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UNITED STATES

1,881,165

PATENT OFFICE

FRANK V. BECKER, OF MALDEN, MASSACHUSETTS

CALCULATING INSTRUMENT

Application filed June 9, 1928. Serial No. 284,089.

The present invention relates to an im-
provement in calculating instruments for use
in making computations for the design of re-
inforced concrete structures. '

& The joint committee of the American So-
ciety of Civil Engineers, the American So-
ciety for Testing Materials, and other so-
cieties and associations, have' adopted for-
mule and specifications for the computa-

10 tion of reinforced concrete structures. Pur-
suant to these formule and specifications
there have been produced various comput-
ing instruments and tables for use in con-
nection with them.

15 The objeet of the present invention is to
produce a computing instrument for rein-
forced concrete structures by the use of which
the work of computation for these structures

... Is facilitated, and the invention consists in

23 the instrument hereinafter described and par-

ticularly defined in the claims. ,

In the accompanying drawings illustrating
the preferred form of the invention, Fig. 1 is
a plan of the computing instrument ; Fig. 2 is
a section on line 2—2, Fig. 1; Fig. 8 is a plan
similar to Fig. 1 with the outer slide removed
and other parts reversed; Fig. 4 is a section
on line 4—4, Fig. 2, of the instrument ar-
ranged as shown in Fig. 3; Fig. 5 is a plan
of a modified form and Fig. 6 is an end view
of the same.

The illustrated embodiment of the inven-
tion is described as follows :—The instrument
consists of a plurality of over-lapping slides
nested together. The outer slide 10 is, for
convenience, called slide No. 1, and it has two
scale lips 11 and 12. The second slide 13,
known as slide No. 2, is similar to the first
and fits within it. - This slide is provided
. with two scale lips 14 and 15. The third

slide 17, called slide No. 3, is similar in form

-to the first two slides. It has an upper scale

Lip 18 and a lower scale lip 19. The fourth

slide 20, known ag slide No. 4, is a plain

strip and .is provided with several surface
~ scales. These slides may be made of any
suitable material; but celluloid is preferred

. because of facility of forming it into the
50 shapes desired at a small expense.
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- Referring now to Fig. 8 which is a plan
view of the slide rule similar to that shown
in Fig. 1 except that slide No. 1 is removed
and slides No. 8 and No. 4 have been turned
over and inserted within slides No. 2, it will 55
be noted that a rectangular portion of slide
No. 3 has been cut out. The upper edge 21
of the opening is the scale lip. ,

Slide No. 1, has on its scale lip 11 (Fig. 1)
two sets of graduations 30 and 31, both of 6o
which are for allowable steel tensile stresses
(fs) [based on different breadths (b)], one
set 30 for beams and girders, and the other
set 81 for slabg (b is assumed 12’/ for slabs).
Slide No. 2 has on its upper scale lip 14 five 65
sets of graduations 82, 33, 34, 85 and 44, all
of which are for-allowable concrete compres-
sive stresses (f.). Scales 32 and 33 have one
set of amounts reading on both scales; sim-
ilarly, the two scales 384 and 35 have one 70
set of amounts reading on both scales. Scale
44 has one set of amounts. The upper scale
lip 18 of slide No. 3 is provided with four
sets of graduations, one set of graduations
36 reading in breadths (») of beams and 75
girders; the second set of graduations 37
reading in allowable steel stresses (f;) simi-
lar to the graduations 31 on slide No. 1; the

_third set of graduations 38 reading in feet

of span (7), and the fourth set of gradua- 80
tions 45 reading in feet of span (I). A single
shear graduation 70 in the shape of a V is
also provided. The upper graduations 39
of slide No. 4, read in bending moment co-

. 856
efficients (ﬁ), the graduations 77 are also

in bending moment coeflicients, with par-

ticular divisions marked off designating con-
centrated loading points of application; such
as: 14 points, 15 points etec. This scale is
double, the designations: se¢ and ¢, accom-
panying these markings, mean semi-continu-
ous and continuous spans respectively. Grad-

00

. . i - 1Y)\ .
vations 78 read in shear coeflicients (V,-) 95

Slide No. 4 is'also provided with graduations
40 reading in safe superimposed (or live)
loads (L) in pounds per lineal foot of beam
and in pounds per square foot of slabs and 100



8 moments (M) inlb.—ft. or in total shear

10

18

2

also in safe superimposed loads (P) in

pounds of concentrated loads. '
.The lower scale lip 19 of slide No. 8 has

graduations 59 which read in total bendin

v
in Ibs. The lower scale lip 15 of slide (No.
2 has graduations 41 in inches indicating
total depth of concrete (D) including an
arbitrary distance of 1 inch from center of
the reinforcement to the bottom of a slab
and 2 inches to the bottom of beam or girder.
The scale lip 12 of slide No. 1 has gradua-

tions 42 in terms of square inches of steel

reinforcement (A;) for the width of beam,
girder or slab assumed. A second scale 43
1s applied to the scale lip 12 of slide No. 1,
the graduations of which are so positioned

. with relation to the A, graduations as to
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represent the weight (W’) of steel per lineal
foot of the member (of breadth b) being con-
sidered—for any A, reading. C

Looking again at Fig. 3, graduated scales
46, 47, 48, 49, 50, 51, 52, 60 and 61 are seen.
The graduated divisions of scale 46 on the
back of slide No. 3 are in terms of allowable
steel stresses (f,) and read with relation to
scale 44 on the upper scale lip of slide No.
2. Scale lip 21 bears scale 47 with gradua-
tions reading in feet of span (7). Gradua-
tions 48 on the réverse surface 22 of slide No.
4 are in bending moment coefficients and
read with relation to the span scale 47. Also
on the reverse surface 22 of slide No. 4 are
graduations:

49 reading in actual (web reinforcement)
stirrup and bent bar spacings (s1),

50 reading in length (7’) of main tensile
steel required for bond, : '

51 reading in sum of perimeters (So) of
main reinforcing bars at the critical sections,
and 52 reading in unit shearing stresses (v)
on concrete and steel, all reading with re-
spect to each other and with respect to the
total depths (D); viz. graduations 41 on
slide No. 2. The lower portion of scale
lip 15 of slide No. 2 also has graduations 61
which are in cu. yds. of concrete (Q) per
100 sq. ft. of horizontal surface area; and
graduations 60 in terms of maximum web
1(‘ei)nforcement (stirrup and bar) spacings

).
In using this instrument for designing or
investigating designs of reinforced- concrete
structures; such as beams, girders or slabs,
the series of scales above referred to are
graduated to indicate variables concerned in
the calculation. (The scales may be extended
as desired). They are listed for reference as
follows — : o

(1) fs="Tensile unit working stress in steel
in lbs. per sq. in. ’ ‘

(2) f.=Compressive unit working stress
in concrete in 1bs. per sq. in.

(3) b=Breadth of beam or girder in inches
(for slabs 6=12""). : ,

1,881,168

(4) ?=Span of beam, 'girder or slab in
eet. :

(5) 'H1,=Bending moment coefficient.

(6) L=Safe superimposed (or live) load
in lbs. per lin. ft. of beam and in Ibs. per sq.
ft. of slabs. -

(7) D=Total depth of concrete in inches
(based on a distance of 1’ from the bottom
of concrete to center of embedded metal of
slabs and 2’/ to bottom of beam or girder.)

(8) A,=Total area of steel reinforcement
in sq. in. per b inches of width of beam, girder
or slab.

(9) W =Weight (in lbs. per lin. ft.) of
the steel of area A,

(10) M =Bending moment in lb.—ft. (in-
cbtutiing moment due to dead weight of mem-

r). :
(11) s=Maximum allowable horizontal
spacing of web reinforcing members.

(12) s,=Actual horizontal spacing of web
reinforcing members. -

(13) ¥=Minimum length of embedment,
of main bars, for bond.

(14) So=8Sum of perimeters of bars in one
set.

(15) v=Allowable unit shearing stress on
the concrete and steel.

(16) @=Number of cu. yds. of concrete
per 100 sq. ft. of horizontal surface area.

Other variables not above enumerated and
concerned in the present concrete designs are
functions of some of the variables listed. If
any six of the first eight listed variables are
given (or assumed), the other ten unknowns
are determinate on the instrument. For ex-
ample, if the entire upper surface of the slide
rule is in view—as shown in Fig. 1-—one
movement on setting of each of the three
inner slides (Nos. 2, 3, and 4) will enable the
user to read directly and with an accuracy
that is within practical limitations, four of
the unknowns; and, when the surfaces of the
slides are positioned as depicted in Fig. 3—
one movement or setting of each of the two
inner slides (Nos. 3 and 4) will give the
values of @, So, ', and s, for the selected
depth as previously determined, and when
the entire bottom lip 15 of slide No. 2 is ex-
posed (as in this Fig. 3), the values Q and
s may be read.

The instrument is based upon the follow-
ing formulse for rectangular beams and
slabs, uniformly loaded and reinforced for
tension as specified by the joint committee
and is adaptable to any other classifications
of designs or investigations (such as T-beams,
footings, etc.) where any of these formulz
apply. Use has also been made of the “Theo-
rem of three moments.”
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Pe M 9 f'.=TUltimate compressive strength of con-
or I %) R bt (2) crete at age of 28 days.
o= Angle between web bars and longitu-
and Ay=pbd . (3) dinal bars. : :
v f,=Tensile unit stress in web. reinforce-
A 4) ment. ' :
bjd ) A,=Total area of web reinforcement in
\74 tension within a distance s', or the total area
T s T (5) of all bars bent up in any one plane.
Zogd Tt will be noticed that the formule are giv-
45d en in terms of total loads per lineal foot of
s ¥ R (6) beam (or per sq. ft. of a slab) and the slide
rule gives superimposed (or live) loads per.
_ , 0y Jo e lin. ft. of beam (or per sq. ft. of slab.) .
v=0.02f"+ S Sna "7 ™ In general I have shown by mathematical

In these formulz, :
d=Depth from top of concrete to center
of steel in inches.

p=">Steel ratio ( = ?—d’) or, when multiplied

by 100 it equals the percentage of steel in
area.bXd. '

j=Ratio uf lever arm of resisting couple
to depth d.

E=Ratio of depth of neutral axis to
depth d. :

»=Allowable unit shearing stress on the
concrete and steel. )

V=13%wl=total vertical shearing stress on
the concrete and steel for uniform loads and,

(V’)P for concentrated loads—where, %=

the total shear coefficient (later referred to).

w=DBond stress per unit of area of longi-
tudinal surface of bar.

So=Sum of perimeters of bars in one set.

’ 2
M=Bending moment= (%,) X121in 1b.—

inches—where Z\i/.f' is the bending moment co-

efficient depending upon whether span is
“simple,” “semi-continuous,” “continuous,”
etc. i. e. %, Yo, H2—etc.; also upon’ section of
beam considered, number of spans, load con-
centration, ete. : :

w=Total load; on slabs—in lbs. per
square foot; on beams—in Ibs. per lineal ft. -

w=Superimposed load per ft. plus wt. of
beam (or slab) per ft. and

p=] 1
AN
7 nfc“)

k=~2pn + (pn)? —pn.
where .
E,

=7 =Ratio of modulii of elasticiﬁes_'of

steel to concrete.

.. Note:—n=151s the figure upon which the
slide rule is based throughout.

j=1—73

derivation:—
(1) That the design formule listed above

_may be expressed with comparative simplic-

ity and greater usefulness in terms of super-
imposed loads instead of in terms of total
loads as shown ; thereby eliminating the usual
objectionable estimations and trial calcula-
tions of a member’s dead weight in order to
find the total load.

(2) That the new formule may be con-
veniently expressed in terms that are inde-

-pendent of p, j,and .

(8) That without practical error the de-
sign for any breadths of a member inay be
ascertained by a simple multiplying factor
which -is -independent of the variation in
superimposed loads; in other words, that es-
timations of the dead weights of members
which vary with different breadths, are un-
necessary and therefore that different
breadths may be represented by a regular
slide rule logarithmic scale when superim-
posed loads are used.

(4) That without practical error, the de-
sign for-any depths (d) of beams, girders
or slabs may be ascertained by the use of a
regular logarithmic slide rule scale moving
in relation to the other necessary scales which
embody the other variables concerned in re-
inforced concrete design and based on the
use of superimposed loads (i. e. exclusive of
the designed member’s own dead weight) in-
stead of on the use of total loads (which
means so far as the superimposed and the
dead loads are concerned) ; in other words,
that the relative & values for different: con-
crete and steel stress conditions—other things
remaining equal—are independent of the va-
riation in values of the superimposed loads.

(5) That interpolations may be made on
the slide rule for any bending moment co-

. !

as given in the expressions:

, M=(M1—,)wz% (A—}—,)Pl} 1

M/PP,

(]

g0

(3%}
(e

3
[
[

LSRN
-



4

etc. thereby making the slide rule valuable
in the design or the investigation of a design,
of members having end conditions of differ-
ent restraints; also considering different sec-
tions, different numbers and length combina-
tions of spans, different forms of concentrat-
ed loadings ete. (This also makes the rule
valuable for flat slab designs and investiga-
tions). In addition, when the total bending
moment or the bending moment coefficient is
known, or assumed, the equivalent uniformly
distributed superimposed load may be ascer-
tained for any system of concentrated load-
ing.

?6) That when the coefficients of P are
known the total transverse shear for any sec-
tion may be conveniently obtained on the slide
rule.

(7) That when P—a superimposed concen-
trated load—is used in the bending moment
or shear expression, the instrument automati-
cally includes the bending moment and shear
respectively at the section being considered—
due to the dead load of a member:

(8) That, even though, the-slide rule is
based upon formule which give designs

- that cause the steel and the concrete to be
stressed to their maximum allowable values,
its use is not by any means restricted to these
conditions, and it may be used with equal fa-
cility for the investigations of designs as well
as the designs which employ any usual range
or combinations of steel and concrete stress
conditions. '

(9) That, as a matter of safety in design,
for uniform loads, the design controlled by
the unit vertical shear which does not exceed
the maximum allowable stress values that are
based upon the diagonal tensile stresses, may
also be indicated on the slide rule. '

(10) That, the total perimeters of the-re-
inforcement for uniform loads, which are
controlled by the allowable bonding stress of
the tensile steel used in the beam action, may
be conveniently shown on the slide rule.

(11) That, if the total bending moment
of a beam or girder is known—the depth,
~einforcement etc. may be ascertained by use
‘of the slide rule for any combination of
breadth, f, and f. stress conditions. Hence,
this makes the rule applicable for designs
and investigations of members having any
system of concentrated and uniform load-
ings. (Note: The law that has been used
in calculating the total bending moment grad-
uations is not strictly correct for wide vari-
ations of stresses-and breadths. The slight
error may be placed on the side of safety (and
even corrected by the use of an additional
slide). Tt is felt that the scale’s great use-
fulness warrants its existance on the rule.
It is, however, not to be supposed that the
rest of the instrument is built up or based
cn any such discrepancy). )

- (12) That, the minimum allowable length

- 1,881,168

of the main reinforcing steel that must be em-
bedded in the concrete for bonding purpose,
may be conveniently shown on the slide rule,

(13) That, the required- web member—
either stirrup or bent bar—spacings may be
conveniently shown on the slide rule.

(14) That, the distance from the support,
where web reinforcement is no longer neces-
sary may be ascertained on the slide rule.

15) That, for estimating purposes, the re-

sulting quantities of concrete and steel for the
design under consideration, may be conven-
tently included on the rule. - ,

The result of being able to correctly rep-
resent superimposed loads, beam breadths

and depths by sliding scales, moving in rela-

tion to other scales which contain the other
necessary data pertaining to the design, is

uite paradoxical when one. scrutinizes the

tquations (1) and (2), with object of find-
ing such a mathematical possibility [inas-
much as the breadth and depth are functions
of the total load (w)] but this discovery is
the foundation upon which the making of
the instrument is based.

General theory and directions

In making designs or investigations of the
structural members that the present inven-
tion relates to, numerous different classifica-
tions of practical problems present them-
selves. For example, some are listed below
under different cases and the method of their
attack will be given later; thus, the scope of
thedinstrument will be more fully appreci-
ated. ,

Beams and slabs;—
Case

1) Uniformly loaded.

2) Uniformly loaded ‘and having equal
concentrated loads at symmetrical positions
with respect to the center o the span.

(8) Uniformly loaded and having any
system of concentrated loadings.

(4) Uniformly distributed loads on one
or more of several unequal spans.

—etc.

Girders:—

(5) (Same as Case (2).)

(6) (Same as Case (3).)

—ete. . :

Further, we are also concerned with mem-
bers having different degrees of continuity,
different end restraints, differeént combina-
tions of span lengths, different numbers of
spans—etc., all of which cause the bending
moment and total (transverse) shear coeffi--
cients to have different values; for example,
the BM coeflicients of P7? and the total shear .
coeflicients of P as determined by the well
known “Theorem of three moments.”

Depending upon the economy considera-
tion of the concrete and steel, the combina-
tion of the selected concrete compressive
stresses (f.) and of the selected steel tensile

70
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stresses (f;) is important. The joint com-
mittee design formulse given above are based
upon the condition that the concrete and the
steel will each be stressed to its maximum
working stress. This condition, however, is
not always possible to attain, due to given
restricted dimensions of members, due to
practical reasons. TFurther, on account of
standard wood form sizes and commercial
stock steel sizes, the most economical combi-
nation of the stresses should be selected to
conform with the problem at hand. The
adaptability of the slide rule readily lends
itself to these considerations.

As is well known, below certain loads—all
things taken into consideration—the dimen-
sions of a member are governed by formuls
(1) or (2) whereas, with loads in excess of
this critical point the dimensions of the mem-
ber will be determined by the unit vertical
shear (formula (4)), which will keep the
diagonal tensile stresses within safe Limits.
So it is that in every case where a doubt
egist-s, the shearing stress must be investigat-
ed. .

After the concrete dimensions, the requi-
site steel reinforcement area and shear have
been found, the general design is still in-
complete until it 15 determined that there is
sufficient bond between the steel and the con-
crete, to prevent failure. The proper
amount of steel (web reinforcement) in the

form of stirrups or bent bars, for example,

and the stirrup spacing must also be deter-
mined so that the allowable diagonal tension
is not exceeded. :

Regarding bond—the design is made by
use of formula (5) where the value of the
bond stress (u) is specified at certain per-

‘centages of the ultimate compressive stress

(f’c) of the concrete being used. There-
fore, knowing the load, depth and the other
factors given in the formula, the minimum
requisite total perimeter of the reinforcing
bars, for example, is determined and thus a
proper bar combination is fixed. A sufficient

" length of each bar must also be embedded in
~ the concrete to develop a good bond.

Regarding stirrup sizes and placing—the
design is made by use of formula (7).
The foregoing” computations are all that

. are required for the design or investigation

€3

of concrete structures comprising beams,
slabs and girders.

" The slide rule quickly gives all of the above

information.
It is to be noted that the instrument is
particularly adaptable to the design or in-

. vestigation of flat slabs which is a much used

system. Flat slab construction differs from
the beam ‘and girder system in that the
weight -of the slab and its loading are en-
tirely sustained by columns. In the systems
of flat slab design which make use of dif-
ferent coefficients of (wi?) for different

"bending moment values, the present inven-

tion will give the desired design information
as before. : '

Confining our attention now to the avail-
able information as shown in Fig. 1—if the
values are given (or assumed) for any six
of the first eight specifications given above,
the instrument will give the correct answer
for the other two.

This operation is performed by setting all
the known (or assumed) values of the given
conditions opposite each other in accordance
with the scale arrangement of the rule.
Then: the unknown or sought factors will be
found on the remaining scales; each factor
being opposite one of the known (or as-
sumed) values on the adjacent scale.

For example, assume that the following

factors are known, £, 7, 0, {, j}—' and L or

P; then beginning with f, on scale 31 or with
b corresponding to f, on scale 30, set the as-
sumed 7, by moving slide No, 2 until the two
assumed values are opposite each other. If
a beam or girder is under computation the
left hand two scales 30 and 32 are used; if
slabs are to be computed, then the gradua-
tions under that designation are set opposite
each other.

Then in computing beams and girders,
the breadth & of scale 36 is set opposite the
corresponding f.; in computing slabs—b be-
ing 12 inches—no other setting is required
than to set the f; assumed of scale 37 oppo-
site /. graduation assumed. This is done by
moving slide No. 3 to the proper position
with respect to slide No. 2. Thereupon the
selected bending moment coefficient on slide
No. 4 will be moved to correspond to the
span under consideration. . (When bending
moment coefficients of (P7) are used—as
would be the case in the design of a girder
with concentrated loads (P) at 14,14 or
1/ —etc. points of the span, use the span

scale 45 and when bending moment coeffi--

cients of (wl?) are used as in uniformly
loaded beams and slabs, use the span scale
88). Thereupon the instrument is set for
reading depth of concrete and area of steel

on scales 41 and 42 against the safe uniform- .

ly distributed or concentrated superimposed
loads selected -on slide No. 4.

5
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'Having thus far determined the bending

moment, the depth, and the area of rein-
forcement, the shear (), the minimum al-
lowable total perimeter (o), the bonding
() and the web steel spacings (s;) will
next be found. This is performed by revers-
ing slides Nos. 8 and 4 (taken as one unit)
in slides Nos. 2 and 1 as shown in Fig. 3.
The. given f, value on scale 46 is set opposite

120

125

the given f, value on scale 44; then the given

bending moment coefficient value on scale 48
is set opposite the given span on scale 47.

The instrument .is now set to read opposite.

130
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the previously determined depth on scale
41, the resulting end-shear (1;%)
and s;. ‘The noted correction must be made
to_the readings of S, 7/, and s, i. e. multiply
5 the figure as read by the indicated fractions.
Note that when / '
u=108—(i. e., f':=2150 lbs. per sq, in.
which is a commonly used grade of 1:2:4
concrete), ‘
b=12"" (i. e., for slabs; or beams of
breadth=12""),
 f,=18,000 .(i. e., a common f, value),
a=90°—(1, e. for vertical stirrups, sin
90°=1), -
and ‘
A,=0.22—(i. e. for 34" stirrups)
no corrections need be made to any of the
readings. :
Now regarding the distance from the sup-
port where no further web reinforcement is
required, it is obvious that this will be at the
section’ where the total unit shear - (v) is
taken entirely by the concrete. Assuming
that the allowable unit shear on the concrete
is 40 Ibs. per sq. in., it only remains to deter-
mine the length of the span (which carries
the given uniform load) at whose ends »=40.
This may be done on the instrument as fol-
lows: Observe the total depth (D) reading
opposite ¥=40; then, assuming that the pre-
viously determined end-shear v=120, set 120
opposite the observed D and read the re-
quired span opposite the given bending mo-
ment coefficient. The required distance from
supports. is therefore determinate. This
may be easily checked by reversing slides Nos.

10
15
20
25
‘ 30

35

3 and 4 and setting the given ]1}’ opposite the

40 newly determined span and reading opposite

the given live load, the previously observed
depth where v=40. If 71—, any total shear

coefficient .(of P) on scale 78 of slide No. 4
is set opposite the “V” graduation 70, the
total shear (V) in lbs. may be read on scale 59
opposite P (on scale 40).

For estimating purposes, the utility of the
W scale 43 and the Q scale 61 is self-evident.

For the purpose of illustrating the mode
of the use of the instrument, the following ex-
amples are given:

45
50

o5 Example 1 —Slab design, Case 1

Design a reinforced concrete floor slab.

for the allowable conditions of max. work-

ing tensile stress in steel—f,=18,000 1bs. per

sq. in. max. working compressive stress in
60 concrete f,=700 lbs. per sq. in.

- Span of slab—I=10 ft.

Bending moment—aA = 1—12— wl?.

s .. Uniformly distributed’safe live load=450
Ibs. per sq. ft. , : ‘

~

’ the E,o, Z,_
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Depth of slab—required.

Area of steel—required.

Unit vertical shear—required.

So—required.

Solution . —(See Fig. 1.) On slide No. 1
referring to “slabs” set 18,000 opposite 700 on
slide No. 2 (upper scale of /.). On slide No.
2 (lower f, scale) set 700 opposite f;=18,000
on slide No. 8. On slide No. 3 (span scale
38) set 10 ft. opposite BM coefficient=-#; on

-slide 4 and the rule is set to read directly

the depth and area steel for any live load.
The instrument reads as follows:

for L =450 lbs. per sq. ft.
D =73"
and A,=.55—

whether shear or bond failure will control the
design for the given live load and other con-
ditions will now be investigated. Thus turn-
ing over slides Nos. 3 and 4 (taken as one
unit) and inserting them within slides Nos.
2 and 1 such that the given f, and f, on
scales 46 and 44 respectively, are opposed as

75

80

85

90,

shown in Fig. 3 and, the given % and Zon

scales 48 and 47 respectively, are opposed as

shown in Fig. 3 the instrument is set to read.

the resulting shear (v), the minimum total
perimeter (3o) and the length for bond (¥
as follows: Opposite D=7.3" the shear (v
on scale 52 reads 40 lbs. per sq. in. - This is
nearly the limiting shear stress value that
may be used on the concrete alone according
to specifications that the maximum »=.02 £/,
where 7/, is the ultimate compressive stress
of the concrete which, in this case is 2150 Ibs.
per sq. in. The design is therefore safe re-
garding shear. ‘ ‘ :
Opposite D=7.3"" and »=40 the reading

on the Jo scaleis about 4.5’” and the correction
108 b 108 12 . R
"’U—XTZ- —I—@Xﬁ—- 1 in this case.

Similarly, the reading 2’=38.1 ft. Hence, a
combination of bars will be chosen that have
a total perimeter (3o) of at least 4.5’ and of
total area as determined above and embed-
ded a length of at least 3 ft. at critical sec-
tions in order that the bond stress is within
safe limits.

If expanded metal, woven wire, etc., is to
ve used for the reinforcement, a standard

mesh of area .55 sq. in. per ft. of width will
.be chosen.

The design is now complete. _
Without any resetting the same procedure

- isto be followed for any other uniformly dis-

tributed superimposed load. -

95

100

105

110

115

120
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Example 2:—Beam, desi’gn Casel -

Assume, for demonstration, we desire to

design a beam of breadth =16"" and. the al-°

~
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lowable design conditions aré f,=18,000 Ibs.
per sq. in., f,=600 lbs. per sq. in., span /=10

ft., B. M=1—12—wl2
- Assume.any number of uniformly distrib-

. uted live loads. :

10

15

20

25

30

. 40
. rection:

45

- B0

55

€0

~beam aside from its own weight).

Solution—(Fig. 1 very nearly shows the
setting.) : :

(1) Using the positions referring t
“beams and girders ” at f;=18,000 Ibs. per

'8q. in. set slide No. 2 with f,=600 against that -

fsy.at 5=16"" on the f,=18,000 scale.

(2) Set slide No. 3 with 5=16"" opposite - . ‘ S
the intermediate division (as shown.in the .

f-=600 (as shown) en slide No. 2.
(3) Set slide No. 4 with- BM coeflicient=
1/12 opposite span=10 ft. (on slide No. 3).

The rule is now set to read the depth of -

beam and the required area of steel for any
uniformly distributed load.(which is to in-
clude any uniform superimposed load on the
Suppose,
for example, the specified: live Joad is 4,000
1bs. per ft. Then on scale 2=19.5"", opposite
or in line with live load=4,000 and D =19.5""
(sic!) the required A,=1.57 sq. in. Again
it.is pointed out that the bar combination for
this area must be so chosen that there is suffi-
cient area for bond in accordance with usual
design practice.

‘We will next proceed to test the design for
shear failure and then determine the mini-

mum required perimeter of the bar set.
When properly set the instrument reads as

follows: »=87 lbs. per sq. in. If we assume
the ultimate compressive strength of the con-
crete as 1850 Ibs. per sq. in. (at the end of 28
days) then the allowable »=.06X1850=111
1bs. per sq. in. when the proper steel anchor-
age and distribution is made. Hence; our
design will be safe concerning shear.

3o reads 9.6 and, making the proper cor-

108 16
05%1850 12
This is a rather high value for 3o (the neces-

sity of special anchorage is indicated) because
the chosen design-conditions are uneconom-

Z0=9.6 =14.9",

-ical (and the concrete has a low stress value)

but sufficed for demonstration purposes.
I’ reads about 1.45 ft. and with the proper
corrections:

1452108 1

.05X1850 1
8; reads 5.05” and, corrected, it

=1.7 ft.

at support assuming ¥” vertical stirrups.
Now the distance from the support where

‘no stirrups are required is determined as pre-

viously explained. S, at this distance is read

6 opposite the allowable » on the coneréte alone.

Opposite any other » value, s, may be read.

- pennant) for- :

7

Tt will be observed that the very low loads
on scale 40 are indicated by lines that get
broader as the loads become smaller.

shaped markings as shown in Fig. 5.  For a

- low superimposed load, & has slightly differ-

ent - values for- different moment coeflicients
whose values are higher than 1/12. There-
fore, to obtain accuracy of reading the right
hand side of the marking is correct for

11
M

‘8‘7

1 _1,
M 107

and the left hand side of the marking for
1_1 |
M 12

So far we have only considered a balanced
ratio of the f. and f, stresses; i. e. the ratio
which allows the materials to be stressed to
their maximum working stresses. As has
been previously stated, thisratio isnot always
practical or economical. Suppose, far ex-

ample, we are concerned with a uniform live ¢

load of 500 lbs. Referring to Fig. 1, it is
scen that 500 is in line with D=7.6 and
A =57, But in practical building construc-
tion the concrete employed would vary in
depth by half-inches. Consequently, a depth
of concrete of 8 inches would be employed.
This increases the strength of the structure,
and it is therefore obvious that it is not neces-
sary to uge as heavy reinforcement of steel as

57, and the instrument indicates how this i°

steel area may be diminished in -this case.
Thus, the 8 inch graduation on the depth of
concrete scale 41 1s a certain distance to the
right of the 500 graduation on the load scale

40. By reading the area of steel on scale 42 -

an equal distance to the left below the 500
load graduation, a proper area of steel may

be ascertained corresponding to the 8 inch’

This
* is clearly illustrated by the low load pennant-

]

23

depth of concrete, thereby ascertaining that-

with an 8 inch depth of concrete .55 may be
employed. Tt is to be observed that if the
500 1b. load is exactly lined up with D=8
and A = 55—keeping % opposite 10 ft.—the
resulting decreased value of the concrete

stress (due to the increase in depth) may be -
. read opposite the f; or b graduations. Like-

wise, 4 9.inch depth and .50 steel could have
been chosen with the 500 1b. load. - ‘
The law holds true for any load.value on

the instrument. With similar reasoning— *-

where shallow depths are desired—a larger

.area of steel may be chosen and, a corre-

spondingly smaller depth. The resulting f,
will be read on slide No. 1 opposite the given
fe; for example, for a 500 1b. load a .65 A,
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- depth) beam of breadth »=14"",

8

and 7" D may be correctly chosen or a .7

" Asand a 6.5” D; etc.

Example 3:—Investigation or design
problem,

Assume, as another demonstration, we have

the following investigation, or design prob- .

lem: Find the most economical steel area of
the reinforcement to be placed in a 26" (total
Also the
resulting concrete compressive stress (f.);
the unit shearing stress and the required
‘perimeter of the steel, etc.

Given—maximum allowable f, = 18000 Ibs, per sq. in,
maximum allowablef, = IUD]bS persg.in.
: BM coefBicient =
Uniform load If - %50‘0 Ibs. per ft. (equals total super-
imposed load) A,—required f.—required.

Dwectmns — (See setting shown in Fig.1.)

(1) Set & > on slide No. 4 opposite 10 £t
on slide No s,

(2) Set. 7500 on slide No. 4 opposite 26"
on slide No. 2 (get-this setting by moving
slide No. 8 and No. 4 together).

(83) On slide No. 2 read f,=640 opposite
b=14" (on slide No. 3).

(4) Onslide No.1 (re: Beams and girders
£s=18000) phce 14" opposite f.=640 (on
slide No. 2).

(5) Read A,=(2.1—)—on-slide No. 1
and opposite L="7500 and D=26"".

(6) The v, 3o etec. are determined as before.

- Ezample };—Girder cles7gn Cuase 5

Now suppose the following is to be de-
signed: A three equal-span glrder, supported

- ab the ends and having equal concentrated

40

loads (P) of 10,000 lbs. positioned at 4
points on each span. The span lengths are
94 ft. breadth of girder to be 12”7; f,=18000,
fe=700. The spans ‘are semi- contmuous
Solution: (See Fig. 1). Instead of using
span scale 38 as before, span scale 45 is to be

. used; for, the moment equation due to the
: superlmposed loads takes the form:

M=1 Pr;

Ml

" that is—a coefficient of 7 instead of 72 is be1n0'

60

" the coeﬂiments(

.65

considered. Then, opposite 24 ft. on scale 45
it is only necessary to set the graduafnon that
indicates 1/8 points for semicontinuous (s.c.)
spans and, the total bending. (or resisting)
moment, the depth ete. may be read opposite
any P on load scale 40. Thus, when P=10,-
000 1bs. M=85,300 1b.-ft. (which is the total
moment due to the concentrated loading and
to the dead load of the deSIgned member),
D=29.5"", A, =24 etc.
The total shears at different sect1ons will
now be determined. At the different sections,

V7 ) of P will have different
values; for example, at the left of the second

support V’ =1.27. This value, ds chosen on

1,881,165

scale 78, is set opposite the V graduation (70)
(in every case) and the total shear (V), in

. Ibs. may be read on scale 59 opposite P on the

load scale; the procedure is identical for any

other coeflicient v )

It is strongly emphasized that the factors
dealt with on the instrument are identical
with the usual ones encountered in design
calculations, and the directions given for the
mode of operation of the instrument consists
merely of a logical step by step reasoning as
would be the case were one to make a long-

" hand calculation. This is pointed out so that

it may be clearly understood that these direc-
tions do not comprise a series of complicated
arbitrary rules (due to inherent features of
the rule) which must be learned by the opera-
tor. The instrument merely is a means of
saving the time of making the actual calcu-
lations by the usual method. Obviously,
therefore, its proper use also eliminates the
chances of error.,

The modified construction illustrated in
I‘los 5 and 6 operates in the same manner as
the construction of Figs. 1 to 4, inclusive. It
is constructed of a series of discs and a plate
or base upon which the discs are pivotally
mounted.  The base 10’ corresponds to slide
10—slide No. 1; disc 13’ corresponds to slide
13—slide No. 2 disc 17" corresponds to slide
17—slide No. 3 and dise 20” corresponds to
slide 20—slide No. 4. The scales on the dises
and base bear reference characters with
primes corresponding to the reference char-
acters on the construction of Figs. 1 to 4 and
the scales identified thereby are the same in
function as the other scales. If desired, this
form of instrument may be provided 'with

"shear and pther scales not illustrated in Figs.

70

75

80

86

90

05

100

105

5 and 6 corresponding to those of the other o

1nstrument
Remarks

The graduations 87 on slide No. 3 are drawn
on a small scale, and consequently the three
ciphers are omitted on the values of f, given.

In other words, the f; values as appear upon
this scale 87 are given in thousands of pounds

per sq. in.
Referring now to the graduatlon 30 on
slide No. 1, particularly the portion used for

beams and girders (see Fig. 1), where f Is.

taken.at 16,000 1bs. per sq. in., the b gradua-
tions are found on the upper portlon of the
scale, and where the f, value is taken at 18,000
lbs. per sq. in., the & graduations appear on
the lower part of this scale.

The f, graduations on this scale 30 are in-
clined and marked in inches (5) of width of
the beam or girder under consideration.

Thus, the f, graduation marked 6 inches in-

dicates a certain point on the upper 16,000 £,
line, while the opposite end of this same grad-
uatlon points to a different-point onthe18,000

110

120

125
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7= line. Now, in case it should be desired to

~ use an f, 'value between 16,000 and 18,000 as,

156

for example, 17,000, then the scale point
would be a point approximately midway be-
tween these two points on these two scales.
For convenient reference, a table may be
put on the back of slide No. 1, which lists
the different bar combinations and their
perimeters for any areas, thereby making
the instrument a complete source of general
design information, ) '
- It is to be noted that this slide rule can be
made to give a portion of the information
that it does, without sacrificing accuracy:
by the use of a lesser number of slides. Thus,
for example, a computing instrument for
slabs embodying the present invention may
be made using two slides provided only one
/s, and f. and one & is used. This will be
plain by observation of Fig. 1, if it is as-

- sumed that slides 1, 2 and 3 stand fast and

slide 4 is moved within slide 3. Then all

~ computations for slabs may be made on the

30

35

45

basis of the assumed values of the three
variables mentioned, which then stand fast.
Such an instrument would have the bending
moment scale, depth of concrete and the area
of steel all engraved on one surface. Simi-

larly, a computing instrument for beams and

»

girders could be made of two slides. It is
to be observed, of course, that in one aspect
the three slides retained may be regarded
as a case and a single slide within it,

It is also to be noted that the several slides
may be arranged on circles without any de-

parture from the invention. Consequently,

the claims are to be understood as reading on
either rectilinear slides or rotary slides.
Referring to the correction fractions: these
could be eliminated by making the correc-
tions or interpolations by additional scales;
but this would be less practical because the
corrections are so comparatively simple.
It should be particularly observed that the
construction principle -of the slide rule
established by the invention possesses certain

- outstanding practical features: viz., the fab-

rication is extremely simple and thus, inex-
nsive, i* has numerous available scale-bear-
g surfaces, compactness, ease of manipula-
tion, adaptability to use of a plurality of
slides which may be interchanged at will
for different purposes. B _
The slides conform to the contour of ad-
jacent slides and the inturned lips provide

 1deal smooth-bearing surfaces between the

‘slides. -

While in its broader aspects the present
invention contemplatés a calculating instru-
ment for general use in the solution of equa-

‘tions of the types heréin employed specifi-

cally for the purpose of calculating the char-
acteristics of concrete structures, and while

- the most impartant use of the invention will

€5

be made in the computation of such concrete

9

structures, still it is to be understood that the
invention as defined in certain of the claim:
isnot limited to such use. '

It is to be understood that the formuls
herein referred to may be changed in any
way without departing from the invention
so long as the change does not alter the
general scheme established by the invention,
that is to say, the scheme of the scale deriva-
tions and combinations. -

In the claims the term factor is to be
understood as being a variable factor or a
factor to which may be assigned any variable
quantities or a factor composed of variables,

and obviously the term factor necessarily im-

plies any function of the factor. So also,
when the various scales are referred to, it
is to be understood that the reference is to
the scale or a function of the scale. The
term correct as used in the claims is intend-
ed to imply that the result indicated is cor-
rect within practical limitations. The term
scale is to be understood as meaning a series
of specially derived graduations represent-
ing any values of the variable factor. Where
the factor L is used, the factor P may be

.used in its stead with correctness; so also

with respect to the factor M, for which V
may be used in its place in which case the

-same scale represents either L or P, or either
"M or V values, as the case may be; with re-

spect to the D scale, d values may be read
from it if desired. o

A smaller number of scales may be em-
ployed if it is desired to reduce the number of
operations or computations to a smaller num-
ber, or to reduce the number of factors em-
ployed in a given computation.

I claim: : :

1. A calculating instrument for use in mak-
ing computations for the design of reinforced
concrete beams having, in combination, four

" nested slides comprising slide No. 1 provided

with a scale of graduations of permissible re-
inforcement stresses and assumed breadths,
slide No. 2 provided with a co-operating scale
of graduations of permissible concrete com-
pressive stresses co-operating with the rein-
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forcement scales of slide No. 1, and with a _

second set of concrete compressive stresses,
slide No. 8 provided with a scale of concrete
breadths co-operating with the second con-
crete compressive scale of slide No. 2 and
with a span scale and slide No. 4 provided
with a scale of bending moment coeflicients,
co-operating with the span scale of slide No.

'3, said slide No. 4 being also provided with

a scale of superimposed loads, said slide No.
3 being also provided with a scale of total
bending moments, said slide No. 2 being also
provided with a scale of depths of concrete,
and said slide No. 1 being also provided with
a scale of reinforcement sectional areas and

with a scale of reinforcement .weights in

pounds per lineal foot, said additional scales
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- rectly across the other four

10

of loads, bending moments, depths of con-
crete, cross-section of reinforcement and
weights of reinforcement per lineal foot all
co-operating together, the arrangement be-
ing such that when the slides are set so that
the given breadth on slide No. 1 corresponds
with the given permissible concrete compres-
sive stress on slide No. 2, and slide No. 3 is
set with the assumed breadth of concrete op-
posite the assumed concrete compressive
stress of slide No. 2, and slide No. 4 is set
with the assumed bending moment coefficient
opposite the assumed length of span on the
scale of slide No. 3, then the last five-named
scales are thereby so set that with any as-
sumed load, the total bending moment, the
depth of concrete, the cross-sectional area of
the reinforcement, and the weight per lineal
foot of such reinforcement read directly
across all five scales.

2. A calculating instrument for girders as
defined in claim 1 in which slide No. 8 is pro-
vided with a second span scale and slide No.
4 is provided with a second scale of bending
moment coefficients, with particular divisions
marked off for concentrated loadings at vari-
ous points, co-operating with said second
span scale on slide No. 3.

3. A calculating instrument for use in mak-
ing computations for the design of reinforced
concrete slabs having, in combination, four
slides comprising slide No. 1 provided with
a scale of permissible reinforcement stresses,
slide No. 2 provided with a co-operating scale
of permissible concrete compressive stresses,
and with a second set of concrete compressive
stresses, slide No. 8 provided with a scale of
steel tensile stresses co-operating with the
second set of concrete compressive stresses
of slide,No. 2, and also provided with a scale
of spans, and slide No. 4 provided with a
scale of bending moment coeflicients co-oper-
ating with the span scale on slide No. 8, said
slide No. 4 being also provided with a scale
of superimposed loads, slide No. 2 being also
provided with a scale of concrete depths, and
No. 1 being also provided with a scale of re-
inforcement cross-sectional areas and with a
scale of weights per foot of reinforcement,
the arrangement being such that when slide
No. 2 is set with respect to slide No. 1 so that
the assumed concrete compressive stress is
opposed to the assumed reinforcement tensile
stress of the scale of slide No. 1, and when
slide No. 3 is set with the assumed steel. re-
inforcement tensile stress opposite the as-
sumed concrete compressive stress of the scale
of slide No. 2, and when slide No. 4 is set
with the assumed bending moment coefficient
opposite. the assumed span on the span scale
of slide No. 8, then readings may be taken di-
scales showing
for any assumed load, the depth of concrete,

the total cross-sectional area of the reinforce-
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ment, and the weight per foot of such rein-

forcement. : :

4, A calculating instrument for use in mak-
ing computations for the design of rein-
forced concrete- structures comprising three
slides, one slide (No. 2) being provided with
a scale of concrete compressive stresses, a sec-
ond slide (No. 8) provided with a scale of
steel tensile stresses co-operating with the
first named scale, and also provided with a
scale of spans, and a third slide (No. 4) pro-
vided with a scale of bending moment coeffi-
cients co-operating with the span scale on the
second slide (No. 3), and said third slide
{No. 4) being also provided with a scale of
horizontal spacings of web-reinforcing mem-
bers, a scale of minimum lengths of embed-
ment of bars for bond, a scale of the sum of
perimeters of the bars in one set, and a scale
of the allowable unit shearing stresses on
the concrete and steel, and said first slide
{(No. 2) being also provided with a scale of
depths of concrete, a scale of maximum hori-
zontal spacing of web reinforcing members,
and a scale of the number of cubic yards of
concrete per 100 square feet of horizontal

-surface, the arrangement being such that

when the second scale (No. 8) is set with the
assumed steel tensile stress against the as-
sumed concrete compressive stress of the
scale on the first slide (No. 2), and the third
slide (No. 4) is set with the assumed bend-
ing moment coefficient opposite the assumed
span, then the remaining seven scales will all
read each with respect to the others for the
given conditions in terms of the units of the
several scales.

5. A calculating instrument for use in mak-
ing computations for the design of rein-
forced concrete structures having, in combi-
nation, four co-operating slides, slide No. 1
being provided with an f., b scale, slide No. 2
being provided with two f. scales, one ar-
ranged to co-operate with the 7, b, scale of
slide No. 1, slide No. 3 provided with a &
scale to co-operate with the second f. scale of
slide No. 2, and also provided with an ¢ §ca1e,

and slide No. 4 provided with a J_IT’ scale ar-

ranged to co-operate with the 7 scale of slide
No. 3, said slide No. 4 being also provided
with a P scale, slide No, 8 being also provided
with an M scale, slide No. 2 being also pro-
vided with a D scale, and siide No. 1 being
also provided with an A, scale and with a

W scale, said P, M, D, A, and W’ scales all

reading each with respect to the others for
any given load at a given setting of the slides

for an assumed £,3; f.; b5 and A_}" values. -

_ 6. A calculating instrument for use in mak-
ing computations for the design of rein-
forced concrete structures comprising three
slides having co-operating scales, the first

slide (No. 2) being provided with an f, scale,
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the second slide (No. 8) with a co-operating
Js scale and with an 7 scale, and the third

‘slide (No. 4) provided with a Ml——; scale co-
operating with the I scale of the second slide, .

said third slide being also provided with a

-superimposed load scale, the second slide be-

ing also provided with an M scale, and the
first slide being also provided with a D scale,
said last-named three scales reading directl

across each other showing for any given load,
total bending moment and the depth of con-
crete when the assumed f, graduation of the
first slide is set opposite the assumed f, grad-
uation of the second slide, and the assumed

Ill—’ graduation is set opposite the assumed !

graduation of the second slide, so that the
load, total bending moment and depth of

-concrete will read directly for any load with

such assumed f,, f. 71?7 and 7 graduations.

7. A calculating instrument for use in mak-
ing computations for the design of reinforced
concrete structures having, in combination,
a series of scales representing L, M, D, A,
and W’ arranged in a certain position with
respect to each other, and a set of f,, f., b,

1 e . -
and W scales arranged in certain positions

with respect to each other, such that the cor-
rect relative values of the factors Ly, M, D,

A, and W’ may be read over their entire scale

40

_range opposite any assumed variable of any

one of these factors. .

8. A calculating instrument for use in
making computations for the design of rein-
forced concrete structures having, in combi-
nation, a plurality of scales movable with re-
spect to each other to represent a combination

of fs, foy Py b, 1 and 1‘—7}—, values, such scales

~ being connected with a second set of scales,

‘namely scales representing L, M, D and A,,

so that when the former set of scales are
moved, the second set of scales will be moved

" with relation to each other so that the latter

scales always read correctly with respect to
each other over their entire ranges for any
setting or interpolation as-may be obtained
by the relative motion of the former scales.
, 9. A calculating . instrument for use in
making computations for the design of re-

“inforced concrete structures having, in com-

bination, & set of scales representing f,, fe,

‘and L% representing factors indicated by the

graduations, and a set of scales representing

‘D, A,, W ,M L, ¢, Q, v, 30, and s, the ar-

rangement and ¢onnections between the sev-
eral scales being such that when the former
set of scales are correctly set the latter set of

.scales will correctly read the values of the

i1

quantities indicated
entire range.

10. A calculating instrument for use in
making computations for the design of rein-

forced concrete structures having, in com- *

bination, a set of scales graduated to. repre-

‘sent combinations of the factors f., f,, 7 and

]T}_” and a set of scales representing v, S, 7',

8, and D, so connected that when the scales

of the former set are moved with relation to
each other, the scales of the latter set are also
moved with relation to each other so that
the latter scales read correctly with respect to
each other for any setting or interpolation as
may be obtained by the relative motion of the
former scales. ' :

11. A calculating instrument for use in

making computations for the design of rein--

forced concrete structures having, in combi-
nation, two slides one being provided with
a single graduation, the other being provided

with a co-operating scale representing v

graduations, the second slide being also pro-
vided with a scale of P graduations and the
first slide having a co-operating scale of V
graduations, for calculating total end shear.
~'12. A calculating instrument for use in de-
'signing or investigating concrete structures;
such as beams, gi

combination, a first slide (No. 1) provided
with an f, graduated scale; a second slide
(No. 2) provided with an f. graduated scale
opposed in position to the f, scale and with a
second f, graduated scale; a third slide (No.
3) provided with two parallel graduated
scales, one of girder widtbs and the other of

‘girder lengths opposed to the second set of £,

graduations of the second slide (No. 2); a

fourth slide (No. 4) provided with a scale of.

1‘—}7 graduations opposed to the girder length

graduations of the third slide (No. 3), and
also provided with a scale of L or P gradua-
tions; the third slide (No. 3) being provided
with a scale of M graduations opposed to the

glrders or slabs, having, in\

by them thruéutA their

[
[~}

0

30

scale of L or P graduations of the fourth

slide (No. 4) ; the second slide (No. 2) being
provided with arscale of D graduations; the
first slide (No. 1) being provided with & scale
of A, graduations and a scale of W’ gradua-
tions, constructed and arranged for use as de-
scribed. .
13. A calculating instrument, as defined in
claim 12, in which slide No. 8 is provided with
a single shear graduation and slide No. 4.is

provided with a scale of Tl,-, graduations con-

structed and arranged for use in checking

- gshear stresses as described.

In testimony whereof I have signed my
name to this specification. o
’ FRANK V. BECKER.
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