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COMPLETE SPECIFICATION
A Logarithmic Computing Device

I, GIUsEPPE ARiCI, an Italian Citizen, of
Via Borrelli 50, Palermo, Italy, do hereby
declare the invention, for which I pray that a
patent may be granted to me, and the method
by which it is to be performed, to be particu-
larly described in and by the following state-
ment:—

The present invention relates to a log-
arithmic computing device which is suitable
for but not limited to the solution of the
several inter-dependent (but not simultaneous)
formulee necessary in the calculation of the
dimensions of structures made of re-inforced
concrete.

According to this invention, there is pro-
vided apparatus for the solution of a plurality
of equations such as those used in calculations
relating to reinforced concrete structures,
comprising a circular logarithmic slide rule,
with additional logarithmic scales and respec-
tive co-operating indices rotatable about axes
separate from the axis of the main slide rule,
both the additional scales and their indices
being coupled with ceriain respective scales
of the main slid= rule so as to rotate with them,
and including selectively operable coupling
devices for coupling each additional scale to
its respective index member for rotation
together.

According to a further aspect of this inven-
tion, there is provided apparatus for the solu-
tion of a plurality of equations in calculations
relating to reinforced concrete and of the
type in which there are more factors appearing
in the equations than equations connecting
such factors, the solution being based upon
selecting in any way a number of factors equal
to the number of equations as factors for which
values are required, i.e. unkmown factors;
selectng a further factor as a variable factor
to which a range of value is to be given and
selecting for all the other factors fixed values,
such apparatus comprising a plurality of cir-
cular logarithmic scales mounted on at least
two axes, one scale for each factor; revolving

[Price 3s. 6d.]

scale supporting means for certain scales;
revolving or fixed index supporting means for
each scale for reading on the scale relative
displacement of the scale supporting means
and the index supporting means; means to set
up upon the ralevant scales the values assigned
to each contact factor, the scales and the in-
dices being interconnected by mechanical con-
necting means so that those scales which repre-
sent factors which are functions of any factor
to which a value has been assigned are dis-
placed (when the scale representing such
assigned value factor is displaced) relatively
to their indices and by an amount in accord-
ance with the equations whilst those scales
which are not functions of such factors are
caused to remain constant with respect to their
indices; and calibration means for settng up
the original relative positions of certain of the
scales and their scale supporting means inde-
pendently of the said mechanical connections.

Many different equations can be derived to
link together the various parameters which
have to be taken inio account in calculating
reinforced concrete structures, but in order to
explain the general mode of operation of the
device of the present invention, four equa-
tions will be chosen as follows:—

1
Vb
As=t./M.vb B
kd=k, d. C
1
N=As—LK! D
Ay

Hereinafter these equations will be derived
and the t=rms contained therein explained, but
it might be mentioned that equation A appears
hereinafter substantially in the form of an
equation 1'; equation B appears hereinafter
substantially in the form of equation 2a; equa-
tion C is obvious and equation D appears
hereinafter as equation 5.
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For the purposes of explanation, it will
be assumed that it is desired to find what are
the correct values for the terms d, 4s, kd, N
when values have been fixed for the terms
M, Av, v t, Rk, k', but when no value can
be assigned to the term b. A consideration of
the equations will show that there are four
unknown factors the values of which are
required, there are six constant factors to
which values have been assigned and there is
one variable factor which it will be assumed
may have any value within a range of values.

With the apparatus of the prior invention
it was necessary to select an arbitrary value
for the variable factor and then calculate the
unknown factors and thereafter repeat this
operation for each value of the variable fac-
tor out of the possible range of values. On
the other hand the present invention allows
one to form partial solutions of the equations
so as to obtain upon one scale the range of
values of the variable facior and upon other
scales (which may be adjacent or which may
be linked by suitable indexes, cursors or the
like) the corresponding ranges of values of

with a suitable choice of unknown and variable
factors to obtain, upon adjacent scales, ranges
of values of the unknown factors adjacent to
the scale of values of the variable factor so
that by merely reading from one scale to the
other it is possible to obtain the solution of
the equations for the range of values of the
variable factor.

However, in other design calculations, it
may not be possible or desirable to choose the
same factors as constant or unknown as in
this example and, therefore, it is a feature of
the apparatus of the present invention that
having regard to the four equations quoted
above, any four factors may be selected as
unknown factors, any other factor may be
chosen. as the variable factor and the remainder
will be regarded as constants.

Conventionally the mechanical connections
between the scale supporting means and the
index supporting means comprise toothed
wheels, the gear ratios of which automatic-
ally take into account the necessary variations
in any factor which is a function of any other
factor.

Thus, desirably the several scales form inter-
connected slide rules adapted to be operated
by centralised controls and mounted on a
single frame.

These scales are preferably not rigidly inter-
connected with the wheels and so do not nee
to be correlated with the teeth of the wheels.
Thus it is not necessary to manufacture in a
single unit both the scales and the toothed
driving wheels, Desirably the wheels may,
in certain instances, be mounted on hollow
shafts which interfit one with the other and
may be manufactured under the close toler-
ances obtainable by precision manufacture.

These wheels may be provided with ground
circular extensions for supporting the scales
which bear the graduations and which may
be made of plastic or other suitable material,
and these scales may be mounted on the said
ground extensions without reference to the
positions of the teeth, but merely taking care
that the scales are concentric with the wheels.
The scales preferably do not slide one above
the other but are mounted close to one another
for ease of use.

Desirably when the device has been
assembled calibration means (formed, for
example, by friction cones arranged at im-
portant points) are freed and then locked after
the scales have been arranged at accurate zero
positions according to a predetermined calcu-
lation.

The precision corresponding to the zero
position is reproduced in the computations
since precise angles of revolutions of the
wheels correspond to the spaces in the gradu-
ated scales, whilst this precision is not pre-
judiced by the need to manufacture the scales
and wheels as unitary bodies but each can
be made of suitable material and manufactured
by the most suitable method.

Further features of the invention will be
apparent from the following description and
claims.

One preferred form of embodiment of this
machine will now be described with reference
to the attached drawings wherein:—

Figures 1, 2, 3 and 4 are vertical cross-
sectional views of the machine;

Figure 1b is a vertical section corresponding
to Figure 1 through a central pivot;

Figure 5 is a plan view of an horizontal
cross-section of the apparatus taken on line
V—V of Figure 1;

Figure 6 shows a plan view of the machine,
showing the graduated scales; and

Figure 7 is an exploded view of the central
pivot shown in Figure 1b,

With reference to the drawings, it is to be
noted that the numeral references of the
several parts correspond in the several figures.

This specification described both the mech-
anical operation and the mathematical needs
solved by the several movements. For the
sake of clearness, operations and determina-
tions which occur simultaneously will be des-
cribed separately.

Except for a few cases, the symbols of the
“ American Concrete Institute ” in the “Rein-
forced Concrete Design Handbook », will be
used herein.

1. Basic ForMmuL®E BETWEEN THE INTER-
DEPENDENT VALUES OF THE BENDING
Moment (M), oF THE HEIGHT (d), OF
THE WIDTH (b), OF THE REINFORCEMENT
oF Taut IroN (As).

The relevant theory is universally used but
the formule deriving therefore are often writ-
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ten in different ways, but which can be easily
transformed to one another,
The basic formule to be considered are:—

M
W d=g|————
tfj kb
M
(2) As=eo
fs jd

where: fc and fs are the unit resistances of

the concrete and the iron, respectively; jd is

the distance of the application points of the
kd

forces=d———, k being the ratic between
3

the height of the compressed zone (termed x

in Europe and kd in America) and the height

of the beam, corresponding to the expression

n
k= —— (3), wherein n is the well
n--fs/fc

known ratio between the elasticity moduli of

the iron and cement.
Writing (1) as follows: —

2 M
d=\/ \j (1a)
fc. j. k. b
and calling the firsi term “r” where
2
r=‘J _— (1b)
fc. j. k.

M
we have d*=1".—, and can obtain the desired
expression of (1):—
1
b=r"M— (1

d:
Another known expression of (2) is as
follows : —

(2a) As=1ty/ M.b, wherein o
fc 6n
(Zb) t= 4
2.fs 3fs+2nfc.

and substituting therein the value b of (1Y),
we will have:—
1 M
As=t4| M M. —=t.r— 2y
a2 d
The forms (1%) and (2') of the formulz (1)
and (2) are those which will be used in the
following disclosure.

2. REMARKS AS AT THE PARTICULAR NEEDS OF
SoLuTIoN.

It is to be noted, considering the expressions
(1Y) and (2Y) that even if the values n, fc and
fs (from which the terms r and ¢ are derived)
are assumed to be constant, for a given value
of M there will always be two equations
between the terms b, d and As; this indicates
that an infinite number of solutions exists.
Actually, this matter is further complicated
due to variability of the resistance values fc

and fs, by the insertion of a certain amount of
iron in the compressed zone and so on.

The infinite number of solutions offered to
the design engineer for the same problem (for
instance for the same bending moment M)
is a characteristic feature of computations con-
cerning reinforced concrete and forms the
advantage thereof (in that it offers the possi-
bility of selecting the most suitable dimensions
for an architectural problem) but it simul-
taneously forms the characteristic difficulty of
this work.

In fact, at the present status of the art,
although using all the tables, diagrams and
special slide rules which have been provided
for this purpose, the design engineer never
has the possibility of examining all the solu-
tions, completed in all of their essential parts,
existing in one direction of examination.

Considering a single direction of examina-
tion (by making constant the resistance of the
materials) and considering no amount of iron
in the compressed zone, the design engineer
must first carry out the operations, as shown
at (1) or at (1') in order to obtain either the
height & or the width b. By suitable arrange-
ments of slide rules, or by special tables or
diagrams, he can also examine all the infinite
combinations of d—b of the two eclements
height-width, without however simultaneously
examining the other determinant element
(which is formed by the iron As) relative to
the several combinations of d—b. In order to
know at least the three determinant elements
d—b—As, he will have to examine first d—b
and select then without knowing 4s. He then
has to operate on the expression (2) by the
selected values of d—b in order to find 4s.
Now, as the selection of a proper solution
depends upon the simultanecus knowledge of
d—b—As, there follows that, at the present
status of the art, the operator is hindered in
the function which is required of him. This
function could, on the contrary, be fully car-
ried out if the operator could see the infinite
range of the possible solutions which are com-
posed by all of the elements d, b, A4s, and,
better still, if he could read also the distance
kd and either the area or the number of the
vertical reinforcements.

3. SPECIFICATION AND ‘OPERATION FOR
SoLvinG THE Two Basic ForMuLz

Assuming that a knob 1 (see Figures 2 and
6) is slightly rotated without depressing it,
the shaft of the knob rotates and carries with
it a small toothed wheel 2 (see Figure 2) which
rotates a large toothed wheel 3. As a spring 4 has
not been compressed, it presses a male cone
5 on the shaft against the inside of a female
cone 6 to cause rotation of the cone 6 which
carries teeth adapted to rotate a large toothed
wheel 7.

The tooth diameters of the wheel 2 and cone
6 are equal to one another and the diameters
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of the wheels 3 and 7 are equal, so that the
wheels 3 and 7 rotate through the same extent.
The wheel 3 causes rotation of a hellow shaft
8 mounted on a stationary shaft 9 secured
to the base 24 of the device. The hollow shaft
8, by means of a friction cone 10, is normally
rigid with a disc 11 carrying a transparent
cursor ¢r provided with a hair line, In turn,
the wheel 7 is rigid with a hollow shaft 12
loosely mounted on the shaft 8 and carrying
a graduated scale 7.

As aforesaid, the wheels 3 and 7 rotate
together and therefore the scale » and the
transparent cursor 7 will also rotate together,
the cursor therefore showing a constant value
on the scale 7.

The wheel 7 (see Figure 1) rotates an
identical toothed wheel 13 rigid with a spider
bearing 72 which carries a graduated scale M

xed thereon. Simultanecusly, the whezsl 3
drives an identical toothed whesl 14 which
is rigidly connected to a bearing 73 screwed
at 16 to a carrier 17, for a scale d. Under
these conditions, scales M and d turn together
by the same amount. The wheel 13 (see Figure
4) also engages a smaller wheel 15 rigid with
a female cone 18 which, by the action of a
spring 19, drives both a male cone 20 and its
toothed wheel 21. The wheel 21 engages a
larger toothed wheel 22 which revolves in syn-
chronism with the wheel 14.

The wheel 22 is rigidly mounted on a
shaft 23 which is secured at its upper end,
by a nut 74, to a transparent cursor ip pro-
vided with a hair line (see Figure 6). Thus,
under these conditions the cursor ip rotates
exactly with the graduated scale d and there-
fore its hair line constantly shows the same
value on d. The frame 24 carries, by suitabls
projections, a bearing 25 (see Figure 1) which
supports the hollow shafts which rotate inside
and outside it. The bearing 25 is rigidly
secured by a screw thread 26, to a box 27 the
inside of which carries an elastic ring 28 (see
Figures 1 and 1¢) which can bz controlled as
it will be explained herebelow so as to be
caused to engage with an inner ring 29 (which
is rigidly connected to the cursor ip by means
of connections 75) while disengaging the box
27 or, alternaiively, to discharge the ring 29
(and the cursor ip) and remain with its outer
edge fizedly engaged with the fixed box 27.

A rivet 79 secures elastic ring 28 to a ring
30 carrying a graduated scale b. Thus when
the ring 28 is stationary and the graduated
scale b is also stationary the cursor ip lies
over the scale b and, aforesaid, due to the
drive through the wheels 14, 15, 21 and 22
(see Figure 4) revolves to the same extent
as the scale d and the scale M, so that the
cursor ip shows on the scale b an angular
distance equal to that shown on M by a suit-
able cursor i{M (see Figure 4) fixed to the
frame.

In order to examine the effects of the afore-

said movements, the clockwise movement will
be termed “right-hand movement ” while the
counterclockwise movement will bz termed
“ Jefi-hand movement ».

As shown in Figure 6, the scale b is a left-
hand scaie and is a double scale, ie. has two
complete logarithmic scales on its circumfer-
ence. Also the right-handed scale M is double,

If the knob 1 is rotated so as to impart
a certain left-handed revolution to the scale
M, an increasing value will be read under
the line 7M. Assuming that the rotation is
made from 1 to 2, simultancously the cursor
ip will rotate through an equal amount to
the left, and said amount will be read on b,
as the scale b is also double but is a left-
hand scale, If the line of the cursor i is on
the digit 1 of the scale 7, and if the line of
the cursor ip is on the digit 1 of the scale
d, the sclution will be obtained:—

b=MX 1=1(1").

This is the correct solution of equation (1%)
when =1 and d=1.

If the scale M is turned back by the knob
1 ¢o as to have the valus 1 under taz line i34,
simultancously the hair line of cursor ip will
b carried back to the valuz 1 on the scale b.

If the knob 1 is again actuated, but in a
left-band direction and whilst depressed so as
t0 compress the spring 4,-the female conz 6,
the wheel 7 and the graduated scale r will
remain staticnary. On the other hand, the
wheel 2 will turn the wheel 3 to the right
causing the right-hand movement of the cur-
sor ir over the scale 7. As will be discloged
hereinafter, both the scale  and the cursor ir,
as shown in Figure 6, have a particular com-
position. Let us assume, temporarily, in order
to understand the operaticn that on # there
is a common right-hand logarithmic scale
extending throughout a complete circumfer-
ence, instead of half a circumference as on the
scales of b and M.

With the knob 1 depressed, if the cursor ir
is caused to move from 1 to 2 on the scale 7,
the wheel 3 will equally rotate (through an
equal but left-handed extent) both the wheel
14 and the scale d, and through the drive
chain 14, 15, 21 and 22 also the curscr ip.

The wheel 7 will be stationary and so will
both the wheel 13 and the scale M. Then, on
A4 will be read 1; on + will be read 2; d and ip
have rotated together and on d will be read
always 15 on b will be read 4=2* as ip has
rotated to the left, on the left-hand scale b,
extrusion ¢f which is double. K, on the con-
through an amount 2 read on scale r the
trary the knob 1 is retated so as to read 4 on 1y
cn b will be read 16 ie. 4%, and the solution of
equation (1) will be embodied as follows: —

( 1111).

a2
Now, releasing the knob 1, a knob 47 (see
Figures 4 and 6) may be pressed and turned;

b=rPM—=r*X1X 1=r
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by compressing the spring 19, both the female
cons 18 and the wheel 14 remain stationary,
and the knob 47 only rotates the wheel 21 and
the wheel 22, this latter rotating the cursor
ip and its hair line simultaneously over the
scales d and b. As shown in Figure 6, the
scale d is a right-hand scale (contrary to b)
and is a single scale, while & is a double scale,
so that when the rotation of the knob 47
has caused d to pass from 1 to 2, the value
shown on b by ip will be divided by 2, so
that if said value was 16 (when r was on 4)
16
it will be 4=—“ when d will reach the value 2.

Equation (1') will be solved so as to have at
b a value:—
1
b=r’X1X— (1
: 2
d
This is the solution of equation (1) if, as
in this case, M=1.
On releasing the knob 47, we have:—
on M one reads the value 1
on r one reads a certain desired value (assumed
4)
on d one reads a certain desired value (assumed

1
on b one reads a value b=,2X 1 X —

2
a:

We can now summarize the solution of first
formula; according to the matter above dis-
closed, if the knob 1 is revolved without press-
ing, there will result the movement of M and,
as aforesaid, all of the angular segments that
it shows will be logarithmically added to the
value shown by ip on b according to equation
(1"") so that, for any value shown by iM
on M, on b we will have the value according

to equation (1!) b=1? . M—,
2
[i¢

This last cited movement, serving to cause

the scale M to pass from the value 1 to any
1 1
value, while b passes from r*— to r’M— to
2
d d

solve the formula (1') simultanzously causss
other movements which also solve the formula
(2. Particularly the left-handed revolution of
the wheel 13 (for positive increments of M)
turns an idler pinion 31, (see Figure 5) to the
right. Said pinion 31, which is idle on its shaft,
has the sole function of imparting a left-
handed revolution to a wheel 32 owing to the
left-handed revolution of the wheel 13, the
aforesaid wheels being equal to one another,
By means of an arrangement similar to that of
Figure 2, shown in Figure 3, the wheel 32
rotates a bearing 33 carrying a graduated
scale 2.

The teeth of the wheel 32 mesh with the
teeth of a female cone 34 which, under the
action of a spring 35, causes rotation of a small

tocthed wheel 36 which rotates a large toothed
wheel 37 through an equal extent and in the
same direction as the wheel 32,

The wheel 37 is rigidly mounted on a hol-
low shaft 38 which turns about a pivot 39,
the wheel 37 being connected by a friction
cone 40 to a disc 41 carrying a transparent
cursor it having a hair line. As the wheels 32
and 37 revolve together, the cursor it shows,
on the scale £, a constant value which may
be assumed, now, to correspond to 1.

The wheel 37 engages an equal wheel 42,
(see Figure 1) said wheel 42 being rigid with
a bearing 43 which is rigidly secured by a
screw thread 44 to a disc 45 carrying a gradu-
ated scale As, the values of which are shown
by an extension of the cursor ip showing the
values d and b.

Assuming that in its starting condition,
when M, 7, d, and b were all on 1, 4s also
was on 1, the displacements of As and the
values which can be read thereon are as fol-
lows:—

4s (see Figure 6) has a single left-handed
logarithmic scale extending throughout its cir-
cumference. When the knob 1 was pressed and
rotated, M remained on the value 1 and both
the wheel 13 and the scale As remained
stationary, However, the wheel 3 was rotated
through a right-hand amount # shown on a
simple scale, while the wheel 14 with the
scale d, as well as the wheel 22 with the
cursor ip was rotated through a corresponding
left-hand amount; after such a movement, the
cursor ip on the simple left-hand scale As
showed a value » and we may read:—

As=r .

If, leaving M (and therefore 4s) stationary,
the knob 47 is actuated and pressed so as to
move the cursor ip with respect to the station-
ary scale d, so as to read any value, the cursor

ip in order to show said value instead of 1, -

moves a right-hand angular displacement on
the right-handed simple scale of 4. This oper-
ation subtracts the logarithmic segment d
from the value marked for As. Thus, after
this operation, on 4s will be read not only the
value 7 of equation (2™) but also the value:—

As=r — @m.

Lastly, when the knob 1 is rotated, with-
out pressing, in order to move the scale M
from the value 1 to any value, the cursor ip
is also moved to the left through an amount
M, shown on a double scale, so that to the
value ds of equation (2'") is added a logari:h-
mic segment + M.

As simultaneously the wheel 13 is moved,
by the aforesaid connections (13, 31, 32 . . D5
the left-handed scale 4s is rotated through an
equal amount and in the right-handed direc-
tion contrary to the cursor ip, and therefore
the value of the scale has been increased of
an amount cotresponding to 3 M, so that by
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the movement of M, the value As has been

incremented by 2.3 M, ie. by M. Therefore,

the value read on 4s, after this operation is:—
1

As=r—M (U,
d

By comparing the expression (2'") with the
expression (24, we note that only the factor
t is missing, In fact it was assumed thar the
pointer it was stationary on the value 1 of
the scale % If a knob 46 is now rotated under
pressure in order to compress the spring 35,
the female cone 34 remains stationary as does
the graduated scale ¢ and all the graduated
scales M, r, d, and b, while only the wheel
36 rotates, together with the cursor it

The graduated scale ¢ also has particular
features, as has the scale r, and will be des-
cribed hercinafter. For the sake of simplicity

it will be assumed that the scale £ is formed as
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common single left-handed logarithmic scale.
If the knob 46 is rotated in the right-handed
direction, under pressure, in order to rotate
the wheel 37 in the left-hand direction through
a certain amount £, shown by the cursor i¢ on
the scale £, both the wheel 42 and the left-
hand scale As rotate through an equal right-
hand amount.

The pointer #p is stationary but the right-
handed movement of As corresponds to a left-
handed relative movement of the cursor ip on
the left-handed scale of As; wherefore the
angular logarithmic value ¢ is added. Finally,
therefore, on As, we may nlaad:—

As=r1.t M—E @H

The result of the above is that when:—

ir indicates any value r

it indicates any value ¢

ip indicates any value d
a simple rotation without pressure, of the knob
1 moves under iM any value of M and, at
the same time, moves under ip, the values b
and As according to the equations (1%) and
.

The operator in order to know the first solu-
tion, complete with d, b, 4s and, as will be
explained hereinafter, also with kd and the
number of stirrups, need only rotate the knob
1 until he reads under M the value of M of
his problem.

In order to scan all the infinite solutions of
this problem M, without varying the resist-
ance of the materials (# and £) the operator
leaves the scales stationary on this first posi-
tion. It is sufficient to operate by the knob
47, pressing and rotating this knob when all
the scales and the toothed wheels (except the
wheels 21 and 22) remain stationary and the
wheel 21 causes the wheel 22 to rotate, rotat-

__ing thereby the cursor ip.

The variations carried out by this revolu-
tion on the values of the indications given
by the cursor ip on d, b, and 4s (and simul-

taneously on kd and on the number of stir-
rups, as it will be explained hereinafter) will
be discussed herebelow.

The values shown on M, r, and ¢ do
not change. If it is assumed that the cursor
ip is moved to the right through a certain
logarithmic angle, by pressing and rotating the
knob 47, said operation being, for instance,
that necessary for passing from the original
position d=2 to d=4, this logarithmic amount
2 which added to d has multiplied its value
by 2 on the scale d, will bz doubly subiracted
as the scale b is a left-hand scale and as the
logarithmic base of the scale d is 360° and is
therefore double the logarichmic base of the
scale b which is 180°. In other words, the pre-
existing value of b, which was assumed to be
4, is divided by 2* and becomes 1. Thus,
during this operation wherein # and M
remain constant, any position reached by
cursor ip satisfies the equation:—

1
b=r"M— (1n
d

The scale As is also a left-hand scale, con-
trary to d, but having an equal logarithmic
base (360°) and therefore for any logarithmic
angular segment added to the values of d
by the displacement of cursor ip, said segment
will be equally divided into the values of 4s.
In other words, while , # and M are constant,
all positions of cursor 7p will satisfy equation
(1) and also the equation:—

@)

It is therefore possible to scan, by a free
revolution of the cursor ip all of the infinite
solutions of the problem, these solutions being
complete with the factors d, b and As which,
when fully known, permit the operator to
choose readily and well.

As aforesaid, baside the factors d, b and 4s,
the operator reads also the distance kd and
either the area of the number of the vertical
reinforcements Av. How this result is obtained
will be described herebelow.

As=r.t.M—
d

4. SIMULTANEOUS READING OF THE SPACING
OF THE NEUTRAL AXIS kd.

The carrier 17 also carries, besides the
scale d, a graduated ring s. The carrier 17 also
carries a knurled knob 48, whereby it is poss-
ible to rotate a toothed pinion 45 meshing with
a toothed annular ring 50, carrying a graduated
scale kd and moving within a suitable channel
in the carrier 17 to which it is secured by
springs 51 held by screws 52.

The graduated ring s is provided with two
central scales % (sze Figure 6) and with two
outer scales, with smaller digits, of which outer
scales a scale F* is the outer one, while a scale
Cr is the inner one.

At the beginning of the present specifica-
tion, I have shown the value &:—
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n

fs
n+——
fc
and said value is therefore a quantity depend-
ing upon the values #, fs and fc, concerning the
resistance of the materials,

The characteristic feature of these scales
will be described herebelow, as well as for
the scales r and 7 For sake of clarity it is
assumed that on k there is a common left-
hand single logarithmic scale (base 360°) of
the values k. The values of this scale are indi-
cated by a transparent cursor is carrying a hair
line and rigidly secured to both the toothed
ring 50 and its scale kd.

If one imagines a starting position wherein
the cursor ip shows the value 1 on the scale
kd and simultaneously the value 1 on the
scale d while the cursor s shows the value 1
on the scale k of the ring s, if the knob 48 is
actuated so as to turn both the ring 50 and
the cursor is to the left when cursor s is
matking a value k on the scale %, the scale kd
will be moved through an equal extent with
respect to d. In other words, while cursor ip
still marks 1 on scale d, it will mark % instead
of 1 on scale kd. When cursor ip instead of
marking 1 marks on the scale d any given
value of d, it will mark on the scale kd the
corresponding value kd instead of .

5. VERTICAL REINFORCEMENTS Av (STIRRUPS).

The diagram of the shearing stresses on an
uniformly loaded beam has the shape of two
right angled triangles, each of which has a
length equal to one half of the length of the
beam, The shearing stress having zero value
at the centre of the beam and a maximum
value V' at its ends. The present formule
for determining the number of stirrups and of
the distance s for a determined stirrup having
the area Av, are always obtained by the funda-
mental formula:— -

B

@
fvj.d

where s is the length of the portion of the
beam concerning the area Av; fo the resist-
ance to shearing stress of the iron which is
often considered to be %/, of the resistance
to tensile stresses; and j and 4 have the usual
meaning (see Number I).

The number N of stirrups, having a cross-
sectional area Av, which are necessary in one
half of the beam for taking the shearing
stresses on a whole triangular diagram is:—

1 L v.b
N_._

k= 3)

Av=

2 2 Avfv
and, for the complete beam (two triangular
diagrams); —

L vtb
=, (5)
2  Aviv,

where L is the length of the beam and
V1

vi= =maximum unit stress

: ©
b.j.d

Now, the possibility of avoiding for the
operator the necessity of solving this formula
(or other equivalent formule) has been found
and applied to this device, in order to know
the number N of necessary stirrups (or the
total cross-sectional area N.Av) when the ele-
ments M and As are already known, on con-
dition that an always known element be kept

P

present and precisely the ratio — (which
M

will be termed “ binding condition ”, where
P is the total of the uniform weight sup-
ported by the beam.

The most common binding condition is 12.
This value will be considered, by way of
example. The equation (6) can be written as
follows : —

Vl

Vh=—vou
jd
and, by substituting the
(5) one obtains:—
L v 1
5 y .
considering fo=4/5.fs.
1

(69

values in equation

N._.

39
Av.4/5.fs

It is known that V'=— P and, owing to the
2

PL
established binding condition M=———; by
12
1 VLL
substituting M=— V' L, or 3 M=—— in
6 2
equation (5), one obtains: —
M 1
N=3 . (5%
jd  Avd/5fs
M
and, as As= from equation (2), the
jd.fs
equation (5") is transformed to:—
3 As
Nee—— (5111)
4/5 Av

One may demonstrate that this equation is
true even if the load is concentrated either in
the central zone or at any point, and therefore
said equation has been utilized in the appar-
atus according to this invention, as said equa-
tion indicates that when the cursor 7p indi-
cates on the scale As any value of the taught
reinforcement necessary for a beam (for any
moment M) if this moment was calculated

12
subdivided load or generally % of the load due
to the simple rest, then the number of the

under the binding condition M= for a
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stirrups will be simultanecusly indicated, on
the same scale 4s, by another transparent cur-
sor ¢N, carrying hair line, rotated with respect
to the cursor ¢p through an amount:—

3

4/5 Av
If it is assumed that stirrups have a cross-
sectional area Av=1, it will be sufficient that
the line iN be rotated through a constant
3X5

4

In the countries using the decimal metric
system, the stirrups will be 4, 5, 6, 7, 8 or 10
mm, diameter, and in the countries using the
British system, the stirrups will be %, %, %, %
inches diameter, or % sq. in. Therefore, on
the cursor ip, wherein the cursor N rotates,
are marked by the digits 4, 5, 6 and so on, the
logarithmic angular segments corresponding to
the cross-sectional area ds of a two branched
stirrup, said branches having a diameter of
4, 5, 6 and so on mm. all subtracted by a
constant displacement equal to: 15/4=3,75.

As these angular segments are taken in the
right-hand direction, opposite to the left-hand
direction of 4s, when the extension of the
hair line of cursor iN is on 4, 5, 6 and so on,
the same line will indicate on the scale 4s a
number which will be exactly the one accord-
ing to equation (5™):—

15 1
- N=As—— . —
4 Av ]

Analogously, for the countries using the
British system, one may immediately read the
numbzr of stirrups of 4, %, % or # inch and so
on,
This possibility is extended to all the other
binding conditions (other than the common
case of a condition equal to %) and to all the

v

amount:

values of the ratio —— (other than the com-

S
mon ratic 4/5) by the addition of a small
logarithmic scale ¢ rigidly secured by means of
a rivet to the cursor iN.

Over the cursor ¢N and over its scale « is
rotatable another lozenge shaped transparent
cursor iU, carrying two lines, namely:—

a longer line U destined to indicate the
values of the underlying scale 4s, and a shorter

M

line, ——, which is destined to indicate these

values on the scale a.

The line —— indicates the value 12, when
P.L
U and iN are coincident. Therefore, if the
binding condition is different from 12, it is
M
sufficient to rotate the line —— from the value

12 to the desired value, for instance 10, 8,

and so on, and then to read the number of

stirrups under the line U instead of iN.
Moreover, the cursor U enables cne, by

moving the line —— to 4, to read the stirrups
P.L
of a single triangular diagram for the case of
dissymmetrical binding conditions on the rest,
by carrying subsequently on M the sum of the
positive moment and of the negative
moment, to either one or to the other end.
Although ths algebraic explanation is desmed
unnecessary, it is sufficient to indicate that

when the line —— is placed on the number 4,
PL

the hypoihesis of the most frequent binding
case 12 as well as the hypothesis of sym-
metrical binding are removed, thereby obtain-
ing the possibility of readily reading on the
device the number of stirrups in all possible
cases.

6. PARTICULAR COMPOSITION OF THE SCALES
1, t and k.

The values #, ¢ and &, are dependent upon
n, fc and fs according to the formule (1b),
(2b) and (3).

For sake of clarity, herctofore it has been
assumed that the rings r, p and s, are pro-
vided with common logarithmic scales where-
on it is possible to read the resuiting values
1, ¢t and k, (without the necessity of calculat-
ing the formule (1b), (2b), (3) from suitable
tables, as commonly used) when said values
are read in register with the desired values
of n, fc and fs.

It is known in the common slide-rules for
reinforced concrete, to avoid the operator hav-
ing to search the tables for the values of r, ¢
and k by arranging on the logarithmic scale of
the values # (related to a predetermined =
and to a predetermined fs) an indication of
the values of fc corresponding to the value
of r concerned with the given position. Thus
there are scales with a whole succession of fc
values (for instance from 10 to 100 Kg/cm?,
or from 250 to 2500 psi) instead of the rela-
tive factors » (and analogously for ¢ and k).

The aforesaid feature is a very useful one
in the common slide rules for reinforced con-
crete but is negatived since at the most it is
possible on the slide rule to have one scale for
1, one for £ and one for k, ie. it is possible
to read all the values of fc for one value of fs
and for one value (or at the utmost two
values, by the two surfaces of the elider) for 5.
Even if it is possible to arrange two or three
scales instead of onz scals, the result is
always far removed from the 20 to 25 scales
which would be necessary. This fact compels
use of the tables for the frequent practical
casss varying between fs=2400 Kg/cm® and
[s=800Kg/cm®. On the contrary, the present
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device allows for the easy and clear ssarch
not cnly in the indicated field, but also
under 860 Kg/cm® and down to 100 Kg/cm?,
with a result which is particularly suitable for
solving, according to a very easy system, the
problems concerning the combined compres-
sive and bending stresses.

Thus, in the annular space for the scales
7 or £, nine or only seven scales are arrangad;
each of these nine or seven scales does not
differ from what has been previously des-
cribed, except for an exaggerated extension of
the values of fe. Each of said scales is there-
fors traced for a single value of fs, but it
serves, at it will be hereinafter described, for
three values, whereby nine scales give twenty
seven valuss ror fs (oily iwenty four of which
are utilized), or seven scales give twenty one
values of fs (only twenty of which are
utilized),

This possibility is explained by a perusal of
the formula giving &, + and ¢,

The formula (3) k=

n
, shows
fs
np—
ic
thar the value kB deoes not change if both
fs and fc are multiplied by the same number.
This property may be easily exploited if, as
common factor, either two or one-half is
chosen. In fact the scale of fs=1000 Kg/cm®
will be read as scale of fs=2000Kg/cm, if
the numbers of fc, thereon arranged, are
mentally doubled, by an easy operation, and
likewise said scale w.ll be read as scale of the
values & for fs=5C0 if the values read thereon
will be mentally halved.

A table k in Figure 6 (discounting two
small numbered scales F! and Cr arranged at
the upper and lower edges respectively, to be
described hereinafier) has nine scales of the
values k for the following nine suitably chosen
values of fs: 2500, 2400, 1400, 1160, 1000,
900, 808, 300, 200. On each of said scales,
the value fc, arranged at the place of the con-
cerned value k are not limited to the range
160—20 Kg/cm®, which can be widely con-
sidered the used values, but are extended to
double the maximum on one side and half
the minimurn of the other side, ie. from 200
to 10 Kg/cm®

According to the above, by doubling or
halving the values of fc read as for a halved
value of fs, i.. on the nine indicated scales, itis
pessible to mark immediately (by either of the
two linss of a transparent cursor ik) the values
k of all of the following scales:—

2800 (1400% 2), 2500, 2400, 2200 (1100X
2), 2000 (16C0X2), 1800 (S00x2), 16060
(800X2), 1400, 1250 (2500%%), 1200
(2400 %), 1100, 1000, 900, 800, 700 (1480 X
1), 600 (300X 2), 550 (1100X 1), 500 (1000 X
), 450 (900X %), 400 (800X 1), 300, 200, 150
(300 % %), 160 (200X 1),

On the transparent cursor ik these values of
fs are marked in register with the line to
which they are related and they are divided
in three columns headed %, 1, 2, in order to
advise the operator that he has, according to
the particular case, to halve, to leave un-
changed or to double the values of fc read on
the concerned line for a determined value of
fs. The process is quick, easy and reliable.

Therefore, the table & with its cursor ik
can easily find the positions for all the pairs
of values of fc/fs in the range fc: 100—20 and
for theaforesaid twenty four values of fs. For
any of these positions the.cursor, on a common
scale arranged at the bottom, would show the
relative values k, but this is not necessary in that
in the central zone in the ring s there is no
common scale for the values of % but there
are two scales of values of %, shown by the
values of fc, concerning fs=1400. There are
two scales, the first being for n=10 and the
second for #=8. Thus, when the value fs=
1400 is used, as frequently occurs, no need
arises for the table k; on the contrary, when
different values are used, the cursor ik of the
table k enables the value of the scale 1409 to
be found corresponding to the desired value
fc/fs. This value is marked by the line of the
curser is on the scale k of the circle s, for
n=10 or for n=8 according to the operator’s
need.

The system used for » and for ¢ is similar
except for some slight difference,

By examining the algebraic expressions of
the two aforesaid values: —

2
(b) = —_—
fcjk
fc 6n
(2b) t= \/
215 3 fs+2 nic

it can be seen that, for a given value of u, if
the variables fc and fs are multiplied by the
same factor (2, %), (bearing in mind that in this
case k is constant), both + and ¢ will be divided
by /2 or v/, respectively.

The arrangement of the said transparent
cursors ¢ and 7¢ is based on this remark. Said
cursors are provided with a simple central
live whereby the fc values are read, as they
are marked, which concern the values fs which
are engraved on the plate laterally to this
central line and in correspondence with the
several circles 2400, 1400, 1000, 900, 800,
300, 200,

On the same transparent cursors i and i,
there is also a second double radial line, ie.
formed by two lines close to one another, dis-
piaced with respect to the first line through a
logarithmic angle equal to the square root of
two, in the same direction as the scales 7 and ¢,
ie. to the right for », and to the left for ¢,
This line is a double line in order to suggest
to the operator that the values of fc marked on
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the circles fs shown by the numbers marke
laterally to said line must be doubled, and that,
corresponding to the same circles and the
other line, said figures have the values 2800,
2000, 1800, 1600, 600, 400 (disregarding the
value 4800 which is not utilized).

Also a third radial line is present on said
transparent cursors, and said line is a dotted
line displaced with respect to the central line
by a logarithmic angular amount equal to /2,
but in the opposite direction to the other line,
in order to divide the values  and ¢ by v/%.
The dotted line serves to remind the operator
that he must mentally halve the values of fc
marked by said line, which relate to the values
of fs shown by the near engraving correspond-
ing to the several circles and which are in this
case: 1200, 700, 500, 450, 400, 150, 1GO0.

Thus, with only seven circular scales, it is
possible to have the readings of the scales fc
from 100 to 20 for all the following values of
fs: 2800, 2400, 2000, 1800, 1600, 1400, 1200,
1068, 900, 8C0, 700, 600, 500, 450, 400, 300,
200, 150, 100. In this case it has been deemed
convenient to omit the values 2500, 2200 and
1100 in order to obtain seven broader scales
instead of nine, By nine scales it would have
been possible to have all of the values shown
for k.

For values of n different from »=10 on
the scales # and ¢ other rings with the same
number of scales (either seven or nine) pre-
pared for the different values of # uszd, which
are two or at the maximum four, are applied
on said scales by slightly lifting the cursors
i and it.

7) REDUCTIONS IN THE WIDTH b AND IN
THE TAUT REINFORCEMENT As DUE TO INSER-
TION OF AN AMOUNT OF COMPRESSED REIN-
FORCEMENT As'—RAPID SCANNING OBTAINED

BY THE PARTICULAR USE OF Two SCALES
TerMED: “BY F'” avp “BY Cr”.

When the dimensions d, b, As and so on,
have been found for a cross-section of an
inflected beam or of a beam compressed and
deflected, for any value of n, fc and fs, it is
possible by keeping these values dependent
upon the resistance of the materials, to reduce
the width b by a certain amount &° for the
the same height d, if in the compressed por-
tion, a certain section of iron As' is inserted
spaced apart by a certain distance d' from the
cross-section of the taut iron As should be
extreme compressed limb. Therefore, the
cross-section of the taut iron As should be
slightly reduced.

It is a common practice, in this case, to
assume that the previously found cross-section
of the beam, having the height d, a width b,
and the taut iron As, is divided by a cut at
right angles to the width into two sections
which, for sake of clarity, are assumed to be
unequal. It is as if two narrow beams were
substituted for the single beam, said two

beams being submitted to equal unitary
stresses on the materials, the height of the two
beams being equal to d, whilst the greater
beam has the width b' (less than b by an
amount b°) and the other and smaller beam
has the residual width b". Alse the area of the
taug iron As can be assumed to te divided into
parts proportional to the two portions having
the widths &' and °, respeciively. The por-
tion corresponding to the minor section having
the width b° will be termed A°.

This imaginary division has been per-
formed in order to remove the concrete from
the smaller section, substituting for it a resis-
tant torque formed only by areas of taut iron
A" and compressed As', spaced apart by the
distance d—a', which, in fact, are incorporated
within the greater concrete beam having the
width b' smaller than b.

From the common knowledge of the equili-
brium of the inner stresses of a section of a
reinforced concrete, it can easily be obtained
that, if the distance d" of the comprassed cuter
limb where the compressed iron As' is to be
placed is fixed with respect of d by a certain

d

ratic which will be termed g (g=-—), then
d

between the portion of taut iron A°, per-
tinent to the section which has bzen termed
“the smaller section” and the area of com-
pressed iron As', the following relation
exists s —

1-k j

As'=A", ’ )]
k—g 1—g
Thus it is possible to obtain As' from A° by
multiplying this latter term by a certain co-
efficient depending upon k and upon the ratio
g. If, for instance, the value of this ratio is
fixed at 0.07, it is easy to obtain for any value
of k a coefficient which when multiplied by
A° will give As'; this coefficient will be
1

termed = and according to equation {7) we
F
will obtain:—
1 1~k j A’
= . and As'=— (79
F* k—-0.07 1—-0.07 F
Furthermors, it is easily found that, when
the area of compressed iron As' has been sub-
stituted for the concrete of the smaller section,
due to the raising of the centre of gravity of
the compressed zone (which has been sub-
stituted by a smaller area of iron) the taut
iron A® which was formerly necessary for this
portion will be reduced by a certain amount
which will be termed Cr, according to the
equation : —

1-j
Cr=A(—)

®

Thus, if for g a fixed value equal to 0.07
has been chosen, for any value of § ie. for any
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1—-k
value of & (as j=——) a coefficient may easily
3

be calculated, which will be termed g, and
according to equation (8):—

q=-——— and Cr=A" q (8)
1—-0.07

These formule have been studied for ob-
taining the two original logarithmic scales
terms “for F'” and “for Cr” which, when
inserted in this device give this latter the
original feature of instantaneously passing
from any section without compressed iron to
any other section having a lesser width, indi-
cating at the same time the relative amount of
iron to be inserted in the compressed zome,
and simultaneously the correction for the taut
iron. This occurs as follows: the logarithmic
scale ¢ has been described, said scale being
rigidly secured by a rivet 76 to the transparent
cursor iN, which is rotatable with respect to
the cursor ip. Also, the use has been described
both of the cursor iN and the logarithmic
scale for reading, on the scale As, the number
of stirrups Av. Examining Figure 6, it will
be seen that the scale a is not rigid with the
cursor iU, which, due to its lozenge shape, is
clearly shown in Fig. 6. The scale a is rigid
with the cursor iN which, as shown in Fig. 1,
lies beneath the cursor U, the line of which is
clearly shown at Fig. 6 together with the
close engravings of the symbols N, U. The
cursor ;N with its line NU may be rotated,
with respect to the cursor ip and to its line,
through a certain logarithmic angle which is
shown by the inner end of the line ip on the
small logarithmic scale a, which revolves to-
gether with iN. On the circular scale s and in
the table % is arranged a scale of the values of
F' corresponding to the near values of the
scales fc/fs of the ring s or of the table k.

Now, if the inner end of the line ip is caused
to mark the aforesaid value on the small scale
a, the line NU on the scale As will mark a
corresponding angle in diminution, so that for
each value As marked by the line ip, Nu will
mark the value AsX1/F'. The equations (7)
and (7") show that this latter is the value As*
when on As is read the value which has been
termed A°.

When the line ¢N is arranged as aforesaid
with respect to ip, it is assumed the device is
set with all its scales at the places requested in
order to have the first basic section of the
beam. In other words if the scales r, ¢ and s
are on the desired values fe/fs, if 1M is on the
value M requested by the problem, if the line
ip shows, besides the values kd, the values d, b
and As, as aforesaid, if b is to be diminished
by a certain amount 4°, and simultaneously the
area As' to be inserted in the compressed
zone, at a distance d'=0.07 4 from the com-
pressed fibre, is to be ascertained, the knob 1 is
rotated, without pressure until on b is read

the width b° by which the original width is to
be diminished. In this condition, without need

.to read them, the two scales have been

arranged with the values pertinent to the
smaller of the two portions into which the
original section has been assumed to be
divided. N will mark the portion of bending
moment supported by this portion of the
beam, k remains on the same indication (such
as r and #) the value b° appears for the value
b, and on As there will be shown the con-
cerned portion A°. Only b° will be read among
these factors These latter have been cited only
for demonstrating that at the same time, the

1

value A“-—;, will be read under the line NU,
F

this latter value being that of the value As'

which was sought.

Therefore, by slowly revolving the knob 1,
while the line ¢p shows on b all of the increas-
ing values of b°, the line NU will simul-
taneously show on the scale As all the related
values of As', allowing a scanning operation
which would be quite impossible by other
means.

As aforesaid, in this operation it is unneces-
sary to read A’ as this value which has been
initially deducted from the original valuve of
As, is then inserted in the novel section which
has reduced width, but the original iron
strength is due to the insertion of both the
taut iron A® and compressed iron As'. There-
fore the original area As is formed again for
the taut iron. As aforesaid, both the amount
A" and consequently As can be diminished by
a certain amount Cs depending upon the fact
that compressed iron has been substituted for
the concrete of the smaller portion. This
amount is given by equation (8) as a function
of A° On the other hand, equation (7*) shows
that A’=As'F, and therefore equation (8"
can be written :—

Cr=As'F.q (81).

On a scale of Cr are collected the values
F.q which, according to the above, result from
the expression : —

k—0.07 1—-0.07 1—j
Flq= - ( ) )
1—k j 1-0.07

These values depend exclusively upon the
value of & and upon the value j obtained there-
from, so that this scale Cr is placed adjacent
to the lower part of the table k and on the
circle s so as to serve (as does the scale Y
for all the pairs of values fc/fs which have the
value k in common.

Then, after having turned the cursor iN so
that the inner end of the hair line on cursor ip
shows on the scale a the number marked on
the scale F' either by the cursor 45 or the
cursor ik, the operator turns the cursor {U so
that the line U marks, on the small scale a,
the value Fl.g which is easily read by the
operator on the scale Cr and is marked by the
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same line of either cursor is or ¢%, which the
operator used for reading F'. In this position,
the end of the same line U shows on the same
scale As an amount corresponding to Flg.Ash,
which, according to equation (8") is exzactly g
the diminution Cr to be applied to the area of
taut iron As.

Thus, by the aforesaid scanning the cperator,
having suitably arranged the two cursors iN
and U according to the figures easily read on
the scales F' and Cr, can instantanecusly ses,
for all of the values b° of the reduction of the
width, all the values As' of the area ¢f com-~
pressed iron and all the values Cr of the reduc-
tion cf area f the taut iron As.

8) SCANNING OF THE HEIGHT REDUCTIONS
DUE TO THE PRESENCE OF A CERTAIN AMOUNT
or ConPRESSED IRON, EXPRESSED AS A PER-

CENT OF THE TAUT IRON As.
Frem the known formule giving the height
d and the taut reinfercement As of a beam,
when a certain amount of compressed iron
K.As is placed in the centre of gravity of the
compressed zone, it Is easy to obtain an expres-
sion which will be termed : —

{s
u= - 10)
fs—2/3 nK.fc
such that:—
M
d=r— (11
ub
As=t. »/M. v ub. 12

The formule (11) and (12) are identical,
even if written in a different form, to the
formule (1*) and (2%), however the product of
the width b with the cosfficient » has been
substituted for the width b. Then, in the ring
u (Figs. 1 and 6) are marked five scales for
five values of # and each scale carries, for
four values of fe/fs the values of # calculated
af‘cordmg to the ex prescmn (16), as shown by
the & ntrures 0, 2, 4 ; , 8, 1/1 representing 0%,
20%, 5%, 60% ,(2i ‘80%, 100%, ie. by the

§

value K, equal to — on which they depend.
As

A transparent ring iK is rigidly secured by
rivets 76 to the scale b, said ring being pro-
vided with five lines which are normally over
the five zero values of the five scales u.

It will now be assumed that the scale b and
the elastic ring 28 (Fig. 1) are released from
frictionally helding said elements stationary
in the box 27, and the elastic ring 28 is
tightened on the ring 29 sscured to the cursor

ip.
As aforesaid, when the knob 47 is acted
upon when in its pressed condition, all the

-scales remain stationary while the cursor ip

revolves. Thus scanning is obtained of all the
possible solutions d, b and As corresponding

_to a predetermined desired value of M and to
-the conditions fc/fs marked on scales  and £,

If the same actuaticn is carried out while
the elastic ring 28 is tightened on the ring 29,
the scale b also revolves, with the cursor ip, If
both cursor ip and scale b are revolved to-

gether through a certain amount 1, concerned
W‘U). the value K shown by the transparent
ring iK on the scale #, cursor ip will mark on
scale b the same value as b°fms., but on scales
a and As will be marked the values related to
a width #, & which is al°0, according to equa-
tions (11) and (12) the value of the width b if
a certain amount of compryssed iron As'=
K.As is placed in the centre of gravny of the
compressed zone, insiead of marking the
values rvlatvd to the width b.

Therefore it is possible, in this position of

the elastic ring 28, by the slow movement of

cursor ip and “the simultaneous movement of
plate K, while the value b of the widih re-
mains staticnary, to scan all the variations in
height of the area As due to the variations of
the percentage K of the compressed iron rela-
tively to the taut iron As.

Ths mechanism of the central pivot is con-
tained in the box 27, and it is used for allow-
ing scale b to remain stationary in the general
base, or to displace it with the index ip over
by scale . In Figure 7 the mechanism is
shown in explodad ;ash‘on. Flgure 7 shows the
box 27 in section and within wiich is mounted
the elastic ring 28. The nazgnt of the ring 28
is slightly less than that of mn vyrucal wall
of the box 27 and a sector A—B has a much
reduced height, so as to leave t’ne place for a
lever 53 and a wheel 54. In the sector A—B
the ring 28 is cut by a Z-shapad cut located
under tie lever 53. Two small pins 55 enter
intc heles in the lever 53, said lever having
at its end a plate spring supporting the wheel
54, In its remaining portien, the ring 28 has
a set of vertical cuts, which reach only part
way therethrough, in order to increase its elas-
ticity, caid elasticity keeping it adherent to the
wall of the box 27. The wall of the ring 28
also has a horizontal rectangular slot 83 pass-
ing therethrough and in the middle of the slot
83 there is a vertical hole 84 passing through
the portion below the slot, a ball 61 of the
same diameter being located in the hole 84,
The ring 28 has a “ertical hole in its upper
hcnzmtal surface o receive a pin 79 project-
ing from a ring 30 secured to the scale b and
tha transparent plate 1K,

A ring 57 has its internal diameter corre-
sponding to the ezternal diameter of the box
27 arsund which it is disposed and relatively
to which it can rotate. The ring 57 carries
an internal projection or slider 59 “which  pene-
tratss into a suitable cut or slot 81 in the
vertical wall of the box 27, such slot 81 hav-
ing a greater length than the slider 59,

Through said slot, the projection or slider 59
of the ring 57 reaches the internal surface of
the box 27.

In the base of the box 27, below the hole
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84 of the ring 28 when same is in a pre-deter-
mined position, which can be called the “zero”
position, there is a depression 82 having a dia-
meter corrssponding to the hole 84. The ring
57 also has a horizontal pin 60, which passes
through the slot 81 of the box 27 and the slot
83 of the ring 28.

A pawl 58 mounted on the ring 57 reaches
the level of the graduated scale u. The dis-
placement of the pawl 58 imparts rotation to
the ring 57 to cause movement of its slider
59 against the wheel 54, which is thus urged
inwardly. Owing to this movement of the
wheel 54, the elastic ring 28 shrinks, releas-
ing itself from the box 27, and pressing upon a
ring 29 disposed within the ring 28. The
ring 29 carries on its upper edge four teeth
engaging recesses in the edge of the trans-
parent plate ip, whereby the ring 29 and plate
ip move together,

Movement of the plate ip with the scale b
(connected to the ring 28 by means of the
pin 79 of the ring 30) can thus be obtained by
elements which do not prevent the whole rota-
tion of the plate ip, and such interlocking will
cease automatically when the scale b goes back
to its basic position, i.e. when the index lines
1K mark zero in the scales #, locking in this
position to the steady base.

When the operator displaces the pawl 58 to
the right, e.g. with a pencil point, the slider 59
of the ring 57 pushes the wheel 54 inwardly
and, in consequence, the elastic ring 28 and
the scale b rigid therewith are disengaged from
the stationary box 27 and remain connected to
the plate ip through the ring 29, following
said plate in its rotational movement. When
the operator displaces the pawl 58, to push the
guide block of the ring 57 against the wheel
54, the pin 60 of the ring 57 moves from the
lefthand wall of the slot 83 to the right-hand
wall, passing over the hole 84. The small ball
61 which is disposed within the hole 84 does
not prevent the passage of the pin 60 because
in that position the ball is below the upper
surface of the slot, projecting into the depres-
sion 82,

When the operator, with the central button
47 of the machine pressed, rotates the wheel
22 (Figure 4) the plate ip displaces with it, to-
wards the left (because this is the direction of
the scales u), the scale b with the plate iK, and

with the ring 28. The right-hand wall of the

slot 83 of the ring 28 pushes the pin 60, forc-
ing the ring 57 to rotate together with the
ring 28 and thus keeping the slider 39
against the wheel 54, with the ring 28 there-
fore always locked to the ring 29. Said rota-
tional movement of all the portions takes
place without the slider 59 engaging the end
portion of the slot 81 for this has a sufficient
width to allow for displacement corresponding
to the greatest width of the scales u.

As soon as said movement has begun, the
ball which was within the hole 84 of the ring

28 leaves the depression 82 and will project
a little into the slot 83. In this manner, when
the operator begins the return movement to-
wards the right, the projection of the ball will
cause the pin 60 and the ring 57 to follow such
return movement, preventing any relative
movement of the pin 60 and the ring 57 which
might free the pressure of the slider 59
against the wheel 54 before the due time.
However when the basic zero position of the
scales u is reached, the hole 84 will be in
alignment with the depression 82, the ball 61
which is inside the hole 84 will descend a little,
and the pin 60 will go back, freeing the pres-
sure of the slider 59 on the wheel 54. In con-
sequence the wheel 54 will go forward, within
the slot 81, allowing the expansion of the elas-
tic ring 28, which will free the ring 29 (and
the index p) and will engage by its outer peri-
phery with the box 27, thus fixing the scale b
to the same in the basic required position.

9) BRrARE

An important mechanism, even if an acces-
sory, for the operation of the device herein-
before disclosed is formed by a braking means
acting when the knobs 1 or 46 are rotated
under pressure.

Under these conditions, the parts released
by the action of the springs 4 or 35 must be
;iltionary together with the female cones 6 or

When the knob 1 is pressed, only the wheel
3, the bearing 8, the cursor ir, the wheel 14
and the part 17 together with the scales carried
thereby have to move. Moreover, movement
of the knob 46 must move only the wheel 37,
the bearing 38, the cursor it, the wheel 42, the
bearing 43 and the scale As carried thereby.
Now, it is possible that the parts which
should be stationary might move slightly due
to the small friction between the shafts fitting
in one another.

In order to avoid this drawback, a metallic
collar 62 is arranged under the knob 1 and a
similar collar 63 is arranged under the knob
46. During the two operative steps as afore-
said, the knob 1 or the knob 46 must be
pressed to release the cone 5 or the cone 78,
respectively. In these steps, the collar 62
presses a small spring 64 against a rubber
packing 66 which is contained between said
spring 64 fixed to the box and nuts 68 and
prevents these latter from moving and there-
fore also prevents movement of those parts
connected to the bushing whereon said nuts
are screwed.

Analogously the pressure of the knob 46
urges the collar 63 against a spring 65 press-
Ing a rubber packing 67 against nuts 69,
obtaining the same braking effect during the
revolution of the knob 46 when pressed.

10) CaLIBRATION MEANS
As aforesaid at the beginning of this speci-
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fication, the unitary mounting of accurate log-
arithmic scale on tcothed wheels which are
parts of gears, the reiadve positions of which
are established by the meshing needs of the
teeth, has been rendered possible by means of
calibration means.

These devices are formed by the friction
cones 10 and 40 and by the respective female
cones carried by the pieces 11 and 41. These
latter are pressed against the cones 10 and 49
by nuts 70 and 71.

The nuts 70 and 71 can be loosened by
means of special keys which are owned only by
the manufacture of the device. When the
device has been assembled, the two nuts 70
and 71 are loosened and the knob 1 is rotated
without pressing so that the line iM shows a
pre-determined precise value on the scale M.
Then, the same knob 1 is pressed to rotate the
scales d, kd and s; the scales kd and s having
already been arranged in thelr exact posi-
tions with respect to scale d. The scale d is
then rotated so as to align a pre-determined
position of this scale with a pre-determined
position of scale b so that the numbers accord-
ing to a precise calculation according to the
aforementioned formule are set up.

Analogously, the knob 46 is pressed and
rotated and the same As is arranged so that the
value according to the aforesaid basic calcula-
tion is aligned with the prescribed values of
the scales b and d. Whilst holding this posi-
tion of all of the scales stationary, the released
female cones of the pieces 11 and 41 are frecly
turned so that cursors 7r and if exactly mark
on the scales + and ¢ the value of fc/fs which
has been selected for the basic calculation.

When the nuts 70 and 71 have besn

tightensd in this position, the scales will re-
main in the precise corresponding positions
which, depending upon the said equations, will
be repeated for any other combination of
values with the same accuracy as the first posi-
tion and with the accuracy afforded by the
angular displacements of the pieces and by the
manufacture of the logarithmic scales.
11) THE PARTICULAR ARRANGEMENT ALLOW-
ING THE BENDING MOMENTS M TO BE READ
EITHER IN “ LBS. INCHES ” OR IN “ FT. KIPS ”

FOR THE COUNTRIES USING THE BRITISH

METRIC SYSTEM

The cursor M, shown in Fig. 4, is provided,
for the countries using the MKS system, with
a single central hair line, shown in Fig. 6.
This line is sufficient for reading on the under-
lying scale ths bending moments, either ex-
pressed in Kg.—cm. or in Kg.—m.

A simple constructional contrivance com-
pletes the embodiment of the device herein-
before described for countries using the
British metric system. For these countries, the
single line shown in Fig. 6, is replaced by two
radial lines, spaced apart by a logarithmic cir-
cular sector 12 taken on a double base (base
180°).

Although this arrangement is not shown in
the figures, as far as the numbers of the scale
M shown at Fig. 6 are concerned, it is clear
that the spacing of said two Lines will be equal
to the spacing betwzen the two numbers
200,060 and 240,600. The cursor iM is en-
graved adjacent the left-hand line with the
indication “lbs. inches” and adjacent the
right-hand line with “{t. kips .

Thus the operator can, withour taking into
account the factor of 12 which, besides the
zero, must be considered in the cencerned
formule, easily set the moment in “ ft, kips ”
in register with the suitable line, and r=ad
the valuss of kd, d, b, and so on in inchss, as
required.

On the contrary, if the moment is exprassed
in “Ibs. inches ™ the operator uses the other
line, i.e. the left-hand one.

WHAT I CLAIM IS:—

1. Apparatus for the sclution of a plurality
of squaticns such as those used in calculations
relating to reinforced concrete structures, com-
prising a circular logarithmic slide rule, with
additicnal logarithmic scales and respective
co-operating indices rotatable about axes
separate from the axis of the main slide rule,
both the additional scales and their indices
being coupled with certain respective scales of
the main slidz rule so as to rotate with them,
and including selectively operable coupling
devices for coupling each additicnal scale to
its mespective index member for rotation
together,

2. Apparatus for the solution of a plurality
of eguations in calculations relating to rein-
forced concrets and of the type in which there
are more factors appearing in the equations
than equations connecting such factors, the
solution being based upon selecting in any
way a number of factors equal to the number
of equations as factors for which values are
required, ie. unknown factors; selecting a
further factor as a variable factor to which a
rangs of values is to be given and selecting for
all the other factors fived values, such appar-
atus comprising a plurality of circular log-
arithmic scales mounted on at least two axes,
onz scale for each factor; revolving scale sup-
port'ng means for certain scales; revolving or
fixed index supporting means for each scale
for reading on the scale relative displacement
of the scale supporting means and the index
supporting means; means to set up upon the
relevant scales the valuss assigned to each con-
stant factor, the scales and the indices being
interconnected by mechanical connecting
means so that those scales which represent
factors which are functions of any factor to
which a value has been assigned are displaced
(when the scale representing such assigned
value factor is displaced) relatively to their
indices and by an amount in accordance with
the equations whilst those scales which are
not functions of such factors are caused to
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remain constant with respect to their indices;
and calibration means for setting up the
original relative positions of certam of the
scales and their scale supporting means inde-
pendently of the said mechanical connections.

3. Apparatus according to Claim 2, charac-
terised mn that the mechanical connections be-
tween the scale supporting means and the
index supporting means comprise toothed
wheels, the gear ratios of which automatically
take into account the necessary variations in
any factor which is a function of any other
factor.

4. Apparatus according to Claim 3, charac-
terised in that the scales are supported by cir-
cular mechanical supports formed by concen-
tric hollow shafts and co-axial toothed wheels
distributed on a convenient number of axes,
each scale being concentrically fixed to its own
mechanical support and the associated toothed
wheel, the relative position of the scale and
the wheel-teeth being variable and the calibra-
tion means being provided for aligning the
scales on their required relative position inde-
pendently from the relative displacements of
the teeth of the wheel to which said scales are
fixed.

5. Apparatus according to Claims 2, 3 or 4,
characterised in that said calibration means
comprise friction cones, said cones when dis-
engaged allowing for the arrangement of all
the logarithmic scales in an accurate original
position according to a pre-determined com-
putation, without movement of the mechanical
connections.

6. Apparatus according to any of Claims 2
to 5, characterised in that the index support-
ing means are normally connected to their
associated scales by means of friction devices,
independently of the relative position in which
they have been placed by the operator, said
connections being broken by the operator for
those scales on which he intends to operate
and being automatically re-established as soon
as operation on said scales is ceased.

7. Apparatus according to Claim 6, charac-
terised in that the connection between the
scales and the indicating means is obtained by
an appropriate degree of pressure between co-
axial scale supporting plates and index sup-
porting plates, the relative area of the contact
surfaces and their co-efficient of friction deter-
mining the required friction effect.

8. Apparatus according to Claim 7, charac-
terised in that the connection between scales
and indicating means is obtained by the action
of a spring on interfitting cones, one of which
is fized to the scale, while the other is fized to
the index, so that by passing on a driving knob
the separation of the cones is effected and in
this last position it is possible to rotate the
group of scales fixed to one of the cones with
respect to the group of scales fizred to the
other cone. . .

9. Apparatus according to any of Claims 2

to 8, characterised in that it comprises brak-
ing means for increasing the friction between
the stationary parts of the machine and the
scales which are to remain steady when others
are rotated, such means being breught into
action by the axial displacement against a
spring of a knob for causing such rotation,
the action of the braking means ceasing there-
fore as soon as the knob is released,

10. Apparatus according to Claim 9, char-
acterised in that said braking means are formed
by collars arranged under the rotatable knobs,
said collars (when the associated knob is
lowered) engaging elastic elements fixed to
the frame, which then increases their friction
with the parts connected to those wheels
which must remain stationary, locking such
parts in the position occupied previous to the
operation of the knob.

11. Apparatus according to any of Claims 1
to 10, characterised in that a scale indicating
bending moments is provided with two spaced
reference lines adapted to allow a problem to
be set in units differing from those of the
solution without the need of introducing a
conversion factor different from 10® into the
calculation,

12. Apparatus according to any of Claims
1 to 11, characterised in that a first main
plate carries numbers corresponding to the
diameter of the iron which is intended to be
used for the vertical reinforcements of the
concrete  structure, said numbers being
arranged at such angular logarithmic distances
from a base line that a second transparent
plate, rotatable over the firgt plate, shows by
its reference line the number of the necessary
reinforcements, having the desired diameter,
when the base line shows other dimensions of
the section,

13, Apparatus according to Claim 12, char-
acterised in that a third transparent plate, over
the second plate, can turn on said second plate
with which a scale is rigid, said third plate
being provided with two divergent reference
lines whereby it is possible to read the log-
arithmic scale carried by the second plate, said
two reference lines being divergent through
an angle corresponding to the same value
assumed in the base conditions, one or other
of said two reference lines measuring the angle

subtended by it and the main reference line
of the first plate.

14. Apparatus according to Claim 13, char-
acterised in that it comprises scales adapted to
provide the numerical data which, shown on
the scale of the second rotatable plate, allow
the second plate and the third plate to be
arranged at such an angular divergence that
while a main pointer reads the amount of
width which is to be subtracted from the sec-
tion, the index lines of the second and the
third plates show the corresponding amount of
iron to be added in the compressed zone and
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the amount of iron to be subtracted from the
taut iron.

15. Apparatus according to Claim 14, char-
acterised in that transparent cursors are pro-
vided for setting in the computing device
amounts depending upon the stresses in the
iron and the concrete cursors being provided
with three different index lines (for simple,
double or halved indications) which are mutu-
ally divergent through a logarithmic angle
equal to the square root of two, so that each
scale can be used also for a doubled value or
for a halves value, thereby to provide a triple
range of the values shown on the scales
adjacent the lines,

16. A logarithmic computing device accord-
ing to Claim 15, characterised in that it com-
prises means adapted to connect at will the
width scale to the index line in order to move

this latter through amounts shown on an
adjacent scale and concerning the insertion of
predetermined amcunts of compressed iron,
expressed as functions of the taut iron, said
means being controllable without preventing
the overlying index from ccmplete revolution
and being automatically released as soon as it
is returned to zero.

17. A logarithmic computing device sub-
stantially as hereinbefore described with refer-

20

25

ence to and as shown in the accompanying 30

drawings.
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