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D STATES NTE 

1495,570 

PATENT OFFICE. 
GEORGE H. BLAKELEY, OF BETHLEHEM, PEN NSYLVANIA. 

SERIES OF I-BEAVIS. 

Application filed April 6, 1921. 

To all thom, it may concern. 
Be it known that I, GEORGE H. BLAKELEY, 

a citizen of the United States, and residing 
at Bethlehem, Ichigh County, State of 
Pennsylvania, have invented certain new 
and useful Improvements in Series of I 
Beams, of which the following is a specifica 
tion. 
The present invention relates to rolled I 

beams, the principal object being to provide 
an improved series of I-beams, the heavier 
beams of the series having a load carrying 
capacity per unit of weight per foot sub 
stantially the same as, or greater than the 
load carrying capacity of the lighter beams 
of the series. 

Heretofore, a series of standard I-beams, 
say 15 inch beams, has consisted of a plu 
rality of beams of the same depth, except 
variations due to the exigencies of manufac 
ture. The beams of the prior series vary in 
weight from the lightest to the heaviest of 
the series, the increase in weight being ob 
tained by separating the rolls, thus increas 
ing the thickness of the web and the width 
across the flanges by the same amount. 
Hence the only variables in a series of the 
prior art are the thickness of the web and 
the width across the flanges. In a series of 
this kind the strength of the beams per 
pound per foot of length does not increase as 
fast as the weight. * 
In manufacturing beams on standard 

mills, the rolls wear rapidly so that rela 
tively large tolerances in the dimensions of 
the finished beams are permitted. Thus a 
15 inch beam may be 143 inches to 15 
inches deep, the tolerances of this particu 
lar series being such as to permit a variation 
of inch under or 
size. In other words, when a purchaser ob 
tains a 15 inch beam, it will not necessarily 
be 15 inches deep but may measure any 
where from 14; inches to 15 inches deep. 

In a like manner other series of beams may 
vary in depth within certain other limits. 
These variations or tolerances are neces 

sary for practical and commercial reasons. 
As stated, the rolls are adjusted toward each. 
other in order to decrease the weights of 
the beams of a series. The amounts by 
which the rolls are adjusted are unchanged 
for certain periods of time. During this 

inch over the nominal 
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time, the rolls wear, so that, whereas the 
first beam rolled might be 143 inches deep, a 
beam rolled near the end of said period 
might be 15 inches deep. At the end of 
the period these rolls are removed to be 
dressed down and others substituted. If 
closer tolerances were maintained it would 
be necessary to shut down the mill at more 
frequent intervals for the purpose of chang 
ing rolls, thereby greatly increasing the cost 
of manufacture. - 

It is the aim of the present invention to 
utilize the aforementioned variation i 
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depth for the purpose of providing another 
variable in the series of beams; that is to 
say, in the series of the present invention the 
depth is also varied within the limit of the 
tolerances heretofore allowed. For this 
purpose the beams of my series are manu 
factured more accurately, the tolerances be 
ing cut down to substantially nothing. In 
other words, a 15 beam of the present se 
ries is as nearly 15, inches as can be ob 
tained. Hence any beam in a series of the 
present invention can be used where a beam 
from the corresponding old series would 
have been employed. The greater accuracy 
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in rolling may be obtained by finishing the 
beams on a universal mill. 
The present invention therefore comprises 

a series of I-beams of different weights, in 
which the ratio of section modulus to weight 
per foot in a heavy beam is substantially 
the same as (or greater than) the corre 
sponding ratio in a lighter heam; the depths 
of the beams of the series increasing pro 
gressively from the lightest to the heaviest 
but the total difference in depth between the 
lightest and the heaviest beams being rela 
tively small; the section moduli of the beams 
of the series increasing progressively from 
the lightest to the heaviest by substantial 
amounts. - 

Other objects and features of novelty will 
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be apparent from the description taken in 
connection with the drawings in which: 

Figs. 1 to 5 inclusive are transverse sec 
tional views of a series of five -beams em 
bodying the present invention; 

Figs. 6 to 10 inclusive are transverse sec 
tions of a series of four standard I-beams of 
the prior art; Fig. 11 is a diagrammatic drawing show 
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ing the method now in common use - of in 
creasing the sectional areas in a series of I 
beams from the minimum to the maximum 
Size ; 

Fig. 12 is a diagrammatic sketch showing 
the method of increasing the sectional area 
in my improved series of I-beams from the 
minimum to the maximum size. 
The customary fillets at the junctions of 

the flanges and the webs and the rounding 
of the inner edges of the flanges have been 
omitted from the drawings. 
In the design of steel structures, when the 

approximate maximum depth available and 
the load a beam is to carry are known, it is 
apparent that as a matter of economy a 
beam of the greatest depth less than the 
said maximum and of the lightest weight 
which will carry the load with safety, should 
be selected from commercial standards. A 
series of beams of different weights is there 
fore provided to permit the architect to se 
lect, if practicable, from commercial stand 
ards a beam having the load carrying ca 
pacity (or section modulus) desired, and 
still keep within the limit of maximum 
depth. In all series of I-beams of the prior 
art, the percentage of increase in weight of 
the heavier beams over the lighter beams is 
far in excess of the percentage of increase 
in load carrying capacity resulting there 
from. 
To constitute a “series' of beams as the 

term series is herein used, all the beams of 
the group must have a common slope oz of 
inner flange faces and a common dimension 
L (see Fig. 11); the latter dimension being 
the shortest distance between inner flange 
faces measured along the web surface. This 
requirement is due to considerations of roll 
economy, all the beams of a given “series' 
being normally produced on the same or 
identical sets of rolls. If the above men 
tioned slope o and dimension L were varied, 
the resulting multiplicity of rolls would 
greatly increase the cost of production. Fig. 
11 shows diagrammatically, in an exagger 
ated degree, the method followed in the 
prior art for increasing the sectional area 
and weight of the I-beams of a series from 
the minimum to the maximum sizes, the full 
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lines indicating the minimum section, and 
the full and broken lines indicating the 
maximum section. It will be observed that 
the depth D is the same for all sections, as 
is likewise the length of the flange leg F. 
or the minimum distance between the web 
surface and the extreme edge of the adja 
cent flange tip. - 

In the series of 5 standard I-beams 
shown in Figures 6 to 10 inclusive it will be 
observed that the dimensions L, F, and the 
angle a are constant throughout, and re 
spectively equal to 13.33', 2.545’ and 928. 

Likewise referring to Figures 1 to 5 in 

clusive, it will be observed that in the new 
series of I-beams which I have invented, the 
dimension L and the angle are kept con 
stant throughout, and in the particular - 
beams illustrated are respectively equal to 
13.33' and 9° 28. It will also be observed 
that the dimension F is the same for all, 
beams of the series and equal to 2.545'', but 
the invention is not limited to having this 
dimension constant in all beams of a series. 
The principal structural difference between 
my improved series of I-beams, and the 
I-beams of the prior art, resides in the pro 
gressive increase in depth from the lightest 
to the heaviest I-beams by relatively small 
increments. Referring to the drawings it 
will be observed that, the depth of the I 
beam in Fig. 1 is 15', the depth of beam in 
Fig. 2 is 15', the depth of beam in Fig. 
3 is 15', the depth of beam in Fig. 4 is 
15, and depth of beam in Fig. 5 is 15'. 
In the practice commonly followed in the 
rolling of I-beams a tolerance of 's' under, 
and is over, nominal depth is allowed, 
and in some cases it is not unusual to in 
crease this tolerance to ' under, and '' 
over, nominal depth. It will be observed 
therefore that the difference in depth be 
tween the I-bean shown in Figure 1 and the 
I-bean shown in Figure 4 does not exceed 
the tolerance allowed by common practice, 
and the difference in depth between the I 
beam shown in Fig. 1 and the I-beam shown 
in Fig. 5 does not exceed the maximum tol 
erance permissible. As will be shown here 
after, by thus limiting the difference in 
depth between the minimum and the maxi 
mum weight of beam in my improved series 
to substantially the tolerance allowed by 
common, practice, and maintaining the di 
mension L constant, I secure, as compared 
with the heavier beams of a series of the 
prior art, a considerable increase in load 
carrying capacity for a given weight of 
beam, or for the same load carrying capacity 
a considerable sa wing in weight. This fol 
lows from the fact that in my series the 
thickness of the flanges is varied, thus per 
mitting the metal of the heavier beams to 
be disposed in its most efficient location. 
The section modulus of an I-beam is the 

quotient resulting from dividing he mo 
ment of inertia of the section with respect 
to an axis perpendicular to the neutral fibre 
by one-half the depth of the beam, and the 
maximum safe bending moment an I-beam 
may withstand is proportional to its section 
morulus. The relative strengths of two 
beams therefore, is directly proportional to 
their section moduli, and a measure of the 
load carrying capacity per unit of weight 
is therefore given by the quotient obtained 
by dividing the section modulus by the 
weight of the I-beam per unit of length. 
The section moduli of the sections indicated 
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in Figs. 6 to 10 inclusive may be computed 
from the dimensions given, and are respec 
tively as follows: 

58.9 60.8 64.5 68.1 71.8 
the corresponding weights of these I-beams 
per foot of length are— 

42.4 45 50 55 60. 
and the relative load carrying capacities per 
pound per foot of these I-beams are given by 
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beams of the series. 
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the quantities: 
1.39 1.35 1.29 124 1.18 

In the improved series of I-beams which I 
have invented having the dimensions indi 
cated in Figs. 1 to 5 inclusive, the section 
moduli are as follows: 

58.9 62 65.2 68.3 71.5 
and the corresponding weights per foot of 
length are, 

42.4 44.6 47 49.2 51.4 
and their relative load carrying capacities 
per pound per foot are given by the quan 
tities, a 

1.39 1.39 1.39 1.39 1.39 
Comparing the lightest and the heaviest 

beam of the series of the I-beams of the prior 
art having the dimensions indicated in 
Figs. 6 and 10 respectively, it will be ob 
served that the increase in weight of the 
heaviest over the lightest beam is approxi 
mately 43%, while the corresponding in 
crease in section modulus is only 22%. On 
the other hand, in my improved series of I 
beams to obtain an increase of 22% in sec 
tion modulus I find it necessary to increase 
the weight of the section by only 22%. 
Beams of the type shown in Figs. 1 to 5 

inclusive may be produced in the following 
manner. A beam having dimensions the 
same as or slightly in excess of the dimen 
sions of the heaviest beam of the series may 
be produced on an ordinary standard roll 
ing mill. This beam may be used either as 
the heaviest beam of the series, or it may be 
used as a blank to form the remaining 

In the latter case the 
beam blank, would be fed into a universal mill and the web and flanges proportionately 
reduced to the extent indicated in the figures. 

It will be observed from the particular 
embodiment of my invention, illustrated in 
Figs. 1 to 5 inclusive that the ratio of web 
thickness to flange thickness is substantially 
the same for all beams of the series, but I 
do not wish to limit myself to a series of 
beams having this constant ratio. Obviously 
in the design of the heavier beams of the 
series the increase in flange thickness may be 
proportionately greater than the increase in 
web thickness, thereby giving a relatively 

greater load carrying capacity per unit of 
weight of beam. Likewise, in the design of 
the heavier beams of the series the increase 
in web thickness may be proportionately 
slightly greater than the increase in flange 
thickness, and the resulting series of beams 
may still have a substantially constant load 
carrying capacity per unit of weight. 
Although the dimensions of a series of 15 

inch I-beams have been illustrated in the 
drawings, and the invention has been de 
scribed in connection with such a series, it is 
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to be distinctly understood that the inven 
tion is not thus limited but applies to cier 
series of beams. . . . . . 

Having thus described the invention what 
I claim as new and desire to secure by Let 
ters Patent is: 

80 

1. A series of I-beams of different weights, 
the depths of individual I-beams increasing 
progressively from the lightest to the heav 
iest, the total difference in the depth be 
tween the lightest and heaviest beams being 
relatively small, each beam having substan 
tially the same load carrying capacity per 
unit of weight per unit of length, and the 
increment in load carrying capacity, between 
two successive beams being a substantial 
amount. 

2. A series of I-beams of different 
weights, the depths of individual I-beams increasing progressively from the lightest 
to the heaviest, the total difference in depth 
between the lightest and heaviest beams be: 
ing not substantially greater than the usual 
rolling tolerances; the heavier beams of the series having a load carrying capacity per . 
unit of weight per unit of length not less 
than the lighter beams of the series, and the 
increment in load carrying capacity between 
two successive beams being a substantial 
amount. 

3. As an article of manufacture, an I 
beam having the same nominal height as the 
lightest of a series of standard beams but 
being heavier, the length of the flange legs, 
the shortest distance between the inner 
flange faces measured along the web sur 
face, the slope of the inner fange faces, 
being substantially the same for both 
beams, the sectional modulus of the heavier 
beam being greater, and the ratio of the 
mean thickness of the flanges to the thick 
ness of the web being substantially the same 
for the two beams. 

4. As an article of manufacture, an I 
beam having the same nominal height as 
the lightest of a series of standard I-beams, 
but being heavier, the length of the flange 
legs, the shortest distance between inner 
flange faces measured along the web sur 
face, the slope of the inner flange faces 
and the ratio of the mean flange thickness 
to the web thickness being substantially the 
same for both beams, and the sectional 
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modulus of said new beam per unit of 
weight per unit of length being not less than 
for said lightest beam. 

5. As an article of manufacture, an I 
beam having the same nominal height as 
the lightest beam of a series of standard 
beams, but being heavier, the ratio of the 
mean flange thickness to the web thickness 
being substantially 1.5 for both beams. 

6. As an article of manufacture, an III 
beam having the same nominal height as 
the lightest of a series of standard ?Deams, 
but being heavier, the slope of the inner 
flange faces and the ratio of the mean 
flange thickness to the web thickness being 
substantially the same for both beams, and 
the sectional modulus of said new beam per 
unit of weight per unit of length being 
not less than for said lightest beam. 

7. As an article of manufacture, an III 
beam having the same nominal height as 
the lightest of a series of standard E-beams, 

1,495,570 

but being heavier, the length of the flange 
legs and the ratio of the mean flange thick 
ness to the web thickness being substan 
tially the same for hoth beams, and the sec 
tional modulus of said new beam per unit 
of weight per unit of length being not less 
than for said lightest beam. 

8. As an article of manufacture an III 
beam having the same nominal height as 
the lightest of a series of standard I-beams, 
but being heavier, the shortest distance be 
tween the inner flange faces measured along 
the web surface and the ratio of the mean 
flange thickness to the web thickness being 
substantially the same for both beams and 
the sectional modulus of Said new beam per 
unit of weight per unit of length being not 
less than for said lightest beam. 
In testimony whereof hereunto affix my 

signature. 

GEORGE ER. EBELAKKEELEY. 
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