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The present 1nvent1on relates to building. con=
structions and more particularly to roof or.floor
bracing arrangements prunarlly intended to sus-
tain the structure to which they are applied
agamst lateral stresses whether due to wmd
seismic disturbances, or any other.cause, .

The present invention has for its. general ob-
ject the provision of riovel and improved bracing.
systems or grids which will be completely effective

- in rigidifying puilding structures of a wide varlety
of types whereby they may sustdin’ all expected
horizontal stresses with a mmlmum OI outlay for
labor and materials.

In its illustrated embodiments the mventlon 1s
applied to one-story Wooden strueturés; havmfr
rather wide roof truss spans, such a8 commonly

- used in the construction of garages, shops, air-

. craft hangers, and the like, but it'is' cbvious that

the principles of the invention may be enibodied
in metallic or masonry structures, or in huildings
with two or more stories, with equal effectiveness,

In the type of constiuction ‘adopted for illus-
tration and comparison, the ‘framework of the
building comprises a series of posts or. columns
dividing the side -wall areas into bays. These
columns serve to support the. ends of arched
roof trusses. which extend -across’ the “building
from side to side thereof, or if the structure. is
of considerable width, one or more: lines” of ¢ol-
umns or posts may be. dlsposed ‘within the con=
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fines of the building area and in parallel relatlon_ :

to the side wall columns, and the adjacent inner

ends of two or more aligned:truss members’ may :

be supported on these interior columns
The grid or bracing systemis preferably dIS-
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posed at the level of the lower chords of: the

trusses and compnses these. lower chord elements
themselves and a series of transversely extendmg
struts intersecting and connected with the chords
prefersbly at tniform intervals.. This’ is common
practice and it ‘is also. conventional t0 connect
certain of the 1ntersect1ons ‘between truss mem-

40

bers and the transverse strits by means of diago= -

nally extending rods, struts, braces or “the like:
Obviously, in the case of small bulldmgs or bulld-
ings which are subd1v1ded into a great number of

" rooms by wall’ part1t1ons such cross bracing. 1s '-
in most cases unnecessary, sihce these Horizontal -

forces will be successfully resrsted by the crdmary

constructions; but in the cases ‘of structures of

large = area, .especially those employing - foof

“Most of the cross- bracmg systems now in use
for ‘sustaining and transmitting such horizontal

_loads produce large stresses near the: ‘centers of

the bracing trusses with ‘corresponding unsatis-
factory results and with hlgh costs. of manufac-
ture and installation. In other systems which

. have heen proposed to overcome these deficien-

cies, the loads. or stresses must travel the fall

length or breadth of the building . before encoun~

termg re°1st1ng €lements. Also in conventional

systems ‘the: average number of “diagonals at=
tached to one ‘joint between:the -truss members

and the struts is about one-half that occurrmg

in the present system, makmg 1t necessary: to

have a great many more -joints provided with’
means for-attachment of such diagonals: While

it'is true that the costs: of the “individual jomt

structures are -about the same whether one or

foiit diagonals are attached thereto, a considera-

ble saving is possﬂole in the use of Jomts where

no prov1s1on for the attachment of dlafronals is

Tecessary. ’

: Therefore ‘more partlcular obJects of ‘the in=
vention are: to reduce to a minimum the total
number of connectlons at’ mtersectlons of longl-
tudinal and transverse memibers which must have
provisions for- diagonal members; to reduce -to
a’ minimum the’ stress of-any 10ng1tud1na1 or
transverse ‘member- when’the structure is under
load; to prowde a system -of less’ deﬁectlon than
heéretofore possﬂale using equal numbers and sizes
of members snd connections. In general the

- force in any longitudinal or transverse memberv
neéd not be greater than the component of force

from the diagonal’ ‘member under ‘magimum load
which “is ' attached along: such- longltudmal or
transverse member except: that such force ‘may .
equalthe esternal panel pomt load. " Co

SA gt further ‘object of -the invention is-to
provide bracing systems which not only resist.the.
expected uniform loads caused: by winds, earth-
quake or. ‘other-forces efficiently and with great
economy, but whiéh also’ will satisfactorily resist
large unbalanced loads and hor1zontal forces aris-
mg from these’causes. :

Other: objects and features of novelty will be
apparent from. the following specification when

-’.read in connection with the accompanying draw- -
- irigs'in which certain embodiments of the inven-
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trusses of any consuierable span, stch cross brac-.

ing is necessary to transmit the horizontal forces

or their components from the wall to which they

are perpendicular to'the ‘walls which- extend{in
. the same direction as thoseforces or components

55

tlon are illustrated hy way of example

. In the drawings: :

F1gure 1.is a somewhat dlagrammatlc view in
horxzontal section-of & building structure embody-
ing the. principles. of the invention, the section
being taken ‘at approximately the level of the
lower. chords-of the roof. trusses of the buildmg,
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Figure 2 is a dlagrammatlc view m side eleva-
tion of the structure;

Figure 3 is a similarly dlagrammatlc view' in
énd elevation of the building.

Figures 4, 5, and 6 are fragmentary plan views
of three different types of joints between the vari-
ols elements of the bracing grid of the building;

Pigures 7-and 8 are views in vertical section
of the joints shown in Figures 4 and 5 respec-
tively and ‘taken’ on the: lirie ,7———1 and 8--8 ‘of
those figures;

Figure 9 is a diagrammatic horizontal sectional

o
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rigidly .braced and connected by means of the
struts 28 and the inner abuiting ends of the
trusses are similarly connected by means of the
struts 24. Other bracing siruts 22 are disposed
at intermediate points and are rigidly connected
between the lower chords i6 of the spaced truss
members. These rectilinear truss. chords and
struts form a grid cr network extending through-
out the entire area of the structure and divide
this ‘area into ‘a plur ahty of rectanzular spaces.

~In miost of ‘the - prior 'constructions of this

iltype all of these rectangular spaces along the

view similar to Figure 1 but showing a bracmg s

arrangement typlcal of the prior art;

Figure 10-is a similar view showing a novel
bracing arrangement embodying the prmmples ‘of
the present invention;

15

Figure 11 is a diagrammadtic fragmenta1y V1ew: o
in plan of an elemental corner bracing which !

occurs in several of the empodiments of the pres-
ent invention; this elemental pattern being des-
1gnated for tne sake of convehience as type II;
Fi igure 12 shows another elemental corner ar-
rangement ‘Which ‘will be referred to as type III;
Flgures 13,.14,, 15, and 15 are amphﬁcatmns
of ‘the . elemental comer arrangements shown in
Flgures 11.and 12, these enlarged bracing areas
bemg for use in bulldmcrs of /increased size; ‘and
Flgures 17 18, 19, and 20 are-diagrams of Hori-
zontal sectlons of buildings of various proportions
a,nd subd1v1smns w1th dlﬁerlnv bracmg patterns
degrees of overlappmg
. The arrangcment shown in Flgures 1to 3 of
the draw*nas comprlses a speclal form of mven—
tlon desvrned to transmlt the honzontal forces
1mposed upon one wa]l of the structure by Wmd
selsnno dlsturbances ezrploswe forces,.or the hke
to the other wall of the bulldmg In this exam-
ple the buﬂdlng is 'a.cne- story structure: havmg
a roof supported by trusses of considerable length
. and the horizontal bracing grid or. nétwork:is
arranged “at the approxrmate ‘level of the lower
chords of the roof supportmﬁr trusses as is-con-

Ventlonal m th1s type of burldlng Such bu11d- ;

lngs find w1de pracucal use as garages shODS, alr-
craft hangers ‘ete. However, the principles- of
the 1nvent10n and the speclﬁc embodlment of
cross bracmg 111ustrated dlagramma,tlcally here-
in, are sultable for use in 1nter1or bracmg ar-
rangements for any type. of buxldmg regardless
of the helght ‘or. materlals of constructlon em-
ployed., E

the srde walls of ‘the building are de51gnate by
the referenee numeral 19 .and the end walls.hy
the humeéral I, The 51de walls IO of the buﬂdmg
including the posts or columns ‘12 thh are ar-
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'tures ‘by means of cle iseés. or ‘the like.

arrargin. of -the building structure were provided

with - intersecting diagonal tension sustaining
braces as indicated in Figure 9 cf the drawings.
‘However, - T have found that, by following the
prmc1p1es of: the -present invention as set forth
heérein, considerable savings in material used in

“constructing the joint connections may be ef-

fected. Por example, in the specific example
shown ‘in ‘.E‘lgure 1.°of ‘the drawings, ‘disgonal
bracing membérs 25 are ‘emiployed to cohnect er-
tain of the Joints Between the ‘lower chord hiét-
bers 18 of the ‘trusses Bad the conhectiig “strifts
20, ‘21, and 2. Thesé bracing ‘elemetits, 'in this
specxﬁc example, comprise Tods which are Adapt-
et to be secured at their énds to ‘the joint strue-
i Tt “will
be ‘seen that at somme of the joints thére will ‘be
no. dlagonal rods for connectlon thereto; at otHers
of “the “joints there will be one, two, three, or
four ‘rod “ehd cohhiectioris. Furthermore ‘at the

" marginal joints there will be “only ohe striit

4“

b0

b5

ranged &tb: smtable 1ntervals -along the wall as .

indicated in Frgure 9:0f . the drawings. Certam
of :these posts |12 may be cross-braced by means
of-the. tie rods 13 as indicated. ‘Since, in this
example, the_;building, is of considerable width,
two aligned roof trusses-are employed. to-span
the. width of .the-structure and an intermediate

line of. posts- 14 must.be used: to support the
These:roof- "

abutiing inner:ends of the trusses.
supporting ‘trusses. may ‘be of any desired ‘type,

60

but the ones: shown: at 15-in the drawings-are .

arch trusses with straight horlzontal lower chords
£8.+ A suitable . form of truss bracing.is indicated
at 17, All the-posts or;-columns. 2 and {4 are
set upon suitable footings 18 forming the founda-
tion for the building. - S

. .Theouter ‘ends: of the pa1 allel trusses are

abutting a:truss chord, while'ih others there will

45 be two struts each connectmgr the chord with'the

chord of an ‘adjacent truss.. Suggestlve and hdh-
hmitmg detallcd “examples of these joitits are il-
lustrated “in Figilres 4-8:¢f "the @rawings. The
Joints “shown "in: Figuies 5, 6, dhd '8 are espe-
clally “adapted to the " structure shown in ‘Fig-
ures 1, 2, and 3 of the ‘drawings, the arrange-
ment shoWn in F’igure 6 being ‘suitable for ‘joints
at ‘which 'no ‘diagonals: ‘éceur;, such as indicated
at Ju in Flgure 1. "The joint shown in Figutes
5°and 8 1nclUdes Pprovision for the connection of
from one to four diggondlsand is; suxtable for use
at the positions: indicated &t Jz anid:J«'in Fxgure 1.

In'these detailed views the lower chord” mem-
bers 16 of ‘the ‘struts “are ‘shown ‘as “being ¢om-
priséd of two spaced tlmbers 26 between ,Which

-9, ‘Spacing element 271" is" disposed. '“The spaced

elements 26 are ‘secured together as by means
of the bolts 28 “dnd ‘the alisned abutting 'struts
21 or 22 extend above the chord meinber 1§ as
shown in ‘Figure 8 In the joints of the type J1,
WHere there are no diagonal ‘brace ‘rods to be
conneéted, the sbutting ends of the struts 21, '22
may bhe' secured togéther betwéen the wooden
blates 21, "Bolts. 32 being” ‘employed to séctie the
pTates and struts together. "The. plates 31° are
ngxdly connected Wwith. the spatihg members 27
of the chords; TS by means of the Verucally dis-
posed bolts 34.

" In Figures 5 and 8, .the Jomts J3 a.nd T4 ave
111ustrated ‘and’in these cases ‘the plates 31 are

_omitted and.metal. .angle’ plates 40.are employed,
vthe vertwal flanges #1_of thHése plates: emibrac-

ing -the abutting ends “of “the struts -21,. 22 and
bemg secured- thereto by means of . the’ bolts 72,
The horizontal ﬂanges g1 of “the plates ‘40 ate

,secured to the parts 21. of. the chord 16 by méans

of .the Vertlcal ‘bolts &4. The horizontal ferges

45 are also prov1ded with. Toles Es through which

15

clevxses 50 may. be: 1nse1ted for- connectmg the
d1agonal braces 25 at thexr respectrVe ends As
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many openings 48 are provided in the flanges of

the angle plates as are required for the. dlagonal

connections in the joints.

The arrangement shown in Flgures 4 and A
of the drawings. is not- employed in the embodi-
ment llustrated-in Figures 1 to 3, but this type
of connection would-be made between the truss
chord at -one of the end walls of the structure
and an abutting strut 21 or 22, Such a junction
could be employed, for example, at the joint des-
ignated Jz in Figure 10 of the drawings. In this
case the lower chord 18 of the end truss com-
prises the usual elements 26 and 21 and the
strut 21, 22 is disposed. with its end resting upon
the chord 16, or if thereis no end truss.a simi-
lar connectlon could be made with the wall plate

instead of a-truss chord.- In-order to rigidify

the joint and to provide means for. the attach-
ment of the diagonal bracing elements an- angle
plate 53 has 'its vertical flange secured against
‘the chord 16 by means of the bolt 8. The hori-
zontal upper flange of the angle piece 55 is-dis-

posed-beneath the strut 21, 22 with its ends pro-.

jecting laterally therefrom Cther angle pieces
81 are applied to the sides. of the strut 21,22 and
are secured together through the struts by means
of bolts 58.. The horizontal flanges of these an-
gle pleces 58 overlap portions of the horizontal
ﬂanges of the angle piece 55 and aligned- open-
ings 60 are made in the overlapped portions of
these flanges, for the accommodations of the
- clevises B0 to which the diagonal brace rods 25
are connected.

Of course, in the broader aspects of the pres—

ent invention, the joints between the trusses and:

the. struts, and the application of the diagonal
braces thereto, may be effected by any other
suitable means, the specific arrangements. ‘shown
and’ described herein being chiefly for the pur-
bose of exemplifying an emcacmus type of joint
and also as indicating the saving effected in the
construction of the joints where no diagonals
are. attached. ' At present prices, the saving -in
connection costs at each joint where .all ‘diagonal

members  are eliminated is from $2.50 to $5.00.,

This saving is in addition to the savings incidental
to the ehmmatlon of  the. diagonal bracmg ele~
‘ments themselves.

Now, in order to 1llustrate the effectlveness of
the novel bracing arrangement and make a. com-
barisen with the common bracing expedients of
the prior arf, reference will be made to Figures
9 'and 10 of the drawings taken in. connection
with certain diagrams forming parts” of F1gures
2 and 3. Assuming a wind pressure- agalnst
one of the side walls 10 of a rectangular building
of -the general arrangements shown - in thése
figures, it will be: seen that the pressure against
the wall surfacing which is secured to the wall
studding, tends to bend the studding which acts

a beam extending between the floor and ceil-
ing lines.

upward to the -ceiling or. truss line. However,
all of the wind which blows on the structure
above the ceiling or truss. level must be carried
at this level. This is shown graphically in Fig-
ures 2 and,3 in which the height of the wall
froin: the ground to the lower truss chord is &
and the height of the truss itself is-+. - The width
of the bay between columns {2 and the trusses 15.
is w. Thus the magmtude of the wind force is
expressed in the pounds per square foot of the
wind pressure, multiplied by one-half the story
height plus the height from the ceiling o the

it

20
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30

3

top-of.the truss, multiphed by the width of the
portion of the wall backed up by the truss in -
question.  This ‘area is indicated by the shaded

.rectangle in- Flcrure 2 and isequal to

o)

If the lateral pressure or force in Ibs. per square
foot is J, then the pressure p sustained by the
end of one of the truss members, as indicated in
Flgures 1,9, and 10 of the drawings will be

sol+r)

and these forces will be applied as indicated in’
the drawings. In the case of Figure 1 where
there are 8 bays in the.side walls of the building
and 9 lines of members perpendicular’ to- these
walls, the force in shear delivered from the brac-
ing system to each end wall to sustain the total
force supplied to the side wall will be 4p; while
in the examples shown in Figures 9 and 10 the
force in shear in each end wall will be 3.5p. ’
In order to make the explanation more real-
istic, it may be assumed that the ceiling height
of the building is 20 ft. and the height of the arch
truss roof is ¢ ft. Then, if the spacing of the.
trusses is 18 ft. and the wind pressure 15 1bs.
per sq. ft., the valae of p 1s 15X18X (1049) =
5130 1bs. )
By referring to t’]e diagram 111ustrat1ng the

" prior art in Figure 9, it will be seen that, assum-

40
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Therefore, half of the pressure on the -
wall goes directly to the floor line and half goes.

65

70

76

ing the wind pressure to be against the'side’
wall ‘10 at the upper portion of the flgure, the ,
values for the stress set up in each’of the struts,
truss chord section, and diagonal bracing ele-
ments are as indicated in the drawings. Simi-
Iarly, in Figure 10, with the wind pressure upon
the side wall at the upper part of the figure,
he various stresses set up in the truss struts and
diagonal braces is also indicated. In Pigure 10,
it will be noted that the diagonal elements whlch»
are active in sustaining the stresses under the
stated ccnditions are indicated in solid lines,

while those which are idle under the stated wind -

conditions are shown in dotted lines.  Obviously,
if' the wind direction were opposite, these indi-
cations would be reversed, and it will be clearly
understood that in cases where the wind is mov-
ing endwise of the building the stresses would be
similarly and symmetrically distributed.: Of
course, when the wind blows at an angle to the
walls of the building the stresses will be dis-.
tributed and calculated in accerdance with the
perpendicular components.of the forces applied.’
The following tabulation will'very clearly show.
the savings of material and the better distribu=
tion of stresses in the embodiment of the present
invention illustrated in Figure 10 as compared
with the conventional arrangement of Figure 9:

i Figure 9 | Figure 10
Maxunum force in'any one s‘mut,-_.,._; ______ 1. 8P P
Maximum force in any one diagohal . i 1L41P 1,41P
44 :

Number of joints with dmgonals attac
Number of diagonal brace rods

It will' be'seen that although the maximum
force in any diagonal rod is the same in either
case, the maximum force in a transverse strut is-
one and- one-half times the value of P so that.
the connections in the old.type of construction
must be half again as strong as-in the present.
system. .- Not only is this true, but in accordance’
with the present invention there are only half as.
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many. steel -angle eonnected Joints to' be pro-
vided for the attachimerit of the diagonal braces.
frurthermots, there are but slighitly over half the
number of diagonal brace rods tiecessary and yet
the largest rod is no larger than . the largest
necessary to take the maximum stress in the old
type of construction The earthiquake -or seismic
force to be .allowed for is commonly ealcutated
qtnte ‘imilarly except that it is based upon the
weight of ‘the structure; for example, generally
in structures of this type, this seismic foree is
assumed to be 8% of the weight of the structure
at about the center of the first story plus an ad-
ditional 8% of one balf of the live load on the
frusses. .

Tt will be seen- that basically the present in-
ventlon involves the provision of triangular braced
areas- within the cross section of the building

whereby, in effect, triangular horizontal fruss
are provided for transmitting- the -

sectlons
. stresses directly sustained by a wall of the build-
ing to other walls of the building, either the one
opposite the directly affected wall or the two end
walls which are pcrpendmulal to the wall against
which the force is applied.
émbodiment shown in Figute 1, the friangular
bracmg areas are disposed centrally of the build-
ing'and the force is transmitted from one wall to
ancther of ‘the walls, other expedients sueh ag
knee braced trusses or the like being used,. if
niecessary, to sustain pressures applied endwise
of the building."
Tn the embodiment shown ‘in Figure 10, the
triangulayr braced areas sefve to’ transmit the

stress sustained by the side wall to the end walls !

of the building. - In this arrarigement, a line of
diagonal braces- extends from approximately the
mid-points of the adjacént side and end walls,
and the arrangements at the corners. of the build-
ihg are subdivided by means of other. diagonal
Braces, while the substantielly lozenged-shaped
grea in the center of the building is free of diag-
onal braces. Furthermore, it will be noted that
in this specific arrangement, there are no crossed
diagonals within ‘any one rectangular space itito
which the area of the structure is divided.

However these partictilar conditions hold good
only in.cases where the corner patterns do not
lap each other as they do in certain of the other
ﬂlustrated embodiments.

In Figures I1'and 12 of the drawings there are .

1Hust1ated certain basic patterns of corner brac-
ing which comiprise one of the essential feamres
of the present inverntion.

In Figure 11 one wall of’ the building indicated &

2t [0 intersects with an adjacent wall I't at right
angles. " The parallel transverse elemerits com-
prising either trusses or strubs, which abut the
wall 19 and the opposite wall (not shown), are
indicated at 12, The opposite extending parallel
elements which abut the wall {{ and the other
opposite ‘wall are designated by the reference
numeral 13, In this arrangement the aligned
diagonal bracing elements 15. form a line I whiclr
bounds. the triangular bracing area at the build-
ing corner in this embcdindent. ‘It will be noted

that the line I connects points on the walls 10

and [ each of which are spaced from the corner
point 16 by the width of two-bays. The corner
netwozk in this instance is completed by the diag-
onal: element 1T which connects the wall area
corner point 76 ‘with: the junecture T8 between
the two braces T8¢

Building -area in- this example are-divided into

In the case of fhe -

It will be .seen that the brac-
ing eIements and the walls-or boundaries of the-

10
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two equilateral triangles, the hases of which form

portions of the walls or boundaries and certaln
sides of which comprise the bounding Iine L of
the triangular bracing network area. E

- In Figure 12 of - the drawings another elemen-
tal form. of corfier bracing is shown. ' In this ease
the walls L8 and [1 are intersected by the bound-
ing ‘line ‘of braces - I* at points spaCecI by the
width of three bays from. the corner 75. - In this
cage there are two diagonal braeing elements 17
which extend from: two jeints 78 between the
braces I5 to thie points 81 and 82 which are spaced
from. the corner 16 by the width of one bay along
each wall;” These points are joined by another di-
agonal 83, which completes the corner network.
This diagonal may also be designated I sinee 1t
is the first obligue line from the corner 16 which
interseets the walls 10 and if, It will be seen

" that the netwoerk formed by the diagonals, com=

30
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(3]

70

(1

prises ‘one complete equilatetal parallelogram
flanked by two equilateral triangles adjscent the
walls of boundaries 16 and tf and a small - tri-
angle at the far corner of the arrangement which
triangle is bounded by the points 16, 84, and 82
and is equal te one-quarter of the area of the eqm-
lateral parallelogram.

‘In Figure 13 there is shown an amplxﬁcation of
the elemental arrangenmient illustrated in Figure
11.- Anocther bounding-line Il is formed parallel
with the line L:and forms a new boundary for
the triangular area extending from a point four
bays from the corner T6 on the wall 0 to a point
on the wall I1 which is also four bays from the
cornér 16. The connecting diagonals 7T aré add-
ed, thus comipleting the corner network which in
this-cage comprises two-equilateral parallelograms
fanked by equilateral triangles and topped by g
pair of equilateral triangles s1mllar to: the entlre
network of Figure ¥1. -

In: Figure 14 the axrangement of Figure 12 is
amplified by the addition of a further line L2 com-

posed of five aligned diagonals and connecting

points orr the walls (8-and’' 1 which are respec-
tively ‘spaced from the corner 16 by the Wldth of
five bays on either wall.

Pigures 15 and 16 show diagrammatically the
extensionof the elemental arrahgement of Fig-
ure 11 to cover six bays along egeh wall and the
drrangement in-Figure 12 to cover seven bays
along each wall, respectively.

For convenience of reference the elemental ar-
rangentent of Figure 11 will be designated type
11, the arrangentent of Figure 12 will be referred
to as-type III; and the amplified networks shown
in Pigures 13, 14, 15, and 16 will be referred to as
types IV, V, VI, and "VII, respectively.

-Obviously, buildings to -which the invention
may be applied are subdividéd into differing num-
bers of ‘rectangular areas, and their walls into
differing numbers of bays, and the exact ar-
rangement of ‘bracings of -whatever type selected
may vary to some extent in each case. Also, the
triangular- bracing - netwerks may e dlsposed
ymmetrically in the same relationship with re-

35 ‘spect to certain intermediate lines- through da
building, as 'with respect to-the cutér walls of the

building ;" for example, as already shown and de-
scribed ‘in connection with Figure 1-of the draw-
ings, in which the pattern I is used to brace
the respective halves of walls’ I as referred to the
center line C.L. of the building.

-The triangular areas at adjacent corners of a
buﬂdmg area may-be spaced from each other at
the ceriter of the wall oz boundary line; may abut

ésch 6ther at that point, or may overlap either



2,320,068

by the width of one bay or by the entire extent of
the wall. "As'will be-understood from further de-
seriptions “and’ illustrations, this may result in
the occurrence of crossed diagonals within one
or more of the rectangular areas formed by the
trusses or -struts, or it may result in the super-
posing ‘6f bracmg elements along certain diago-
nals where the bracing patterns overlap. :

"In Figure 10 of the drawings, the building has
seven bays along the side wall and six along the
ends. 'Type III bracing is used, the patterns be-'
ing .spaced by the width of ‘one bay.on one sid
and being contigiious at the ends.
- In Figuré 11 of the drawings, where there are
eight bays along the side walls and six along ths
end walls, the arrangement wiil be as illustrated,
wherein- the corner pattern designated type IV
is employed, the lines of diagonals which bound
the triangular bracing . areas meet at a single
point at the center of the longer walls, but these
areas overlap by the width of two bays on the
end walls,’
‘of these overlapping patterns to" be superposed
as'shown at 108 in Figure 11.

In Flgure 12 where there are seven bays ‘along
the side walls and only:five along the énd walls
and type TII bracmg pattern is used, the points

"This catises certain of the diagonals
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of connection of the bounding line of diagonals .

with the side walls are spaced apart by the width
of one bay as in the case of Figure 10, and the
corner patterns overlap on the end walls by the
- width of one bay, forming the crossed diagonal
patterns indicated. at {10! in these bays.

In Figure 19 of the drawings, a long narrow

building is shown having seven bays along the

side walls and only three bays along the end walls.
The type III design of corner bracing is used,
and it will be seen that the patterns are spaced
along the side walls by the width of one bay, but
that they overlap completely along the end walls,
that is, by the width of the three bays compris-
ing said walls. This causes crossed patterns.of
bracing to occur in four of the triangular areas
as indicated af 102 in Figure 19. In this figure
and also in Figure 20, the 'adjacent overlapping
triangular patterns are. indicated by different
chain Iines so that they may be more readily dis-
tinguished.

In Figure 20 there is 1llus’crated a horlzontal
plan,of a building which is nearly square having
five bays along the side walls and four bays along
the end walls. Type III bracing pattern is em-
ployed and it will be seen that.the corner net-
works overlap along the side walls by the width

of-one bay, yielding .crossed diagonals as indi-

cated at 185, and they overlap by the width of

two bays at the end walls, making superposed.
diagonal braces necessary as indicated at 186.

. 'The various adjustments.of the basic designs
are peculiar to the variations in the horizontal
sections of the buildings and the truss and strug
distributions,: but they do not depart substan-

tially from the fundamental arrangements illus-:

trated and described. herein in connection par-
ticularly with Figure 10 of the drawings, and.the
savings in diagonal braces and the metallic joints:
for.the diagonals are substantial. In the cass of

the arrangement shown in Figure 17 of the draw-.

ings-36 diagonals.are used instead of 48 and there
are only 28 joints with diagonals attached in-
stead of 48, as would be the case of the corre-
sponding prior art arrangements in a building of
six by -eight panels or bays. In the case of the

arrangement shown in Figure 18, the number of:
diagonals is reduced from 40 to 24 and the num-’
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ber of joints with diagonals from 40 t6 24 as com=-
pared with'the prior art arrangements. In Fig-

“ure 19, the number of diagonals is reduced from

36 t0 24 as compared with the corresponding prior
art. arrangement, and joints with diagonals are
also reduced in number from 36 to 24. Similarly
the numbel of “diagonals employed in the ar-
rangement shown in Figure 20 is reduced from
28 to 24 and the joints with diagonals reduced
from 28 to 18 as-compared vnth tbe eqmvalent
prior art structure. - .

It will be seen that by means of the present in=

vention, there has been provided & novel hori-
zontal bracing arrangement by which more ef-
fective support of ‘& building against lateral ‘ap-
plied forées may be attained with a considerably
less ouflay for materials and ldbor than ir the
case of conventional constructions,

At the same time, the novel arrangement re-
sults in less concentration of stress in the in-
dividual members, which means that there'is less
elastic - déformation and less joint slip. Tiore
uniform standardized sizes of material is made
possible ‘and therefore & greater dlphcat’on of
details in the case of all members of the <truc—
ture. -

It is understood that various changcs and mod--
ifications may be made in the embodlment llus-
trated and descrlbed herein without” departing
from the scope of the invention as deﬁned by the
following claims.

Having thus -described the mvent_on, what I-
claim as new. and desire ‘o secure by Letters ]
Patent is:

1. In a rectangular building structure hawmnr
one or more walls subject to horizontal forces,
3 bracing system for trarsmitting such forces.to
othher walls of the structure, said system com-
prising. o .series of substantially parallel hori-
zontal ‘members extending’ from one wall to-the

- oppositewall and dividing said walls into a plural-
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ity of.-bays of approximately equal width, a series
of -other substantially parallel honzon’oal mem-
bers extending at right angles to the members
of-the first named. series, connecting the other
two. opposed walls,. and dividing them into a
plurality of bays of approximately equal width,
said series of meinbers also dividing the hori-
zontal sectional area of the structure.into & plu-
rality of . rectangular spaces, means forming
joints connecting the members of said first series
with those of the second series, and both of said
series with the walls of the building, at their
several points of intersection,. and elements for
sustaining tension stresses only.extending fdia-g—‘
onally across certain. of said rectang'ular, spaces
and. connnecting certain of said joints at diag-
onally opposite corners of said spaces, 3§ line of
said diagonal tension elements extending from
a point along one wall which is spaced from the
corner of said building area by the width of two
or more bays to a point on the adjacent wall
spaced at the same number of bays from the cor-
ner, said line of'diagonal tension elements defin-
ing with sald adjacent walls a friangular brac-
ing area, said area comprising a network of said
dizgonal elements which includes sald Iimiting
line of diagonal elements and one or more addi~
tional diagonal elements connected as described
at the junction of the individual diagonal ele-

ments of said line, the aforesaid network coms=

prising :the -only ones of such diagonal tension
elements employed at said corner.

2. In a rectangular building:structure havmg
one or more walls-subject to. horizontal forces, a
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bracing system for transmitting such :forces:to
other walls of the structure, said system com-
prising a .series of substantially - parallel hori-
zontal membesrs extending from one wall to the
opposite -wall and dividing said walls into a-plu-
rality of bays of appreximately: equal width, a
series of other substantially parallel horizontal
members extending at right angles to the mem-
bers of the first named series, connecting the
other two opposed walls, and dividing them into
a plurality of bays of approximately equal withk;
said series of members also dividing the horizon-
tal sectional.ares of the structure into a plurality
of rectanglilar spaces, means forming joints con-
necting the members of -said first series with
those of the second series, and both of said se-
ries with the walls of the building, at their sev-
eral points of intersection, and elements for sus-
taining tension streases only extending diagonally
across certain of said rectangular spaces and
connecting certain of said joints at diagonally
oppcsite corners of said spaces, a line of said
diagonal tension elements extending frem a point
along one wall which. is spaced from the corner

of said building area by the width of three or -

more bays to a point on the adjacent wall spaced
at the-same number of bays from the corner, said
line of diagonal tension elements defining with
said adjacent walls a triangular bracing area,
said area comprising a network of said diagonal
elements which includes said limiting line of diag-
onal elements and ons or more additional diag-
onal elements connected as described at the junc-
. tion of the individual diagonal elements of said
line.

3. In a rectangular building structure having
one or more walls subject to horizontal forces,
a bracing system for transmitting. such forces
to other walls of the structure, said system com-
prising a series of substantially parallel hori-
zontal members extending from one wall to the
opposite wall and dividing said walls into a plu-
rality of bays of approximately equal width, a
series of other substantially parallel horizontal
members extending at right angles to the mem-
bers of the first named series, connecting the
other two opposed walls, and dividing them into
a plurality of bays of approximately equal width,
said series of members. also dividing the hori-
zontal sectional area of the structure into a
plurality of rectangular spaces, means.forming
joints connecting the members of said first series
with those of the second series, and both of said
series. with the walls of the building, at their
several points of intersection, and elements for
sustaining teénsion stresses only extending diag-
onally across certain of said rectangular spaces
and connecting certain of said joints at diag-
onally opposite corners ¢f said spaces, a plurality
of parallel oblique lines of said diagonal tension
élements extending respectively from points along
one wall spaced from the corner of said building
area by the width of one or more bays to cor-
responding points on the adjacent wall spaced
from the coriter by the same number of bays, the
successive points of intersection of said walls and
. lines being spaced apart along sald walls by the
width of two bays, said lines of diagonal tension
elements defining with said adjacent walls a tri-
angular ‘bracing -area, said area comprising a
network of said diagonal elements which in-
cludes said limiting lines of diagonal:elements
and additional-diagonal élements connected- as
described at the junction of the 1nd1v1dual dlag-
onal elements of said hnes
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.4, In a rectangular building structure having
one or more walls subject to horizontal forces,
a bracing system for transmitting such forces to
other walls of the structure, said system compris-
ing a series of substantially parallel horizontal
members extending from one wall to the-oppo-
site wall and dividing said walls into a; plurality
of bays of appreximately equal width, a series of
cther substantially parallel horizontal membears
extending at right angles to the members of the
first named series; connecting the other two. op-
posed walls; and dividing them into a plurality of
bays of approximately equal width, said series of
members also dividing the horizontal sectional
area of the structure into a plurality of rectangu-
lar spaces, means forming joints connecting the
members of said first series with: those of the
second series, and both of said series with the
walls- of the building, at their several points of
intersection, and elements for sustaining tension
stresses only extending diagenally across certain
of said rectangular spaces and connecting certain

‘of said joints at diagonally opposite corners of

said spaces, said diagonal elements forming tri-
argular bracing areas extending from each cor-
ner of the building area along the adjacent. sides,
and each bracing area including a -line of said
diagonal tension elements extending from a point

" along one wall which is spaced from the corner of

said building. area by the width of two or more
bays to a point.on the adjacent wall spaced at
the same number of bays from the corner, said
area comprising a-network of said diagonal ele-
ments which includes said limiting line of diago-
nal elements and one or more additional diagonal
elements connected as described at.the junction
of the individual diagonal elements of said line,
the aforesaid network comprising the only ones
of such diagonal tension elements ‘employed at
said corner.

5. In a rectangular building structure having
one or more walls subject to horizontal forces, a
bracing system for transmifting such forces to
other walls of the structure, said system com-

‘prising a series of substantially parallel horizon-

tal members extending from one wall to the op-
posite wall and dividing said walls into a plurality
of bays of approximately equal width, a series of
other substantially parallel horizontal members
extending at right angles to the members of the
first named series, connecting the other two op-
posed walls, and dividing them into a plurality of
bays of approximately equal width, said series of
members also- dividing the horizental sectional
areas of the structure into a plurality of rectangu-
lar spaces, means forming joints connecting the
members of said first series with those of the
second series, and both of said series with the
walls of the building, at their several points of
intersection, and elements for sustaining tension
stresses only extending diagonally across certain
of said rectangular spaces and connecting certain
of said joints at diagonally opposite corners of
said spaces, said diagonal elements forming tri-
angular bracing areas extending from each cor-

5 ner of the building area along the adjacent sides,

and each tension area including a plurality of
parallel oblique lines of said diagonal bracing
elements extending respectively from points along
one wall spaced from the corner of said building
area by the width of one or more bays to corre-
sponding points on the adjacent wall spaced from
the corner by the same number of bays, the suc-
cessive points of intersection of said walls and
lines being spaced apart along said walls by the

‘width of two bays, said.-area- comprising a net-
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work of said: diagonal elements which includes
said limjting lines of diagonal elements and addi-
tional diagonal elemients.connected as described

at the junction of the 1nd1v1dual dlagonal ele-

ments of ‘said lines: - .

*.6. In a rectangular buﬂdmc structure havmg
one or more walls subject to horizontal forces, a
bracing system for transmitting such forces to
other walls of the structure, said system compris-
ing a series of-substantially parallel horizontal
members extending from one wall to the opposite
wall and dividing said walls into a plurality of

7

. each. corner-of. the building area along the ad=

10

bays of approximately equal width, a series of -

other substantially -parallel-horizontal members
extending at right angles to the members of the
first named series, connecting the other two op-
posed walls, and dividing them into a plurality
of bays of approxunately equal width, said series
of members also dividing the horizontal-sectional
area of the structure inte a plurality of rectangu-
‘lar, spaccs means-forming joints: connecting the
members of said. first series with those of the

15

second - serles and. both of said series with the -

walls .of the building, at.their;several points of
1ntersect1on and elements for. sustaining tension
" stresses only extendmg diagonally across certain
of said rectangular spaces and connecting certain
of said Jomts at diagonally opposvte corners: of

said.spaces, said d1agonal elements: forming tri--

,angular bracing areas extend*ng from each cor-

ner of the building area along the adJacent sides, -

and each bracing area 1ncll1dmg a line of said
chagona,1 tension elements extending from a point
along one wall whmh is quced from the corher
of said building ar ea by the width of two or more
bays to.a point on the adjacent wall spaced at
the same number of bays from the cornet, said
ares comprising a network of said diagonal ele-
meénts which  includes said. -limiting Iine . of
- diagonal elements and one-or more additional
diagonal elements connected as described at the
junction of the individual. -diagonal elements of

said’line, the aforesaid network compri smg the.

only ones of such d1agor*a1 tension elements erm-
ployed at said corner; “certain of the sides of said
triangular areas which coincide with the sides of
said building area being of a length equal to mote
than one-half of the length of said corresponding,
_ building sides, whereby said trianguldr areas
overlap at: ‘certain of their adJacent apexes.
7. In a rectangular building stricture having
one or more ‘walls subject to horizontal forces, a
blar-mg system for tramsmitting such forces 1o
other” waﬂs of the structure, said. system com-
prising a seriesof substantially parallel horizon-
tal members extending’ from one wall to the op-
posﬂ:e wall and dividing said walls into a plural-

-ity of bays of approximately equal width, a series
of other substantially parallel horlzontal mem-.
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‘jacent sides, and each:bracing area including-a

plurality of parallel oblique lines of said diagonal
tengion . eléements extending . respectively from
points:along one wall spaced. from the corner.of
said ‘building: area by the width of.one or more
bays to corresponding pdints on the adjacent wall -
spaced from the corner by the same number.of
bays, the successive points of intersection of said
walls' and.lines being :spaced. apart along :said
walls by the width of two bays, said area com-
prising a network of said diagona] elements which
includes said limiting lines of diagonal elements
and additional diggonal elements connected .as
described at the junction of the individual diags
onal elements of .said lines, certain of ‘the sides
of said trlangular areas’ Whlch coincide with the
sides-of said building area being of &length equal -
to more than one-half of the length of said cor-
responding building sides, whereby said triangu-
lar areas overlap certaii of their adjacent apexes.
8. In a‘ rectangular’ building structure having. -
one or more walls subject to horizontal forces, a
bracing  system for transmitting such- forces to
other walls of the strucbure, said system compris-
ing a-series:of substantially: parallel horizontal
membpers extending from one wall to the opposite
wall and dividing .said-walls into a plurality of
bays. of approximately equal width, ‘a series of
other:substantially . parallel horlzontal members

" extending at right angles to the members of the
. firgt named series, connecting the other two op-.

posed: walls, and dividing-‘them™into.a plurality
of bays of approximatelyiequal width, said series
of members-also dividing the. horlzontal sectional
area-of the structure into a plurality of rectangu-
lar:spaces; means forming joints connecting -the

‘members of said first series. with those of the'sec-

ond series; and both of said series with the walls
of the building, at their several points. of inter=

‘section, ~and: elements for sustaining tension

stresses only extending diagonally across certain
of said . rectangular-spaces. and connecting cer-
tain of said joints at diagonally opposite corners
of said spaces, a lie of said diagonal tension ele~
ments: ‘extending. from.a . point.-alchg onhe "wall

whieh-is. spaced from the corner of:said building )
ares by the width of three or:more baysto a point
on the adjacent wall spaced at the same number
of-bays. ‘from the corner; said ling of . dizgonal .
bracing: elements defining “with said adjacent
walls & triangular bracing area,-ssid area com-

- priging a network of sald,dlagonal elements which

en
<

hers extending. at rmht angles 'to the members

of the first namead ‘series, connecting, the other‘
two opposed walls, and dividing them intc a plu-.

' rality of bays of approximately equal w1clth said
series” of members’ also. dividing the horizontal
sectional area of the structure into a plurality of

rectangular spaces, means forming joints cen-

necting the members of-. said first series  with
~ those of the second series, and both of said series

with the walls of the building, at their several
points of 1ntersect10n and elements for sustain-,
ing ‘tension stresses only extending diagonally:

across. cértain of said rectangular spaces-and con-

necting certain of said joints at diagonally oppo-:

site corners of said spaces, said diagonal elements
forming triangular bracing areas extending from
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includes-said limiting ‘line "of ‘diagonal elements
and. one or more additional diagonal elements
connected as described at the junction of the in--
dividual .diagonal elements of said line; the diag-
onal tension’elemeénts forming with' themselves
equal - equilateral ~ parallelograms: and forming
with the walls of 'said ‘building- areas triangles
which -arealiqliot parts of. said parallelograms.

©9. In a rectangular: building structure having
one or more walls subjéct to horizontal forces, a
bracing. .system for transmitting; such” forces''to.
other-walls of the structure, said system .com-
prising a series of substantially parallel horizon= .
tal members extending from. one wall to"the op=~
posite'wall and dividing said walls*into a plural-

" ity of bays of approximately equal width, a series

70
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‘of:-other substantially parallel horizental mem-

bers ‘extending at r1ght anglesg”to the . metabers
of the: first .named series, connecting: the other.
two: opposed walls; and dividing them into a pluw
rality:of‘bays of approximately equal width, sald
series of members alse dividing the horizontal
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sectionial. ares of the structure into. g plurality: of
rectangular - spaces,. means: forming jeihts con-~
necting the members of ‘said first. . series with
those of the second series, and both of said series
with: the walls of (the building, at- their several
points of intersection, and elements for: sustain-
ing:- tension: stresses only: extending  diagonsally
across certain: of said rectangular:spaces and con-
necting certain of said joints at diagonally.oppo-
site cornters of said spaces, sald diagonal elements
forming triangular bracing areas extending from
each cerner of the building area along the ad-
jacent sides, and ‘each bracing ares including a

plurality of parallel oblique lines of said-diag-.

onal tensionr elements . extending respectively
frem points: along ene wall spaced from the cor-
ner of said building area by the width'of one or
more: bays to corresponrding points on the ad-
jacent. wall spaced from- the corner by the same
numbeyr -of bays, the. successive points of inter-
section of said walls and lines being spaced apart
along said. walls: by the width of ‘two: bays, said
area comaprising a network of said diagonal ele~
ments which includes: said limiting lines. of diag-
onal elements and additional diagonal elements
econnected as, described at the junction of the
individual diagonal elements of said lines, the di-
agongl tensicn elements forining with themselves
equal equilateral paralelograms 'and forming
witli the walls of said’ building areas triangles
- which: are aliquot parts of said parallelograms.

--10. In & rectangular building structure having
one or more walls subject to-horizontal forces, a

bracing system for transmitting such forces to

other walls of the- structure, said system com-
prising-a series 'of substantially parallel Horizon-

tal members extending from one wall to the op- .

posite wall and dividing said walls. into- a plural-
ity of bays of approximately equal width, & series
of other substantially parallel horizontal mem-
bers-extending at right angles to the members
of the first named series, connecting the other
two-opposed walls, and dividing them. into a plu-
rality. of bays of approximately-equal width, said
series - of members also dividing :the horizontal
sectional aresa; of the structure into a plurality

of rectangular spaces; means forming joints con-
necting the members of sald first series with"

those of the second series, and both of said series
with the walls of the building, at their several

points of intersection, and elements for stistain-

ing tensiocn stresses only extending dlagonal_ly
across certain. of said rectangular spaces.and
connecting certain of said joints.at diagonally

epposite corners of said spaces, said diagonal ele<"

‘rrensts forming triangular bracing areas extend-:
ing from each corner-of the building area along
the adjacent sides, and each: bracing area in-
cluding: a plurality of parallel oblique lines of

-sald diag'onal tension elements. -extending re--

spectively” from points along one ‘wall spaced
from: the corner of ' said building -area’ by the

width:-of one or mecre bays to. corresponding -
points on the-adjacent wall spaced from. the cor-:

ner by the same number of bays, the successive

peints of intersection .of .said: walls and lines

being spaced apart along said walls by the width
of two bays, said area comprising’ a network of

said- diagonal elements which includes. said lim-:.
iting -lines of diagonal elements-and additional

diagonal elements connected: as described at the
junction of the individual diagonal elements of

said lines, certain of the sides of said triangular
areas which coincide with the sides of said:build-:
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ing-area being of & length egual to: more than

one-half of the length of sald corresponding

building ' sides, whereby  said triangular areas
overlap certain of their adjacent apexes, the di-
agonal tension‘ elements forming with them-
selves: ' equal equi-lateral ~parallelograms ~ and
forming with the walls of said building dreas tri=
angles which are aliquot parts of ‘said parallelo-
grams, none of the said rectargular spaces con-=
taining crossed diagonal tension elements. ex-
cept in certain cases where said triangular brac-
ing areas overlap.”

11. In @ rectangular building structure hav-

Ing one or. more walls- subject to horizontal

forces, a bracing system-for transmitting such
forees to other walls of the' structure, said sys-
tem comprising a’series of substantially parallel

" horizontal members extending from one wall to

20
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the oppesite wall and dividing said walls into a

¢ plurality of bays of approximately equal width,

& series-of other substantially parallel horizontal
members extending at right angles to the mem-
bers. of the first' named series, connecting the
cther two opposed walls, and dividing them into

;. a plurality of bays of approximately equal width,

said series of members also dividing the honzon-'
tal sectional area of the structure into a plu~
rality’ of rectangular spaces, means forming
Joints ccnnecting the members of said “first se-
ries with those of the second series, and both of
said ‘series ‘with'-the walls of the -building, at -
their several points of intersectlon and elements‘
for sus taining tension stresses only extendlng di-
agonally across certain of said rectangular spaces

35- and conmnecting certain of said joints at diag-

¢nally cpposite corners of said spaces, said diag-
onal tension elements forming triangular braced
aresas, comprlsmg in effect horizontal triangular
trusses, a wall subject to said horizontal forces
substantlally comprising the 51de of one of said
triangular braced areas.

12 In a rectangular building structure hav-
ing" one or more walls “subject to horizontal
forces, a bracing system for transmitting such
forces to other walls of the structure, said sys-:

. tem comprising a series of subtantlally parallel

horizontal member extending from one wall to
the opposite wall and dividing said Walls into a.
plurality of bays of approximately equal width,
a series of other substantially parallel horizontal
members extending at right angles to the mem-

‘ _bers of the first named series, .connecting the
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other two opposed walls, and dividing them into’
a plurality: of bays of approx1mately equal width,
said series of members also dividing the hori-
zgntal sectional area.of the structure into a plu-
rality of  rectangular spaces, means forming
joints connecting the members of said first series
with those of the second series, and both of said
series with the walls of the building, at their

.. .several pomts of intersection, and elements for
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sustalnmg tension stresses only extending diag-
onally across certain of said rectangular spaces
and connecting certain of said points at diag-
onally opposite corners of said spaces, said diag-
onal tension elements forming triangular braced
areas, comprising in effect horizontal triangular
trusses, a wall subject to said horizontal forces
substantially comprising the side of one of said

“triangular truss areas, the other sides of said

triangular areas being respectively comprised by .
the adjacent perpendicularly extending walls of
the structure.

CHARLES MACKINTOSH.



