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CORRUGATED SHIEEE MATERA, 
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My invention relates to corrugated sheet mate 
rial, in particular to straight or curved corrugated 
sheet material, such as is used for structural pur 
poses for Walls, floors or roofs in buildings. This 
sheet material may either have single corruga 
tions, or it may have so-called multiple corru 
gations such as are illustrated in the U. S. Patent 
No. 948,733, granted to me on February 8, 1910. 
The present invention purposes to increase the 
rigidity of either kind of corrugation, so that the 
resistance of the sheet against buckling forces is 
considerably increased, permitting as a conse 
quence the erection of structures with larger 
Spans of Self-Supporting corrugated sheet mate 
riai, including even joints between the spans, 
hain Was possible heretofore With the standard 
sizes and forms of corrugated sheet material. 
My invention is illustrated in the accompany 

ing drawings in which 
FigS. 1, 2 and 3 represent explanatory diagrams. 
Fig. 4 represents in cross-section a joint between 

two adjacent single corrugated sheets showing the 
location of a tie element according to my inven 
tion, 

Fig. 5 represents in cross-section the applica 
tion of my invention to a joint of double-corru 
gated material showing the use of a tie strip 
running the entire length of the corrugation 
portion, - ... " : 

Fig. 6 represents a top view of Fig. 5, the sev 
eral layers of material being broken a Way at 
different points, - 

Fig. 7 represents a cross-section similar to Fig. 
5, except that the latter figure shows a full cor 
rugation overlap, while Fig. 7 shows a part cor 
rugation overlap at the joint. 

Fig. 8 represents in cross-section a joint be 
tween two double-corrugated material Sections 
showing the use of tie bars placed at intervals 
straight across the top corrugation of the joint. 

Fig. 9 represents a, bottom view of the joint 
portion Fig. 8, 

Fig. 10 represents a, bottom view similar to Fig. 
9, showing, as a modification, the tie bars placed 
diagonally acroSS the top corrugation of the joint. 

Fig. 11 represents in transverse section a shed 
With a curved Self-Supporting corrugated sheet 
roof employing tie bai's as shown in Figs. 8 to 10. 

Fig. 12 represents a shed in similar section with 
a self-supporting corrugated sheet roof employ 
ing tie Strips as shown in Figs. 5 and 6. 

Fig. 13 represents in transverse section a shed 
With a semi-circular self-supporting corrugated 

sheet roof employing tie bars as shown in FigS. 
8 to G. 

Fig. 14 represents a tubular culvert of corru 
gated sheet material in which tie strips are emi 
ployed in the upper half of the tube, 

Fig. 15 represents diagrammatically a shed 
girder roof on the purlines of which the ends of 
the individual corrugated sheets are Supported, 

Fig. i6 represents in larger scale and in bottom 
View two purlines of Fig. 15 showing the joints 
between several corrugated sheet Sections and the 
rianner in which tie bars may be placed to permit 
larger spans between purlines, 

iFig. 17 shows in cross-section a joint between 
two double-corrugated sheets and tie bars extend 
ing across the top corrugation of the joint and 
beyond either side of the joint to the adjacent 
top corrugations, 

iFig. 18 represents a, botton view of Fig. 17, 
Figs. 19 and 20 represent joints between triple 

coi'Fugated sheets showing tie strips or bars, re 
spectively placed above and below the neutral 
axis of the joint, and - 

Figs. 21 and 22 show in transverse section and 
bottom view respectively a flat, corrugated shed 
roof with a span covering two sheet lengths and 
rendered Self-supporting by Suitably distributing 
tie bars, such as shown in Fig. 8, over the roof 
Surface. 
Through extensive laboratory tests. With all 

sorts of corrugated sheet material i have ascer 
tained that the maximum stresses at Which a per 
manent material deformation or complete fail 
ure actually occurs, are as a rule by far lower 
than the accepted formulae for such material 
would indicate. I have ascertained through long 
experience in the construction and election of 
sheet material structures that very frequently 
self-supporting corrugated roof portions have 
buckled or given way unexpectedly under loads 
far beiow those which they would be expected to 
carry according to the conventional formulae used 
for calculating such roofs. My recent investiga 
tions of this disagreement between theory and 
practice have shown that the cause of the failure 
of Sugh sheets lies in the erroneous aSSumption 
by the art that the half corrugations of a corru 
gated sheet can be considered and calculated, with 
respect to stresses which they are to carry, as Solid 
half round bai's. For instance, as shown in Fig. 
1, which illustrates a portion of a single-corru 
gated sheet, it was heretofore the practice of fig 
uring the top corrugation--if the sheet is to serve 
as a roof-as a half round bar which should Sup 
port the given load P in the direction of the ar 
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row, and which would therefore be figured for 
bending stresses on the axis of gravity G. In 
reality this half-corrugation not only is not a 
solid bar, but does not act as a Solid bar when put 
under load in the direction P in which it is put 
under buckling stresses. What happens to the 
top corrugation when put under load in the direc 
tion of the arrow is shown in Fig. 2. In this fig 
ure the top corrugation and part of a bottom cor 
rugation is shown in larger scale. The neutral 
axis of the complete corrugation is ac-ac. When 
the load P is applied to the top corrugation in the 
direction of the arrow, the ends of this corruga 
tion at or adjacent to the neutral axis a Will 
spread in the direction of the arrows b-b, and 
the entire top corrugation c Will assume the form 
shown in the dash line c', and the sheet metal 
will crumble, assuming a form something like 
shown at c'. If the load P persists We have now 
a new form of top corrugation, namely c' which 
does not have the axis of gravity G, G for which 
the original corrugation was calculated and, there 
fore, the more the corrugation flattens out and 
spreads in the directions b-b the weaker its car 
rying capacity will be and the more it will fold up. 
The practical tests have proven this beyond any 
doubt. The spreading of the ends of the top 
corrugation in the vicinity of the neutral axis 
ac-ac will, of course, affect the adjacent bottom 
corrugations, and they in turn will transmit the 
lateral pressures to the remaining adjacent cor 
rugations and thus produce a ZOne of flattened 
corrugations with a carrying capacity far below 
the value for which they were originally calcu 
lated. In other words, a self Supporting portion 
of a corrugated sheet does not act, as was assumed 
heretofore, as an assembly of half round Solid 
bars, but it acts like a corrugated rod Which when 
put under load will spread in the direction of the 
neutral axis to either side and tend to flatten Out, 
loosing its load resistance the more it flattens out 
into a straight rod. 

For instance, a corrugated tube such as might 
be used for a culvert and Such as is shown di 
agrammatically in Fig. 3 will, when put under a 
heavy load such as might be produced by a 
heavy truck passing over the culvert, give Way 
in its upper portion approximately in the form 
shown at a' in Fig. 3. At the points. Where the 
failure occurs the corrugations will flatten out to 
such an extent that the material can be bent With 
a sharp corner the same as flat material would be 
bent. 

In order to enable the designer to calculate the 
half-corrugations of a corrugated sheet, to Wihich 
the load is applied and which are subject to buck 
ling stresses, as solid bars with a permanent axis 
of gravity, such half corrugations must be put 
into a condition in which their ends in or ad 
jacent to the neutral axis of the entire System 
are prevented from moving relatively to one an 
other in the direction of the neutral axis, especi 
ally they must be prevented from spreading apart. 

I have discovered that when means are pro 
vided which will hold the ends of Such a loaded 
corrugation in fixed position, Such a half corru 
gation may again, as heretofore, be figured as a 
solid half round bar with respect to its carrying 
capacity. Thus if, for instance, as shown in Fig. 
4. With respect to a single-corrugated Sheet 10 a. 
so-called tie element 11 is attached acroSS the 
half corrugation to which a load P may be ap 
plied in the direction of the arrow, and if this 
tie element 11 is fixed, such as by rivets 12 to the 
ends of the half corrugation in the vicinity of the 

1,948,619 
ac axis, this half corrugation will be prevented 
from spreading in the directions of the two ar 
rows in that figure, and thus this portion of the 
corrugated sheet may be considered as a rigid 
bar so far as calculation is concerihed. 

I have shown in Fig. 4. the point at which the 
tie element 11 is applied to the half corrugation 
as a joint between two adjacent sheets 10 with 
a full overlap of the top corrugation of each sheet. 
The tie element 11, therefore, serves at the Same 
time for holding the two sheets together at their 
junction. The forces which tend to Spread the 
two ends of the top corrugation apart due to the 
load P are at first comparatively Small, SO long 
as the corrugation maintains its normal shape. 
Therefore, the tie element 11 is subject to Only 
very small tension stresses and need not be thick 
er than the sheet itself, say about one millimeter, 
or whatever the standard of the sheets may be. 

This tie element 11 may, as will be described 
and shown presently, have the form of a Con 
tinuous strip extending along the entire half cor 
rugation and riveted to it at intervals, or else 
as Will also be described later, the tie element may 
consist of individual narrow tie straps, each riv 
eted to the ends of the half corrugation in the 
vicinity of the ac axis, and a number of Strips may 
be spaced along that corrugation, for instance at 
the junction between two sheets. Furthermore, 
it is not necessary that such a tie element be ap 
plied to every half corrugation which is subject 
to buckling stresses. It may be sufficient for in 
stance at Small expected loads to apply Such tie 
elements only to the top corrugations at the joints 
between two sheets. If there are greater load 
possibilities tie elements may be applied to One 
or several half corrugations subject to buckling 
stresses intermediate the joints. The principal 
idea, involved in the invention, and by which the 
desired rigidity is imparted to such a sheet, is 
to change the character of such a sheet from that 
of a corrugated or wave-shaped Spring with va 
riable moments of resistance, more or less to that 
of a rigid structure which cannot be elongated 
appreciably under load in the direction of its neu 
tral axis. 
When a number of tie elements are thus fixed 

at a desirable number of unsupported sheet Sur 
face portions to the ends of the corrugation half 
subject to buckling stresses, a corrugated sheet 
of a given size is capable to freely support With 
out buckling or bending very much greater loads 
than the sheet is ordinarily capable of Sustain 
ing without failure. 
As will now be shown, my invention is applica 

ble also to so-called double-corrugated sheets 
Such as are covered by my aforementioned prior 
patent. Double-corrugated sheets per se have 
greater moments of resistance than Single-corru 
gated sheets as has been explained in said patent, 
the ratio being about 1:1,6 if the resistance of a 
single-corrugated sheet is considered as unity. 
In triple-corrugated sheets this value Will auto 
matically be much higher being a number of times 
that of a single-corrugated sheet. These values 
for multiple-corrugated sheets, the same as is 
true with single-corrugated sheets, are only cor 
rect when under no load. As Soon as load is ap 
plied to a double-corrugated sheet, the corruga 
tion half subject to buckling stresses will in its 
own Way fail the same as the half corrugation 
will fail in a single-corrugated Sheet. By the 
“stressed corrugation half' in case of multiple 
corrugated sheets, I mean the entire portion of 
the corrugation located. On the compression side 
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of the neutral axis ac-ac of the system, irrespec 
tive of the number of sub-corrugations which 
Such a portion may contain. Therefore if, as 
shown in Fig. 5 for a full overlapping joint be 
tween tWO double-corrugated sheets 13, a tie 
element 14 is fixed to the main half corrugation 
Which is located entirely on the compression side 
of the ac axis, i. e. at which loads are likely to be 
applied in the direction of the arrow, this main 
corrugation half will be prevented from spread 
ing, the same as described before with respect 
to the halves of single corrugations. As will ap 
pear more clearly from Fig.6 the tie element 14 
is here assumed to be in the form of a continuous 
tie strip extending along the entire length of the 
overlapping joint, and the rivets by which this 
strip is fixed serve at the same time for riveting 
the Overlapping sheet ends together. It is not 
necessary, however, to make a full overlapping 
joint. As shown in Fig. 7 the adjoining sheet 
ends 13 may overlap only for a part of a corruga 
tion, and the tie strip 14 at one edge be riveted 
to the joint, and at the other edge be riveted to 
one sheet only, approximately in line with the 
neutral axis ac of the corrugated System. 
AS shown in Figs. 8 and 9, instead of using tie 

strips extending along the entire length of a half 
corrugation, in either Single or multiple corru 
gated material, tie bars 15 may be attached at 
intervals to the corrugation shalf which is sub 
ject to buckling stresses. It is further not neces 
sary to attach the tie bars 15 transversely to the 
direction in which the corrugations run. These 
bars may, With the same effect, also be attached 
in Zig-Zag fashion as shown at 16 in Fig. 10 which 
shows a bottom view of a double corrugated joint 
similar to that of Figs. 5, 7 and 8. Any of these 
forms of tie elements will transform the corruga 
tion half to which they are attached into a rigid 
beam. So far as calculating stresses is concerned. 
This is particularly important for the overlap 
ping joints between the sheets and has the effect 
of a rigid stiffening element being provided at 
each joint. 
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Figs. 11 to 14 show a few examples of the man 
ner in which my invention may be employed for 
enhancing the self-supporting character of cor 
rugated sheet structures. Figs. 11 and 13 show 
respectively a building with a curved and a semi 
circular corrugated sheet roof which in each in 
stance is entirely self-supporting and is provided, 
as indicated by the heavy dashes 17 with tie bars 
such as are shown in Figs. 8, 9 and 10. I am thus 
able to cover with the ordinary standard sizes of 
corrugated sheets spans up to 75 feet without any 
supports for the sheet material intermediate the 
walls on which the roof rests. In Fig. 12 is 
shown a curved corrugated sheet retal roof 
which is provided with tie strips 14 along a num 
ber of corrugations in the manner shown in FigS. 
S and 6. In Fig. 14 is shown a tubular culvert 
made of corrugated sheet material in which the 
upper semi-circle of the tube is reenforced at 
suitable intervals with tie strips 14, such as shown 
in Figs. 5 and 6. The lower semi-circle of the 
tube does not require reenforcement in such a 
case since its corrugations rest unifornly against 
the soil while in the upper half of the tube, 
especially at the top extreme stresses transmitted 
from the road bed may occur at individual points 
of the culvert. 
The enhanced self-supporting character of 

sheets reenforced according to my invention is 
important not only in case of entirely self-Sup 
porting corrugated sheet roofs, but also of ad 

3 
vantage where corrugated sheet material is used 
for roofing of buildings provided with a girde 
roof structure. In such cases the corrugated 
sheets are laid onto the purlines which are car 
ried by the girders. Due to the fact that sheets 
according to my invention will freely Support 
greater weights, the purlines can be Spaced fur 
ther apart, and thus considerable material and 
labor can be saved in the roof construction. In 
Fig. 15 a portion of a girder roof is diagraminati 
cally shown, together with its purlines 18. The 
distance between two purlines may be L. The 
corrugated sheet which is shown in Fig. i5 restS 
With its ends on the purlines on bolsters of Suit 
able form not shown here. In Fig. 16 a bottom 
view of this sheet, together with portions of the 
adjoining sheets is shown in larger Scale. It may 
be sufficient for a moderate expected load, such 
as a man walking on the roof, or the load of ice 
and Snow, to use one tie bar 19 for each joint in 
termediate the distance L between the purlines. 
How many tie bars are to be used is entirely With 
in the judgment of the designer in accordance 
with the prevailing conditions. In cases such as 
the roof constructions described hereinbefore it 
may be desirable to extend the tie bars from the 
joint at which they are applied to at least One 
other half corrugation on either side of the 
joint, which will thus impart increased rigidity 
to such sheet portion. The nanner in which , , 
these tie bars are applied is shown in Figs. 17 and 
18 for double-corrugated sheets. In this case 
the tie bar 20 is first of all riveted across the 
loaded half corrugation of the joint between the 
two sheets 13. 
side of the joint around the bottom corrugations 
and is riveted across the ends of the adjacent 

80 

It extends, however, to either 

top corrugations 22 and 23, likewise under buck 
ling stresses, so that three top corrugations are 
thereby reenforced, forming a broad beam run 
ning the entire length of the sheet. Fig. 18 
shows the bottom view of a sheet roof thus re 
enforced. - - 

In case of multiple-corrugated sheets it is not 

9 

absolutely necessary that the tie element, such 
as a strip or a bar be attached to the corruga 
tion under bucking stresses exactly in line With 
the neutral axis ac of the corrugated System. For 
instance, as shown in Fig. 19 the tie element 11 
may be attached to the stressed half corrugation 
above the ac axis, and as shown in Fig. 20 it may 
be attached to the half corrugation under buck 
ling stresses below the ac axis. Calculations will 
easily give the most favorable position in each 
case, to prevent spreading. 

Figs. 21 and 22 show a flat shed roof of cor 
rugated sheet material which consists in trans 
verse direction of several sheets, but Owing to 
the arrangement of tie elements according to 
my invention becomes nevertheless not only Self 
supporting, but capable of sustaining Substantial 
weights. 248 and 24b are two sheets overlapping 
at one end at the joint 25, and each resting at 
its other end on one of the shed walls 26. The 
center joint 25 running longitudinally of the shed ... ." 

is held together by the use of two tie bars 26, 
first of all at the transverse joints between the 
corrugated sheets which run in the direction of 
the channels of the corrugation, i. e. transverse 
to the shed axis. 
longitudinal joint 25 and the points at which the 
roof rest.S on the shed Walls, tWO additional tie 
bars 27 are provided not only at the transverse 
joints 28 between the sheets, but also interme 
diate the transverse joints. Comparatively few 

Furthermore, intermediate is 

e 
Y 
V 



5 

0 

20 

30 

40 

50 

t 

4. 
tie bars thus distributed over a large surface Will 
impart to Such a roof a rigidity which renders 
it not only Self-Supporting, but also capable of 
Sustaining Substantial loads without increasing 
the gauge of the metal of which the corrugated 
sheet is made. In this manner I am able to 
Cover flat roof Spains, such as are shown in Fig. 
21, up to 20 and 30 feet, using two or three sheets, 
Such as 243 and 24b across the Spain. I find that 
by using tine reenforcing means according to my 
invention the cost of corrugated sheet construc 
tion can be lowered from 25 to 45%, due to the 
Omission of purlines or trusses, and corrugated 
Sheet structures become steadier and can be 
more easily Standardized so far as calculation of 
stresses is concerned. 
The reenforcing method for corrugated sheet 

material according to my invention is of great 
advantage and importance not only for building 
structures, but also for aviation. In certain 
types of airplanes corrugated sheet metal, espe 
Cially corrugated Sheet aluminum is enployed 
for the fuselage walls and for the wing covering. 
Especially the latter is subject to greatly varying 
Stresses which have compelled the designers to 
employ cumbersonne and heavy truss construc 
tions inside of the wings. By utilizing tie strips 
Or bal's according to Iny invention at the stressed 
points, truSS structures can be omitted in many 
places. 
These tie elements are intended to be used i 

air craft in the sale manner as described with 
respect to stationary structures, i. e. these ele 
ments must tie together the ends of substan 
tially the entire corrugation half located on the 
compression side of the neutral axis ac of the cor 
rugated System, and irrespective of the number 
of sub-corrugations (such as exist in multiple 
corrugated sheets) which Such a stressed half 
nay contain. 
Therefore, When I refer in the annexed claims 

to “a corrugation half, subject to buckling 
stresses', I mean in case of Single-corrugated 
material the single half corrugation located at 
the compression side of the neutral axis of the 
entire System, and in case of multiple corrugated 
sheets I mean Substantially the entire inain cor 
rugation half On the compression Side of the 
neutral axis, irrespective of the number of Sub 
corrugations in the main half, because in the 
latter case that entire main corrugation half 
Would tend to Spread under compression stresses. 

Also corrugated aluminum roof construction 
is rendered by the use of my invention cheap 
enough to render it competitive with corrugated 
iron coinstruction because, owing to the use of 
tie clerments, much thinner aluminum sheet 
gauges can be employed than is possible at 
present. 

In the construction of corrugated sheet roofs 
the further advantage accrues in the use of the 
improvements according to my invention. Fre 
quently corrugated sheet roofs are sealed on the 
inside either with board sealing or with plaster 
applied to Wire lath, in order to give the interior 
a more pleasing appearance. Since, as was ex 
plained hereinbefore, the ordinary corrugated 
sheet roof has the character of a spring which 
expands and contracts in the direction of the 
neutral axis, piaster ceiling applied to such a 
base, cracks and peels off very frequently. Board 
ceilings will split open. When, according to my 
invention the desired rigidity is imparted to such 

1,948,619 
a corrugated roof, the aforementioned defects 
are OWe COle. 

I claim:- 
1. A Corrugated sheet for Spanning Spaced Sup 

poits and having a nuitiplicity of corrugations, 
Said Sheet including a plurality of tie straps ex 
tending at the unsupported sheet portions sub 
Stantially in the neutral axis of the corrugations 
betWeen, and being secured to the ends of at 
ieast Some of the corrugation halves of only 
that giroup of halves subject to buckling stresses, 
to tie Said ends in fixed relation to one another, 
to increase the resistance against spreading of 
the corrugations in the direction of the neutral 
Sileet axis due to an applied load. 

2. A corrugated sheet having a multiplicity of 
Corrugations and Spanning Spaced Supports and 
being composed of a plurality of corrugated sheet 
Sections Overlapped at their adjoining edges, said 
Sheet, including a plurality of tie straps extending 
at least at the unsupported overlaps substantially 
in the neutral axis of the corrugations between, 
and being Secured to the ends of at least some 
of the corrugation halves of only that group of 
halves Suject to buckling Stresses, to tie said 
ends in fixed relation to One another, to increase 
the resistance against Spreading of the corru 
gatios in the direction of the neutral sheet axis 
3u8 to ain applied load. 

3. A corrugated Sheet for Spanning spaced sup 
portS and having a zinuitiplicity of corrugations, 
Said sheet including tie Straps extending at the 
thSupported Sheet poitions Substantially in the 
illeutral axis of the corrugations along the ends 
of at least Soine of the corrugation halves of only 
that group of i) alves Subject to buckling stresses, 
S&id Straps being Secured at their edges to the 
ends of Said halves to tie said ends in fixed rela 
tion tC One another, to increase the resistance 
against Spi'eading of the corrugations in the 
direction of the neutral sheet axis due to an 
applied load. - 

4. A corrugated Sheet for spanning Spaced Sup 
ports and having a multiplicity of corrugations, 
Said Siheet including a plurality of tie straps 
Spa,33d apart On the unsupported sheet, portions 
along at least SOme of the corrugation halves 
of only that group of halves subject to buckling 
StreSSes, Said straps being located substantially 
in the neutral axis of the corrugations and being 
individually Secured at their ends to the ends 
Of Said corrugation halves to tie said ends in 
fixed relation to one another, to increase the 
resistance against spreading of the corrugations 
in the direction of the neutral sheet axis due to 
an applied load. 

5. A corrugated Sheet having a multiplicity of 
corrugations and spanning Spaced supports and 
being composed of a plurality of corrugated sheet, 
Sections overlapped at their adjoining edges, said . 
Sheet including a plurality of tie straps extending 
at least at the unsupported overlaps substantially 
in the neutral axis of the corrugations between, 
and being Secured to the ends of at least Some 
of the corrugation halves of only that group of 
halves Subject to buckling stresses, to tie said 
ends in fixed relation to one another, to increase 
the resistance against spreading of the corruga 
tions in the direction of the neutral sheet, axis 
due to an applied load, said tie straps extending 
and being similarly Secured also to adjacent simi 
larly stressed corrugation halves. 

KNUT KNUTSON. 
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