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T H E I N F L U E N C E O F RIBS W E L D E D T O T H E R O L L E D [ -BEAMS U P O N THEIR 

R E S I S T A N C E 

Stefan B r y l a , C. E., D. Eng. 
Professor at the Technical College. Lwow, Roland. 

Rol led steel beams are calculated for bending moments accord ing to the formula 

M 
a - - (1) 

W 

where a is the normal stress on the edge of the flange of the cross section, whi le 11' is 

the sect ion modulus . W e assume as max a the admiss ib le stress k, be ing the — part of 
n 

the ult imate stress (/; = about 3), eventually of the y ie ld point [n = about 2). The applica­
tion of the above formula (I) is just i f ied, if we are certain, that by increas ing the moment M 
we w i l l arrive at the l im i t of resistance of the beam, i . e. the breakage in the plane of the 
load's action w i l l take place. Th i s is the case when treat ing a l ong and low beam, suitably 
protected against deformation in hor izontal plane (sidewise buckl ing) . The section modulus W 
is here real ly an indicator of the beam's resistance. By increas ing W we obtain the pro­
portional increas ing of the moment M, wh ich the beam can safely bear. Yet this rule is of 
a real value to a certain l imi t only. W h e n the beam is relatively short and h igh , normal 
stresses in hor izonta l section through the web a. at the point of the concentrated force's 
action grow more important and can easily become more dangerous than the normal stresses 
The increas ing of the bending moment .1/ in such a case results finally in c rush ing 
of the flange, d irect ly below the act ing load, and of the web, this caus ing too early breakage 
of the beam, occasioned besides other purposes by a sudden d iminut ion of the section mo­
dulus. A t tent ion to stresses a. was paid by Prof. Huber. *) 

The danger of c rush ing can be delayed, if not avoided, by means of stiffeners (ribs) 
jo ined to the I-beams by aid of we ld ing , s imi lar to the stiffeners in the plate-girders. 
Those f ibs allow to apply again formula (1) even to relatively h igh and short beams, wh ich 
we cau see often in practice (str ingers and floor beams in br idges, girders). Fo l l ow ing tests 
were executed to f ind the inf luence of such r ibs upon the resistance of the I-beams. 

Tests were conducted in two series. The first one comprised 16 I-beams Nos 16, 20, 24 
and 30, the second one 6 beams Nos 32 and 34. The „numljer" of a beam is equal lo its 
depth in cent imeters. A l l these beams of a span of L = 2,00 meters were submitted to ben-

') M . T . Huber . Studja nad be l kami dwuteowemi . W y d a w n i c t w o W a r s z a w s t i e g o Towarzys twa Po l i teeh-
nic/.nogo. 



( l ing tests, a concentrated force har ing been applied in the centre of the span 
tons Ams l e r machine. 

Research works were con­
ducted wi th 3 kinds of beams: 

1. Beams without r ibs (one 
of each depth of I-beams). 

2. Beams w i th 3 r ibs , pla­
ced over the supports and under 
the concentrated force, at a distance 
of 1 m f rom each other (two such 
beams were taken in each depth 
for series I and one beam in se­
ries 11). 

3. Beams w i th 5 r ibs, every 
50 ctm., 3 of which were placed 
as above at the points of the con­
centrated forces action, (reaction 
and force P), one such beam be ing 
taken in each depth. 
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F i g . 1. 

T A B L E I. 

I No 
(depth of the 
beam in em) 

Quant i ty of r ibs I No 
(depth of the 
beam in em) 0 3 5 

16 8,6 7,425 7,6 
20 15,4 13,75 15,8 
24 22,9 23,85 26,3 
30 39,9 48,45 48,3 
32 46 58,5 59,5 
34 51 69,5 72,5 

Table I represents the maximal values 
of the load, wh ich have been born by tested 
beams. The load was concentrated one in the 
middle of the span L = 2,00 m. 

In table II, this value of R from table I 
is cal led R , wh ich is corresponding to beams 
without r ibs, white R3 and /?5 are correspon­
d ing to beams wi th 3 and 5 r ibs respectively. 
The co lumns of the table give us the differen­
ces in tons and perccnls of the substract ivc. 

T A B L E II. 

I No 
- n„ Rj -- R , - R a I No 

Tons % Tons °/,. 
Tons °/o 

16 — 1,175 — 13,7 0,175 2,36 — 1,0 — 11,6 
20 — 1,75 — 11,3 2,05 14,9 0,4 2,6 
24 0,95 4,15 2,45 10,27 3,4 14,8 
30 8,55 21,4 — 0,15 — 0,31 .8,4 21,0 
32 12,5 27,2 1,0 1,71 13,5 29,4 
34 18,5 36,3 3,0 4,6 12,5 42,2 

The first co lumn of both Tables represents the depth of the I-beams in centimeters (number 
of I-beam). The values /?3 — R0 in the co lumn 2 show us that the higher the I-beam the 
greater the increase of its resistance obtained by addit ion of 3 sl i f feners under the concen­
trated loads in its middle and over the supports. No increase has been obtained in I-beams 
Nr. 1(5 and 20. 

The relatively smal l increase of resistance and even a d iminut ion of resistance of 
[-beam No IH beams may be accounted for by ther in ica l stresses resu l t ing from the wel ­
d ing of r ibs, wh ich stresses can even occasion a local weakening of the beam's mater ia l in 
smal ler and thinner beams. 

The adding of two more r ibs between the act ing forces general ly increases the 
resistance (No 30 excepting), but in a less dist inct manner (differences /?5 — R.^. The last 
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co lumn slates an increase of I-beam's resistance wh ich is obtained by aid of add ing of 5 
r ibs (No 16 excepting). The increase augments in percenls accordingly to the depth of 
the beam. 

In formula (I) lei us assume a = 1200 kg/cm 2 and 

M = 
P L 

(2) 

L = 200 cm, a greatest safe load to be born w i l l be then obtained P.: 

The factor of safety: 

. 1200 

200 

R_ 

P 

or the relation of the greatest load R towards the safe load P. is g iven by Table 111. 

T A B L E III. 

Ser ies I 
N r . 

W 
c m 3 

>'/, 
T o n s 

n o n a n s 

I 16 117 2,81 3,06 2,98 3,05 
20 21'i 5,14 3 2,68 3,08 
24 354 8,50 2,7 2,80 3,10 

30 653 15,67 2,55 3,09 3,08 

11 32 
34 

782 
923 

18,75 
22,32 

2,45 
2,28 

3,12 
3,12 

3,16 
3,25 

From this table we can conclude: the adding of stiffeners to the I-beams increases 
their security, chiefly the adding of 3 stiffeners in the plans of act ing of the concentrated forces. 

By subst i tu t ing the corresponding R from table I T A B L E IV. 

to P and taking W from table III, we worked out table IV, 
which el iminates to some degree the inf luence of the 
1-beams variety in depth, i . c. the influence of section 
modulus, and al lows us to find out the influence of 
other factors 
the beam. 

upon the beams dur ing the bending of 

30— 

20 
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20 

Fie. 3. 

JO X 3Vcrr? 

- 1 
N r . 

Quant i ty 
(>r stif feners 

a kg/mm' 

16 
0 
3 

36,8 
31,7 

5 32,4 

0 36' 
20 3 32,2 

5 36,9 

24 
0 
3 

32,4 
33,8 

5 37,2 

0 30,6 
30 3 37 

5 37 

32 
0 
3 
5 

29,4 
37,4 
38,0 

34 
0 
3 

27,7 
37,7 

5 39,3 
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Table IV is i l lustrated by F i g . 2—4. The depth of the beams on the hor izontal axes is 
measured in centimeters and the stresses on the ordinate axes are measured i n kg/cm 2 . F i g -2 
relates to beams without r ibs, F i g . 3 to beams with 3 r ibs , whi le F i g . 3 refers to beams 
with 5 fibs. If the condit ions of the 

\4V 

[30-

4 -

\20-

/O 

20 

Fig. 3. 

JO 32 3^ cm 

tests had been ideal, the mater ia l of 
the beams absolutely uniform, exc lu­
d ing al l possibi l i t ies of s idewise buck­
l ing and furthermore if the value 
of formula (1) had exclusive ly decided 
of resistance, then the l ines a would 
have been horizontal . 

If the d iagram of stresses had 
corresponded furthermore to I looke's 
law, in the dangerous cross sect ion 
of the beam, (at the moment of rea­
ch ing the value /? by the loading force, 
as seen on F i g . 5 a), then the ordinatcs 
of d iagram /? would have been equal 

to the y ie ld point, respectively to the ultimate stress (limit of resistance) of the steel. Hue to 
plasticity, however, the diagram of stresses assumes the shape of a broken line (fig. 5b), after 

the outside fibers reach the l imi t 
\ky/fr?/r?z of plasticity, and the beam's res i ­

stance is exhausted only after the 
Straight inc l ined conies entirely 
close to the neutra l axis (fig. 5c). 
Th i s wou ld mean an increase of 
50°/0 of the ult imate load for a rec­
tangular beam, whi le about 1 7 % 
would be obtained in an I-beam. 
The section modulus increases then 
to the value 1,17 W, if formula (1) 
is to be used when P reaches the 
value /?, accordingly to Table 1'). 

Thus the values of Table IV 
should be d iv ided by 1,17, and 

d imin ished proport ionately i : i F i g . 

wo-

30-

20 

/O-

6-/y 20 3d 32 JVoth 

Fit 

the ordinatcs of the diagrams shouh 
W e can notice that I lie 

d iagram in fig. 2 is somewhat 
fal l ing down, whi le the diagrams 
/?3 and Rb (fig. 3 and 4) are r i s ing 
to the right. The fal l ing down 
of l{0 when the depth of the 
beams increases, would liawe 
been s t i l l more noticeable, had 
the tested beams been protected 
against sidewise buck l ing . They 
have specially affected the beam I 
No 16, weakest of a l l ones. Th i s 
sidewise buck l i ng only can 
explain the reason of r i s ing 
of the /?, and IL d iagrams. The 

CL 

Kit 

i) B l e i ch : Stahlhochbauten, 1 Bd. Be r l i n L932, page 400. 
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higher the tested reinforced I-beam, the greater its resistance against s idewisc buck l ing , 
wh i ch w i l l then appear later and damage less the beam. T imoshenko studied the phenomena 
of s idewise buck l i ng by us ing his approximative method and s e l l i n g formulas for c r i t i ca l 
stresses, beyond wh ich the usual rule of equi l ibre is not to be appl ied. He assumed that 
the ends of the beam are restrained from rotat ing in the manner that the broken beam 
remains on the supports in the vert ical plane. Such a res t ra in ing did not exist in our tests 
and thence the sidewise buck l ing could result much more easily. W e cannot therefore study 
it according to T imoshenko 's formulas. 

The relation between normal stresses a and the poss ib i l i ty of the waves ' formation 
in the web in places of the biggest moment, as wel l as the influence of shear ing stresses i 
upon the eventual waves formation in the web, in places of biggest shear ing forces, have 
been studied by T imoshenko too. He studied also the influence of r ibs in both cases and 
found that they were of no avai l in the f irst one. The thickness of the rol led I-beams web 
is sufficient, however, to counteract the influence of a upon the waves ' formation. In the 
second case the inf luence of r ibs is advantageous and the c r i t i ca l shear ing stress t depends 
from the. relation of h: a, where a is the distance between the r ibs , whi le h represents the 
beam's depth. For the g iven span of the beam L, for the depth and the g iven k ind of 
beam's loading, max z is proport ionnal to max a. T a k i n g this under considerat ion, the esta­
b l i sh ing of a relat ion between /;: a and the value a from Table IV for each depth of the 
beam, would be quite appropriate here. The increase of resistance by adding three r ibs and 
its further increase by adding two more r ibs , is shown clearly in these diagrams (Fig. 6—11). 
Yet the value of x cannot explain here the advantageous influence of r ibs , cons ider ing that 
no waves were found on the web of damaged beams, wh i ch would resul t from surpass ing 
the cr i t ica l t. The thickness of ro l led I-beams web accounts very suff iciently for it (in the 
case as in our load at least), tak ing into considerat ion both the cr i t i ca l x and cr i t ica l a. 
W h e r e is the reason then its decreas ing the resistence w i th the g row ing depth h i n beams without 
r ibs , and how can we explain the increase of resistance when adding the r ibs , the more 
the h igher the beams? A study of tests' shape w i l l enable us to find an answer to th is . 

The sidewise buck l i ng of the beams provided wi th r ibs shows two half-waves wi th 
the point of deflexion in the center (fig. 15), whi le one flange remains unaltered. In beams 
without r ibs , F i g . 13, the s idewise buck l i ng can be noticed in one half-wave. The I-beams 
Nos 30 and 24 got bent to the side on both flanges; oidy one flange of I-beam No 20 was 
lient, whi le the other one remained nearly stra ight (Fig. 17). F ina l l y one flange of the I-beam No 16 
(Fig. 20) remained straight and the second one (the compressed one) was bent <£-like (in 
two half waves). It is evident from these examples that the r ibs facilitate the formation of 
two half waves instead of one only, increas ing thus the cr i t ica l force wh ich starts the s ide-
wise buck l ing . 

More details are furnished by photos showing the web. The beams with r ibs got 
bent vert ical ly as we l l at the upper as at the lower flange. F i g . 14, 16 and 18. Beams 
without r ibs remained straight (No 30 and 24), F i g . 12, or got bent only imperceptibly. 
(No 20 and 16), F i g . 19. I-beams No 16 show less bending, whether provided w i th r ibs or 
without them. The c rush ing of the upper chord under the load can be seen in beams 
without r ibs and its size depends from the depth of the beams. (Fig. 12). I-beam No 16 pre­
sents no s ign of such a crush ing . F ig . 19. 

The influence of r ibs upon the deformation of beams grows wi th their depth. The 
resistance to bending of the beams wi th r ibs was almost exhausted and it required but 
little to break them, whi le beams without r ibs got damaged by c rush ing before reach ing 
this l imit . In the I-beam No 16 the failure was caused by break ing , independently from 
r ibs. The above c rush ing observed in deeper I-beams without r ibs , w i th relatively sma l l 
stresses a, makes us think that the decisive role was played by normal stresses in ho r i ­
zontal section through the web d irect ly below the flange, at the place of the concentrated 
load act ing, as mentioned in the beg inning . I luber calls them transversal stresses and wrote 



F i g . 16. F i g . 17 
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several chapters about them in his above mentioned work „Studja nad bc lkami dwuteowe-
m i — Studies of beams w i th double — T sect ion" . 

Huber found in the case of a concentrated force P the highest transversal stress 
under this force 

where F is the cross section of the I-beam. 
The coefficient y is g iven in Table V. 

T A I! L E V. 

1 NP 7. 

ID 7,33 

20 7,75 

30 7,63 

40 7,52 
,r)0 7,41 

on in average 7. 7.53 

F i g . 18. Let us try to find hero the influence 
of ribs, accord ing to Huber, who studied, 
however, their influence in plate g irders only, uni formly loaded. The ribs form, accord ing 
to him, a r ig id support for the flange, wh i ch rests l ike a beam upon an elastic substratum. 
In our case the force P acts direct ly over the rib. Suppos ing the rib distr ibutes equally the 

•ig. 19. F i g . 20. 

action of the force in both flanges, the highest transversal compress ion stresses w i l l bo 
found direct ly below the upper flange, whi le the aperisthic l ens i l stresses w i l l appear 
immediately above the lower one. A s s u m i n g the rect i l ineal law of transversal stress varia­
tions, and ca l l ing 

//, the height and 6 the thickness of the web, 
// the deflection of the flange, p it 's pressure upon the web for each unit of its 

lenghth, we shal l obtain a unit, deformation (elongation or shortening) of the web's height 
above (or below) the neutral axis: 

2 y J _ _ P _ 

h. 2 2 a E 
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The caracterist ic of the substratum w i l l he then: 

Let 

oE 

4 E 1 h, I 

(/ represents the moment of inertia of the flange's cross section with respect to the hor i ­
zontal axis pass ing through it 's center of gravity), then the deflection of the flange at the 
distance of x from P amounts to: 

The max. deflection: 

f = y = 
I J max. 

1 8EIta* 

1 P 

(cos 7. x -{- s in a x) 

P a 
16 EItas 

The transversal stress below the force: 

POL 

16 EI a4 16 E 8 

A s s u m i n g for beams without r ibs: 

Prof. Huber found 

kf 

0.4 5 

P 

5 

= 0,4 a 4 

23 2 8 
/ 0 , 4 . a = 2 j/0,4 a. 

Consequent ly : 

2 / 0,4 
i.r.i) 

In other words: the transversal stress w i l l d imin ish 
ned with a rib in place of the concentrated force's action. 

Formula 4 w i l l be then: 

,59 times if the web is stiffe 

a = 
7 

1,59 F 
(•r>) 

T A B L V I , 

I F 
F 1,59 A' 

N r . c m 2 
'/. 7. 

nil'-' c m 2 

16 22,8 7,58' 3,01 4,79 
20 33,5 7,75 4,32 6,86 
24 46,1 7,70 6,00 9,54 
30 69,1 7,63 9,05 11,36 
32 77,8 7,61 10,2 16,2 
34 86,8 7,59 1 l . ' i 18,15 

Table VI gives us the values y 
interpolated from Table V as we l l as 
auxi l iary values for formulas 4) and 5) 
and Table VII. Transversa l stresses, 
accordingly to formula 4) and 5) are 
shown in Table VII, subs t i tu t ing su i ­
tably R from Table I to P. Table VII 
is analogical to Table IV, wh ich gives 
us long i tud ina l stresses a in the same 
cases. The greatest value of a and a. 
be ing the probable cause of the failure, 
is market on the corresponding Table. 
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From compar ing both Tables we can conclude that the long i tudina l stresses were more dange­
rous for the lowest beams (I No 16 and 20) whi le t ransversal stresses presented most 
danger for the deepest ones (I No 34). For other beams transversa l stresses were 
dangerous for not reinforced beams and longi tudinal stresses for reinforced ones. 

These conclusions resu l t ing from our tests conf irm the theory. 
If we admit that the greater of both stresses 

a or a , is in this case the dec id ing factor, then o T A B L E VII. 
w i l l be decisif if a. > a, consequently for beams without 
ribs according to 4 and 1 

P M 
— > — 
F W 

7. (6) 

P_ 

M 
2,36 h 

In our case according to (2) we ha ve 

M 
P 4 

The above condit ions w i l l be therefore represented b)' 
an unequal i ly 

h:L> 1 : (2,36. 4) 

or h:L> 1:9,44 

and as L — 200 cm. therefore h > 200:9.44 
Actual ly for // = 20 cm. we have found: 

(8) 

21,2 cm. 

1 Quant i ty a . l e g em 1 

N r . of stif feners 

0 28,7 
16 3 15,5 

5 15,8 

0 35,(1 
20 3 20 

5 23 

0 38,2 
24 3 25 

5 27,6 

0 44 
30 3 33,7 

5 33,6 

0 45 
32 3 36,2 

5 36,7 

0 44,8 
34 3 38,8 

5 39,8 

while for h = 24 cm 

a = 36 kg/cm 2 

a = 35,6 ,, that is a 

a = 32,4 kg/cm 2 

a — 38,2 „ that is a 

For beams with r ibs, taking into considerat ion (5), the unquality (6) w i l l be: 

/ P M_ 

1,59 F W 

M 2,36 
— < — -— 
P 

or 

or in our case 
1,59 

h:L> 1,59 : 9,44 = I : 5,93 (9) 

33,8 cm. W e actually obtained for /( = 34 cm a. > a For L — 200 cm we obtain h 
and for h = 32 cm o j> o . 

Prof. I luber 's theory ref ferr ing to beams without r ibs and the above g iven contr i ­
bution re ferr ing to the beams w i th r ibs were thus ent ire ly conf irmed by these tests. 

It is wor th whi le not ic ing that the unequalit ies (8) and (9) are of a more genera l 
importance, approximately at least, than could be thought, since the relation M:P is vary ing 

between narrow l imits and does not in any pract ical case deviate much from the values —, 
4 

It should be noticed namely that in cases of many Concentrated forcess, respectively 
a d istr ibuted load, the reaction in the greatest concentrated force P. 



— 162 — 

Therefore, in an extreme case of constant and uniform load, we have as wel l : 

1 1 
M : P = — p L : — /> L — L : 4, as i n equ. 7. 

8 2 

At tent ion, however, must be g iven in deep beams without r ibs, l ike in I No 34, to 
a. values, wh ich are rather h igh . The values a. for deeper beams and a for lower ones 
ought to be equal, be ing the l im i t of resistance for both k inds of beams. The same state 
of destruct ion should be determined by an equal value o . . W e can conclude from the 
above that either the formula (4) gives too high values or a. n /•< a . . Both eventualit ies 
lake place. Due to plasticity and to the c rush ing of (he flange by the load ing rol ler, the 
mathematical l ine of the ro l ler and flange's contact changed into a narrow band of l imited 
breadth of a few cent imelers . The loading force ceased to be a concentrated one and 
changed into a load d istr ibuted over the surface of this band. If we determine the breadth 
of the band by c and the Length of the deflection's buck l ing hall-wave by L (and cons ider ing 
that approxiniat ively 2 1 = 0,8 h -\- 2,4) cm, then the influence of breadth c can be, according 
to Huber, determined very closely, by d i v i d i n g the value from the equation (4) by 7 V = 1 - j -

_ L A / i l \ 2 . For I-beam No 30 (Fig. 12) c = 10 cm,therefore — I— Y= — w h i l e N = 1,0036, 
7 \Lj 7 \3<ty 7 . 9 

so that 44 w i l l be replaced by a. 44 : N — 41,5 kg/mm 2 . 
A further reduct ion of a. w i l l be obtained cons ider ing the shear ing stresses between 

the web and flange, neglected in formulas 4 and 5. If the flange had been res t ing on the 
web l ike on an elastic substratum and had there been no shear ing stresses between the 
flange and the web, then — in case of an uniform d is t r ibut ion of load on the upper flange 
q for length unit —• a transversal stress would been nol ic iable direct ly under the flange 

a = 2 . . Huber found in an exact manner this value smal ler from 8 to 10% instead. W e can 
8 

therefore safely mult ip ly by 0,91 the values of formulas (4) and (5), as the influence of 
shear ing stresses is surely not smal ler in a concentrated force's case. Cons ider ing that 
the values a from Tab le V shou ld be also d iv ided by 1,17 (compare f ig. 5 a, l> and c), the 
unequalit ies 0 — 9 w i l l not change considerably by it. In the case of I No 30 it w i l l be then 

a. = 0,91.41,5 = 37,6 kg/mm 2 instead of 44 kg/mm 2 . S imi lar l y for I No 34 : .44,8 = 
1,0035 

= 38,4 kg/mm 2 instead of 45,7 kg/mm 2 . The value thus obtained is s t i l l , however, consi­
derably b igger than an average value, about 30 — 36 kg/mm-, prov ing that for h igh beams 
ored<Zo . Th i s can be explained by the fact that, according to formula 4, compressions 
d imin ishes very quick ly when the distance of the force grows. It is we l l known that the 
local compress ion stresses, for instance, in a concrete or steel bear ing plate can attain very 
h igh values, when the plate is loaded only on a sma l l part of the surface; they are m u c h 
higher than if the plate had been entire ly loaded. 

The deflections f f igured im mm in Table VIII and IX correspond to forces /' in 
tons for a l l I-beams, They increase of course when the force /' increases. In the last 4 

PL9 

co lumns of the Table we see the quotients l:P resp. 10/' :/ ' . Theoret ical ly f — — , where 

L = 200 cm, /•; = 2150 l/cm 2 

For I No. 16 20 24 30 

1 == 935 2142 4246 9800 c m 4 

/': P = 0,83 0,382 mm / I . 

l()f:l>=: 1,83 0,775 „ 



T A B L E VIII. 

I P f mm P 

Nr. Tons 1 2 3 3 1 2 :s 4 

1 0,5 0,6 0,5 0,6 
2 1 1,6 1,1 1,7 0,5 0,8 0,55 0,85 

3 1,5 2,5 0,5 0,83 

16 4 3,5 3,5 2,6 3 0,87 0,87 0,65 0,75 

5 4,4 4,3 0,88 0,86 

6 5,5 5,3 4,9 5,8 0,92 0,88 0,82 0,95 

7 9,3 3,25 1,32 

2 1 0,8 0,5 0,4 

:s 1,8 1,7 0,45 0,425 

5 0,2 2,1 0,04 0,42 

6 2,5 2,6 0,42 0,43 
20 8 3,3 3,4 0,41 0,425 

10 1 4 2 4,3 4,1 0,10 0/.2 0,43 0,41 

12 11,7 5,4 0,98 0,45 

14 17,6 1,25 

15 2'.,2 1,61 

T A B L E IX . 

I p f mm P 

Nr . Tons 1 2 :s '. 1 2 3 4 

5 0,5 0,9 0,5 0,7 1,0 1,8 1,0 1,4 
10 1,7 1,9 1,0 1,9 1,7 1,9 1,0 1,9 

24 15 2,7 3 2 3,2 1,8 2 1,33 2,13 
20 6,5 7 6 5,3 3,25 3,5 ;{ 2,65 
25 28,9 11,5 

5 0,5 0,4 0,9 0,1 1 0,8 1,8 0,2 
10 1,0 1,2 1,2 0,9 1 ... 1,2 1,8 0,9 
15 1,5 1,6 2,1 1,2 1 Xf'..-: 1,07 1,4 0,8 
20 2 2,3 2,5 1,9 1 1,15 1,25 0,95. 
25 2,7 2,9 :i 2,5 1,08 1,16 1,2 1 
:io 3,8 3,3 3,9 3,1 1,26 1,1 1,3 1,04 
35 18,7 4,4 5 4 5,33 1,26 1,42 1,14 
40 14,2 14 13 3,55 3,5 3,15 
45 34,2 35 7,6 7,5 7,8 

W e can notice that w i l h i n the l imi ts of proport ional i ty between deflection and the 
act ing force, the theoret ical value for I No 16 corresponds approximately to the results of 
the tests, whi le in deeper beams the tests show values /': P larger than the theoret ical ones. 
It is due to the fact that thevalue f is not only inf luenced by the deflection of the tested beam, 
but also by the deflection of the support ing beam of the test ing machine. The mutua l re la­
t ion of these deflections is proport ional to the moment of inert ia of both, the tested and the 
suppor t ing beams. Th is relation is very smal l in I No 16, so that the support ing beam's 
deflection has hardly any influence at al l . The case differs, however, with deeper beams. 

Table X gives us deflections, the entire deflections /' as we l l as the constant 
deflections /'. E las t i c deflection /"" = /' — /''. The f igures in the last co lumn of the 
Table conf irm to some extent the conc lus ion arr ived at by W o h l e r and Bausch inger as 



— 164 — 

T A B I, E X . 

I 
R i b s 

l> /• r 1 0 _ f 10 /'" 

N r . 
R i b s 

T o n s in in P P 

10,5 1,4 0,28 1,12 1,33 1,068 

0 20,5 2,68 38 2,3 1,31 1,122 0 
29 3,9 68 3,22 1,34 1,11 
35 5,68 1,93 3,75 1.62 1,07 

32 10,5 
20 

1,3 
2,57 

0,02 
0,22 

1,28 
2,35 

1,14 
1,285 

1,22 
1,18 

3 30 4,16 0,8 3,35 1,384 1,12 
35 4,90 1 3,90 1,4 1,11 
39,5 6,05 1,65 4,40 1,53 1,1 1 

5 30 4,4 1,65 3,35 1,47 1,12 

6 1 0 1 1,666 1,666 

0 10 1,35 0 1,35 1,35 1,35 0 
15 2 0,1 1,9 1,33 1,27 
40 4,85 1,8 3,05 1,21 0,76 

10,5 1,15 1,07 1,1 1,02 

20,5 2,14 2,0'. 1,05 1 

Q 30 3,15 2.9 1,05 0,97 

34 40 4,48 3.87 1,12 0,94 

50,2 6,33 4,73 1,26 0,9'. 

56 10,1 5,08 1.8 0,9 

10,5 1,475 1,375 1,405 1,31 

20 2,37 2,095 1,18 1,05 

5 30 3,5 2,825 1,17 0,912 

40 4,8 3,85 1,20 0,962 

45 5,91 4,52 1,31 1,00 

the result of a series of tests: the proport ional i ty between elastic strain and stress even 
after exceeding the yie ld point. 

The most important conclusions, r esu l t ing from these tests, may be, therefore, for­
mulated as fol lows: 

1. The reinforcement of the I-beams by aid of r ibs, welded to their web at the 
places of the concentrated force's action, increase their resistance to bending. Such increase 
is proportionate to the depth of the beam. In the case of the tested beams, the increase 
of resistance attained 40°/0 for a N P 30 I-beam, but was absolute ly unoticeable for a N P 16 beam. 
W h e n the r ibs are f ixed to the web between the points of the concentrated force's action 
the resistance of the beam increases, but to a much lesser extent. 

2. W h e n the depth of the beams, increases their resistance r ises more s lowly than 
M 

the W. The greatest tensions, therefore, obtained from formula a — decrease w i th the 
W 

g row ing depth of the beams. Th is formula can be no longer used for de termin ing the res i ­
stance of h i gh beams subjected to the act ion of concentrated forces, as the beams are not 
destroyed by breakage but by crush ing . If r ibs are welded at the place of the concentrated 
force's action, the danger of c rush ing is delayed and the above formula can be used. 

F o r lower beams, wh i ch are not subject to c rush ing , but only to bend ing the role 
played by r ibs is of much lesser importance, for very low ones even wi thout any result . 
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