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Total whom it may concern. 
Be it known that we, WALTER F. BALLIN 

Servers, both citizens 
of the United States, and residing, respec 
tively, in Philadelphia, county of Phila 
delphia, and State of Pennsylvania, and 
Woodbury, county of Gloucester, and State 
of New have invented an Improve 
ment in Roof Structures, of which the foll 
lowing is a specification. 
Our invention relates to that type of roof 

ing known as saw-tooth construction, and has for its object the provision of special 
means whereby the usual and heretofore 
necessary walls, piers, or posts for support 
may fly eliminated to provide greatly 
lessened construction within the room space 
of the building. 

Heretofore it has been customary in build 
ings having roofs of saw-tooth construction, 
to provide a plurality of supporting walls, 
piers, or posts along the longitudinal junc 
tures and below the transverse gutter ele 
ments of the respective tooth portions of 
the roof structure as a whole, and while the 
saw-tooth construction of roofs with their 
oblique sash for light and ventilation are 
most excellent and efficient for industrial 
plants, as well as being relatively low in 

there has been considerable objection to their use on account of the large number 
of points of support which has heretofore 
been required for stability and which necessi 
tated upright, walls, posts or piers distrib 
uted throughout the room space beneath the 
roof, said walls, posts or piers interfering 
very materially with distribution of ma 
chinery and also with the freedom of move 
ment within the room space such as would be 

40 required in automobile stations and those 

constantly being 
45 tion, comprehendin 

characters of industrial plants where the 
transference of merchandise and stock is 

uired. 
We have found, that by special construct 

the tying 
the several ridges of the saw-tooth structures of the roof by means of longitudinal upper 
compression chords and association there: 
with corresponding tie or tension chord 

50 members at the base of the roof respectively 
below the said compression chords and con 

together of -tional elevation illustrating a buildi 

tinuous for the extent of the saw-tooth sec 
tions which are connected by the said upper 
compression chords, parallel super-span 
trusses are formed, and further, that by com bining these super-span trusses with deep 
transverse trussed girders arranged at one 
and preferably more of the high portions of 
the saw-tooth sections (to which transverse girders the compression and tension chords 
are connected), great transverse width of . 
roof span is provided. By these improve 
ments we are enabled to convert what has 
heretofore been a weak sectional construc 
tion, requiring a large number of under sup 
ports intermediate of the four corners, into a rigid self-supporting unitary structure, 
having great strength both longitudinally 
and transversely, and whereby R 
excepting those at the immediate corners, 
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supports, 
70 

may be eliminated. We have further found 
that, by reason of these improvements, per 
mitting the elimination of many of the nu 
merous supports heretofore necessary, we 
can for the available floor space provided, 
materially cheapen the cost of con 
struction of a building, while maintaining 
the strength of its E: and further obtain 
the additional advantages arising from 
elimination of the obstructing supportshere 
tofore deemed necessary in the room space. 
With the above and other objects in view, 

the nature of which will be more fully under 
stood from the description hereinafter, the 
invention consists in the novel construction 
of roofs for buildings, as hereinafter more 
fully described and defined in the claims. 

Referring to the drawings: Figure 1 is a 
Egy view illustrating a building em 
odying our invention; Fig. 2 is a perspec 

tive skeleton view intended to illustrate the 
general girder structures employed in the 
building shown in Fig.1; Fig.2 is a similar 
view but showing two connecting sections of 
roof structure; Fig. 3 is a lon E. W 
ing a roof embodying our invention; Fig. 3 
is a side view diagrammatically g the 
relation of connecting roof sections; Fig. 4 
is a similar section of a portion of Fig. 3 
on a larger scale; Fig. 5 is a transverse 
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elevation of the roof girders at one end of 
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the building; and Fig. 6 is an enlarged trans 
verse section of one of the longitudinal 
chords and the means of connection with 
the truss and girder structures of the saw 
tooth portions of the roof. 
A general understanding of the nature of 

the invention will be, perhaps, best had by 
reference to Figs. 1 and 2 which illustrate 
in perspective a general view of a building 
having a saw-tooth roof structure. In these figures, 2 represents a plurality of saw-tooth 
roof sections which are arranged side by 
side in series and provide the solid roof 
ortions 3 and the sash portions 4, which 
rnish light to the interior and suitable 

means for ventilation. This roof structure 
has been made of a width to span from 
wall to wall or from the walls to interme 
diate posts, according to the total width 
necessary. In the particular illustration, 
we have indicated a width of building which 
would approximate two complete saw-tooth 
roof portions joined side to side to widen the covering of the building. At the juncture 
between the inclined roof portions 3 and the 
inclined sash portions 4 there are arranged 
transverse gutters 5 and the vertical thick 
ness of the framing at these gutter points 
have been exceedingly small, so that there was no strength against bending at these 
laces. For this reason, it has heretofore n necessary to provide, not only under 

the four corners of the roof, suitable sup 
porting posts or piers, but it has also been 
necessary to place walls, Pi or posts im 
mediately under the said portions of the 
roof structure in alinement with the gutters 
5, so that in reality each of the saw-tooth 
portions of the entire roof have at least four 

ints of support. When the width is dou 
led, then it has been heretofore necessary 

not only to provide the outer walls and the 
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outer posts or piers 6, but also to provide 
additional walls, piers or posts within the 
building and within the room space under 
each gutter portion where the duplicate roof 
structures are joined. 
In the roof structure as heretofore em 

ployed, it has been necessary not only to 
provide the posts or positive means of sup 
port at the parts marked 6 in Fig. 2, but also 
at the points marked 6 in said figure from 
which it will be seen that in a small roof, 
having only three saw-tooth sections in 
length and of a double width, there is re 
quired six additional posts or piers or means 
of support, or double the number which is 

uired in the construction which is em 
ied in our present invention. The great 

advantage of this elimination of the inter 
mediate supports is apparent from the fact 
that the room space is kept reasonably clear 
of obstructions and a very material economy 
in construction is also insured. 

Referring again to Fig. 2, which is in 

15,188 

tended (in a diagrammatic manner) to illus 
trate the main features of the preferred truss 
construction, it will be seen that the roof is 
made up of the three super-span trusses, each 
comprising the lower chord 13, the upper 
chord 9 and intermediate substantially tri 
angular trusses. 12 (partly supporting the 
solid roof portions 3), in association with 
the transverse trussed girders 10, which, in 
the most desirable form, come immediately 
back of the sash portions 4. More or less of 
the transverse trussed girders may be em 
ployed, so long as they properly support 
the intermediate super-span trusses where 
necessary and insure Rpt from the same 
supporting means as the outer super-span 
trusses. In this case, the intermediate post 
6 at front and rear ends may be omitted, as 
more particularly pointed out hereinafter. 
In this diagram we have only illustrated 
three of these intermediate trusses 12 in the 
transverse width of the roof in any saw 
tooth section thereof, but it is to be under 
stood that any desired number of these in 
termediate trusses or other suitable roof 
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supports may be employed according to the 
width of the building and the roofing weight 
to be sustained. In Fig. 2", is shown the 
super-span trusses A and A’ of connecting 
saw-tooth roof. sections, such as two sections 
shown in Figs, 1 and 2, and as continua 
tions for the same inclosure. In this case, we 
have shown two of the transverse truss 
gier 10 which are supported upon the 
our corner posts 6, and which truss girders 
support the intermediate super-span truss 
A without any posts under it (as in Fig. 1). 
Additional transverse girders may be em 
ployed, as desired. 
As before stated, the general form of the 

saw-tooth roof is old and well known and 
the improvements constituting our inven 
tion are more Fifty directed, in part, 
to the provision of the lo ngitudinal upper 
compressive chords 9 which are rigidly se 
cured to the upper parts of the saw-tooth 
truss sections 12 and preferably to the peaks 
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or ridges thereof and also in employing 
lower chords 13 which are continuous, me 
chanically, throughout the total base length 
of the corresponding series of saw-tooth truss 
sections within the structure of the super 
span trusses, the lower chords acting as ties 
or tension members, while the upper chords 
9 act as struts or compressive members. It 
is manifest that while the best results will be 
obtained by arranging the top chords 9 to 
connect with the peaks or ridges of the 
roof structure, as shown at 16, nevertheless, 
it will suffice for the said chords to be con 
nected with the saw-tooth truss sections 12 
at a reasonable distance below the peaks or 
ridges of the roof, so long as the compres 
sion strains are properly sustained and the 
necessary rigidity insured. It will further 
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be seen that the tri arrelation of the 
intermediate trusses 12 and the transverse 
trussed girders 10 with the upper compres 
sive chords 9 and the lower tension chords 

5 18, provide a most rigid construction, lon 
gitudinally considered, and which will in 
sure the plurality of saw-tooth sections 
being self-supporting intermediate of the 
front and rear ends thereof; that is to say, 

10 all intermediate posts under the gutter por 
tions 5 may be eliminated. v v 

In Fig. 1, the walls of the building at 7 
and 8 may be of the lightest construction 
and, if desired, almost entirely of sash, as 
it is not necessary that there shall be any 

sts in the entire structure except at the 
our corners. If the building is of very 

great width or equivalent to double the usual 
width as commonly employed, then and in 
that event it may be desirable, though not 
essential, to place two additional posts 6, 
one intermediate of the front corner posts 
and the other intermediate of the rear cor 
ner posts, as is indicated in Fig. 2. In this 
construction, the transverse trussed girders 
10 of the several saw-tooth sections may be 
double the length in the transverse direction 
or width of the building, as is indicated in 
Figs, 2 and 5. If we assume that, in Fig. 1, 

30 the saw-tooth structure of the roof was in 
tended to correspond in width to a normal 
building, then and in that event the middle 
chord 9 may be dispensed with, if desired, 
and reliance placed upon the outer chords 
9 together with a stafficient strength of the 
transverse trussed girders 10. If, however, 
it is desired to double the width of the build 
ing or make it materially wider than the 
normal width between the usual rows of 
supports, then the transverse trusses may 
be so combined with an upper intermediate 
chord 9 and a lower intermediate tie chord 
13 that ample strength may be provided for 
the roof load without any intermediate sup 

rts in the room space below, and in fact, 
if desired, even at the end of the building 
intermediate of the corner posts. This, how 
ever, is not a material requirement in con 
nection with the outer walls of the building, 
but where the saw-tooth, construction is to 
be repeated . (Fig. 3) longitudinally for 
great lengths, several hundred feet or more, 
then it is desirable to reduce to a minimum 
any of the post supports which would ob 
jectionably obstruct the room space. In this 
connection, it is manifest that the intermedi 
ate super-span trusses are supported wholly 
by the transverse trussed girders 10 and this 
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benefit will accrue even when the transverse. 
trussed girders are less in number than the 
saw-tooth portions. It is, of course, to be 
kept in mind that where it is cheaper to...in 
troduce a reasonable number of intermediate 
supports in a wide room, and by so doing 

65 reduce the vertical height of the transverse 

80 

trusses 10 with a ES SES in cost, such modification would be dictate 
by the engineering necessities of the case. 

Referring more in detail to the construc 
tion employed in the making up of our im- 70 
proved roof, we have illustrated in Fig. 3 
a full length roof area of three saw-tooth 
sections in which there are no supporting 
posts intermediate of the end posts 6 in the - 
room R, whereas in the former, construc- 75 
tions there would have been posts or equiva 
lent means of support adjacent to the points 
14 below the gutters 5. As before stated, 
2 represents the saw-tooth structure, 3 the 
cement or other solid roof covering, and 4 
the sash structure. The roof structures 3 
are supported in part upon a plurality of 
intermediate trusses 12 which are triangular 
in shape and suitably braced or trussed to 
provide rigidity to the superspan truss; 
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85 
these secondary trusses having the oblique 
beams or purlins 12 upon which the roof 
proper is in part supported. In the case 
of the trusses 12, which are associated with 
the super-span trusses, their bottom chords 
13 are continued in tie members 13 which 
extend over and connect with the end of 
the bottom chord 13 of the next intermediate 
truss section 12 and so on, so that the bottom. 
chord formed by the parts 13 and 13 may 
be continuous structurally and act as the 
bottom or tension chord for the whole length 
of the building comprised in the said three 
saw-tooth sections. This same condition 
would be maintained, if the length provided 100 
more or less saw-tooth sections, according to 
requirements. While the parts 13 constitute 
portions of the intermediate trusses 12, the 
continuance thereof, 13", extending between 
the point 15 of the one intermediate truss 
and the point 14 of the next intermediate 
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truss (of the next saw-tooth section), con 
stitutes a tie which is an essential part of 
our improvement. The construction just 
described is provided at both extreme sides 
of the roof and also intermediate of those 
sides, when considering a building of the 
character illustrated in Figs. 1 and 2, but 
in addition to the intermediate trusses 12 
so provided in the super-span trusses, there 
may, if desired, be an additional number of 
such trusses or other means such as purlin 
members 12, designed solely for the sup 
port of the roof; though where a heavy superstructure is required for weighty 
shafting and other special means, additional 
tie sections 13 may be employed with the 
additional truss members 12, if preferred. 
When constructing the saw-tooth roof 

structure with the embodiment of our im- 125 
provements, the lower continuous tension 
chords 13 and 13 may be of continuous 
girder forms, as illustrated, and the same riveted by plate 1 to the lower parts of the 
transverse trussed girders 10 and oblique 130 
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number of 

girders 12, as more fully shown in Fig. 4; 
and similarly, the upper portions of the in 
termediate trusses 12 may be provided with 
plates 16 by which they are riveted to the 
upper portions, of the transverse trussed girders 10 and to the longitudinal up 
per compression chords 9. e transverse 
trussed girders 10 may be of the construc 
tion illustrated in Figs, 5 and 6, the same 
composed of top and bottom chords, vertical 
posts and oblique tie members to give ver 
tical rigidity coupled with the desired span 
and permit the passage of light. The up 
per chord members 9 may be built up of a 

girder sections, as more fully 
illustrated in Fig. 6, the same comprising 
three channel girders, two of which, 18, 18, 
are secured back to back upon the top plates 
16, aforesaid, and the third, 19, resting hori zontally upon the top flange of the girders 
18 and riveted thereto and with the end 
flanges projecting downwardly. We do not 

owever, to the particular 
cross section or make up of these top chords 
19, but illustrate what we believe to be a 
built up girder suitable for the purposes 
herein described. 

It will be noted from Figs. 5 and 6, that 
the two transverse trussed girder sections 
10, 10, are abutted upon the plate 16 at the 
top and plate 17 at the bottom and riveted 
thereto, so as to constitute practically a con 
tinuous transverse trussed le which, as 
illustrated in Fig. 1, may supported at 
the ends only by the corner posts 6, 6. In 
the case of the 
end of the building, the said girder, com 
posed of the sections or parts 10, 10, may, if 
desired, have an additional support immedi 
ately below the middle top chord 9, as indi 
cated at 6 in Fig. 2. In the case of the 
other transverse trussed girders 10 (Fig. 3), 
they would be NRE's upon the tie mem 
bers 13 and would not require any under 
support in the form of posts or piers. It is 
evident, however, that should there be any 
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excessive overhead loads required to be car 
ried, posts may be introduced below the 
transverse girders in a vertical plane below 
the middle super-span truss A. 

It will be understood that where the span 
of each of the saw-tooth structures along 
the tie members 13, 13 is to be greater than 
the normal span, then the height of the 
trussed girder portions 10 may be increased 
or reinforced to provide support for the cor 
respondingly increased super-span truss; 
EE y where the transverse width of 
the roof structure is to be increased beyond 
that which has normally been the practice, 
-this increase in the vertical height of the 
transverse girder 10 will be utilized to bridge 
the greater transverse distance required 
and supporting the intermediate super-span 
truss; and where the distance is to be very 

irder at the extreme front . . 

16,188 

great, the said transverse girders 10 may be, 
materially strengthened in manners well 
known in roof truss construction, and we, 
therefore, do not limit ourselves to the minor 
details. . . 
From the construction above described, it 

will be seen that all of the truss work com 
prising the roofing structure is contained 
within the building and protected from out 
side weather conditions, with the single ex 
ception of the top chords 9 which, however, 
are simple in construction and which may 
be made of a form (Fig. 6) which will read 
ily shed rain and easily protect itself against 
weather conditions. Considering the truss work shown in Fig. 3 as constituting the 

70 

75 

80 

main or super-span truss, it will be seen that 
the transverse trussed girders 10 act as strut 
members between the top compression chords. 
9 and the lower tension chords 13, 13, 
whereas the trusses 12 constitute diagonal 
bracing which, as composite members, might 
be considered morePEy. as tension mem 
bers in the case of the two saw-tooth sec 
tions to the right of Fig. 3; but the truss 
members 12 at the extreme left of Fig. 3 
would, in a general way, act as equivalent 
to a strut or post to the super-span truss. If 
desired, the truss parts of trusses 12 (except 
part 12) may be omitted from all of these 
trusses except to the extreme left saw-tooth 
section in Fig. 3; also, if desired, the brac 
ing trusses 12 may be omitted where heavy 
ceiling loads, such as shafting and 
are not required to be supported. 

For the purpose of illustrating our inven 
tion, we have shown in the accompanying 
drawings the embodiment thereof which is 
at present preferred by us, since the same is 
in the form which we have found in practice 
to give satisfactory and reliable results, but 
it is to be understood that we do not restrict 

pulleys, 

ourselves to the details, as the same are sus 
ceptible in modification in various particu 
lars without departing from the spirit or 
scope of the invention. - 

ving now described our invention what 
we claim as new and desire to secure by Let 
ters Patent, is:- 

1. An improved roof of saw-tooth con 
struction, comprising a plurality of parallel 
trussed sections providing saw-tooth fram 
ing along the length of the building for 
supporting oblique roof covering portions 
and upright sash portions, said saw-tooth 
framing having a plurality of parallel ten 
ision chord members extending throughout 
the entire length of the roof structure at its 
base and supported at their ends, and a plu 
rality of longitudinal compression chord 
members at a higher elevation than the ten 
sion chord members and rigidly secured to 
the upper portions of the framing of the 
several saw-tooth members and located 
above the main level of the roof covering 
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and sash portions, combined with trans 
verse trussed girders respectively extend 
ing along the high sash portion of each 
saw-tooth section and each having its upper 
portion secured to the compression chord 
members and its lower portion secured to 
the tension chord members and operating 
to support the roof transversely over fit 
widths, and supports for the ends of the 
tension chord members, 

2. A roof of the saw-tooth type, compris 
ing a plurality of saw-tooth truss structures 
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each provided with a transverse truss sup 
porting glazed sash, said truss of a depth 
substantially equal to the maximum depth 
of the saw-tooth structures, oblique mem 
bers supporting the oblique roof covering 
and sustained at their up 
transverse truss, a plurality of horizontal 
tie members of the plurality of saw-tooth 
truss structures united to form continuous 
lower tension chord members longitudinally 
of the entire roof structure and supporting 
the lower ends of the oblique members, com 
bined with a plurality of longitudinal com 
pression chord members arranged above the 
roof of the saw-tooth truss structures and 
securely attached to the respective upper 
portions thereof and to their transverse 
trusses to positively connect said saw-tooth 
truss structures and hold their upper por tions apart in a direction with ect to the 
length of the roof, said tension and compres 
sion chord members spaced apart laterally 
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40 

to the transverse trusses and se with respect 
to the lower and upper cured tively 

portions EE l 
3. An improved roof of saw-tooth con 

struction which comprises a plurality of 
arallel truss forms providing saw-tooth raming for supporting the roof covering 

portions and upright sash, the framing for 
supporting the sash consisting of rectangu 
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lar open-mesh trussed girders respectively 
arranged transversely at the highportions 
of each of the saw-tooth sections in the 
roof and supporting it intermediate of its 
ends against sagging, tension chord mem 
bers extending longitudinally of the roof at 
its bottom portion for its full length, com 
bined with longitudinal upper compression 
chord members arranged above the main 
portion of saw-tooth roof portions and se 
cured to the framing thereof including the 
upper portions of the transverse open-mesh 
trussed girders, and Sports for the front 
and rear ends of the roof. 

4. In a saw-tooth roof structure, longi 
tudinal truss framing, comprising upper 
compression chords, lower tension chords, 
deep transverse trussed girders spaced apart p sequred at their lower portions to the 
tension chords and at their upper portions 

r ends upon the 

to the compression chords, a plurality of 
oblique intermediate roof supporting trusses 
of general triangular form secured at their 
upper portions to the transverse trussed 
girders and at their bottom portions to the 
tension chords, oblique roof covering sup 
ported by the oblidue intermediate trusses 
below, the compression chords, and sash cov 
ering 
ders intermediate of the compression and 
tension chords, the transverse trussed gir 
ders actin 
corresponding compression and tension 
chords and to provide a wide transverse 
span of roof and the oblique intermediate 
trusses acting as tension members in those 
portions of the roof below the compression 
chords. 

5. A saw-tooth roof structure "E 
a plurality, in excess of two, of paralle 
super-span trusses, each having a top com 
pression chord, a bottom tension chord and 

and tie members connecting them, and 
oblique roof sections extending between the 
top and bottom chords, combined with a truss having a height. substantially equal 
to the distance between the top and bottom 
chords of the super-span trusses and ar 
ranged transversely to the length thereof, 
said transverse truss secured to each of the 
super-span trusses and also bridging the 
space between the outermost super-span 
trusses and sustaining the intermediate 
super-span truss or trusses, upright window 
sash framing of the saw tooth roofing ar 
ranged transversely of the super-span 
trusses and supported thereby, and supports 
for the outermost super-span trusses. 

secured to the transverse trussed gir 

as compression members to the 
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6. A saw-tooth roof structure comprising 
a plurality, in excess of two, of parallel 
super-span trusses, each having a top.com 
pression chord, a bottom tension chord and 
post and tie members connecting them, 
oblique roof sections extending between the 
top and bottom chords, and supports for 
the ends of the outermost super-span trusses, 
combined with a plurality of transversely 
arranged trusses extending between the out 
ermost super-span trusses and secured fix 
edly in relation thereto and to the interme 
diate super-span truss or trusses, said trans 
verse trusses acting as sustaining members 
for the intermediate super-span truss or 
trusses whereby supports beneath them may 
be omitted in whole or in part, and upright 
window sash framing of the saw tooth roof 
ing arranged transversely of the super-span 
trusses and supported thereby. .. 

In testimony 
hereunto set our hands this 29th day of 
April, 1921. -- WALTER F. BALLINGER. 

CLIFFORD H, SHIVERS, 

of which invention, we 
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