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The present invention relates to struetural

members and more particularly to nailable struc-
tural members formed of metal, such as steel
sheet or strip, and adapted to receive and re-
movably retain nails whereby boards or other
collateral material may be attached to the struc-
tural members by means of nails and similar
fastening elements.

It is an object of my invention to provide a
nailabie structural member that will securely re-
fain nails and that will securely retain a nail sub-
jected to a live load.

Another object of my invention is to provide
an improved nailable struectural member that
will not be deformed by nails driven into the
member.

Another object of my invention is to brovide
an improved nailable structural member formed
of relatively thinner metal that is relatively
stronger and more rigid than the nailable mem-
bers heretofore provided.

Various types of metal nailable structural mem-
bers have been proposed in the past. These nail-
able members have been intended to replace
Wwooden members and have been intended to re-
ceive and retain driven nails while permitting
the removal of the nails when desirable. Only
a few of the proposed types have been accepted
for commercial use. The nailable members which
have received commereial acceptance have, in
general, been of the type in which g nail is driven
into a tortuous or sinuocus slot or groove defined
by parallel spaced apart webs. These webs are
brovided with a single corrugation so that the
nail is bent first in one direction and then back in
the opposite direction through a single reverse
curve. These structural members are designed
to be used with a nail having a diameter sub-
stantially equal o the width of the slot. It has
been considered by designers that the nail is
held in place by friction and by resistance of the
nail fo straightening. While nailable members
of this particular type have received fairly wide
acceptance for commercial use as beams, joists,
columns, studs and the like, the members do
have a number of drawbacks or deficiencies. One
serious trouble encountered in using such a mem-
ber is that while the nailable member may retain
the nail against a constant, withdrawal foree ap-
plied in one direction, the nail is readily worked
loose by a live load. For example, when the
head of the nail is gripped and an attempt is
made o pry the nail out of the groove by means
of a suitable Instrument, it may be found that it
is quite difficult to withdraw the nail in this man-
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ner, and it has been considered that the nail-
able member will satisfactorily retain nails dur-
ing use. A difficulty arises when the head portion
of the nail is subjected to a weaving, bending,
lunging load—that is, a live load—for the nail is
“walked” out of engagement with the structural
member. Each cycle of change in load applica-
tion will pull the nail a short distance out of
the nailing groove. Under nearly all conditions
of commercial application, the nail is subjected
to live load at least part of the time, and if the
cycles are relatively rapid or if the live load is
relatively great, the nail is quickly worked out
of the nailing groove. Accordingly, the nailable
members of the prior art have been characterized
by relatively weak nail retaining qualities, es-
pecially when the nail is subjected to a live load.

Another difficulty encountered with nailable
structural members is the tendency of the nails
Yo deform the walls of the nail receiving and
bending slot. If the walls are materially deformed
or spread, the ability of the member to retain
nails is either lost or greatly reduced. To over-
come or reduce this tendency, it has been ihe
practice quite frequently to make the member of
relatively thicker metal. This in turn increases
the problems involved in forming the nailable
member and increases the cost of the member.
This is particularly undesirable as the users of
such members are often quite cost conscious, par-
ticularly where the structural member is being
substituted for a wooden member. In many in-
stances, the nailable member is made heavier
than is necessary to support the loads applied
to the member when in use so that the nail will
not deform the member. In other words, the
thickness of the metal in a structural member,
such as a beam, is determined by the forces set
up by the driven nail and not by the load carry-
ing capacity required of the beam.

In accordance with the present invention, the
nail receiving and bending means of the nailable,
metal structural member ig constructed and ar-
ranged in a novel manner so that the nail is se-
curely held in place when subjected to a live load.
and not readily “walked out” of the nail receiving
slot. It has been discovered that bending or cor-
rugating the webs which define therebetween the
nail holding slot so that the slot extends through
two reverse curves greatly increases the reten-
tion of nails, particularly nails subjected to live
loads. The addition of the second reverse curve
increases the retention of nails more than the
increase in the length of the nail receiving slot,
if there is any increase in the length of the slot.
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The reason why a nail receiving means which
bends a nail through two reverse curves will
retain a nail subjected to a live load while a nail
receiving means which bends a nail through a
single reverse will not retain a nail subjected to
a live load is not accounted for by merely mul-
tiplying the properties of a single reverse curve
py the factor, two. In addition, and as will be
more fully hereinafter described, the addition of
more reverse curves or corrugations does not cor-
respondingly increase the resistance of the nail
to withdrawal by a live load.

Purther, it has been found that the structural
member can be constructed of thinner metal
without having the nail spread or deform the
walls or webs defining the nail receiving slot, if
the second reverse curve is made larger than the
first so that the nail is bent more gradually. In
other words, for each unit of longitudinal ad-
vance, the nail is bent through fewer degrees
when _being_ driven through :the second reverse
curve than when being driven through the first
reverse Curve.

An unexpected advantage of the present inven-
tion has been in the discovery that the presence
of the second relatively larger reverse curve en-
ables the cross-sectional area to be proportioned
so. that.the .nailable. structural. members are NOW
free or substantially free of any tendency to twist
under loads tending to bend the members. Inso-
far.as is known, the prior art nailable structural
members and particularly those which have re-
ceived commercial acceptance have been charac-
terized by poor structural stability. When these
members have been used as beams, joists, ccl-
umns, studs, or other frame members, it has been
necessary to brace the members quite extensively
to prevent twisting or to: use larger members or
both. .

These and.other objects and advantages will
become apparent when considering the following
description, taken with the accompaying draw-
ings, in which:

Figure 1 is a cabinet view of a structural mem-
ber. embodying the principles of the present in-
vention;

Figure 2 is a fragmentary view of the member
of Figure 1 and showing a nail driven into the
member; :

Tigure 3 is a fragmentary sectional view taken
along line 3—3 of Pigure 1;

Figure 4 is an end view of another structural
member embodying the prineciples of the present
invention;.

Figure 5 is an end view of another structural
member embodying the principles of the present
invention; and . .

Figure 6 is an end view of a different struc-
tural member embodying the principles of the
present invention.

Referring to the drawings and particularly to
Pigure 1 which is a cabinet view of a structural
member embodying the principles of the present
invention, the elongated member 18 is formed by
bending and shaping a single piece of steel sheet
or strip.. The present invention is nog concerned
with the particular manner in which member i0
is formed although the member is preferably
formed by cold rolling steel strip. Metal cother
than steel may be used. The member {8 includes
a first flange means i1, a second flange means iz
and a web means (3 connecting the flange means
with the flange means {{ and {2 extending along
opposite. sides of the web means:{3 so that the
member, | §. has substantially an I-shape in cross-

13

10

30

40

60

4

section. The fAlange means i1 includes a pair of
coplanar, equal flange portions 15 and i6. The
flange portions are each made of two layers of
metal with fiange {5 having outer and inner
layers i1 and 18§ integrally joined along their
outer edges and with fiange 16 having outer and
inner layers 19 and 20 also integrally joined along
their cuter edges. Flange means {2 similarly
includes a pair of coplanar, equal flange portions
21 and 2% with flange portion 21 having outer and
inner layers 23 and 24 integrally joined together
along their outer edges and with flange portion
32, including outer and inner layers 25 and 28,
also integrally joined together along their outer
edges.

Adjacent each flange means i1 and {2, there is
2 nail receiving and bending means 28 and 29,
respectively. The nail receiving means 28 in-
cludes a web or nail guiding portion 31 and a
parallel nail guiding portion 32 adapted to receive
o driven nail therebetween. The web and nail

guiding portions 31 -and 32 are spaced apart and.
define an elongated nail receiving slot or groove.

33 having a constant width throughout its length.

: The nail receiving means 29 also includes a web
portion 33’ and a parallel nail guiding portion .

34. The poriions 33.and 34 are spaced apart
and define therebetween an elongated nailing
groove 35.

The flange means {{ and the nail receiving

mesans 28 constitute a T-shape as does the flange -
means 12 and the corresponding nail receiving .

means 28, These two T-shapes are joined by 2
flat web porition 35 which is integrally joined

. along opposite edges to the web portions 3{ and

33’. The web portions $i and 33’ constitute part
of the nail receiving means as well as part of the
web means joining the flanges-{i and 12.. As
shown, axes z— and y—y are mutually perpen-
dicular, coordinate axes of the cross-sectional
area of the elongated member {8. These axes
are.located in a plane normal to the longitudinal
axis z—e of the member. Axes z—z and y—¥
intersect at point O. The web portion 8§ is sym-
metrical about axis y—v as is flange {1 and flange
12. . Accordingly, the cross-sectional area of the
structural memker, except for the cross-sectional
ares of the two receiving and bending means 23
and 29, is symmetrical about axis ¥—v. The ex-

_pression “aross-sectional area” means the area of

metal measured in a plane normal to the longitu-~
dinal axis. Similarly, the cross-sectional area of
the flanges {1 and 12 and web 36 is symmetrical
shout axis 7—x. Accordingly, point “O” is the

- genter of gravity for the cross-sectional area of the

web 85 and flanges- 1! and 12, and these axes are
gravity axes for this portion of the member.

Additionally, and for reasons more fully herein--

after pointed oub, sll values of “y” above axis
1—1 are positive, and all values of “v” below axis
r—x are negative. - All values of “x” to the right
of axis y¥—vy are positive, and all values of “x”-to
the left of axis y—y are negative as indicated on
the drawings by the customary plus (4) and
minus (—) signs.

In each of the nail receiving means 28-and 28,
the parallel web and nail guiding portions are
curved or corrugated through two reverse curves
or two corrugations so that their axes curve in
a particular novel manner for reasons more fully
hereinafter set forth. Referring to the nail re-
ceiving means 28 and to Figures 1 and 2, the axis
or center line 37.of the nail receiving slot 83 is
midway between the opposed . inner surfaces of

the parallel pair of web and nail guiding portions
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31, 32. The nail guiding portion 32 is integrally

joined to flange portion 16, and at their juncture
38 the metal is curved about the center 39 which
is to the right or one side of axis y—y. Similarly,
the web portion 31 is integrally joined to the
flange portion {3, and the metal at their juncture
40 is curved about center 41 which is on the left
or opposite side of axis y—v. Points 29 and &1
are equelly spaced from axis y—v and also from
the coplanar flange portions {5 and (6. The por-
tions of metal 38 and 48 at the juncture of the
nail guiding and web portions with flange por-
tions 16 and 15 define therebetween an entrance
throat 42 and throat 42 is symmetrical about axis
¥—y - Preferably, entrance throat or passage 42

5

10

15

has the outwardly diverging walls as shown so -

that the point of a nail will be guided into the
nail receiving slot 33. The metal at 43, between
flange portions 15 and {8, is depressed and ex~
tends into throat 42 to iorm a nail guiding en-
tering groove 44 extending longitudinally of the
member between flange portions 15 and 6. The
metal at the bottom 45 of groove 44 may be
thinned to facilitate penetration of a nail point.
The metal of both the web portion 2f and web
portion 32 is curved about point 47 disposed on
one side of axis y—y so that axis 37 of the nail
receiving slot, starting at point 48 where axis 37
coincides with and is tangent to axis y—1, curves
to said one side of axis y—y to point 58, and the
radius of curvature indicated by line 51 is rela-
tively quite small. The radius of curvature 5i
is equal to the horizontal distance of point 47
from axis y—y so that axis 37 is tangenst to axis
y—v at point 48. The web and nail guiding por-
tions 31, 32 are next curved about point 52 dis-
posed on the opposite side of axis y—v so that
axis 37 from peint 80 curves away from axis
Y¥—y and then curves back toward axis y—vy to
point 53 through a radius of curvature indicated
by line §4. Point 58 is the point at which a line
drawn between centers 52 and 47 would intersect
center line 37. Thus, axis 87 curves away from
and to said one side of axis y~—y and then back
toward axis y—y through a reverse curve. The
web and nail guiding portions 8! and 32 are
thereafiter curved about center 55 disposed on
said one side of axis y—y. The axis 37 is curved
from point 53 across axis y—v to said opposite
side of axis y—y and then back toward and across
axis y—u to point §7 through a radius of curva-
ture indicated by line 58. Point 53 is the point at
which a line drawn between centers 52 and 55
would intersect center line 37 and voint 57 is the
point at which a line drawn from center 55 to
center 53 would intersect center line 31. Thus,
that portion of axis 37 which extends from point
48 to a point between points 38 and 53 is curved
or bent through a reverse curve and the remain-
ing length of axis 37 which extends to point 57 is
curved through a second reverse curve. While
the length of axis 87 which is curved about cen-
ter 52 forms part of the first reverse curve and
also part of the second reverse curve, the tortu-
ous nail receiving slot 33 does contain two re-
verse curves, and the web portions 3f and nail
guiding portion 3% each contains two corruga-
tions with the corrugaticns of one portion par-
alle]l with the corresponding corrugations of the
other portion. The radius of curvature 54§ is
equal to and may be longer than 51 but is shorter
than §8 so that the first reverse curve is rela-
tively sharper and the second or final reverse
curve is relatively larger and more gradual.

The web portion 2i is curved about center 59
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6 .
through an are of relatively shost radius so that
the web portion 3 joins the web portion 3§. The
nail guiding portion 82 is not curved around cen~
ter §9 for the reason that the groove 33 at its
inner end preferably should direct the point of
the nail away from the web portion 33. If the
inner edge portion of portion 32 were curved
about center §9, then the point of a long nail
would tend to curve into the web portion 36.
With the arrangement shown, the point is di-
rected away from the web 38. It will be noted
that the inner surface of the web portion 3§
curved about point 59 joins the inner surface of
web portion 38 at a point that is tangent to a line
parallel to axis y—y. If axis 37 were extended
as shown, the axis 37 would intersect a horizon-
tal line at a point 53’ spaced from axis y—y a
distance equal to one-half (the thickness of the
metal plus the width of slot 23). Thus, the lower
end of axis 37 is shifted to the right of the upper
end of axis 37. This is done to bring the center
of web portion 3{ over to axis y—v.

The web and nail guiding portions 33’, 34 of
the nail guiding means 29 are curved through
two reverse curves and contain two corrugations
so that the axis 69 of nailing groove 35 also is
curved in a partienlar manner. The nail guid-
Ing portion 38 is integrally joined to flange por-
tion 22 and at their juncture §f the metal is
curved about the center §2 which is to the right
or on-said one side of axis y—y. Similarly, the
web portion 33’ is infegrally joined to the flange
portion 24, and the metal at their juncture 83 is
curved about point $4 which is on the left or on
the said opposite side of axis y—y. Centers §2
and 64 are equally, oppositely spaced from axis
Y—y and are also equally spaced inwardly from
the outer face of the coplanar flange portions 21
and 22. The portions of metal 6i, 53 define
therebetween a nail entering throat §5 which is
symmetrical about axis y—y. Preferably, the
nail entering throat §3 or passage has outwardly
diverging walls so that the entering point of
the nail will be guided into the nail receiving slot
35. The metal at 88 between the flange portions
21 and 22 and more particularly between the
outer layers of flange metal 23 and 25 is depressed
and extends into throat 65 to form a nail guiding
entering groove 87 which extends longitudinally
of the member between the flange portions 2§
and 22. The metal at the bottom §8 of groove §7
is thinned out to facilitate penetration of a nail
point. The metal of both the web portion 33’
and the nail guiding portion 34 is curved about a
center 78 disposed on said one side of axis y—1
s0 that axis 8 starting at point 74 where axis §9
meets or coincides with axis y—y curves to said
one side of axis y—y to a point 72 and the radius
of curvature indicated by line 73 is relatively
short. The radius of curvature 13 is equal to the
distance of point 70 from axis ¥—y so that axis
69 is tangent to axis y—y at point 7i. The web
and nail guiding portions 33’ and 84 are next
curved about a point 75 disposed on said oppo-
site side of axis ¥—y so that the axis §8 curves
from point 72 back toward axis y—y to point 1§ -
through a radius of curvature indicated by line
71. Thus, axis 88 curves away from and to said
one side of axis y—y and then back toward axis
y—y through s single reverse curve. The web
and nail guiding portions 33’ and 84 are there-
after curved about center 18 disposed on said one
side of axis y—y. The axis § is curved from
point 7§ across axis y—y to said opposite side of
axis y—y and then back toward axis y—y 0 point
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19. - Thus, that portion of -axis 68 which extends

from the point 7! 1o a point: between point 12 -
and-T6 is curved or bent through-a reverse curve,

and the remaining length of axis 68 which ex-

tends to point 79 is curved through a second re--

verse curve. As stated in connection with the
first nailing means 28, the length of axis 68 which
is curved sbout the center 75 forms part.of the
first reverse curve and also part-of the second
reverse  curve, and the fortuous nail receiving
slot 35-does contain two reverse curves and.the
web. portion 33’ and nail guiding portion 34 each
contains two corrugations with the corrugations
of. one-portion parallel with the corresponding
corrugations of the other portion.  The radius of

curvature 77 is equal to the radius: of curvature:

73 but is shorter than the radius of curvature 88
so-that the first reverse curve is relatively sharper
and the secend or final reverse curve is relatively
larger or mere gradual. The web portion 33’ is
curved gbout center 81 through an arc having a
relatively short radius of curvature which brings
the web portion 33’ into web portion 38. The nail
holding portion 28 which extends from point 42
t0:59’ -and the nail bending and holding portion
28 which extends from 2 horizontal line drawn
through point 7§ tc a horizontal line drawn
through center 81 are symmetrical about axis

I have discovered that the addition of the sec-
ond corrugation or second reverse curve greably
inereases the ability of the nailing member to
retain a nail driven into the nail receiving slot,
particularly when the nail is subjected to a live
1oad. I also have discovered that having the
second reverse curve larger than the first re-
verse curve produces certain important advan-
tages in addition to greatly increasing the ability
of the nailing beam to retain a nail subjected to
live load. While I do not wani to be limited to
any particular theories, it is believed that the
addition of the second reverse curve greatly in-
creases the ability of the member to retain a
nail subjected to live load because of a difference

in the manner in which the nail is gripped. This

will be more readily understood by considering
the difference between g nail helding means hav-
ing a single corrugation and a double corrugation.
Referring more particularly to Figure 2, assum-
ing that the nail receiving means 28 is con-
structed in the manner heretofore used by the
prior art, particularly in the members which
have received commercial acceptance, the nail
receiving means 28 has been constructed. as
though it were severed at about the point 8. The
addition of web and nail guiding porticns below
point 53; which additional portions are parallel

to the axis y—v, did not and will not materially.

alter the problem or prevent the nail from being
walked out-of the groove by a live Ipad., The nail
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which is driven into the nail receiving groove is .

substantially the same width as the nail receiv-
ing groove so that it engages the interior surfaces
of the web and nail guiding portions throughout
the reverse curve. Thus, the nail apparently is
héld in place both by frictional engagement with

the walls of the tortucus nail receiving slot and.

by the resistance of the nail to being straightened.
T believe and results confirm my belief that this
is somewhat misleading, particularly when the
nail is subjected to a live load. When a nail is
subjected to a static load, the holding ability of
the nail is, in practice, quite different. For ex-

85

70

ample, if -2 force is applied to the head of the :

nail in-a direction parallel to the axis y—y tend-

76

8 .
ing to-pull the nail out of the slot, 2 relatively:
Jarge forece will be required to remove the nail.
While the nail may be removed when desirable by
applying a sufficiently great force, the nail will

be relatively securely held in place when sub-

jected only to a static load.

I believe that the forces retaining the nail in
place when subjected to a live load are different
than those retaining the nail in place when sub-
jected to a static load. When a nail is subjected
to a live load, it is not only subjected to & force
tending to pull the nail out of the groove but is
subjected to forces tending to bend the head por-
tion of the nail first in one direction and then in
the opposite -direction. These cycles of load ap-
plication upset or alter the nail holding charac-
teristics of the beam. Before discussing this
point, it is to be noted that if g force is applied to- -
the nail and the nail starts to move, the fric-
tional force resisting movement of the nail. is
redueced. The force necessary to overcome fric-
tion between two stationary parts is greater than
the force required to maintain movement. The

starting friction is always greater than the mov-

ing friction. As a result, once the nail starts to
move, friction alone can not stop movement of
the nail.

Once the nail starts to move or moves a very
short distance, the nail tends to straighten out
so that it is no longer accurate to consider the
nail as being engaged throughout its length. The
nail in the prior art structures acts as though it
were engaged cnly at two points along its length.
Whan a live load is applied to the head portion of
the nail, the head portion is bent back and forth
and these points of engagemeni change.
head portion of the nail is relatively easily bent .
and particularly after the nail is once started
the live load apparently shifts the points of -en-
gagement between the nail and the walls of the
slet. This rocking or shifting of the nail walks
the nail ocut of the slot. In other words, each
time the direction of load changes, the nail is
moved outwardly a short distance. While under
some conditions this distance may be very slight,
the nail will not support live loads indefinitely,
and if the live lcad changes cycles rapidly or if
the live load is relatively great the nail will be-
quickly walked cut of the slot.

In contradistinction, when a nail 85 is driven
through a board 88 intc slot 37 and bent through
two reverse curves, the nail is held at a plurality
of points of engagement along its double corru-
gated length. When a live load tends to shift -
hoard &5 back and forth and tends to bend the
hesd portion 871 of the nail 85 back and forth,.
at least two of these poinis of engagement are not
shifted or changed. These points of engagement
never completely “let go” of the nail, and the
nail ean not be walked out of the slot. Additional
bends would be redundant.

Regardless of whether or noi the foregoing
theory is exactly correct, it is true that the addi-
tion of the second reverse bend or corrugation
does greatly increase the ability of the member
to retain nails, particularly when the nails are
subjected to live load, and this ability to retain
nails is much greater than would be expected
from the additional friction established as a re-
sult of the additional length of nail engagement.

It has been found that the second reverse curve
should be larger—that is, have a greater radius,
of curvature than the first reverse curve, With
the radius 58. longer than radius 54, the nail is
first bent through a relatively sharp bend and

The -
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work-hardened. The work-hardened nail is then
bent through the larger more gradual reverse
bend. The work-hardened nail has a greater re-
sistance to being bent than the original nail, and,
by having the second reverse curve larger, the
force required to bend the nail through one re-
verse curve is equal or more nearly equal to the
force required to bend the nai] through the other
reverse curve. This results in two advantages.
First, the structural member can be produced
from thinner steel sheet or strip. Second, there
is less tendency for the nail to spread apart the
walls of the nail receiving slot. Where, as has
happened in the past, the nail spreads the web
and nail guiding portions, a length of the nail
receiving means loses its ability to retain nails.
This is true despite the fact that the walls of the
nail receiving means are usually held together by
suitable fastening means at spaceg points, as
will be hereinafter desciibed. Thus, having the
second reverse curve larger than the first re-
verse curve increases the ability of the member
to retain securely a driven nail,

Referring more particularly to Figures 1 and 3,
fastening means 98 are located at spaced inter-
vals along the length of the nail bending and hold-
ing means 28. The fastening means 90 prevents
spreading apart of the web portion 31 and the
nail guiding portion 32 and fastens these two por-
tions together so that the flanges 15 and 16 and
portions 3{ and 32 are tied together whereby the
flanges will equally support a load applied uni-
formly to the flanges. The exact spacing apart
of the fastening means depends on g number of
factors including the thickness or gauge of the
metal. Any suitable type of fastening means may
be used though the type of fastening means shown
and hereinafter described is preferred, The fas-
tening means 92 is similar to that shown and
described in patent No. 2,457,148 to William J.
Hall et al. The lower nail holding means 28 also
includes identical fastening means 99 for hold-
ing the web and nail guiding portions 33 and 34
together in properly spaced relationship.

The fastening means 98 comprises a fiattened
portion §§ formed on the curved web portion 3!
and a flat portion 92 formed on the curved nail
guiding portion 22. The two flat portions 80 and
8! are bosses displaced laterally from their re-
spective portions 31, 32 so that when the flat por-
tions 84, 92 are in abutting relationship, the web
and nail guiding portions are spaced apart to
provide the nailing groove therebetween. An
opening 93 is formed in boss 9i. An opening is

formed in boss 82, and the metal 34 around this :

opening is formed into a tubular projection 94
which extends through angd snugly fits opening
83. The outer end of the projection 94 is flanged
or flared outwardly at 85 against the outer sur-
face of the boss 8§ to securely hold together the
weh portion 3 and the nail guiding portion 82.
The bosses 8! and §2 are in contact with each
other, but throughout the length of the naii re-
ceiving means 28 the web and nail guiding por-
tlons 31, 32 are spaced apart except at the location
of the fastening means. The fastening means
98 located along the lower nail receiving means
29 is identical with the upper fastening means
88 and will not be described in detail.

The important discovery has been made that
the introduction of the second, more gradual re-
verse curve to the tortuous nail bending groove
enables the nailable structural member 18 to be
constructed so that the member when loaded will

develop maximum strength and stiffness and will
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not twist. In the following discussion, it will be
assumed that the load is uniformly distributed
over the area of the flanges and that the load
is applied vertically—that is, in a direction par-
allel to axis y—yv in Figure 1, unless otherwise
stated.

The section properties of a structural member
are always figured about coordinate axes. These
coordinate axes are two axes which intersect
sach other at 90° and which are located-in a
plane normal to the length or longitudinal axis of
the beam. Coordinate axes are axes of the area
of cross~-section of the beam. Axes z— and
y—y are coordinate axes for the section of the
beam of Figure 1 intersecting at point “O”.

For a structural member to develop maximum
strength and stability, coordinate axes r—z and
¥—y should be gravity axes, should be prinecipal
axes and should be axes of the section outline.
For axis z—z to be a gravity axis, the static
moment about x—x must equal ZEero, or expressed
mathematically [ydA=0. In other words, the
area A, the area of the eross-section, would bal-
ance on a knife edge along axis r—z. Similarly,
for axis y—v to be a gravity axis, the static mo-
ment about y—y must equal zero or JrdA=0.
The area A would balance now on a knife edge
along axis y—y.

The axes r—xzx and y—y may be gravity axes
without being principal axes and may be princi-
pal axes without being gravity axes. For axes
Z— or ¥—y to be principal axes, the product of
inertia must equal zero or frydA=0. By inspec-
tion of Figure 1 it can be seen that if axis z—x
is a principal axis, it is the major axis or a minor
axis, depending on whether the moment of inertia,
about axis z—z, which may he expressed as
fy%dA, is greater than or less than the moment
of inertia about axis y—y expressed as Jx2dA.
If axis r—xz is the major axis, then axis y—y is
the minor axis and [y2dA is greater than Jx2dA.

For members having an I-shape such as is
shown in Figure 1 and which are used as beams,
the greatest bending load is applied against the
flanges, and it is important that the bending load
be applied about the principal axis that is the
major axis, for the beam is stiffer about the major
axis. If the axis of bending is not a principal
axis, some of the bending force or load will pro-
duce twist. It also is desiraple in beams that
the major axis be parallel to the outside faces of
the flanges and midway between them so that
axis r—z is a major axis. In columns, it may be
desirable to have the greatest stiffness about axis
¥—vy so that axis y——y is the major axis. In a
loaded beam, the area above the axis about which
bending is applied is under compression, and the
area below this axis is under tension. If this
axis—axis r—r—is not exactly midway between
the outer faces of the flanges, then the flange
farther from this axis will be overstressed be-
fore the full allowable stress is developed in the
other nearer flange. The beam cannot be fully
loaded. If the major axis about which the bend-

5 ing load is applied is not parallel to the outer

faces of the flanges, then twist will develop.

In addition, the minor axis—axis y—y—rmust
be norma] to the outer faces of the flanges or
the bending load will develop twist because the
center of the load will not be directly above the
center of gravity. The center of load is midway
between the outer extremities of the flanges, and
if the minor axis is a coordinate axis of the out-
line of the area, then the center of the load is
located along a principal axis. If, as previously
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described, the minor axis is a: gravity axis, -the
center of gravity is located along this axis and
the beam will have structural symmetry—that is,

. there will be no tendency to twist under bending.
It has been discovered that the addition of the
second reverse curve enables the nailing beam {90
. to .meet the foregoing requirements. In other
..words, the beam-can be arranged so that coor-
dinate axes r—2x and y—v are principal axes in-

tersecting at the centroid “O” of the cross- -

sectional area so that these axes are gravity axes.
Additionally, the axis z—z may be the major
axis and the axis ¥—v the minor axis. Axes —3z
and y—vy are 2xes of the outline of the cross-

sectional area—that is, the major axis x—zx is

paraliel to the outer faces of the flanges and mid-
 way therebetween and minor axis y—y is midway
between the outer edges of -the upper and lower
fianges.. The polar. axis z—= Is located along the
-plane of zero stress. Accordingly, the beam de-
velops maximum strength and stabilily against
-twisting.

- Heretofore, it has been impossible to develop a
nailing beam having-toriuous nailing slots along
opposite sides that would not tend to twist when
loaded. The prior art nailing beams of this type

- usually could not carry their maximum load—
that is, a load which stressed both flanges equally.

The manner in which addition of the second ,

.. reverse curve -enables proportioning the beam so
. that it will provide maximum stability and can
be loaded o maximum capscity will be readily
explained by first considering a beam that has
no nail receiving means. Referring to Figure 1
and assuming .that the beam consists of flanges
15,. {8, flanges 2i;.22 and the flat connecting
web 36, then by inspection it can be seen that
coordinate axes 1—z and y—vy are gravity axes.
The cross-sectional area of flanges 6 and 22 bal-
ances -the cross-sectional area of flanges {5 and
21 and.the web 36 is symmetrical about.axis y—¥
: s0.that-static moment about axis y—y is zero and
the expression fzdA=0 is satisfied. . Similariy,
-axis - a—z is a gravity axis as the static moment
~about: axis
-fydA=0. is satisfied.. This is true regardless of
the area of the web connecting the flanges as long
-. as the connecting web is symmetrical about both
- &Xes.

- Now-.assume that.-the first reverse curve of 5

- each nail receiving means is added to the flanges
{1 and. i2; the-axis yv—v is no longer an axis of
gravity.  The static moment about-axis v—y is
.not zero ang the expression zd4A=0 is no longer

correct.. The first reverse curve of -the nail re- -

~eeiving means 28. comprises the curved portions
.of web. portion- 3{ and nail' guiding portion 322
extending from point 48 to point §3. This first
. reverse.curved portion of the nail receiving means
. .will be hereinafter referred.to as curved por-
-tion F-1.. The first reverse curved portion of
the nail receiving means 29 consists of the curved
-portions of webh. portion 33 and of nail guiding
portion 24 .extending to point 76 and is here-
inafter referred to as F-2. The reversed curved
portions F-i and F-2 are symmetrical about axis
x—zx. but asymmetrical about-axis y—y. While
the static moment about axis r—z equals zero,
the static moment about axis y—v is no longer
zero and.axis y—v is not a gravity axis. Accord-
. ingly, axes. -T—=zx ang y—y can-not be principal
axes intersecting at the centroid or center of
. gravity of -the. area of the beam, and the beam
.- when loaded along the upper flanges will tend to
-twist. . The principal -axis for point “O” would

r—z - is - zero. and - the - expression

-tain the. structural symmetry.

12

-be displaced and the principal minor axis for the

area through the center of gravity would be to
the right so thai if the flanges were equally
loaded, the center of the load would be to the
left of the minor axis. This is especially pro-
nouneced when the nail receiving means comprises
walls spaced apart to provide a nail receiving
slot. This spacing apart of the walls accentuaies
the unbalance or tendency of the beam to twist
under load.

The areas of the second reverse curved portions
2_{ and S-2 are proportioned relative to the re-
spective areas of F—{ and F-2 so as to bring the
area of the beam back into balance and so as to
bring the static moment about axis y—y back to
zero whereby axes r—z and y—y are principal

-axes intersecting at the centroid of the cross-

sectional area of the beam. In this one piece
heam, this can only be deone if radius 88 is longer
than radius 54. If radius 58 equalled radius 54,
then web portion 28 would be to the left of its
position shown and would not be symmetrical
about axis y—v.

. As the cross-secticnal area of the member 18,

-except for the nail receiving and bending por-

tions, is symmetrical about axis y—v, the mem-
ber when used as a beam and uniformly loaded
only along the upper flange will not tend to twist
if the two nail receiving and bending means are
arranged so. that these means together main-
With the area,
except for 28 and 28, being symmetrical about
axis y—y, it is believed obvious that flange i5
must be equal to fiange {6 and flange 21 must be
equal to Aange 22 and that axis z—z is parallel
to the outer surfaces of the flanges. TUsually
with structural members, and especially columns,
some load is directed against the side of the
member. This load will cause twist if the axis
r—z is not midway between the flanges {i and
12. Accordingly, the member preferably should

- be structurally symmetrical about axis z—z with

axis x—2 being midway between the outer sur-
faces of the flanges so as to reduce the bracing

. required.

_As an illustration, the structural member of

- Pigure 1 having the previously described charac-

60

teristics can be produced by using, for example,
18 gauge steel and by having radii 51, 54, 78 and
11.each equal to .221 inch and by having radii
53 and 80 each equal to .540 inch. With this
particular arrangement, the distance between

-center 59 and the inner surface of web portion

31 equals .186 inch with the width of slot 33 equal
to .70 inch.

‘Referring more particularly to Figure 4 which

-is an end view of a structural member embodying

the principles of the present invention, this elon-
gated member essentially consists of a pair of
U-shaped channels 108 and i8! connected to-
gether in back-to-back relationship. The chan-
nel member 108 includes a first flange {02 and
a second flange 102 connected by a web 104
Similarly, the channel member {81 includes
flanges {85 and {66 connected by a web §{01. The
two channel members 189 and (0! are arranged
in back-to-back relationship with the webs 04
and (97 in opposed parallel relationship. The
flanges {62 and {95 are coplanar and extend

(0. equally outwardly from the coordinate axis y—uv.

Flanges 183 and 106 are coplanar and extend
equally outwardly from axis y—y. Adjacent the
pair of flanges 162 and 105, there is a nail re-
ceiving and bending means (88. There is a simi-
lar -nail receiving and bending means {10 adja~
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cent flanges 103 and 166. The nail receiving
and bending means 189 includes a web portion
It1 and a parallel, nail guiding or web portion
112 adapted to receive and bend a nail driven
therebetween. The parallel web portions 11§ and
{12 are spaced apart and define an elongated nail
receiving slot or groove {14 having a constant
width throughout its length. The nail receiving
and bending means {19 includes a web portion
116 and a parallel, nail guiding or web portion
117 constructed and arranged to define there-
between an elongated tortuous nailing groove
118 at a constant width throughout its length.
The web portions {if and 117 are connected to-
gether by a flat web portion 18 which is part
of the web 107. The web portions 12 and (1§
also are connected together by a flat web por-
tion 129 which is part of the channel web 184,
The structural member of Figure 4 has substan-
tially an I-shape. The fanges 182 and 105 to-
gether with the nail receiving and bending means
i09 constitute a T-shape as do the flanges 103
and {06 taken with the nail receiving and bend-
ingmeans {10. These two T-shapes extend along
opposite sides of the member with the legs of the
T’s being directed inwardly toward each other.
The two T-shapes are joined by web means which
in this struetural member is made up of the web
portions 119 and 126.

As shown, axes »—z and y—y are coordinate,
mutually perpendicular axes of the cross-sec-
tional area of the elongated structural member.
These axes are located in a plane normal to the
longitudinal axis of the member and intersect at
point “O.” As will become clear from the fol-
lowing description, all of the various structural
members are arranged and proportioned in a cer-
tain manner relative to a pair of coordinate axes.
There is a similarity of the various members to
the coordinate axes of each member. To sim-
plify this relationship, the coordinate axes for
each structural member will be referred to as
axes x—x and y—y. Kach pair of coordinate
axes intersect at a point, and this point of inter-
section is designated as point “Q.”

Referring to Figure 4, the flanges {02 and 105
are symmetrical about axis y—y as are flanges
103 and 108. The web portions 119 and 26 also
are symmetrical about axis y—vy. The cross-sec-
tional area of the entire structural member ex-
cept for the cross-sectional area of the two nail
receiving and bending means 108 and {10 is sym-
metrical about axis y—vy. The cross-sectional
area of flanges 105 and {82 is symmetrical with
the cross-sectional area of flanges 162 and 10§
about axis x—=x. 'The two flange portions 119
and 120 are also symmetrical about axis z—z.
Accordingly, the cross-sectional area of the sec-
tional member, except for the cross-sectional
area of the two nail receiving and bending means
169 and {15, is symmetrical about axis z—r.
Except for the nail receiving and bending means,
the structural member is symmetrical about both
axes so that axes r—z and y—y are principal axes
intersecting at the center of gravity for the cross-
sectional ares of the beam if the area of the two
nail receiving and bending means is excluded.
As will be more fully hereinafter described, the
two nail receiving and bending means are ar-
ranged so that the axes z—z and y—v are prin-
cipal axes infersecting at the center of gravity of
the structural member.

It will be noted that despite the fact that the
flanges and flat web portions are symmetrical
about both axes, the cross-sectional area of the
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structural member is asymmetrical about axis
IT—x and is asymmetrical about axis y—y. The
two nail receiving and bending means and, there-
fore, the entire beam are anti-symmetrical. In
other words, if that portion of the cross-sectional
area below axis z—az is rotated through 180°
about point “O”, the boundaries of the area of
the rotated portion will coincide with the bound-
aries of the area of the portion above axis z—z.
This is of particular importance because as will
be more fully hereinafter described, the two
channel members 188 and (8 are identical
When they are arranged in back-to-back rela-
tionship, one of the members is turned upside
down relative to the other. The corrugated web
portion ti8 is identical with the corrugated web
portion 11, and the corrugated web portions {12
and {17 are identical.

In each of the nail receiving means 108 and
118, the parallel web portions are curved or cor-
rugated through two reverse curves or two corru-
gatlons so that the axis of each nail receiving
groove curves in a particular manner. At least
a portion of the web portions defining each nail
receiving means are curved to provide means for
bending a nail driven therebetween. The longi-~
tudinal axis 122 of the nail receiving and bending
slot 114 is located midway between the opposed
inner surfaces of the parallel web portions it
and 1i2. The web portion 11 is integrally
joined to the flange 105 and at their juncture the
metal at 123 is curved about the center i24.
Similarly, the web portion 112 is integrally joined
to the flange 162, and at their juncture the metal
128 is curved about center 126. Centers 124 and
126 are equally and oppositely spaced from axis
Y—y and are located along a line 127 which is
normal to axis y~—y. The portions of curved
metal 123 and 125 define therebetween an en-
trance throat 129, and this throat is symmetrical
about axis y—y. Preferably, the throat has the
diverging walls as shown, so that the point of a
nail will be guided into the nail receiving slot
114. Starting at line 127, the metal of both web
portions tif and 112 is curved about the center
130 disposed on one side of, or to the left of,
axis y—y so that the axis 122, starting at point
i3{ where axis 122 coincides with and is tangent
to axis y—y, curves to point 134. The radius of
curvature indicated by line 135 is relatively quite
small. Web portions (il and (12 are next
curved through an arc about center {38 disposed
on the opposite or right hand side of axis Y—Y SO
that axis 112 curves from point 134 away from
axis y—y and then back toward axis y—y to a
point {37. The radius of curvature about axis
138 is indicated by line 138. Point {34 is the
point at which a line drawn between centers 130
and 38 would intersect center line {22. The web
and nail guiding portions 1{l and {{2 are next
curved about center {48 disposed on said one side

- or left side of axis y—y. The axis 122 is curved

from point {37 across axis y—u to said opposite
or right hand side of axis ¥~ and then back to-
ward axis y—y to point 141 through a relatively
large radius of curvature indicated by line {42.
The point {37 is the point at which a line drawn
from center {40 to center 136 intersects axis 122,
The web portions {2 and (1] are finally curved
about point {43 to join web portions 184 and (67,
The axis (22 is curved from point 14i abous
center {43 to point {44 which point is on axis
¥—y and which point is located along a hori-
zontal line drawn from center {43. The radius
of curvature of this final portion of axis 122 is
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+.-relatively small -and - is ‘indicated by :line 145,
--Point- (4] is a point at which a line drawn from
.- center 148 to center {43 intersects-the:axis 122.
~Thus, that portion of axis 122 which exzlends
- from point (23 to point {37 is bent or curved
through a single reverse curve, and the remain-
‘~ing length of axis 122 which extends from point
137 to point 144 is curved through a second rela-
. tively larger and more gradual reverse curve. It
is essential that radius 142 be longer than

- radius (33.

-As previously pointed out, the nail receiving
and bending means’ i {6 is anti-symmetrical rela-
tive to the nail receiving and bending means 189.

- This in turn means that there are definite fixed
- relationships between the various portions of the
nail receiving and bending means {19 and the
corresponding portions of the nail receiving and
- pending means 109. The nail bending web por-
tion 116 is integrally joined to flange 108, and
at their juncture 147 the metal is curved about
center {48 which is to the right and on said oppo-
site side of axis y—v. Similarly, the web por-
tion 117 is integrally joined to the flange 105 and
the metal at their juncture 143 is curved aboutb
center 138 which is on the left or on said one
-.gide of axis y—y. Centers 48 and {50 are
equally oppositely spaced from axis y-—¥ and are
alzo equally spaced inwardly from the outer face
of coplanar flanges 163 -and {66. The metal at
{87 and 149 define therebetween a neail entering
and guiding throat #51 which is symmetrical
about axis y—yu. The metal of web portions 116
and 1171, starting at line {52 which is a line
drawn between centers {48 and 189, is curved
. sbout a center 153 disposed on-the right side of
axis #—v. The axis 154 of the nail receiving and
bending slot 118 starting at point 155 curves to-
ward the right and away from axis y—y to point
{45, and the relatively small radius of .curvature
is indicated by line 187, The centers {E3 and 130
are equally oppositely spaced from axis y—y.
- The axis 154 of the nail receiving slot or groove
is tangent to axis y—y ai point. 155.  The web
portions 1#8.and ({7 are next -curved about a
center 159 disposed on the leff side of axis y—y
so that axis 154 curves from point 156 away from
and then -back toward axis y—y to point {69
-through a radius of curvature indicated by line
i§1. The center {59 and the center 136 are
equally and oppositely spaced. from axis y—y.
The point 146 is that point at which a line drawn
Letween centers 153 and 153 intersects axis 154.
Thus, axis 154 curves from point [5% away from
and to the right of axis ¥—v and then back to-
ward axis y— through a single reverse curve.
The web portions 116 and 14T are next curved
about center [62 disposed to the right of axis
y—y. The axis {52 is curved from point 180
across axis y—v to the left of axis y—y and then
back toward axis y—v to point {63 through a
relatively long radius indicated by line 164. The
point {68 is the point at which a line drawn be-
tween centers {53 and (62 intersects axis (4.
The last or final portion of the web portions 118
and 117 are curved about center 168 so that axi
154 curves from point 63 about center 188 to
point 187 at which point the axis {54 coincides
with and is tangent to axis y—v. The radius of
curvature of this last or final portion of axis {54
is indicated by line {88. Thus, that porticn of
axis {54 which extends from point 155 to point
. 186 is bent or curved through a reverse curve, and
the remaining length of axis 154 which extends
~ from point 68 to.peint 167 is bent through a

&1

~second reverse: curve.

18
The radius of curvature
- 168 is equal to the radius of curvature {42 and is
-longer than the radius of curvature i8l1.

- The sddition of the second corrugation or sec-
~ond reverse curve greatly increases the ability

. of the member 0 retain a nail driven inio the
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nail receiving slot, particularly when the nail is
sukjected to a live load. The nail is securely
retained when subjected to live load for the
reasons pointed out in connection with the struc-
4ural member shown in Figure 1 and will not be
The second reverse curve
is larger than the first reverse curve so that as
the nail has been relatively sharply bent by the
first reversed curve portion, it is then-more
-gradually bent by the secend reverse curve por-
tion. As the work-hardened nail is more grad-
ually bent in the second reverse curved portion,
the forces required to confine the nail being bent
by either reverse curved portion are more nearly
equal and the structural member may be.made
from relatively thinner metal.

The two channel members- 188 and 181 may be
fastened together by any suitable means and may
be fastened together at spaced points throughout

_ their length by means of fastening elements.sub-

stantially as shown and described in connection

..with the structural member of Figure 1.

30..

With the structural member of Figure 4, like
the structural moember of Figure 1, the important
_discovery. has been made that the introduction
of the second more gradual reverse curve to the
tortuous nail bending groove enables the various
portions of the nailable structurai member to be
constructed and arranged so that the member

will develop maximum strength and stiffness and

. will not tend to twist.

The axes o—z and y—v
are coordinaie axes of the area of cross-section
.of the structural member, and these axes. inter-
_sect at point “0.” The addition of the second

_reverse curve that is relatively larger and more
_gradual than the first reverse curve to each of

" the nail bending means 188 and ({0 permits the

. will not tend to twist.

two nail bending means {89 ang {18 to be ar-
ranzed so that the structural member of Figure 4
As has heen previously
pointed out, cross-sectional area of this struc-
tural member is symmetrical about axis z— and
symmetrical aboui axis y—vy if the cress-sectional

_area of the two nail bending means (89 and 118

is not considered.  As more fully described in
_connection with the structural member of Fig-
ure 1, if the structural member is to be used as
a beam and it be assumed that it is uniformly
.loaded along the Sanges 192 and (05, then this

. load will be concentrated along axis ¥—¥. This

60

load will produce twist if the axis y—u is not a
gravity axis so that the center of gravily lies
along a point on the axis and will develop twist
if axis y—v is not a principal axis that is midway
hetween and normal to the twe pairs of flanges
{22, 105 and 163, {86. This last is merely another
way of stating that axis a—zx must be parallel
to the outer surfaces of the flanges as coordinate
axes are always perpendicular to each other. If
the structural member is to be used as a column

. and if a load is uniformly applied against the

75

side of the structural member, then this lead or
force will be centered on axis z-—z. This load
will tend to twist the column if axis z—z is not a
principal gravity axis equally spaced from the
outer surfaces of the flanges. Accordingly, it is
preferable that the axis z—az be equally spaced
from the outer surfaces of the flanges for, regard-

ess of where the structural member is used in a
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building framework, some force will be applied
to the side of the structural member. Accord-
ingly, if axis z—z is not a principal gravity axis
midway between the outer surfaces of the
flanges, considerable bracing will be required.
For axis x—z to be a gravity axis, the static
moment about axis z—zx must equai 0 or ex-
pressed mathematically fydA=0. In other words,
the area A, the area of the cross-section, would
balance on a knife edge along axis —z. Simi-
larly, for axis y—y to be a gravity axis, the static
moment about axis ¥—y must equal 0 or JxdA=0.
The area A would then halance on g knife edge
along axis y—v. For axes I—z and y—y to be
principal axes, the product of inertia must equal
0, or expressed mathematically, fxydd—=0.

As previously described, it has been discovered
that the presence of the second reverse curve
enables the nailing beam shown in Figure 4 to
meet the foregoing requirements. This can be
done only because the second reverse curve, par-
ticularly that portion between points {37 and
{41, is larger than the first reverse curve, par-
ticularly that portion between point {34 and 131.
In other words, the radius {42 must be longer
than the radius 138, While nailable structural
members of general I-shape and having reverse
curves similar to the first reverse curves have
been used heretofore, these structural members
have not been stable and have tended to twist.
The manner in which the addition of a second
reverse curve enables proportioning the beam so
that it will provide maximum stability may be
more readily explained by first considering a
structural member which does not have any nail
bending and holding means. Assuming that the
structural member of Figure 4 does not contain
the nail holding and bending means 184 and 119,
it is believed clear from the foregoing deseription
that the axes r—z and y—y would be principal
axes intersecting at the center of gravity “O.”
If the first reverse eurve is added to each nail
receiving and bending means, the axis y~—y will
be a gravity axis but will not be a principal axis.
This follows from the fact that the first reverse
curve of the nail bending means 1688 adds a larger
negative (zy) value than it does a positive (zy)
value. Obviously, the area of metal on the left
of axis y—y is greater than the ares of metal
on the right of axis y—y. The first reverse curve
of the nail bending means (18 which is anti~
symmetrical to the first reverse curve of the nail
bending means {88 also adds a greater negative
(zy) value than positive (zy) value so that the
product of inertia no longer equals 0 and the
expression frydA=0 is no longer satisfied. In
other words, the principal axes for the point “O”
will be rotated anti-clockwise from the position
shown in Figure ¢ and {he axis y—y will not be
normal to the flanges. Thus, when a load is uni-
formly applied against the flanges $02 and 105,
the center of this load will not coincide with axis
¥—v and the load will tend to twist the beam.
For the same reason, 2 load applied against either
side of the beam will also tend to twist the beam.
By the addition of the second reverse curve, it is
possible to have the axes z—z and Y¥—y principal
axes intersecting at the center of gravity., The
area of the second reverse curve portion of webs
Hii and {42 must add as much positive (zy)
value as the first reverse curved portion of web
portions 11§ and {47 adds negative (zy) value.
The second reverse curved portion of the nail
holding and bending means {18 must similarly
balance the first reverse curved portion of the
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nail holding and bending means {89. To do this,
the area of the second reverse curved portion
must be larger than the area of the first reverse
curved portion because the distance of the center
of gravity of the second reverse curved portion
from axis z—z is less than the distance of the
center of gravity of the first reverse curved por-
tion from axis z-—ax. Therefore, to satisfy the
expression frydA=0, the second reverse curved
portions must have a relatively greater area and
be curved more gradually than the first reverse
curved portions. In view of the foregoing, and
remembering that the cross-sectional area of the
structural - member is symmetrical about both
axes except for the nail bending means 169 ang
1i6, the nail bending means i88 and the nail
bending means i{9 must be carefully arranged so
that together they satisfy the three expressions
Szxda=0, fydA=0; and fzydA=0, if axes z—z
and y—y are to be principal axes intersecting at
the center of gravity. If this is done, and with
the axes r—z and y—y being principal gravity
axes for the cross-sectional ares except for the
najl holding and bending means 188 and (i g,
then the nail holding and bending means will not
shift the principal gravitly axes for the entire
cross-sectional area, and these axes will be the
principal gravity axes for the entire member
whereby the member will have the greatest struc-
tural stability.

The structural member of Figure 4 is substan--
tially an I-shape and the structural member is
S0 constructed and arranged that the axes T—z
and y—y are principal gravity axes with the
flanges {62 and 185 and 163 and (85 being sym-
metrical about the y—y axis and with the axis
I—x parallel to the outer surfaces of these
flanges. Where the structural member is to be

-used as a beam, it is usually desirable to havs

axis z—x the major axis because the beam is
ustially uniformly loaded along the top flanges
and the beam has the greatest stiffness about
axis 2—. Under certain conditions, it may be
desirable to have the beam stiffer about axis y—y
than axis -—z. This may be true if the struc-
tural member is used as a column, but under
certain conditions also may be true when the
structural member is used as a beam. Accord-
ingly, the flanges and the connecting webs may
be proportioned so that axis y—y is the major
axis. Where the structural member is used as a
beam that is uniformly loaded along the flanges
162 and 105, the load may be considered as a
single force applied along axis y—y. If this is
the case, axis x—z must be parallel to the outer
surfaces of the flanges but may be nearer one
pair of flanges than the other pair without the
load tending to twist the member. In practice,
beams are neafly always subjected to some lateral
force tending to bend the beam about axis y—y.
If axis o—r is not exactly midway between the
outer surfaces of the flanges, then this lateral
force can not he considered as a force directed
along axis 2—zx and will tend to twist the beam.
Thus, if axis r—z is not exactly midway hetween
the flanges, it is necessary to brace the member
quite extensively when it is used in a building
framework. Accordingly, it is preferable for the
axis r—x to be midway between the outer sur-
faces of the two pairs of coplanar flanges.

As has been previously pointed out, the struc-
tural member of Figure 4 is made up of two
identical channel members {88 and 1084, with one
channel member being reversed relative to the
other. With this arrangement, two identical
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channels can be used to make up the member and
the cos; of tools for producing the two shapes
is much less than it would be if the chaunel
members were not the same.  If cost were ignored,
the ehannel members 188 and 104 could be made
so that the nail bending portions instead of being
anti-symmetrical would be symmetrical. It is
to be noted that if this were the case, then ithe
first reverse curve would be rotated about axis
y—u through 130° so thai the centers {88 and
185 would be on the same side of the axis y—¥.
This does not change the fact that the addition
of the first reverse curves would change condi-
tions so that axes —z and y—y would not be
principal gravity axes. The condition produced
would be substantially the same as is produced
in a structural member like that shown in Fig-
ure 1 by the addition of the first reverse curves.

Referring more particularly to Figure & which
shows a structural member also embodying the
principles of the present invention, this strue-
tural membsr is made up of a pair of channel
members 171 and 172 fastened together in back-
to-back relationship. The channel member iTi
comprises a web {13 having flanges 174 and 175
disposed along the opposite sides thereof. The
channel member {72 also includes a pair of flanges
116 and (171 joined by & web {78 The axes
r—z and v—y are coordinate mutually perpen-
dicular axes for the cross-sectional area of the
merber and these axes intersect at point “O.”
Axes 7—z and ¥—¥ are located in a plane normal
to the longitudinal axis of the structural mem-
ber. As will be more fully hereinafter described,
the cross-sectional ares of this structural mem-
ber is symmetrical about axis z—2z and assym-
metricai about axis ¥—u. The web {73 includes
a flat portion 181 adjacent flange {75. Similarly,
the channel web 179 includes flat portions 83
and 184. Fiat portions 188 and {83 are parailel
and spaced apart to define a relafively short
straight nailing groove {86 therebelween. The
flat portions 18! and 184 are parallel and spaced
apart to define a relatively short straight nailing
groove or slot {87 therebetween. The metal at
the juncture of web 173 and flange {71 is curved
about center 188. The metal at the juncture of
web 189 and flange {76 is similarly curved about
center 8% so that these two curved portions of
metal define an entering throat {90. The throat
{98 and the slot 185 are symmetrical about axis
y—y as are the flanges 174 and 176. The metal
at the juncture of web {73 and flange 7§ i3
curved about the center (81 and the metal af the
juncture of web {7¢ and flange {77 is curved
about the center (92. These two portions of
curved metal define a nail guiding and entering
throat 194, and throat (84 and the relatively
short straight slot {87 are symmetrical about the
axis ¥—y. The nail bending and helding means
which extends from line 185 to 198 comprises the
parallel curved web portions 197 and {98. It is
believed obvious upon inspection that the cross-
sectional area of the structural member except
for the cross-sectional area cf the nail bending
means between lines 195 and 196 is symmetrical
about the axis ¥—y. This nail bending means is
not symmetrical about axis ¥—¥.

In the structural member of Figure 5, there is
no flat web portion or portions joining the inner
edges of the web portions which define the nail
bending means. 'There is an overlapping of the
nail bending means. The web portions 181 and
198 are parallel and define therebetween a tor-
tuous nail receiving passage 20§ having an axis
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281. These web portions are bent so that the
axis 281, starting at point 203 which coincides
with axis ¥—vy, curves to the right about center
294, The radius of curvature is indicated by line
2685 and is relatively short. 'The axis 261 next
curves from point 268 about center 207 and curves
awey from axis y—v and then back toward axis
y—u to point 288. Thus, the nail hending groove
288 is curved through a first reverse curve and
a nail driven into the nail receiving groove
through the entering throst 189 is curved first 1o
the right and then back toward the left. The
axis 28{ is next curved fromn point 208 about cen-
ter 268 to point 216. The radius of curvature

- about center 207 is indicated by line 2i{ and is

velatively short. The radius of curvature about
center 289 is indicated by line 213 and is relative-
Iy long. From point 218, the axis 28i curves
about center 215 to point 216, and the radius
of curvature is indicated by line 217, The radius
of curvature 217 and the radius of curvature 211
are equal and centers 287 and 215 arve dizposed
on the left side of axis y—u. From paint 218§,
the axis 201 is curved about center 2{8 to point
229 which coincides with axis y—y. The portion
of the nail bending groove 280 which exiends
from point 229 to 218 constitutes the first reverse
curve for a nail driven into the nailing groove
through the entering throat 184, The nailing
eroove extending from point 28 to point 298 con-
stitutes the second reverse curve for both of the
first reverse curves. If a nail is driven through
the throat 188, the nail is bent through a first
veverse curve snd then as the end of the nail
travels through the nail hending groove and be-
yond the point 288, it is bent through a cezon’d
reverse curve. Similarly, if a2 nail is driven
through throat {94 into the nail hending slot
280, the nail is bent through a first reverse curve
and then as it moves past point 218, it is bent
through a second reverse curve. Thus, the por-
tion of the nail bending means between points 249
and 288 constitutes part of the naii bending
means adjacent flanges {1§ and 176 and 2’50 con-
stitutes part of the nail bending means adizcent
flanges 175 and {77 so that this portien of the
nail bending means serves a dual function, When
a nadl is driven into the nailakle member through
either throat, the point or lesding end extends
beyond axis z—z so that the nail is bent throurgh
two reverse curves and is securely held in place
when subjected to a live load as described in con-
nection with Figure 1.

The addition of the second reverse cuive to
the nail bending means enables meking the
structural member of Figure 5 structurally stable
so that it will not tend to twist. This can only
be dons if radius 213 is longer than radius 248
For the structural member to be staple wien
loaded only on the top, axis ¥—¥ must be & prin-
cipal gravity axis midway between the fdange ex-
tremities, axis z—z must be paraliel to the ouier
surfaces of the two pairs of coplanar flanges and
axis r—z must be a principal gravity axis.
Preferably, axis a— is also midway betwean the
outer surfaces of the two pairs of flanges s0 that
point “O” is the center of gravity for the ¢ross-
sectiona] area of the member and so that the
reember will be stable and not tend to twist when
a uniform load is applied against the side of the
member. Omitting the nail bending means be-
tween lines 195 and 196, it is believed clear from
inspection that the cross-sectional ares is sym-
metrical about coordinate axis y—y and, there-
fore, axis y—v is a principal axis and coordinate
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axis 2~ is parallel to the flanges. Further, axis
T—z is a principal gravity axis midway between

the outer surfaces of the two pairs of flanges.

As described in connection with Figure 1, if the
first reverse curve adjacent each pair of flanges
is added, axis ¥—y and axis T—z are no longer
principal gravity axes and the member is not
stable. Axes x—=z and y-~—v are no longer prin-
cipal axes because they are not principal axes
for the metal of the two reverse curved portions.
The addition of the second, larger reverse curve
counteracts the unbalance produced by the first
Teverse curve so that coordinate axes r—z and
Y¥—y are again principal gravity axes. For this
condition to be true, the first and second reverse
curved porticns must be so proportioned that
axes r—r and y¥—y¥ are principal gravity axes for
these curved portions when taken together. If
axes T—r and y—y are principal gravity axes for
the curved portions, that is the nail bending
means, then if axes z—z and ¥—¥ are principal
gravity axes for the remsinder of the cross-sec-
tional area, these axes are prineipal gravity axes
for the member.

Referring more barticularly to Figure 6 which
llustrates another embodiment of the present
invention, the nailable member shown in this
figure is formed from a single piece of sheet
metal. This nailable member includes a pair
of coplanar flanges 215’ and 2{6’ and a second
bair of coplanar flanges 21T’ and 218. The two
bairs of flanges are joined by the parallel webs
218’ and 220’. This member may be formed
ouf of a single piece of sheet metal in any suit-
able manner and may be formed by cold rolling
steel strip of suitable width. The flange 2i5’
comprises two layers 221 and 222 of metal while
the flange 216’ comprises two layers 223 and 224
of sheet metal. 'The flanges 245’ and 218’ are
symmetrical about axis ¥—y and extend ocut-
wardly and equally in opposite directions from
axis ¥—y. Flanges 217’ and 218 are made up of
a single thickness of sheet, metal, and each flange
terminates in an outer free edge 225 and 226, re-
Spectively. The flanges 217’ and 21 8§’ are joined
by the web 218’, and, more particularly, weh 219
is integrally joined to the inner layer of metal
221. Similarly, the web 220’ is integrally joined
to the inner layer of metal 223 of flange 218",
The two webs 218’ and 220 are parallel and
spaced apart to define a nail receiving and bend-
ing slot therebetween similar to the nail receiv-
ing and bending slot shown and described in con-
hection with the nailable structural member of
Figure 5. The nail bending means extends from
line 229 to line 239. The web portions between
these lines define the nail receiving passage or
slot 23¢{ having a longitudinal axis 232. The
axis 232 is curved exactly the same as axis 281
of the nail receiving slot 293 in Figure 5 and,
thersfore, will not be described in detail.

It will be noted that the axes r—=z and y—uv are
mutually perpendicular coordinate axes for the
cross-sectional area of the member. and that
this area is neither symmetrical about either axis,
nor is it anti-symmetrical. The cross-sectional
area of the member, except, for the cross-sectional
area of the nail bending means, is symmetrical
about axis y—vy but asymmetrical about axis
T—z although both axes are prineipal gravity
axes as will be described hereinafter. The metal
234 at the juncture between flange layer 221
and web 219’ is curved as is the metal 235 at the
juneture of web 220’ with the inner layer 223 of
flange 216’. The metal at 235 and at 234 de-
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fines an entering throat 236 that is symmetrieal
about axis y—y. The upper layers of flange
metal 222 and 226 where they join are preferably
depressed to form a groove 237 which aids in
guiding the point of a nail into the throat 236.
The metal at the bottom of the groove may be
thinned as shown to facilitate piercing of the
metal by a nail point. The metal at 240 at the
juncture of web 219’ and flange 217’ is curved as
is the metal at 241 at the juncture of web 220’
and flange 228. The metal at 248 and 241 de-
fines an entering throat 242 which is symmetri-
cal about axis y—y. The two flanges 217’ and
218 extend outwardiy in opposite directions from
axis ¥—v, and these two Hanges are symmetrical
about axis ¥—y as are the two flanges 215’ and
216’. The pair of flanges 247’ and 218 are not
Symmetrical about axis z—z with the pair of
flanges 245’ and 216’. As more fully pointed out
in connection with Figure 5, the nail bending
means between lines 229 and 238 is curved in
such a manner that axes ¥—v and r—z are prin-
cipal gravity axes for the cross-sectional area of
this portion of the nailing beam. With the
flanges being symmetrical about axis Y—y, axis
¥—V is a principal axis for the nailable member,
but it does not necessarily follow that axis z—z
is a principal gravity axis for the nailable mem-~
ber. For axis r—z to be a principa] gravity axis,
certain conditions must be met. First, the cross-
sectional area of the two flanges 217’ and 218
when multiplied by its average distance from
the axis —z must be balanced or be equal to
the area of the two flanges 215’ and 216’ multi-
plied by its average distance from axis z—x. If
this be true, then the static moment about axis
I—2=0 and the expression SzdA=0 is satisfied.
With the flanges broperly spaced from axis r—z
and of the correct relative size, then axis z—z
is a gravity axis. As breviously stated, for axis
IT—Z and axis y»—y to be brineipal axes, the prod-
cut of inertia must equal ¢ or JeydA=0. T will
be noted that the ares of flange 217’ is at a
slightly greater distance from axis —z than is
the area of flange 215’ While the flange 215’
is made up of two layers of metal and flange 217’
Is made up of g single layer of metal, the flange
217’ may not he quite twice the width of flange
215’ as a result of this slight difference in dis-
tance from axis z—z. In addition, and in order
to have a completely stable nailable structural
member that will develop maximum strength, the
outer surface of the two fianges 2471’ and 2i8
should be the same distance from axis 2—z as is
the outer surfsce of flanges 215’ and 216’. Ac-
cordingly, axes z—zx and y—y are principal axes
for the nailable member of Figure 6. Tt is to be
noted that for the reasons set forth in eonnection
with the other nailable members, if axes T—x and
Y—y were not principa] gravity axes for the nail
bending means located between lines 229 and
230, then these axes would not be prineipal grav-
iy axes for the bheam despite the fact that the
flanges are arranged as desecribed.

The structural member of Figure 6 is particu-
larly intended where web stiffness is not too im-
portant. It will be nosted that neither webh 2{9’
nor 228’ includes a flat web portion. If the en-
tire web is corrugated or curved as shown, web
stiffness is sacrificed. Web stiffiness is particu-
larly important for the deeper nailable members
such as is shown in Figures 1 and 4.

In each of the structural members previous-
ly described in detail, axes Y—y and r—azx are
coordinate axes located in g plane normal to
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the length of the elongated member. The Ccross-
sectional ares of each of these members may
be divided into two parts—the first part or por-
tion being the area of the metal exclusive of
the two nail bending means. This portion of the
area will hereinafier be referred to as area A.
The second portion of the cross-sectional area
is the area of the metal of the two nail bend-
ing means. This portion of the area will here-
snafter be referred to as area B. Now consider-
ing more particularly area A, it is believed clear
that the area A is symmetrical about axis y—v
so that axis ¥—v is a prinecipal gravity axis for
area A. In addition, if the area A is symmetrical
about axis y—v, the two pairs of coplanar flange
portions are lecated in planes normal to axis
y—y or in other words, axis z—zx is parallel to
the outer surfaces of the two pairs of coplanar

flanges. It is also believed clear that axis z—2

is a principal gravity axis for area A,

In the nail bending means of some of the struc-
tural members, the parallel web portions which
define the nail bending groove or slot are curved
about three centers whereas in others these web
portions are curved about four centers. In each
of the nail bending means and starting at the
outer end of the nail receiving slot, the axis
of the slot curves from a point tangent to axis
y—y away from and to one side of axis ¥—¥
through a first arc about a center located on
the one side of the axis y—v. The axis of the
nail receiving slot then curves further away from
axis y—v and then back toward but not to axis
y——y through a second arc about a center lo-
cated on the opposite side of axis y—vy. The
axis of the nail receiving slot then curves to
and across axis y—v and then away from and
thereafter back toward axis y—y through a third
arec about a center located on the one side of
axis y—vy. 'The three radii just mentioned are
so propartioned that the two nail bending means
together are arranged such that azes z—z and
y—y are principal gravity axes for the two nail
bending means. These axes are not principal
gravity axes for only one of the nail bending
means. In fact, axis y—y is not a principal axis
for one of the nail bending means but is only
a principal axis for the two nail bending means.

Thus, for area B, the addition of the third rela-
tively larger curve to each of the nail kending
means enables the nail bending means to be axr-
ranged so that axes ¥—2 and y—y are principal
gravity axes for the two nail bending means.

1t is only hy the addition of the second relatively .

larger reverse curve that it is possible to have
axes r—x and y—vy principal gravity axes for
area B. In each of the structural members, if
this relatively larger curve were eliminated, it
would be impossible to arrange the nail bend-
ing means in such a manner that axes z—z and
y—y would be principal gravity axes.

As axes r—zx and y—Yy are principal gravity
axes for area B and area A, axes —zx and y—Y

are prinecipal gravity axes for the entire area. -

Area A is symmetrical aboub axis y—y with axis
1—a parallel to the outer surfaces of the two
pairs of coplanar flange portions and, thus, the
structural member will have greatly increased

stability and will not tend to twist when uniformly

loaded along the outer surface of either pair
of coplanar flange portions. In addition, the
preferred form of each structural member is
shown with axis z—xz midway between the outer
surfaces of the two pairs of coplanar flange por- ’
tions so that each one of the structural mem-
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pers also has lateral stability. A load uniform-
ly applied against either side of the structural
member will not cause twisting and lateral brac-
ing can be greatly reduced or eliminated. AS
structural members which are used as beams in
a framework are usually subjected to some lateral
loads, it is preferable that the principal gravity
axis T—z be midway between the outer surfaces
of the two pairs of coplanar flange portions so
that the beam will not have to be extensively
braced.

The nailable structural member of Figure 5
is shown with parallel web portions interposed
between the nail bending means and each pair
of coplanar flange portions. These parallel web
portions are symmetrical about axis y—y and are
symmetrical about axis z—. Similar web por-
tions may be added to the other structural mem-
bers between the nail bending means and the
corresponding flange portions.

I claim:

1. An elongated nailable structural member
comprising a first pair of flange portions having
coplanar outer surfaces, a second pair of flange
porticns having coplanar outer surfaces, the
flange portions of each pair of flange portions
heing perpendicular to and oppositely disposed
with respect to one axis of a pair of mutually
perpendicular intersecting axes and the first and
second pair of flange portions being parallel to
and oppositely disposed with respect to the other
axis of the pair of axes, a nail receiving slot de-
fining means joined to each pair of flange por-

.. bions for receiving and bending a driven nail, web

means joining the nail receiving slot defining
means, the portions of the flange portions and
the nail receiving siot defining means at the
juncture of the nail receiving slot defining means
and the respective pair of fiange portions defin-
ing a nail entry throat symmetrical about the one
axis, each slot defining means including a pair
of nai] guiding portions, the nail guiding portions
of each slot defining means being spaced apart
to define therebetween an elongated nail receiv-
ing slot extending inwardly from the entry throat,
the nail guiding portions being curved s0 that the
center line of the slot starting at a point tangent
o the one axis extends inwardly and curvilinearly
first to one side of and away from the one axis
through = first arc and then farther away from
and then toward the one aXis through a second
arc and thereafter across and away from and
then pack toward the one axis through a third
arc having a longer radius than the second arc
whereby a nail driven through an entry throat
and into the respective nail-receiving slot is bent
through two reverse Curves of progressively
greater radius by the curved nail guiding portions
of the slot defining means, the axes heing prin-
cipal gravity axes for the area of cross-section of
the nailable member exclusive of the curved nail
guiding portions of the slot defining means, the
relative proporiionment of the cross-sectional
areaz of the curved nail guiding portions of the
slot defining mesans establishing the relations
frgA=0, fydA=0 and fzydA=0 in which y corre-
sponds to the cne axis, « corresponds to the other
axis and A corresponds o the cross-sectional
area of the nailable member, whereby the axes
are principal gravity axes for the nailable mem-
ber.

5. A nailable structural member as defined in
claim 1 in which the second axis is midway he-
tween the outer surfaces of the first and second
pair of flange portions.



2,685,354

25

3.°A nailable structural member as defined in
claim 1 in which the second axis is reidway be-
tween the outer surfaces of the first and second
pair of flange portions and is the major axis of
the area of cross-section of the structural mem-
ber. '
. 4. An elongated nailable structural member
formed from a single piece of sheet metal com-
prising & first pair of flange portions having co-
blanar outer surfaces, a second pair of flange por-
tions having coplanar outer surfaces, the flange
portions of each pair of flange portions being
perpendicular to and oppositely disposed with re-
spect to one axis of one pair of mutually perpendi-
cular intersecting axes and the first and second
bair of flange portions being parallel to and op-~
positely disposed with respect to the other axis
of the pair of axes, each flange portion includ-
ing an outer and an inner layer of sheet metal
with the cuter and inner layers integrally joined
at their outer lateral edges, a nail receiving slot
defining means adjacent each pair of flange por-
tions for receiving and bending a driven nail,
each slot defining means including a web portion
joined to the inner layer of one flange portion
of the corresponding pair of flange portions and
a nail guiding portion joinsd to the inner layer of
the other flange portion of the same pair of
flange portions, the portions of the inner layers
of the flange portions and the web and nai] guid-
ing pertions at the juncture of the web portion
and the nail guiding portion with the inner layers
of the respective pair of flange portions defining
8 nail entry throat symmetrical about the one
axis, the outer layers of each pair of flange por-
tions being integrally joined and overlying their
respective nail entry throat, the web portion and
the nail guiding portion of each slot defining
means being spaced apart to define therebetween
an elongated nail receiving slog extending in-
wardly from the entry throat, each nail guiding
portion terminating in a free edge, a flat web
portion symmetrical about the one axis connect-
ing the web portions of the slot defining means,
the web portion and the nail guiding portion of
each slot defining means including curved por-
tions so that the centerline of the slot starting at
a point tangent to the one axis extends inwardly
and curvilinearly first to one side of and away
from the one axis through a first arc and then
farther away from and then towards the one axis
through a second arc and thereafier across and
away from and back towards the one axis through
a third arc of relatively longer radius than the
radius of the second arc whereby a nail driven
through an entry throat and into the respective
nail receiving slot is bent through two reverse
curves by the curved portions of the slot defin-
ing means, the axes being principal gravity axes
for the area of cross-section of the nailable mem-
ber exclusive of the curved portions of the slot
defining means, the relative proportionment of
the cross-sectional area of the ecurved portions of
the slot defining means establishing the relations
JzdA=0, fydA=0 and fzydA=0 in which ¥ corre-
sponds to the cne axis, T corresponds to the other
axis and A corresponds to the cross-sectional area
of the nailable member, whereby the axes are
principal gravity axes for the nailable member.

5. A nailable structural member as defined in
claim 4 in which the second axis is midway be-
tween the outer surfaces of the first and second
pair of flange portions.

6. A nailable structural member as defined in
claim 4 in which the second axis is midway be-
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tween the outer surfaces of the first and second
pair of flange portions and in which the second
axis is the major axis of the area of Ccross-section
of the member.

7. An elongated nailable struetural member
comprising a pair of channel members each in-
cluding a web portion, the channel members be-
ing connected in back-to-back relation with the
web portions in spaced relaticnship, a first pair
of flange portions having coplanar outer surfaces
extending laterally in opposite directions and
Jjoined to corresponding ends of the web portions,
& second palr of flange portions having co-
blanar outer surfaces extending laterally in op-
pusite directions and joined to the other ends of
the web portions, the flange portions of each pair
of flange portions being berpendicular to and
oppositely disposed with respect to the ohe axis
0i & pair of mutually perpendicular intersecting
axes and the first and second pair of flange por-
tions being parallel to ang oppositely disposed
with respect to the other axis of the pair of axes,
the plane of the web portions being parallel to
and equally spaced from the one axis and being
perpendicular to the second axis, the portions of
the flange portions and the web portions at the
juncture of the web portions of thie channel
members with the respective pair of flange por-
tions defining a nail entry throat symmetrical
aboutb the one axis, a nail receiving siot defining
means adjacent each pair of flange portions for
recelving and bending a driven nail, each slot
defining means including curved nail guiding
portions being spaced apart to define therebe-
tween an elongated nail receiving slot extending
inwardly from the respective entry throat, the
curved nail guiding portions of each siot defining
means being curved so that the center line of the
slot starting at a point tangent to the one axis
extends inwardly and curvilinearly first to one
side of and away from the one axis through &
first'are and then farther away from and then
toward the one axis through a second arc and
thereafter across and away from and then back
toward the one axis through a third arc of rela-~
tively long radius with respect to the radius of
the second arc and finally back to a point tan-
gent to the one axis whereby a nail driven
through an entry throat and into the respective
nail receiving slot is bent through two reverse
curves by the curved portions of the slot defining
means, the axes being prinecipal gravity axes for
the area of cross-section of the nailable member
exclusive of the curved portions of the slot de-
fining means, the relative proportionment of the
cross-sectional area of the curved portions of the
slot defining means establishing the relations
JTdA=0, [ydA=0 and fzydA—0 in which Y cor-
responds to the one axis, z corresponds to the
other axis and A corresponds to the Ccross-sec-
tional area of the nailable member, whereby the
axes are principal gravity axes for the nailable
member.

8. A nailable structural member as defined in
claim 7 in which the second axis is the major
axis of the area of cross-section of the member.

8. An elongated nailable structural member
comprising a first pair of flange portions having
coplanar outer surfaces, a second pair of flange
portions having coplanar outer surfaces, the
flange portions of each pair of flange portions
being perpendicular to and oppositely disposed
with respect to one axis of g pair of mutually
berpendicular intersecting axes and the first and
second pair of flange portions being parallel to
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and oppositely disposed with respect to the other
axis of a pair of axes, first web means extending
from one flange portion of the first pair of flange
portions to one flange portion of the second pair
of flange portions, second web means extending
from the other flange portion of the first pair of
flange portions to the other flange portion of the
second pair of flange portions, the portions of
the flange portions and the web means at the
juncture of the first and second web means with
the flange portions of each pair of flange por-
tions defining a nail entry throat symmetrical
about the one axis, the web means being spaced
apart to define therebetween an elongated nail
receiving slot extending inwardly from each
entry throat, the web means including nail guid-
ing portions curved sO that the center line of the
slot starting at a point tangent to the one axis
extends inwardly and curvilinearly first to one
gide of and away from the one axis through a
first arc and then farther away from and then
toward the other axis through a second arc and
thereafter across and away from the one axis
to the second axis through a third arc of rela-
tively longer radius than the radius of the second
are with the center of the third arc being located
at a point on the second axis displaced from the
one axis, the centerline of the slot then extend-
ing curvilinearly from the second axis toward
the one axis through a fourth arc about said
center and then farther away from and then back
toward the one axis through a fifth arc having a
radius less than the radius of the fourth arc and
then tangentially to a second point on the one
axis through a sixth arc whereby a nail driven
through either enfry throat into the nail receiv-
ing slot is bent through two reverse curves by the
nail guiding portions of the web means, the axes
peing principal gravity axes for the area of cross-
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section of the nailable members exclusive of the
curved nail guiding portions, the relative propor-
tionment of the cross-sectional area of the curved
nail guiding portions establishing the relations
fydA=0, fzdA=0 and frydA=0 in which y corre-
sponds to the one axis, T corresponds to the other
axis and A corresponds to the cross-sectional
area of the nailable member, whereby the axes
are principal gravity axes for the nailable mem-
ber.

10. A nailable structural member as defined in
claim 9 in which the second axis is midway be-
tween the outer surfaces of the first and second
pair of flange portions.

11. A nailable structural member as defined in
claim 9 in which the second axis is the major
axis of the ares of cross-section of the member.

12. A structural member as defined in claim 9
in which the flange portions of the first pair of
flange portions are similar to the flange portions
of the second pair of flange portions.

13. A structural member as defined in claim 9
in which the flange portions of the first pair of

 flange portions include an outer layer of sheet
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metal and in inner layer of sheet metal integral-
1y joined along their outer edges, in which
the flange portions of the second pair of flange
portions each terminate in a free edge, and in

_ which the first and second bair of flange por-
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tions are symmetrical about the one axis.
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