
i 
- 

Aug. 3, 1954 

Filed Feb. 3, 1950 

T. CONS 

NAILABLE STRUCTURAL MEMBER 
2,685,354 

5 Sheets-Sheet l 

Q 
Q 

S 74 is 

ATTORNE 

  



Aug. 3, 1954 T. COLLINS 2,685,354 
NAILABLE STRUCTURAL MEMBER 

Filed Feb. 3, 1950 5 Sheets-Sheet 2 

86 Y (--) 87 

22 % 22 
ZZZZZZZ2%22%22.22%22%22%22222227 %% 2 W %%2x 32 2 A44 a) 

NVENTOR 
TAPPAN COLLINS. 

AT TORNEY 

  

  

    

  

  



Aug. 3, 1954 T. COLLINS 2,685,354 
NAILABLE STRUCTURAL MEMBER 

Filed Feb. 3, 1950 5. Sheets-Sheet 3 

9 2O 

68 67 
66 11 

fry. 1. s, INVENTOR. 
TAPPAN COLLNS 

AT TORNEY 



Aug. 3, 1954 T. COLLINS 2,685,354 
NAILABLE STRUCTURAL MEMBER 

Filed Feb. 3, 1950 5 Sheet S-Sheet 4 

Y (+) 

72- 76 2. -17 74 
G is N. Y (, 88 89 

83 18 O-2O3 

95 t 2O4 
2O6-\\ 2O5 

2O7 <? 
2 2O8 

2O - 

2OO 
2O 9 

X (-)- - - - - - X (--) 

79 

98 

O 27 2 
1. 

215 N) 
26 

77 75 

INVENTOR. 
TAPPAN COLLNS 

A-/-, AT TORNEY 

  



Aug. 3, 1954 T. collINs 2,685,354 
NAILABLE STRUCTURAL MEMBER 

Filed Feb. 3, 1950 5 Sheets-Sheet 5 

u? 
. (N 
V 

W N 
o cv. cN 

(N CN 
(N 
(N 

(f to on 
r 

CN N w 
(N (\ cy d 

CN 
cv. 

CN 
Ro C 
cN X 

INVENTOR. 
TAPPAN CONS 

BY 

  



Patented Aug. 3, 1954 2,685,354 

UNITED STATES PATENT OFFICE 
2,685,354 

NALABLE STRUCTURA, MEMBER, 
Tappan Collins, Grosse Pointe Woods, Mich., as 

signor to National Steel Corporation, a corpo 
ration of Delaware 

Application February 3, 1950, Serial No. 142,171 
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1. 
The present invention relates to structural 

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, 
nailable structural member that Will Securely re 
tain 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 structural member that 
will not be deformed by nails driven into the 
member. 
Another object of my invention is to provide 

an improved nailable structural member formed 
of relatively thinner metal that is relatively 
Stronger and more rigid than the nailable mem 
bers heretofore provided. 
Warious types of metal nailable structural mem 

berS have been proposed in the past. These nail 
able members have been intended to replace 
Wooden 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 commercial acceptance have, in 
general, been of the type in which a nail is driven 
into a tortuous or sinuous slot or groove defined 
by parallel Spaced apart webs. These webs are 
provided 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 to 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 to 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 force 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 to 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 
to 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 the 
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 is 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 mull 
tiplying the properties of a single reverse curve 
by the factor, two. In addition, and as will be 
more fully hereinafter described, the addition of 
InOre reverSecurves or corrugations does not cor 
respondingly increase the resistance of the nail 
to withdrawal by a live load. 

Further, it has been found that the structula, 
lilember 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 ioeing driven through the first 
reWeSeClive. 
An unexp2cted 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. In so 
far as is known, the prior art nailable structural 
members and particularly those which have re 
ceived coinnercial acceptance have been charac 
terized by poor structural stability. When these 
members have been used as beams, joists, col 
unians, Studs, or other frame members, it has been 
necessary to brace the members quite extensively 
to prevent twisting or to use larger nembers 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 i is a cabinet view of a structural men 
ber embodying the principles of the present in 
vention; 

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

Figure 3 is a fragmentary sectional view taken 
along line 3-3 of Figure l; 

Figure 4 is an end view of another structural 
member embodying the principles 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 
Figure 1 which is a cabinet view of a structural 
member embodying the principles of the present 
invention, the elongated member is formed by 
bending and shaping a single piece of steel sheet 
or strip. The present invention is not concerned 
with the particular manner in which member 9 
is formed although the member is preferably 
formed by cold rolling steel strip. Metal other 
than steel may be used. The member 0 includes 
a first flange means , a second flange means 2 
and a web means 3 connecting the flange imeans 
with the flange means f and 2 extending along 
opposite sides of the Web means, 3 so that the 
member, has substantially an I-shape in CrOSS 
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4. 
Section. The flange means includes a pair of 
Coplanar, equal flange portions 5 and 6. The 
flange portions are each made of two layers of 
Inletal with fiange is having outer and inner 
layers it and 8 integrally joined along their 
outer edges and with fiange is having outer and 
inner layers 9 and 20 also integrally joined along 
their outer edges. Flange means 2 Silliarly 
includes a pair of coplanar, equal fange portions 
2 and 22 with flange portion 2 having outer and 
inner layers 23 and 24 integrally joined together 
along their outer edges and with i?lange portion 
32, including outer and inner layers 25 and 26, 
also integrally joined together along their outer 
edges. 
Adjacent each flange means and 2, there is 

a nail receiving and bending means 28 and 29, 
respectively. The nail receiving means 28 in 
cludes a web or nail guiding portion 3 and a 
parallel nail guiding portion 32 adapted to receive 
a driven nail therebetween. The web and nail 
guiding portions 3 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 portions 33, and 34 are spaced apart 
and define therebetween an elongated nailing 
groove 35. 
The flange means and the nail receiving 

means 23 constitute a T-shape as does the flange . 
means 2 and the corresponding nail receiving . 
raeans 29. These two T-shapes are joined by a 
flat web portion 38 which is integrally joined 

5, along opposite edges to the Web portions 3 and 
33. The web portions Sf and 33' constitute part 
of the nail receiving means as well as part of the 
web means joining the flanges. and 2. As 
shown, axes 2-3 and J-y are mutually perpen 
dicular, coordinate axes of the croSS-Segtional 
area of the elongated member 6. These axes 
are, located in a plane normal to the longitudinal 
axis 2-2 of the raenber. AxeS. ac-ac and g-2J 
intersect at point O. The Web portion 36 is Syn 
metrical about axis y-y as is fiange and flange 
2. Accordingly, the cross-sectional area of the 

structural member, except for the cross-sectional 
area of the two receiving and bending means 23 
and 29, is symmetrical about axis y-gy. The ex 
pression “cross-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 and 2 and web 36 is symmetrical 
about axis ac-ac. Accordingly, point "O' is the 
center of gravity for the cross-sectional area of the 
web 38 and fanges. and 2, and these axes are 
gravity axes for this portion of the member. 
Additionally, and for reasons more fully herein 
after pointed out, all values of 'g' above axis 
ac-ac are positive, and all values of 'y' below axis 
ac-ac are negative. . All values of “ac' to the right 
of axis y-y are positive, and all Values of "ac' to 
the left of axis y-gy are negative as indicated on 
the drawings by the customary plus (--) and 
minus (-) sign.S. 

In each of the nail receiving means 28 and 29, 
the parallel Web and nail guiding portions are 
curved or corrugated through two reverse curves 
Or two corrugations So that their axes. Culve- in 
a particular novel manner for reasons inore fully 
hereinafter set forth. Referring to the nail re 
ceiving means 28 and to Figures 1 and 2, the axis 
or center line 37s of the nail receiving slot S3 is 
midway between the opposed inner surfaces of 
the parallel pair of web and nail guiding portions 
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3, 32. The nail guiding portion 32 is integrally 
joined to flange portion 6, 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 3 is integrally joined to the 
flange portion 5, and the metal at their juncture 
A0 is curved about center 4. Which is on the left 
or opposite side of axis y-g. Points 39 and 4: 
are equally Spaced from axis y-y and also from 
the Coplanar failge portions 5 and 6. The por 
tions of metal 38 and is at the juncture of the 
nail guiding aid web portions with flange por 
tions S and 5 define therebetween an entrance 
throat 42 and throat 42 is Symmetrical about axis 
g-y Preferably, entrance throat or passage 42 

10 

5 
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 3, between 
fiange portions 5 and S, is depressed and ex 
tends into throat A2 to form a nail guiding en 
tering groove 4 is extending longitudinally of the 
member between fiange portions 5 and 6. The 
metal at the bottom 55 of groove 48 may be 
thinned to facilitate penetration of a nail point. 
The metal of both the Web portion 3 and Web 
portion 32 is curved about point it disposed on 
One Side of axis y-gy SO that axis 3 of the nail 
receiving slot, Starting at point 3 where axis 3. 
Coincides With and is targent to axis j-y, curves 
to Said one side of axis y-y to point 59, and the 
radius of curvature indicated by line 8 is rela 
tively quite Smail. The radius of curvature 5 
is equal to the horizontal distance of point 47 
from axis y-J So that axis 3 is tangent to axis 
g-y at point 48. The Web and nail guiding por 
tions 3, 32 are next curved about point 52 dis 
posed on the opposite side of axis y-gy So that 
axis 3 from point 5 curves away from axis 
g-gy and then Culves back toward axis y-y to 
point 53 through a radius of curvature indicated 
by line S3. Point 5 is the point at which a line 
drawn between centers 32 and 4 would intersect 
center line 3. Thus, axis 3 curves away from 
and to said one side of axis y-y and then back 
toward axis gi-y through a reverse curve. The 
web and nail guiding portions 3 and 32 are 
thereafter curved about center 55 disposed on 
Said one Side of axis J-2). The axis 37 is curved 
from point 53 acroSS axis y-y to said opposite 
Side of axis J-gy and then back to Ward and across 
axis y-y to point 5 through a radius of curva 
ture indicated by line 58. Point 53 is the point at 
which a line drawn between center's 52 and 5 
would intersect center line 3 and point 5 is the 
point at which a line drawn from center 55 to 
center 59 would intersect center line 3. Thus, 
that poition of axis 3 which extends from point 
48 to a point between points 5 and 53 is curved 
or bent through a reverse curve and the remain 
ing length of axis 3 which extends to point 57 is 
curved through a Second reverse curve. While 
the length of axis 3, which is curved about cen 
ter 52 forms part of the first reverse curve and 
also part of the Second reverse curve, the tortu 
ouis nail receiving slot 33 does contain two re 
verse curves, and the web portions 3 and nail 
guiding portion 32 each contains two corruga 
tions with the corrugations of one portion par 
allel with the corresponding corrugations of the 
other portion. The radius of curvature 56 is 
equal to and may be longer than 5 but is shorter 
than 58 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 3 is curved about center 59 
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6 
through an arc of relatively short radius so that 
the web portion 3 joins the web portion 36. The 
nail guiding portion 32 is not curved around cen 
ter 59 for the reason that the groove 33 at its 
inner end preferably should direct the point of 
the nail away from the Web portion. 36. If the 
inner edge portion of portion 32 were curved 
about center 59, 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 36. It will be noted 
that the inner Surface of the web portion 3 
curved about point 59 joins the inner Surface of 
Web portion 36 at a point that is tangent to a line 
parallel to axis gy-y. If axis 37 were extended 
as shown, the axis 3 would interSect a horizOn 
tal line at a point 59 Spaced from axis y-y a 
distance equal to one-half (the thickness of the 
metal plus the width of slot 33). Thus, the lower 
end of axis 3 is shifted to the right of the upper 
end of axis 3. This is done to bring the center 
of web portion 3 over to axisy-y. 
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 particular manner. The nail guid 
ing portion 3 is integrally joined to fange por 
tion 22 and at their juncture 65 the metal is 
curved about the center 62 which is to the right 
or on said one side of axis y-y. Similarly, the 
web portion 33' is integrally joined to the flange 
portion 2, 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 equially Spaced in Wardly from 
the outer face of the coplanar flange portions 2 
and 22. The portions of metal 6?, 63 define 
therebetween a nail entering throat 35 which is . 
symmetrical about axis y-y. Preferably, the 
nail entering throat 63 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 66 between the flange portions 
2 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 6. Which extends longitudinally 
of the member between the flange portions 2 
and 22. The inetal at the bottom 68 of groove 6 
is thinned out to facilitate penetration of a nail 
point. The metal of both the Web portion 33' 
and the nail guiding portion 3é is curved about a 
center a disposed on said one side of axis y-gy 
So that axis 6 starting at point where axis G 
meets or coincides with axis y-gy curves to said 
one side of axis y-y to a point 2 and the radius 
of curvature indicated by line 3 is relatively 
short. The radius of curvature i3 is equal to the 
distance of point Fe from axis y-, so that axis 
69 is tangent to axis f-y at point i. The Web 
and nail guiding portions 33' and 34 are next 
curved about a point is disposed on said oppo 
Site side of axis y-y So that the axis 6 curves 
from point 2 back toward axis gi-y to point S : 
through a radius of curvature indicated by line 

. Thus, axis 69 curves away from and to said 
One side of axis g-gy and then back toward axis 
y-y through a single reverse curve. The web 
and nail guiding portions 33' and 36 are there 
after curved about center 8 disposed on said one 
Side of axis y-g. The axis is curved from 
point TS acroSS axis J-2) to said opposite side of 
axisy-g and then back toward axis y-y to point 
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19. Thus, that portion of axis 60 which extends 
from the point to a point: between point 2 
and 76 is curved or bent through a reverse curve, 
and the remaining length of axis 6 which ex 
tends to point 9 is curved through a second re 
Wei'Se Curve. AS Stated in coninection. With the 
first nailing means 28, the length of axis 6 which 
is curved about the center 5 forms part of the 
first reverse curve and also part of the second 
reverse. Curve, and the tortuous 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 is equal to the radius of curvature. 
3 but is shorter than the radius of curvature 88 

So that the first reverse curve is relatively sharper 
and the second or final reverse curve is relatively 
larger, or more gradual. The web portion 33' is 
curved about center 8 through an arc having a 
relatively short radius of curvature which brings 
the web portion 33' into Web portion 35. The nail 
holding portion 28 which extends from point 42 
to 59' and the nail bending and holding portion 
29 Which extends from a horizontal line drawn 
through point to a horizontal line drawn 
through center 8 are synmetrical about axis 
--C. 
I have discovered that the addition of the Sec 

ond corrugation or second reverse curve greatly 
increases 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 
load. I also have discovered that having the 
Second reverse curve larger than the first re 
Verse curve produces certain in portant advaita 
tages in addition to greatly increasing the ability 
of the nailing beam to retain a nail subjected to 
live load. While I do not want 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 betwee: a, nail holding means hay 
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 inenbers which 
have received connercial acceptance, the tail 
receiving means 28 has been construgted as 
though it were severed at about the point 53. The 
addition of Web and nail guiding portions below 
point 53, which additional portions are parale 
to the axis y-y, did not and will not materially. 
alter the problem or prevent the nail from being 
Walked out of the groove by a live load. The nail 
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which is driven into the nail receiving groove is 
Substantially the same width as the rail receiv 
ing groove so that it engages the interior Surfaces 
of the web and nail guiding portions throughout 
the everse Culve. Thus, the nail apparently is 
held in place both by frictional engagement with 
the Walls of the tortuous nail receiving slot and 
by the resistance of the rail to being straightened. 
I believe and results confirin 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 

65 

70 

ample, if a force is applied to the head of the : 
nail in a direction parallel to the axis g-gy tend 75, 

8 . 
ing to pull the nail out of the slot, a relatively 
large force 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 a 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 bean. Before discussing this 
point, it is to be noted that if a., force is applied to: 
the nail and the nail starts to move, the fric 
tional force resisting movement of the nail is 
reduced. The force necessary to overconne fric 
tion between two stationary parts is greater than 
the force required to naintain movement. The 
starting friction is always greater than the mov 
ing friction. As a result, once the jail starts to 
in ove, 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 only at two points along its length. 
When a live load is applied to the head portion of 
the nail, the head portion is bent back and forth 
and these points of engagement change. The 
inead 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 batWeen the nail and the Walls of the 
slo. This rocking or Shifting of the nail walks 
the nail out of the slot. In other Words, each 
time the direction of load changes, the nail is 
anoved Otwardly a Short distance. While uilder 
Some conditions this distance may be very slight, 
the nail will not Support live loads indefinitely, 
and if the live load changes cycles rapidly or if 
the live load is reiatively great the nail will be . 
quickly walked out of the slot. 

In contradistinction, When a nail 85 is driven 
through a board 86 into slot 3 and bent through 
two reverse curves, the nail is held at a plurality 
of points of engagement along its double corru 
gated length. 
board 88 back and forth and tends to bend the 
head portion 3 of the nail 85 back and forth, 
at least, two of these points of engagement are not 
shifted or changed. These points of engagement 
never completely "let go' of the nail, and the 
nail can not be walked out of the slot. Additional 
bends would be redundant. 

Regardless of whether oi not 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 
fron 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 

When a live load tends to shift : 
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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 
yerse curve is equal or more nearly equal to the 
force required to bend the nail 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 spaced points, as 
Will be hereinafter desci ibed. 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 9 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 3 and the 
nail guiding portion 32 and fastens these two por 
tions together so that the flanges 5 and 6 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 a 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 99 is similar to that shown and 
described in patent No. 2,457,148 to William J. 
Hall et al. The lower nail holding means 29 also 
includes identical fastening means 90 for hold 
ing the Web and nail guiding portions 33 and 3. 
together in properly spaced relationship. 
The fastening means 9 comprises a flattened 

portion 9 formed on the curved web portion 3 
and a flat portion 92 formed on the curved nail 
guiding portion 32. The two flat portions 9 and 
9 are bosses displaced laterally from their re 
spective portions 3A, 32 so that when the flat por 
tions 9, 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 9 . An opening is 
formed in boss 32, and the metal 94 around this E 
opening is formed into a tubular projection 9é 
which extends through and snugly fits opening 
93. The outer end of the projection 93 is flanged 
or flared outwardly at 95 against the outer Sur 
face of the boss 9 to securely hold together the 
web portion 3 and the nail guiding portion. 32. 
The bosses 9 and 2 are in contact, with each 
other, but throughout the length of the nail re 
ceiving means 28 the web and nail guiding por 
tions 3, 32 are spaced apart except at the location 
of the fastening means. The fasteining means 
9 located along the lower nail receiving means 
29 is identical with the upper fastening means 
9 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 () 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 fanges and that the load 
is applied vertically-that is, in a direction par 
allel to axis J-2) 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 
seach 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 a-ac and 
g-ly are Coordinate axes for the Section of the 
b8am of Figure 1 intersecting at point 'O'. 

For a structural member to develop maximum 
Strength and Stability, coordinate axes ac-ac and 
2}-g should be gravity axes, should be principal 
axes and should be axes of the section outline. 
For axis 3'-ac to be a gravity axis, the static 
nonent about ac-ac must equal zero, or expressed 
mathematically ?ydA=0. In other words, the 
area, A, the area of the cross-section, would bal 
ance on a knife edge along axis ac-ac. Similarly, 
for axis y-y to be a gravity axis, the static mo 
ment about 2-y must equal zero or facdA=0. 
The area. A Would balance now on a knife edge 
along axis J-y. 
The axes ac-ac and g-gy may be gravity axes 

Without being principal axes and may be princi 
pal axes Without being gravity axes. For axes 
3-ac or p-y to be principal axes, the product of 
inertia, must equal zero or facy dA=0. By inspec 
tion of Figure 1 it can be seen that if axis ac-ac 
is a principal axis, it is the major axis or a minor 
axis, depending on whether the moment of inertia, 
about axis ac-ac, which may be expressed as 
g2dA, is greater than or less than the moment 

of inertia, about axis y-, expressed as acdA. 
If axis ac-ac is the major axis, then axis g-y is 
the minor axis and y?dA is greater than facdA. 

For members having an I-shape Such as is 
shown in Figure 1 and Which are used as beans, 
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 desirable in beams that 
the major axis be parallel to the outside faces of 
the flanges and midway between them so that 
axis ac-3 is a major axis. In columns, it may be 
desirable to have the greatest stiffness about axis 
g-y 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 ac-ac--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 
ing load is applied is not parallel to the outer 
faces of the fianges, then twist will develop. 

In addition, the minor axis-axis y-y-must 
be normal 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 ceam 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 

... to meet the foregoing requirements. In other 
- Words, the beam can be arranged so that coor 
dinate axes ac-ac and 2-y are principal axes in 
tersecting at the centroid “O’ of the cross 
Sectional area. So that these axes are gravity axes. 
Additionally, the axis ac-ac may be the major 
axis and the axis 2-y the minor axis. Axes ac-ac 
and J-2) are axes of the Outline of the croSS 
Sectional area-that is, the major axis ac-ac is 
parallel 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 
fanges. 
plane of Zero StreSS. Accordingly, the beam de 
velops maximum strength and stability against 
twisting. 

Heretofore, it has been impossible to develop a 
nailing beam having tortuous 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 to maximum capacity will be readily 
explained by first considering a beam that has 
no nail receiving means. Referring to Figure 1 
and aSSunning that the beam consists of flanges 
5, 6, flanges 2, .22 and the flat connecting 
Web 36, then by inspection it can be seen that 
coordinate axes ac-ac and g-y are gravity axes. 
The cross-sectional area of flanges 6 and 22 bal 
ances the cross-sectional area of fanges 5 and 
2 and the web 36 is symmetrical about axis g-g 

; SO that static moment about axis g-gy is zero and 
the expression. JacdA=0 is satisfied. . . Similarly, 

: axis-3-ac is a gravity axis as the static moment 
about axis ac-ac - is zero. and the expression 
ydA=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 
axeS. 

Now... assume that the first reverse curve of 5 
... each nail receiving means is added to the flanges 

f and 2, the axis y-y is no longer an axis of 
gravity. The static moment about axis, g-gy is 
...not Zero and the expression acdA=0 is no longer 
Correct. The first reverse curve of the nail re 

- ceiving means 28 comprises the curved portions 
of Web portion 3 and nail guiding portion 32 
extending from point 48 to point 53. This first 
reverse curved portion of the nail receiving means 

. . will be hereinafter referred to as curved por 
...tion F-l. The first reverse curved portion of 
the nail receiving means 29 consists of the curved 
portions of Web portion 33 and of nail guiding 
portion 34 extending to point 76 and is here 
inafter referred to as F-2. The reversed curved 
portions F-f and F-2 are symmetrical about axis 
3'-ac, but a Symmetrical about axis op-gy. While 
the Static moment about axis ac-ac equals zero, 
the Static moment about axis y-y is no longer 
Zero and axis J-y is not a gravity axis. Accord 

- ingly, axes, ac-ac and 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 

The polar axis 2-2 is located along the 
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stain the structural Symmetry. 

2 
- he displaced and the principal minor axis for the 
area, through the center of gravity would be to 
the right so that if the flanges Were equally 
loaded, the center of the load would be to the 
left of the ninor axis. This is especially pro 
nounced when the nail receiving means comprises 
walls spaced apart to provide a nail receiving 
slot. This spacing apart of the walls accentuates 
the unbalance or tendency of the bean to twist 
under load. 
The areas of the second reverse curved portions 

S- and S-2 are proportioned relative to the re 
spective areas of F-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 ac-ac and J-2) are principal 
axes interSecting at the centroid of the croSS 
Sectional area of the bearin. In this one piece 
beam, this can only be done if radius 58 is longer 
than radius, 54. If radius 58 equalled radius 54, 
then Web portion 3S would be to the left of its 
position shown and would not be Symmetrical 
about axis y-y. 
As the cross-sectional area of the member 0, 

-except for the nail receiving and bending por 
tions, is Symmetrical about axis y-y, 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 29, being symmetrical about 
-axis g-y, it is believed obvious that flange i5 
must be equal to fiange 6 and flange 2 must be 
equal to flange 22 and that axis ac-ac is parallel 
to the outer Surfaces of the flanges. Usually 
with structural members, and especially columns, 
Some load is directed against the Side of the 
member. This load will cause twist if the axis 
ac-ac is not midway between the flanges and 
2. Accordingly, the member preferably should 
be structurally Symmetrical about axis ac-ac with 
axis ac-ac being midway between the outer sur 
faces of the flanges So as to reduce the bracing 
required. 

... As an illustration, the structural member of 
Figure 1 having the previously described charac 
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teristics can be produced by using, for example, 
18 gauge Steel and by having radii 5, 34, 3 and 
77 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 
3 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 f and connected to 
gether in back-to-back relationship. The chan 
nel member 99 includes a first flange 02 and 
a Second flange 03 connected by a web 04. 
Similarly, the channel member if includes 
flangeS 85 and 06 connected by a web OT. The 
two channel members 8 and ) are arranged 
in back-to-back relationship with the webs iO4 
and 07 in opposed parallel relationship. The 
flanges C2 and 25 are coplanar and extend 
equally outwardly from the coordinate axis y-y. 
Flanges (3 and 96 are coplanar and extend 
equally outwardly from axis y-y. Adjacent the 
pair of flanges f 92 and 05, there is a nail re 
ceiving and bending means 9. There is a simi 
lar nail receiving and bending means iO adja 

s 
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cent flanges. 03 and G6. The nail receiving 
and bending means 9 includes a web portion 

and a parallel, nail guiding or Web portion 
2 adapted to receive and bend a nail driven 

therebetween. The parallel web portions and 
f2 are spaced apart and define an elongated nail 
receiving slot or groove 4 having a constant 
Width throughout its length. The nail receiving 
and bending means includes a web portion 
ill 6 and a parallel, nail guiding or web portion 

constructed and arranged to define there 
between an elongated tortuous nailing groove 

8 at a constant width throughout its length. 
The Web portions f and are connected to 
gether by a flat web portion if 9 which is part 
of the web O7. The web portions 2 and f is 
also are connected together by a flat web por 
tion f 29 which is part of the channel web 94. 
The Structural member of Figure 4 has substan 
tially an I-shape. The flanges 02 and 05 to 
gether with the nail receiving and bending means 
09 constitute a T-shape as do the flanges 3 

and 06 taken with the nail receiving and bend 
ing means 0. 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 structural member is made up of the web 
portions 9 and 20. 
AS shown, axes ac-ac 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 foll 
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 ac-ac and y-gy. Each pair of coordinate 
axes intersect at a point, and this point of inter 
section is designated as point “O.' 

Referring to Figure 4, the flanges 2 and 0.5 
are symmetrical about axis y-2) as are flanges 
03 and 6. The web portions f 9 and 2G also 

are symmetrical about axis y-y. 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 09 and () is Sym 
metrical about axis y-y. The cross-sectional 
area of fianges 05 and G2 is symmetrical with 
the cross-sectional area of flanges 33 and 6 
about axis ac-ac. The two flange portions 9 
and 20 are also Symmetrical about axis ac-ac. 
Accordingly, the cross-sectional area of the Sec 
tional member, except for the cross-sectional 
area of the two nail receiving and bending means 

9 and f6, is Symmetrical about axis ac-ac. 
Except for the nail receiving and bending means, 
the structural member is symmetrical about both 
axes so that axes ac-ac and y-y are principal axes 
intersecting at the center of gravity for the CrOSS 
sectional area 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 ac-ac and y-y are prin 
cipal axes interSecting 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 
ac-ac and is a Symmetrical about axis y-y. The 
two nail receiving and bending means and, there 
fore, the entire bean are anti-symmetrica. In 
other words, if that portion of the cross-sectional 
area below axis ac-ac 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 ac-ac. 
This is of particular importance because as will 
be more fully hereinafter described, the two 
channel members 9 and 0 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 f is is identical with the corrugated web 
portion , and the corrugated web portions 2 
and f l are identical. 

In each of the nail receiving means G9 and 
3, the parallel web portions are curved or cor 

rugated through two reverse curves or two corru 
gations 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 22 of the nail receiving and bending 
slot A is located midway between the opposed 
inher Surfaces of the parallel web portions 
and ff2. The web portion is integrally 
joined to the fiange 05 and at their juncture the 
metal at 23 is curved about the center 24. 
Similarly, the web portion 2 is integrally joined 
to the fiange 92, and at their juncture the metal 
25 is curved about center 26, Centers 24 and 
f26 are equally and oppositely spaced from axis 
g-y and are located along a line 2 which is 
inormal to axis y-y. The portions of curved 
metal 23 and 25 define therebetween an en 
trance throat 29, 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 

4. Starting at line 27, the metal of both web 
portions and 2 is curved about the center 
30 disposed on one side of, or to the left of, 
axis y-gy so that the axis 22, starting at point 
3 Where axis 22 coincides with and is tangent 

to axis y-y, curves to point 34. The radius of 
curvature indicated by line 35 is relatively quite 
Small. Web portions and 2 are next 
curved through an arc about center 36 disposed 
On the opposite or right hand Side of axis g-y so 
that axis 2 curves from point 34 away from 
axis y-y and then back toward axis y-y to a 
point 37. The radius of curvature about axis 
3S is indicated by line 38. Point 34 is the 

point at which a line drawn between centers 30 
and 36 Would intersect center line 22. The Web 
and nail guiding portions and 2 are next 
Curved about center 4 disposed on said one side 
or left side of axis y-y. The axis 22 is curved 

65 
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from point 3 acroSS axis y-y to said opposite 
Or right hand Side of axis g-gy and then back to 
Ward axis y-y to point 4 through a relatively 
large radius of curvature indicated by line 32. 
The point 3 is the point at which a line drawn 
from Center it to center 36 intersects axis 22. 
The web portions 2 and are finally curved 
about point 43 to join web portions 4 and 9. 
the axis 22 is curved from point fi about 
center 43 to point 44 which point is on axis 
21-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 22 is 
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: relatively small - and is indicated by line 45. 
Point. 4 is a point at which a line drawn from 

- center 4 to center 3 intersects the axis 22. 
Thus, that portion of axis 22 which extends 
fron point 33 to point 3 is beint, or curved 
through a single reverse curve, and the remain 
ring length of axis 22 which extends from point 
3 to point 44 is curved through a second rela 

tively larger and more gradual reverse curve. It 
is essential that radius 42 be longer than 
radius f38. 
As previously pointed out, the nail receiving 

and bending means if is anti-Syinnatrical ela 
tive to the nail receiving and bending means 99. 
This in turn means that there are definite fixed 
relationships between the various portions of the 
nail receiving and bending means f and the 
corresponding portions of the nail receiving and 
bending means 9. The nail bending web por 
tion 6 is integrally joined to flange (3, and 
at their juncture 4 the metal is curved about 
center i8 which is to the right and on said oppo 
site side of axis y-y. Similarly, the web por 
tion is integrally joined to the flange 05 and 
the metal at their juncture 49 is curved about 
center 5. Which is on the left or on Said one 
side of axis y-g. Centers 68 and 50 are 
equally oppositely spaced from axis y-y and are 
also equally spaced in Wardly from the outer face 
of coplanar flanges 03; and f(06. The metal at 
57 and fli define therebetween a nail entering 

and guiding throat 5 which is symmetrical 
about axis y-gy. The metal of web portions 6 
and 7, starting at line f 52 which is a line 
drawn between centers 48 and 50, is curved 

: about a center 53 disposed on the right side of 
axis g-y. The axis 54 of the nail receiving and 
bending slot f 8 starting at point 55 curves to 
ward the right and away from axis y-y to point 
46, and the relatively small radius of curvature 

is indicated by line i57. The centers 53 and 30 
are equally oppositely Spaced from axis y-y. 
The axis 56 of the nail receiving slot or groove 
is tangent to axis 2-y at point, 55. The Web 
portions is and are next curved about a 
center 53 disposed on the left Side of axis y-y 
so that axis 53 curves from point 56 away from 
and then back toward axis y-y to point 60 
through a radius of curvature indicated by line 
6. The center 59 and the center 36 are 

equally and oppositely spaced from axis y-y. 
The point & 6 is that point at which a line drawn 
between centers 59 and 53 intersects axis 54. 
Thus, axis 54 curves from point 55 away from 
and to the right of axis y-g and then back to 
ward axis y-y through a single reverse curve. 
The Web portions 6 and 7 are next curved 
about center 62 disposed to the right of axis 
y-y, The axis S4 is curved from point, 80 
across axis y-gy to the left of axis y-g and then 
back toward axis y-y to point 63 through a 
relatively long radius indicated by line 64. The 
point S is the point at which a line drawn be 
tween centers 59 and f 62 intersects axis 54. 
The last or final portion of the web portions 6 
and are curved about center. 68 so that axi 
54 curves from point 63 about center SS to 

point, G7 at which point the axis 54 coincides 
with and is tangent to axis y-y. The radius of 
curvature of this last or final portion of axis 54 
is indicated by line 68. Thus, that portion of 
axis 54 which extends from point 55 to point 
S is bent or curved through a reverse curve, and 

the remaining length of axis 54, which extends 
from point f68 to point 67 is bent through a 

5 

Second reverse. Curve. 
6 
The radius of curvature 

-64 is equal to the radius of curvature. A2 and is 
longer than the radius of curvature i8. 
- the addition of the second corrigation o' Sec 

cond reverse curve greatly increases the ability 
of the Yember to retain a rail driven into the 
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repeated at this time. 

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 
rea,Sons pointed out, in connection with the struc 
illrai membei shown in figure 1 and Will not be 

The Second reverse Cuiye 
is large than the first reverse curye So that as 
the nail has been relatively sharply bent by the 
first reversed cu've portion, it is then more 
gradually bent by the second 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 inay be made 
from 1'elatively thinner inetal. 
The two channel members, 8 and 3 may be 

fastened together by any suitable means and may 
be fastened together at Spaged points throughout 

, their length by means of fastening elements sub 
Stantially as shown and described in connection 

. . With the structural nenger of Figure 1. 

30. 
With the structural member of Figure 4, like 

the Structural inenber of Figure 1, the important 
discovery has been made that, he introduction 
of the Second more gradual reverse curve to the 
tortugus hail bending groove enables the various 
portions of the Ihailable structurai member to be 
COInst}"tacted and arranged. So that the member 
will develop maximum strength and stiffness and 
Will not tend to twist. 

Sect at point “O.' 
reverse curve that is 1'elatively larger and more 

The axes (C-2 and g-2) 
are COOrdinate axes of the area of cross-section 
of the structural member, and these axes inter 

The addition of the Second 

... gradual than the first reverse curve to each of 
the nail bending means 9 and i) permits the 
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... load Will be concentrated along axis g-gy. 

two nail bending means 9 and 9 to be ar 
5 ranged So that the structural member of Figure 4 
... will not tend to twist. As has been previously 
pointed out, cross-sectional area of this struc 
tural member is symmetrical about axis ac-ac and 
Symmetrical about axis y-y if the cross-sectional 
area of the two nail bending means f 39 and it 
is not considered. As more fully described in 
connection with the structural member of Fig 
ure. i., if the structural member is to be used as 
a bearin and it be a SSuined that it is uniformly 
loaded along the flanges 32 and 95, then this 

his 
load Will pi'oduce twist, if the axis - is not a 
gravity axis so that the center of gravity lies 
along a point, on the axis and will develop twist 
if a.Xis y-gy is not a principal axis that is midway 
between and normal to the two pairs of flanges 

2, 5 and e3, 6. This last is merely another 
Way of Stating that axis 3'-ac must be parallel 
to the outer Surfaces of the flanges as coordinate 
axes are always perpendicular to each other. If 
the structural neinber is to be used as a column 
and if a load is linifornly applied against the 
Side of the structural member, then this load or 
fo'ce will be centered on axis ac-ac. This load 
Will tend to twist the column if axis 3'-ac is not a 
principal gravity axis equally spaced iron the 
Outer Surfaces of the flanges. Accordingly, it is 
preferable that the axis 3'-ac be equally spaced 
froin the outer surfaces of the flanges for, regard 
SSS 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 ac-ac is not a principal gravity axis 
midway between the outer surfaces of the 
flanges, considerable bracing will be required. 
For axis ac-ac to be a gravity axis, the static 
moment about axis ac-ac must equal 0 or ex 
pressed mathematically ?ayd Al=0. In other words, 
the area A, the area of the cross-section, would 
balance on a knife edge along axis ac-ac. Simi 
larly, for axis y-y to be a gravity axis, the static 
moment about axis y-y must equal 0 or facdAs=0. 
The area. A would then balance on a knife edge 
along axis y-y. For axes ac-ac and J-y to be 
principal axes, the product of inertia, must equal 
0, or expressed mathematically, facyd A=0. 
As previously described, it has been discovered 

that the presence of the second reverse curve 
enables the nailing bean 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 
4, is larger than the first reverse curve, par 

ticularly that portion between point, 34 and 3. 
In other Words, the radius 42 must be longer 
than the radius 38. 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 9 and 0, 
it is believed clear from the foregoing description 
that the axes ac-ac and y-y Would be principal 
axes intersecting at the center of gravity “O.' 
If the first reverse curve 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 9 adds a larger 
negative (acy) value than it does a positive (acy) 
value. Obviously, the area of metal on the left 
of axis J-2) is greater than the area of metal 
On the right of axis g-y. The first reverse curve 
Of the nail bending means 0 which is anti 
Symmetrical to the first reverse curve of the nail 
bending means 39 also adds a greater negative 
(acy) value than positive (acy) value so that the 
product of inertia, no longer equals 0 and the 
expression ?ayd A=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 4 and the axis g-y will not be 
normal to the fanges. Thus, when a load is ini 
formly applied against the flanges 02 and 85, 
the center of this load will not coincide With axis 
g-y and the load will tend to twist the beam. 
For the Salme reason, a 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 ac-ac and y-y principal 
axes intel'Secting at the center of gravity. The 
area of the Second reverse curve portion of webs 
if and 2 must add as much positive (acy) 

Value as the first reverse curved portion of web 
portions 6 and 7 adds negative (acy) value. 
The second reverse curved portion of the naii 
holding and bending means 9 must similarly 
balance the first reverse curved portion of the 
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nail holding and bending means 09. To do this, 
the area of the second reverse curved portion 
must be larger than the area of the first reverse 
Clived portion because the distance of the center 
of gravity of the Second reverse curved portion 
from axis ac-ac is less than the distance of the 
center of gravity of the first reverse curved por 
tion from axis ac-ac. Therefore, to satisfy the 
expression facgdA=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 
renenbering that the cross-sectional area of the 
Structural member is symmetrical about both 
axes except for the nail bending means 9 and 
it, the nail bending means fo9 and the nail 

bending means | f must be carefully arranged so 
that together they satisfy the three expressions 
3-da=0, y dA =0, and ?ayd A=0, if axes ac-ac 
and J-y are to be principal axes intersecting at 
the center of gravity. If this is done, and with 
the axes ac-ac and g-y being principal gravity 
axes for the cross-sectional area, except for the 
nail holding and bending means 9 and f , 
then the nail holding and bending means will not 
shift the principal gravity axes for the entire 
CTOSS-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 
SO constructed and arranged that the axes ac-g 
and 2-y are principal gravity axes with the 
flanges 82 and 05 and 3 and 6 being sym 
metrical about the y-y axis and With the axis 
ac-ac parallel to the Outer Surfaces of these 
flaages. Where the structural member is to be 
used as a beam, it is usually desirable to have 
axis ac-ac the major axis because the beam is 
usually unifornly loaded along the top flanges 
and the beam has the greatest stiffness about, 
axis ac-ac. Under certain conditions, it may be 
desirable to have the beam stiffer about axis y-y 
than axis ac-ac. 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 
62 and f 5, the load may be considered as a 

Single force applied along axis y-y. If this is 
the case, axis ac-ac 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 nearly always subjected to some lateral 
force tending to bend the beam about axis y-y. 
lf axis ac-ac is not exactly midway between the 
Outer Surfaces of the flanges, then this lateral 
force can not be considered as a force directed 
along axis 3'-ac and will tend to twist the beam. 
Thus, if axis ac-ac is not exactly midway between 
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 ac-ac 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 0 and to , with one 
channel member being reversed relative to the 
other. With this arrangement, two identical 
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chai i8s can be used to make up the member and 
the cogs, of tools for producing the two shapes 
is illic: less than it wo;d be if the channel 
ne:2nber's WCre not the same. If cost were ignored, 
the charinel inenbers 3 and could be made 
SO that the nail bending portions instead of being 
anti-Syrametrical would be symmetrical. It is 
to be noted that if this were the case, then the 
first reverse curve would be rotated about axis 
2-ly through 180° so that the canters 59 and 
f35 would be on the same side of the axis y-y. 
This does not change the fact that the addition 
of the first reverse curves would change condi 
tions So that axes 2-3 and p-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. 
uire 1 by the addition of the first, reverse curves, 

Referring more particularly to Figure 5 which 
Shows a structural member also embodying the 
principies of the present invention, this struc 
tural member is made up of a pair of channel 
Inembers and 72 fastened together in bask 
to-back relationship. he channel member 
comprises a web 3 having flanges 4 and 75 
disposed along the opposite sides thereof. The 
channel anember 72 also includes a pair of flanges 
76 and T7 joined by a web 79. The axes 

a'-3 and 2-y are coordinate mutually perpen 
dicular axes for the cross-sectional area of the 
member and these axes intersect at point “O.' 
Axes 3'-ac and j-2) are located in a plane norinal 
to the longitudinal axis of the structural mein 
ber. As will be more fully hereinafter described, 
the CrOSS-Sectional area of this structural inen 
ber is Symmetrical about axis a-ac and assy in 
metricai about axis y-y. The Web #3 includes 
a flat portion 8 adjacent flange 3. Similarly, 
the channel web 9 includes flat portions 83 
and 84. Flat portions 80 and 83 are parallel 
and Spaced apart to define a relatively short, 
straight nailing groove 85 therebetween. The 
flat portions 8 and f 84 are parallel and spaced 
apart to define a, relatively short straight nailing 
groove or slot 87 therebetween. The metal at 
the juncture of web 3 and flange Tt is curved 
about center 88. The metal at the juncture of 
web 89 and flange 6 is similarly curved about 
center 89 so that these two curved portions of 
metal define an entering throat 90. The throat, 
9 and the slot 86 are symmetrical about axis 
2-2, as are the flanges fig and G. The neta 
at the juncture of web 73 and fange is is 
Curved about the center 9 and the netal at the 
juncture of web 79 and flange 77 is curved 
about the center 92. These two portions of 
curved metal define a nail guiding and entering 
throat 93, and throat 94 and the relatively 
short straight slot 87 are symmetrical about the 
axis 2-2). The nail bending and holding means 
which extends from line S5 to 96 comprises the 
parallel curved web portions 97 and 98. It is 
believed obvious upon inspection that the cross 
Sectional area of the structural member except 
for the cross-sectional area of the nail bending 
means between lines f$5 and 96 is symmetrical 
about the axis 3-y. This nail bending means is 
not Synaetrical about axis gi-y. 
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 nai 
bending means. There is an overlapping of the 
nail bending means. The Web portions 9 and 
98 are parallel and define therebetween a tor 
tuous nail receiving passage 200 having an axis 
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20. These web portions are bent so that the 
axis 23, starting at point 23 which coincides 
with axis g-y, curves to the right about Center 
295. The radius of curvature is indicated by line 
265 and is relatively short. The axis 25 next 
curves from point 206 about center 20 and curves 
away from axis y-2J and then back to Ward 2Xis 
g-gy to point 293. i-hus, the nail bending groove 
2 is curved through a first reverse curve and 
a nail driven into the nail receiving groove 
through the entering throat 99 is curved first to 
the right and then back toward the left. The 
axis 23 is insext curved fron point 288 about ce 
ter 299 to point 2 5. The radius of curvature 
about center 207 is indicated by line 2 and is 
i'elatively short. The radius of curvature about 
center 299 is indicated by line 23 and is re2five 
ly long. From point 2?), the axis 23 carves 
about center 25 to point, 2 FS, and the radius 
of curvature is indicated by line 2 . The radius 
of curvature 2 and the radius of curvature 2 
are equal and centers 2 & and 25 are disposed 
On the left Side of axis g-gy. Sion point 25, 
the axis 20 is curved about center 2 9 to point, 
229 which coincides with axis g-gy. The portion 
of the nail bending groove 236 which extends 
from point 229 to 2 constitutes the first reverse 
curve for a nail driven into the hailing groove 
through the entering throat 9 k. i he hailing 
groove exteriding front point 2 to point 258 coin 
Stitutes the Second reverse Curve for both of the 
first reverse curves. If a rail is driven through 
the throat 9, the nail is bent through a first 
neverse curve and the as the end of the nail 
travels through the nail bending groove and be 
yond the point 28, it is ent, through a secon'. 
reverse curve. Similarly, if a nail is driven 
through thioat 94 into the nail b2nding slict 
269, the nail is bent through a first reverse curve 
and then as it moves past point 2, it is bent 
through a second reverse curve. Thus, the poi'- 
tion of the nail bending means between points 29 
and 28 constitutes part of the naii bending 
means adjacent flanges f and 6 and also con 
Stitutes part of the nail bending aeans adjacent, 
flanges 75 and so that this portion of the 
nail bending means serves a dual function. When 
a nail is driven into the nailable nenber through 
either throat, the point or leading eini extends 
beyond axis ac-ac so that the nail is bent throigh 
two reverse curves and is Securely held in place 
when subjected to a live load as described in con 
nection with Figure i. 
The addition of the second reverse culve to 

the nail bending means enables 18king the 
structural member of Figure 5 structurally stable 
so that it will not tend to twist. i.his can only 
be done if radius 23 is longer than radius 2 . 
For the structual member to be stable Wien 
loaded only on the top, axis j-y innust be a prin 
cipal gravity axis midway between the ilange ex 
tremities, axis ac-ac must be paraliel to the outei" 
surfaces of the two pairs of coplanar fianges and 
axis ac-ac must be a principal gravity axis. 
Preferably, axis ac-ac is also midway between the 
outer surfaces of the two pairs of flanges So that 
point “O'” is the center of gravity for the cross 
sectional area of the member and So that the 
member Will be stable and not tend to Wist. When 
a uniform load is applied against the Side of the 
member. Onitting the nail bending meais be 
tween lines f 95 and 98, it is believed clear from 
inspection that the CrOSS-Sectional area, is Symi 
metrical about coordinate axis 2f-y and, there 
fore, axis y-y is a principal axis and COOrdinate 
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axis ac-ac is parallel to the flanges. Further, axis 
ac-ac 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-y and axis 3'-ac are no longer 
principal gravity axes and the member is not 
stable. Axes ac-ac and y-y 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 
reverse curve so that coordinate axes ac-ac and 
y-y are again principal gravity axes. For this 
condition to be true, the first and second reverse 
curved portions must be so proportioned that 
axes ac-ac and y-y are principal gravity axes for 
these curved portions when taken together. If 
axes ac-ac and g-y are principal gravity axes for 
the curved portions, that is the nail bending 
means, then if axes ac-ac and g-y are principal 
gravity axes for the remainder of the cross-Sec, 
tional area, these axes are principal gravity axes 
for the nexnber. 

Referring more particularly to Figure 6 which 
illustrates 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 fanges 25' and 26' and a second 
pair of coplanar flanges 27' and 28. The two 
pairs of flanges are joined by the parallel webs 
2.9 and 220'. This member may be formed 
out of a single piece of sheet metal in any suit 
able nanner and may be formed by cold rolling 
steel strip of suitable width. The flange 25' 
comprises two layers 22 and 222 of metal while 
the flange 25' comprises two layers 223 and 224 
of sheet metal. The flanges 25' and 26' are 
Symmetrical about axis y-y and extend out 
Wardly and equally in opposite directions from 
axis y-gy. Flanges 27' and 28 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 fianges 2 and 25' are joined 
by the web 29', and, more particularly, web 2 9 
is integrally joined to the inner layer of metal 
22. Similarly, the web 220 is integrally joined 
to the inner layer of metal 223 of flange 26'. 
The two WebS 29' and 22' 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 
nection with the nailable structural member of 
Figure 5. The nail bending means extends from 
line 229 to line 232. 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 28 
of the nail receiving slot 29 in Figure 5 and, 
therefore, will not be described in detail. 

It will be noted that the axes ac-ac and J-2) 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-Syriametrical. The cross-sectional 
area of the member, except for the cross-sectional 
area of the nail bending means, is Syrametrical 
about axis y-y but asymmetrical about axis 
ac-ac although both axes are principal gravity 
axes as Will be described hereinafter. The metal 
234 at the juncture between flange layer 22 
and Web 29 is curved as is the metal 235 at the 
juncture of Web 220' with the inner layer 223 of 
flange 26'. The metal at 235 and at 234 de 
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fines an entering throat 236 that is symmetrical 
about axis J-2). The upper layerS of flange 
metal 222 and 224 where they join are preferably 
depressed to form a groove 231 which aids in 
guiding the point of a nail into the throat 236. 
The metal at the botton of the groove may be 
thinned as shown to facilitate piercing of the 
ninetal by a nail point. The metal at 240 at the 
juncture of Web 29' and flange 2 T' is curved as 
is the metal at 24 at the juncture of Web 22' 
and flange 226. The metal at 24 and 24 de 
fines an entering throat 242 which is symmetri 
cal about axis y-y. The two flanges 27' and 
28 extend outwardly in opposite directions from 
axis 24-2J, and these two flanges are symmetrical 
about axis y-y as are the two flanges 25' and 
26'. The pair of flanges 2" and 28 are not 
Symmetrical about axis ac-ac with the pair of 
flanges 2 5' and 2 6'. As more fully pointed out 
in connection with Figure 5, the nail bending 
means between lines 229 and 23 is curved in 
Such a manner that axes j-y and a-ac 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 
J-2) is a principal axis for the nailable member, 
but it does not necessarily follow that axis a-ac 
is a principal gravity axis for the nailable mem 
ber. For axis 3'-ac to be a principal gravity axis, 
certain conditions must be met. First, the cross 
Sectional area of the two flanges 27 and 28 
When multiplied by its average distance from 
the axis ac-ac must be balanced or be equal to 
the area of the two flanges 25 and 26 multi 
plied by its average distance from axis ac-ac. If 
this be true, then the static moment about axis 
ac-C=0 and the expression facdA=0 is satisfied. 
With the flanges properly spaced from axis ac-ac 
and of the correct relative size, then axis ac-ac 
is a gravity axis. As previously stated, for axis 
ac-ac and axis P-2J to be principal axes, the prod 
cut of inertia must equal 0 or ?ayd A=0. It will 
be noted that the area of flange 27' is at a 
Slightly greater distance from axis ac-ac than is 
the area of flange 2 5. While the flange 2 5’ 
is made up of two layers of metal and flange 27' 
is made up of a single layer of metal, the flange 
2 ” Inay not be quite twice the width of flange 
25' as a result of this slight difference in dis 
tance from axis ac-ac. In addition, and in order 
to have a completely stable nailable structural 
member that will develop maximum strength, the 
Outer Surface of the two fanges 27' and 23 
Should be the Sains distange from axis ac-ac as is 
the outer surface of flanges 25' and 2 G'. Ac 
COrdingly, axes ac-ac and y-y are principal axes 
for the nailable member of Figure 6. It is to be 
noted that for the reasons set forth in connection 
With the other nailable members, if axes ac-ac and 
2-2J Were not principal gravity axes for the nail 
bending means located between lines 229 and 
239, then these axes would not be principal grav 
ity axes for the beam despite the fact that the 
fanges are arranged as described. 
The structural member of Figure 6 is particu 

larly intended where web stiffness is not too im 
portant. It will be noted that neither Web 29' 
nor 22' includes a flat web portion. If the en 
tire Web is corrugated or curved as shown, web 
Stiffness is sacrificed. Web stiffness is particul 
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 ac-ac are 
coordinate axes located in a plane normal to 
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the length of the elongated member. The cross 
Sectional area of each of these members may 
be divided into two parts-the first part or poi? 
tion being the area of the metal exclusive of 
the two nail bending means. This portion of the 
area. Will hereinafter 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 
in after 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 J-2J 
So that axis f-y is a principal gravity axis for 
area, A. In addition, if the area A is Symmetrical 
about axis g-y, the two pairs of Coplanar flange 
portions are located in planes normali to axis 
y-y or in other words, axis ac-ac is parallel to 
the outer Surfaces of the two pairs of Coplanar 
flanges. It is also believed clear that axis ac-ic 
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 y-y 
through a first arc about a center located. On 
the one side of the axis y-y. The axis of the 
nail receiving slot then curves further away from 
axis y-y 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-g. The 
axis of the nail receiving slot then curves to 
and across axis y-y and then away from and 
thereafter back toward axis y-y through a third 
arc about a center located on the one side of 
axis y-y. The three radii just mentioned are 
so proportioned that the two nail bending means 
together are arranged such that axes ac-ac and 
g-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 bending 
means enables the nail bending means to be ar 
ranged so that axes ac-ac and y-y are principal 
gravity axes for the two nail bending means. 
It is only by the addition of the second relatively 
larger reverse curve that it is possible to have 
axes ac-ac and y-y 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 ac-ac and 
g-y would be principal gravity axes. 
As axes ac-ac and y-y are principal gravity 

axes for area B and area A, axes ac-ac and J-2 
are principal gravity axes for the entire area. 
Area A is symmetrical about axis J-2) with axis 
ac-ac 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 unifornly 
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 a-ac midway between the outer 
surfaces of the two pairs of coplanar flange por 
tions so that each one of the structural nem 
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24 
bers 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 ac-ac 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 fange portions. These parallel web 
portions are Symmetrical about axis y-ly and are 
Symmetrical about axis ac-ac. Similar web por 
tions may be added to the other structural mem 
bers between the nail bending means and the 
corresponding flange portions. 

claim: 
1. 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 a pair of mutually 
perpendicular interSecting axes and the first and 
Second pair of fiange 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 
tions for receiving and bending a driven nail, web 
eans joining the nail ieceiving Slot defining 

means, the portions of the flange portions and 
the nail receiving slot 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 nail 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 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 a first arc and then farther away from 
and thein 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 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 being 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 proportioninent of the Cross-sectional 
areas of the curved nail guiding portions of the 
slot defining means establishing the relations 
facdA=0, ydA=0 and JaydA=0 in which y corre 
sponds to the one axis, a 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 nem 
ber. 

2. A nailable structural member as defined in 
claim 1 in which the second axis is midway be 
tween the outer surfaces of the first and Second 
pair of flange portions. 
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3. A nailable structural member as defined in 
claim 1 in which the second axis is midway 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 a first pair of flange portions having co 
planar Outer Surfaces, a second pair of flange por 
tions having Coplanar outer Surfaces, the fiange 
portions of each pair of flange portions being 
perpendicular to aid oppositely disposed. With re 
Spect to one axis of one pair of mutually perpendi. 
cular intersecting axes and the first and Second 
pair 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 inetal 
with the outer and inner layers integrally joined 
at their Outer lateral edges, a nail receiving slot 
defilling 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 joined to the inner layer of 
the other fiange portion of the Sane pair of 
flange portions, the portions of the inner layers 
of the flange portions and the Web and nail guid 
ing portions at the juncture of the Web portion 
and the nail guiding portion. With the inner layers 
of the respective pair of flange portions defining 
a 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 inail receiving slot 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 in Wardly 
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 thereafter 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 curved portions of 
the slot defining means establishing the relations 
adA=0, y dA=0 and ?ayd A=0 in which y corre 
sponds to the one axis, a 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 fange portions. 

6. A nailable structural member as defined in 
claim 4 in which the Second axis is midway be 
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26 
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 cross-section 
of the member. 

7. An elongated nailable structural 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 politions in Spaced relationship, a first pair 
of flange portions having coplanar outer surfaces 
extending laterally in opposite directions and 
joined to corresponding ends of the Web portions, 
a Second pair of flange portions having co 
planar Outer Surfaces extending laterally in op 
posite directions and joined to the other ends of 
the Web portions, the flange portions of each pair 
of flange portions being perpendicular to and 
Oppositely disposed with respect to the one axis 
of a pair of mutually perpendicular intersecting 
axes and the first and Second pair of flange por 
tions being parallel to and 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 fiange portions and the Web portions at the 
juncture of the Web portions of the channel 
members With the respective pair of flange por 
tions defining a nail entry throat Symmetrical 
about the one axis, a nail receiving slot defining 
means adjacent each pair of flange portions for 
receiving 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 in Wardly and curvilinearly first to one 
Side of and away from the One axis through a 
first arc and then faither a Way fron 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 iinally 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 principal 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 
CIOSS-Sectional area of the curved portions of the 
slot defining means establishing the relations 
acdA-0, JydA-0 and Jacydal-0 in which y col 
responds to the one axis, a corresponds to the 
other axis and A corresponds to the cross-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 in Which the Second axis is the major 
axis of the area of CrOSS-Section of the member. 

9. 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 a pair of mutually 
perpendicular 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 fiange 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 fiange portions of each pair of fange 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 
side 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 real 
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 entry throat into the nail receiv 
ing slot is bent through two reverse curves by the 
nail guiding portions of the Web means, the axes 
being 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, acdA=0 and facy dA-0 in which y corre 
sponds to the one axis, a 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 area 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 

25 metal and in inner layer of sheet metal integral 
ly 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 pair of flange por 
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tions are symmetrical about the one axis. 
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