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FIRE PROTECTION CALCULATOR
AND METHOD THEREOF

Abstract

A calculator and method for simply and guickly selec—
ting appropriate spot type fire detectors and determining their
preferred locations in a chosen space division in accordance
with standard spacing ratings. The slide rule—like_calculator
includes a body member, a slide member slidably positioned
within said body member, and in one embodiment a cursor
slidably encompassing both the body member and slide member.
The body member comprises at least one logarithmic scale repre—-
senting one dimension of the space division and the slide
member comprises at least one logarithmic scale representing
the second dimension. of the space division. Additionally, at
least one fire detector scale, established with reference to
standard space detector ratings, is included either on said
body or slide member and an index or zero line is includeé on
the other member. This calculator admits when constrained by
the dimensions and ceiling type of the space to be protected
of a simple accurate selection method for spot type fire

detection devices of varied characteristics and capacities.
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Background of the Invention

The present invention generally relates to slide
rule~like calculators and_moré particularly to a slide rule-
like calculator and method for guickly and simply selecting
appropriate spot-type fire detector devices and determining
their preferred locations in rooms of varied size and ceiling
characteristic. Such calculator and method permit a ready,
direct-reading comparison of varied spot-type fire protective
schemes for a space of specified dimension and ceiling type.

. The National Fire Protection Association, particu-
larly in NFPA Standafd No. 72E, Automatic Fire Detectoxrs
(1974), has established space rating requirements for spot-
type fire detectors and prefexrred room locations for their
installation. These space rafings, the maximum linear
spacings'betweeﬁ similar detectors, are determined by stan-
dard testing agencies, such as Underwritefs Laboratories, Inc.,
and Factory Mutual Laboratories,.Iné., in actual fire tests.

For example, a detector to be rated is positioned at
one corner of an imaginary sqﬁare, whose center is the fire
location. The response of thié detector is then éompared to
that of an ordinary sprinkler (160°F) located at a similar
corner of an imaginary 10 x 10 foot square about the central
fire. The detector receives that rating, i.e. imaginary square
size, at which it responds before the sprinkler to the heat
of the central fire. Thus, detectors are rated on the basis
of square patterns, e.g. a 30 ft. x 30 ft. detector,
protects a smaller space division than a 40 ft. x 40 £t.
detector.

" As at least on smooth ceilings a fire spreads uni-
formiy_in all directions in an ever expanding circle, the

actual protective coverage of a detector, rather than being
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an imaginary square of size S x S (space rating) is more
correctly a circle circumscribed about the rating square.
The diameter, D, of this fire protection circle, being the
diagonal of the inscribed square, equals the square root of
the sum of the square of the sides of the square in accor-

dance with the following formula:
(SZ " s2)1/2 - (252)1/2 - s(2)1/2

D

It is important to note that such uniformity of
fire spread and detector response to a central fire on a
smooth ceiling having no beams or obstructions greater than
4 inches deep is not appiicable to more specialized ceiling
types where the spread of the fire is inhibited by the ob-

structions. Rather, beamed ceilinés, having beams 4-18 inches

deep, spaced greater than 3 feet apart, center to center, and R

joisted‘ceilings, having solid joists deeper than 4 inches
and spaced less than 3 feet apart, center to éenter, require
déréting of the smooth ceiling determined space ratings and
diameters. Sﬁch space rating reductions equal in standard
calculations to 1/3 for beamed ceilings and 1/2 for joisted
ceilings, this spacing reduction factor being applied to the
dimension perpenaicular to the beams. Moreover, for ceilings
with beams deeper than 18 inches, no derating is sufficient
and each bay must be treated as a separate area. Hence, any
determination of a fire protective scheme must be effected
only after consideration of room size, ceiling type and
standarized space ratings.

In that many rooms are rectangular vice square in
dimension, it should be realized that any rectangle of diagonal
dimension equal to or less than the diameter D of the above
described circle or its derated value in the special ceiling
cases also resides within the rated protective zone. Thus,

such maximum diagonal, the square root of the sum of the square

2.
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of the length (A) and width (B) of the rectangular space equals
the fire protective circle's diameter (D), previously calcula-

ted from the "imaginary square of the space rating (S x S).

This dual relationship is expressed mathematically as follows:

D=s2)? = @a% + 3H)1/2

Such commonality of relationship between a given space rating
and a specific rectangular size permits the measurement rec-
tangulation and derating as necessary of a chosen space. The
actual comparison of these trial rectangles with the various

10 space rating squares affords a determination of which size
and number of space divisions best satisfy the limits or capabil-
ities of protection of the various spot-type fire detectors.
This division and comparative procedure adduces the selection
of an appropriate fire protective scheme for the actual room
and ceiling type confronted.

Formerly, this comparative selection process has

consisted of an operator or estimator subdividing the areas
to be protected into convenient rectangles or squares; mea-
suring or estimating the sides of those space divisions; de-

20 rating as appropriate that side perpendicular to any obstruc-
tions; determining the iength of the diagonal of the space
division; and comparing such diagonals with those determined
from the space ratinés of particular fire detectors. This
process, given the infinite number of rectangular combination
and celling types possible in a room and the myriad protective
schemes warranted by such variables involved repeated calcula-
tion and reference to numerous charts to reach the most effec-
tive and economic fire protective detector mix. Such process
being time-consuming, tedious, and prone to mistake, often

30 resulted in less than a full utilization of a detector's rated

prxotective coverage.
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Summary of the Invention

It is thus an object of this invention to provide a
slide rule-like calculator and method for quickly and effi-
ciently selecting appropriate fire detector devices for spaces
of varied size and ceiling type.

It is another object of this invention to provide a
direct-reading, simplified means for comparing numerous possible
space divisions to permit ready optimization of protection
and economy.

It is a further object of this invention to permit
accurate and full utilization of a detector's spacing capabili-
ties to provide a cost effective installation.

It is still another object of this invention to auto-
matically include those standard derating factors necessary for
varied ceiling types and configurations in the simple selection
of a protective scheme.

To achieve the above objects, as well as others which
will become apparent from the following descriptions and fig-
ures, a slide rule~like calculator for spot-type fire detector
selection, in accordance with this invention comprises in
general a body member, comprising at least one logarithmic
scale, representing one dimension of the specific space divi-
sion, and preferakly an index or zero line; and a slide member,
slidably positioned within the body member, comprising at least
a second logarithmic scale, representing the other dimension of
the chosen space division, and preferably a fire detector scale
established with reference to standard space detector ratings.
The fi;e detectoxr scale displays available fire detector
devices. This scale permits the direct reading of that detec-
tor device deemed satisfactory under the chosen standards for
protection of the particular space division. Preferably, those
detector devices satisfactory to protect a chosen space under

a particular industry standard are set out on a separate fire

4.




10

20

30

1083545

detector scale. These logarithmic scales, while representing
the dimensions, length and width, of the chosen space are in
fact suitably arranged to square the entered linear dimension.
That is the spacing of the interlineations of each scale are
proportional to 2 times the logarithm of the linear dimension
but the interlineations are linear dimension labelled. More-
over, the second or slide member logarithmic scale preferably
is arranged in relation to the logarithmic scale of the body
member so as to include therein that derating factor applicable
to major ceiling types, i.e. smooth, beamed or joisted. Thus,
only linear dimensions need be employed to effect a protective
scheme comparison and determination.

In general the procedure for use of the calculator
involves the measurement or estimation of the respective dimen-
sions of the space or a subdivision thereof to be protected.
One of these measurements, in the case of a beamed or joisted
ceiling, the dimension perpendicular to the beams or joists, is
in the preferred embodiment entered on the sliding member scale
by moving the slide within the body member so as to position
this dimension along the index or zero line of the body member
scale. Such slide movement likewise assures correct position-
ing of the slide member included fire detector scale. The
second dimension is then entered on the body member scale by
eye or iIn one embodiment with a cursor. This dimension entry
point adduces a corresponding point on the previously positioned
fire detector scale. Such latter position indicates the cor-
rect spot-type fire detector in central location for protection
of the chosen space.

It is to be noted that such fire detector scale may

alternatively be located on the body member. In this embodiment

the slide member scale's index or zero line is positioned so as to

align with a dimension of the space, in the case of a beamed or
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joisted ceiling the dimension perpendicular to said beams or
joists, on the body scale. The second dimension, is then
entered by eye or cursor on the sliding scale and the corres-
ponding point on the fire detector scale indicates the appro-
priate fire protective device.

Repeating these sequences for other subdivisions or
different combinations thereof permits the simple and accurate
determination of the most efficient and economic fire protec=
tion scheme for the considered space.

Brief Description of the Drawings

Fig. 1 is a top ?lan view of a fire protection cal-
culator in accordance with this invention showing the slide
member stored within the body member.

Fig. 2 is a top plan.viéw of the slide member of the
calculator of Fig. 1.

Fig. 3 is a top plan view of the body member of the
calculator of Fig. 1.

Fig. 4 is a top plan view of the fire protection cal-
culator of Fié. 1, including a cursor not shown in Fig. 1,
wherein the slide member has been positioned along the body
member index or zero line to correspond to a beamed ceiling
space having 35 feet as the dimension perpendicular to the
beams and the cursor has been positioned to correspond to a
second ceiling dimension of 40 feet along scale 4.

Fig. 5 is a top plan view of another embodiment of
a fire protective calculator in accordance with this invention
wherein the slide member has been positioned by its index or
zero line along the body member to correspond to a smooth
ceiling space having 40 feet as one dimension and the cursox
has been positioned along the slide member to correspond to

the other space dimension of 35 feet.
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Description of the Preferred Embodiments

Referring now to Fig. 1 the slide rule-like calcula-
tor 1 in accordance with the invention comprises a slide member
2 (shown alone in Fig. 2) and a body member 3 (shown alone in
Fig. 3). The slide member in the embodiment depicted includes
three logarithmic scales 12, 13 and 14, corresponding to
ceiling types, joisted, beamed and smooth respectively.
Further, such member includes logarithmic scales 9, 10 and 11
serving to expand the lower pecrtions of scales 12, 13 and 14 to
afford better accuracy in these smaller dimensional ranges. In
addition, the slide member includes scales 5 and 16 depicting
standard space ratings, scale 6 for specific thermostat spacing
under Factory Mutual standards, scale 7 for thermostat spacing
under Underwriter's Laboratory standards and scales 8 and 15
depicting Teletherm (a registered trademark of the American
District Telegraph Company for a thermoelectric fire detection
system) selections.

The body member 3, in the embodiment depicted, in-
cludes two logarithmic scales 4 and 17, scale 4 being an expan-
sion of the lower portion of scale 17, an index or zero line
18, identifying titles 19 corresponding to slide member scales
5-16, and cutouts 20a and 20b to permit easy access to the
slide member.

It should be noted that upper scales 4-~11 are used
solely in conjunction with each other in a similar fashion to
lower scales 12-17.

Fig. 4 illustrates the application of fire protection
calculator 1 to the selection of an appropriate fire detection
device for a space having a beamed ceiling determined to have
dimensions 35 feet by 40 feet. The standard derating factor
of 2/3 for ceilings having beams 4-18 inches deep and spaced
greater than 3 feet apart, center to center, has already been

included in beam ceiling scale 10. Both dimensions being
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within the limits of upper scales 4-11, the slide is moved to
the left as illustrated so as to position the 35 interlineation
on scale 10 under the index line 18 of the body member. It
should be noted that dimensions entered on this scale, like
those of scale 13 and joisted ceiling scales 11 and 12 repre-
sent those dimensions perpendicular to the beams and joists,
respectively. Following this positioning, the upper scale 4 of
the body member is entered to locate the second dimension (40),
such location being done by eye or by cursor 34a and hairline
35a. This éntry allows selection of the corresponding space
rating, thermostat and Teletherm selections from scales 5-8,
respectively, for the chosen space and ceiling type. Thus,
moving downwards from the (40) dimension point, it is seen that
the spacing rating.on scale 5 is 50 ft. x 50 ft., indicating
that a 50 ft. x 50 ft. rated detector will satisfy the protec-
tion constraints of the space. Continuing down to scale 6
reveals that no thermostat is appropriate under Factory Mutual
standards to protect the space. However, under Underwriter's
Laboratories étandards, a 4218 or 4220 thermostat (scale 7) is
usable in this area. Additionally, scale 8 displays that the
appropriate Teletherm (TM) for the space is a 4205-080. The
4200 series of model numbers are in accordance with the stan-
dard device identification system used by the American District
Telegraph Company.

Fig. 5 depicts the application of another embodiment
of a fire protection calculator in accordance with this inven-
tion to the selection of an appropriate fire detector device
for a space having a smooth ceiling, i.e. a flat ceiling with
any obstructions or beams less than 4 inches, of dimensions 35
ft. x 40 ft.

In this embodiment the slide member 37 includes two
logarithmic scales 27 and 28, corresponding to one linear

dimension of the space, scale 27 being an expansion of the
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lower portion of scale 28, and an index or zero line 33. The
body member 36 includes upper scales 21-26 and lower scales
29-32 corresponding to the upper and lower scales of the slide
member 2 in Fig. 1 and Fig. 2. In addition body member 36 in-
cludes space rating scales 23a and 3la. These correspond to
space rating scales 5 and 16, respectively, of slide member 2
of Figs. 1 and 2.

Applying the calculator of Fig. 5 to a space having
dimensions of 35 x 40 feet respectively, the slide member 37
is moved to the right so as to align its index or zero line 33
with linear dimension 35 on upper smooth ceiling scale 26, the
upper scale series being used as both rcoom dimensions arxe in-
cluded therein. Having correctly positioned the slide, the
cursar 34 is positioned as illustrated to align its hair line
35 with the second room dimension 40 on upper slide member
scale 27. The slide position corresponding to the extension
of hair line 35 on scales 21-23 and 23a indicates the appro-
priate spot-type protection device for the chosen space size
and ceiling type. Thus scale 21 indicates that the 35 ft. x
40 f£ft. area is beyond the range of Factory Mutual spacings for
thermostats, scale 22 displays that thermostats 4217-x, =135,
-200 may be used under the Underwriter's Laboratory spacing,
scale 23 indicates that a 4205~060 device of the thermoelectric
fire detection system may be employed and space rating scale
23a indicates that a detector having a 30 x 30 space rating is
sufficient to protect the chosen space division.

Although in the embodiments described the fire pro-
tection calculator of this invention has been rectangular in
shape, such calculator in circular or other form is likewise
included within the description.

Numerous other alterations of the structure and
method herein described will suggest themselves to those of

skill in the art. However, it is to be understood that such

~are within the following claims.
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I Claim:

1. A calculator for selecting appropriate spot-type
fire protective devices for a space division of predetermined
dimension and ceiling type comprising: a body member carrying
two logarithmic scales extending therealong, one of said scales
being an expansion of the lower end of the second of said
scales, and an index line located at the zero positions of
said scales, the interlineations of said scales representing
one dimension of said space division and the spacing of these
interlinéations being arranged in proportion to the square of
said dimention; and a slide member, slidably positioned within
said becdy member and carrying two sets of scales extending
therealong, one set being an expansion of the lower portion of
the second set, each set comprising three logarithmic scales
and at least one fire detector scale established with reference
to standard space detector ratings, one of said logarithmic
scales corresponding to each of ceiling types smooth, beamed
and joisted, the interlineations of said logarithmic scales
representing the other dimension of said space division and the
spacing of.£hese interlineations being arranged in proportion
to the square of the dimension as derated by that derating fac-
tor appropriate for said ceiling type, the dimensioﬁ of the
space division represented by the interlineations of the slide
member logarithmic scales corresponding to ceiling types beamed
and joisted being the dimension of the space division perpen-
dicular to the beams and joists respectively of said ceiling

types.

2. The calculator of claim 1 including a cursor

slidably encompassing both said body and said slide members.

10
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3. A calculator for selecting appropriate spot-type
fire protective devices for space division of predetermiﬁed
dimension and ceiling type comprising: a body member carrying
two sets of scales extending therealong, one set being an expan-
sion of the lower portion of the second set, each set comprising
three logarithmic scales and at least one fire detector scale
established with reference to standard space detector ratings,
one of said logarithmic scales corresponding to each of ceilling
types smooth, beamed, and joisted, the interlineations of said
logarithmic scales representing one dimension of said space
division and the spacing of these interlineations being arranged
in proportion to the square of the dimension as derated by that
derating factor appropriate for said ceiling types the dimension
of the space division represented‘by the interlineations of the
body member logarithmic scales corresponding to ceiling types
beamed and joisted being the dimension of the space division
perpendicular to the beams and joists respectively of said
ceiling types; and a slide member, slidably positioned within
said body member and carrying two logarithmic scales extending
therealong, one of said scales being an expansion of the lower
end of the second of said scales and an index line located at
the zero positions of said scales, the interlineations of said
logarithmic scales representing the other dimension of said
space division and the spacing of these interlineations being

arranged in proportion to the square of said dimension.

4. The calculator of c¢laim 3 including a cursorxr
slidably encompassing both said body member and said slide

members.

11
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