengths of adhesion » and L respectively
therefore are:

Tew

d=1 mm A=3.3 em L=10 cm
d=3 mm A=10.0cm L=33 em
d=5mm A=16.5 ¢m L=50 cm
d=10 mm 2=33.0 cm L=100 cm
d=20 mm A=66.0 cm L=200 cm

This comparison proves that bracing the ends
of the thin wires, as used according to the inven-
tion with thicknesses of 0.5 up to a maximum of
5 mm, may be omitted, which however 15 not pos-
sible when using wires or rods with a thickness
exceeding 5 mm, as the length of adhesion is too
great.

The application of the new method requires a
very resisting concrete with a compressive
strength of 400 to 1200 kgs. per cm?, which is
densifled by using fine-grained additions and high
quality special cement, and by agitating, espe-
clally at high frequencles of 50 to 150 Hz. Using
the above mentloned values, the maximum com-
pressive {ension hetween the wire and the con-
crete at the free end of the wires is for example
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oroo—=615 kgs. per cm?, whereas towards the in-
terlor this tension drops to a certain value,
amounting to only sro=123 kgs. per cm? at the end
of the length A of adhesion. These compressive
tensions in the concrete are independent of the
diameter of the wire and are therefore of the
same magnitude for all thicknesses of wire.

The armour wires according to the invention
are given a preliminary tension by using any de-
slred means, for example winches, the wires being
tensioned singly or in groups, for example com-
bined in a rope, according to the purpose. The
wires are subjected to a great preliminary ten-
slon, sufficient to cause an elastie elongation of
the wires of 3 to 10 mm per metre.

The adhesive strength is very great when using
thin steel wires and Is not impalred by inherent
vibrations as in the case of rods, the mass of the
wlres being too small. As in the case of wires the
length of adhesion required to confer the pre-
llminary tension to the concrete ls very small, the
larger pleces of concrete produced according to
the new method, for example girders and plates,
may be readily sawn into small or short pieces.
As many thin wires pass through the concrete
produced according to the new method, the plas-
tic deformation of the concrete in conferring the
tension is reduced to a minimum, and an ex-
tremely homogeneous huilding material is ob-
tained, behaving similar to jiron.

The above mentioned small elongation of drawn
steel wires, being 2 to 5%, keeps the concrete,
armoured with these wires, elastic nearly up to
the point of rupture, so that this concrete may
be regarded as completely elastie, capable of be--
ing stressed by up to 114 times the safe load with-
out forming flssures. The rupture does not, as in
the case of the known ferroconcrete, occur sur-
denly, but commences for example with a great
deflection when subjected to bending stresses
about 10 times as great as in the case of ferro-
concerete, finally also forming flssures in the con-
crete. As soon a5 the load is reduced, these fls-
sures close agaln and the deflection goes back
elastically and rapidly. The concrete produced
according to the new method therefore affords a
great safety, as It may be stressed without damage
nearly up to the point of rupture.

As experiments have shown, the concrete pro-
duced according to the new method wili readily
stand great and varying permanent stresses (vi-
bration stresses), contrary to ferroconcrete. It
possesses 8 permanent strength also In the case of
dynamilc stresses and may he used in cases where
ferroconcrete is unserviceable. The new method
may be applied to all concrete constructions. Ac-
cording to the new method, new types of high
buildings as well as halls and bridges with great
spanhs can be made of elastic conerete, in a way
which has not been possible hitherto.

The elastic concrete is of special importance as
8 hew material in the manufacture of articles
made of concrete. It is possible to produce gird-
ers of any desired shape or length, serving as a
substitute for iron girders. Besides, all kinds of
plates as well as new articles can be produced,
which hitherto could not be made of concrete.
Water plpes and pressure chambers can he made
for the highest interior pressures of up to about
200 atmospheres. They are so elastic and dura-
ble that fissures in the concrete do not occur.

This concrete is also suitable as a material for
railway sleepers of great durability, being superior
to iron sleepers.

EWALD HOYER,



