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16 Claims. (C. 72-79) 
This invention relates to floor slabs and has 

for a principal object the production of a iioor 
Slab comprising steel and filling material Such as 
ConCrete and in Which the Steel is SO arranged 
as to provide a rigid and strong slab capable of 
Withstanding the effects of concentrated loads 
Wherever applied. Foor slabs are Supported simi 
larly to beans; that is, at their ends and Sone 
times intermediate their ends but they are un 
like beams in that they are relatively wide in 
comparison with their depths. The result is that 
a concentrated load like the wheel of a vehicle 
applied at a point between Supports causes flex 
ure in all directions from the point of applica 
tion of the load and an accompanying tendency 
to cause “dishing' of the slab. A constantly re 
curring error in slab design is attributable to the 
endeavors of engineers to produce a slab of mini 
mum weight without giving sufficient coinsidera 
tion to the fact that the lai'ge Suiface area, Char 
acter of a slab requires strength enough in all 
directions to prevent excessive dishing. Dish 
ing of a slab results in the rupture of the bond 
between the steel and the filling material and 
also affects the life of the slab. Slabs have been 
produced which are strong enough to resist ex 
cessive flexure in one direction, as from Sup 
port to support, but which are not sufficiently 
strong to prevent flexure across the slab as 
would cause disintegration of the filling material. 
Accordingly, it is an object of the present inven 
tion to provide a slab in which the steel construc 
tion is such as to adequately brace the Slabs in 
all directions and prevent Such flexing and dish 
ing of the slab as Would break the bond or crush 
filling material and to accomplish this in a slab 
of minimum Weight for a given load. 

in addition to providing a slab in which the 
steel is so arranged as to adequately care for 
forces of tension and compression on its end and 
upper portions, it is a further object of the in 
vention to provide Such a slab as this which is 
capable of withstanding negative bending move 
ments so as to be useful as a continuous beam 
Over several SupportS. To these ends the floor 
slab of the present invention is provided with a 
steel plate which serves as the lower surface 
thereof and which has bars associated there 
with. The bars are arranged in two sets, one Set 
consisting of a grating and the other set com 
prising members joining the grating with the 
steel plate, substantially throughout the area of 
the slab. The members intermediate the grat 
ing and plate are so placed as to contribute 
strength to the structure where strength is de 

sired and are not used solely for the purpose of 
joining the floor grating to the plate. By weld 
ing the intermediate members at the places they 
come into contact with the plate and floor grat 
ing a unitary reinforced steel structure is ob 
tained. Since prefer the use of bent bars for 
intermediate members, I have chosen to accom 

60. 

pany, the disclosure of my invention. With illus 
trations of structures showing different arrange 
ments of such bars. ... Any of these structures 
produces a thin and relatively light slab capable 
Of Withstanding the Ordinary load and Wear to 
withstand which much heavier road structure is. 
generally used. - : . . . . . . . . . . 

Other objects involving novel constructions and 
combinations of parts will appear in the speci 
fication and in the claims thereof, setting forth 
a preferred embodiment of my invention which 
may be fully understood from the detailed 
scription and drawings, in which: 

Fig. 1 is a plan of a floor slab in which parts 
are broken away to show the relation of the bars. 

Fig. 2 is a section on line: 2-2 of Fig. . . . 
Fig. 3 is a view of the adjoining ends of the 

slabs illustrated in Fig. 1, with parts broken 
away to show the manner of joining. 

Fig. 4 is a section on line 4-4 of Fig. 1. 
Fig. 5 is a plan of another form of floor slab 

with parts broken away to show the relation of 
the bars. . . . . - 

Fig. 6 is a section on line 6-6 of Fig. 5. 
Fig. 7 is a section on line 7-7 of Fig. 5. 
Fig. 8 is a plan of a portion of another form 

of floor slab. 
Fig. 9 is a section on line 9-9 of Fig. 8. 
Fig. 10 is a plan of still another form of floor 

de 

slab with parts broken away to show construc 
tion. ... " 

Fig. 11 is a section on line 11-11 of Fig. 10. 
Fig. 12 is a plan of a detail showing one mode 

of joining the floor slabs. - 
Fig. 13 is a section on line 13-13 of Fig. 12. 
Ordinary gratings of bent bars have been used. 

for providing the tensile Support required on the 
under surface of a slab but such gratingS. have 
been found to be stronger in one direction than 
in the other for resisting tensile forces. They 
are relatively weak for resisting tensile forces 
in a direction lateral to the longitudinal exten 
sion of the bent members or bars. Floor slabs 
having ordinary gratings at their under Surfaces 
are, therefore, subject to dishing as also are Such 
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floor slabs which consist of bars such as rails Or. 
angle-irons placed side-by-side and Supported 
by means extending crosswise. When such floor 
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plate 10 forms the botton of the slab. 

2 
slabs are subjected to concentrated loads the 
lower longitudinal members are likely to Spread 
from One another and cause destruction of the 
bond of filling material and its loSS. Of course, 
floor Slabs Of the character just, referred to may 
be made in Such a manner as to not poSSeSS the 
disadvantage stated to a detrimental degree, but 
Such a floor slab Would be of a Weight greatly in 
excess of the slab of the present invention. 
In FigS. 1, 2, 3 and 4 I have illustrated One 

embodiment of my invention in which the steel 
It is 

expected that each slab be of Such an area, as 
Will be Suitable for any particular job but, Ordi 
narily, for a bridge, individual slabs Will be con 
nected together to form the flooring. Slabs for 
a road or floor Surface of a bridge are laid ad 
jacent to each other and are bolted- or other 
wise fastened together wtih proper allowance for 
expansion. As illustrated in Fig. 1, a single floor 
slab may extend from One beam 11, acroSS a Sec 
Ond beam 2 to another bean. 13. 
As may be readily seen in Figs. 1, 2 and 3, a 

flange is provided all around the floor slab but 
within the area of the plate. 10. This flange 14 
extends upwardly for the total depth of the slab 
and forms a box edge. The fange may consist 
of a strip of metal welded or otherwise secured 
to the steel plate or it ray take the folii of 
One leg of an angle-iron Suitably Secured to the 
plate. l Y . . . 

A Standard form of grating may be used for 
the upper portion of a floor slab, but I prefer 
to use a grating of a kind illustrated herein. One 
form of this grating consists of a plurality of 
bent bars 15, Figs. 1 and 2, which are welded 
or otherwise secured to each other in a manner 
well-known. This upper grating, consisting of 
bars 15, is joined to the box fange 14, at Such 
places as at 16, 17, which are points of contact 
between the floor grating and the flange. 

Before the floor grating 15 is positioned the 
inside steel construction of a floor slab must be 
completed. This construction preferably consists 
of bars running lengthwise of the floor slab and 
joining the floor grating. Bent barS Such as 18, 
are preferable. They are not necessarily joined 
to each other but they are welded to the plate 
10 and the floor grating 15 and thereby serve 
to unify the steel structure of the entire slab. It 
Will be noted that these bars i8, as illustrated in 
Figs. 1, 2 and 4, stand on edge and have their 
edges contacting With the plate 10. 

It is apparent that by joining all of the bars 
18 to the plate 10 and the grating 15 a steel 
skeleton is produced in which the steel is well 
distributed throughout the slab. In fact, the 
dimensions of the grating bars, intermediate bars 
and plate may be so proportioned as to locate 
the neutral axis practically on the center line 
of a slab, thus providing balance in Section with 
maximum strength for any allowable weight per 
slab. While each of Such bars may run the 
length of a slab prefer to use Several discon 
tinuous bars in prolongation of each other, as 
illustrated. This arrangement reduces the 
weight of a slab. Without Sacrificing its strength. 
The skeleton construction is sufficiently strong 
to Support a loads Which the Slab may be called 
upon to carry and in fact it is possible to carry 
on bridge building operations, including the 
travel of vehicles thereover for the transporta 
tion of concrete, before any concrete or other 
filling material has been poured. Because of 
the uninterrupted character of a plate a most 
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efficient tension member is present where the 
greatest tensile forces act, and this fact, coupled 
with the presence of steel throughout the slab, 
creates a strong and rigid slab. 

In general fiocrisiab's should be held down be 
case of Vibration to Which they are Subject. 
For this purpose they inay be welded or bolted to 
beams Or, as shown in Figs. 3 and 4, each of the 
slabs may be clamped to a beaiia at its ends by 
means of clashpS 21 and bolts 22. . These clamps 
engage the fanges of the E-bean upon Which the 
end of a Sao rests. 

After, the Slaios have been laid in place all Of 
tie Open area, Within the box fange 14 is filed 
With concrete Cr other filling riateriai. This na 
terial Serves as a road Sul: face and nay eXtend 
above tie upper adges or just to the edges of the 
floor gratiing 5 and tie upper edge of the box 
ilaige i4. The Space 23 between the box fiages 
Of adjacent floor slabs inay be filled With lastic 
or with material capable of permitting expan 
Sion between the various figOr Slabs. 

in FigS. 5, 6 and 7 have illustrated another 
form of idoor slab in which the plate 26 and the 
foor grating 27 is similar to that of the fioor slab 
just described. iowever, the box fange 23, ex 
tends around the outer edge of the plate 26. The 
Steel intern ediate the plate 26 and iioor grating 
2. consists of bent bars 29 Wigh run longitudi 
nally from one end to the other end of the slab. 
These bars are placed With thair edges in verti 
cal lanes and rotated - 90° froin the position of 
the interinediate bars shown in Fig. 1. These 
as 29 are likeWise Weided to the pate 26 and 

the oor grating and produce a, Sicilire Which 
is unifornly distributed with steel throughout. 
This fioor slab is also to be filled with some filling 
material 39. The separation of the filling ma 
terial into channels is avoided. As may be read 
ily seen fron. Figs. 6 and 7, the concrete below 
and aidve the intermediate bars 9 is directly 
asSociated With the concrete between the inter 
rediate bars 29. 
The construction of the floor sla illustrated in 

Figs, 3 aid 9 is of the Sane order as that of Fig. 5 
except that the floor grating 3 is of a different 
design. This floor grating has Straight inenbers 
32 between pairs of bent bars. 33. 
Another rainier in Which I provide Steel 

throughout the thickness of my floor Sai is ilius 
trated in Figs. O and 1. In a floor said of this 
construction the slab is inade Similar to that illus 
trated in Fig. 5 except that the internediate bent 
naenbers 35 run across the slab. This construc 
tion likewise has the advantage that a Venues or 
long channels in the filling are cbviated. By the 
proper placing of the steel and the elimination 
of avenues in the Illing naterial the proba 
bility of failure of the concrete because of shear is 
eilinated. 
Another advantage of the construction of the 

present invention is that the lower piate serves 
as a mould for receiving the filing material When 
it is being poured. The filling material inay read 
ily distribute itself throughout the area of the 
slab and produce an integral maSS of concrete. 
It has been found that the present floor slab may 
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be relied on for resisting torsional strains which 
commonly occur between stringers and beams on 

Therefore in the design Of the bridge . 
the ordinary cross bracing which is used to couin 
teract the effect of torsional and weaving strains 
may be designed with a view of utilizing the floor 
slabs for assisting in CrOSS-biracing. It is read 
ily understood that the main body or steel con- .5i 
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struction of the floor slab may be completed in 
the shop and later laid according to Specifications 
and filled with concrete or other filling material 
for Surfacing the slab. When an individual slab 
wears or if a defect...should develop, Such a slab 
may be easily removed without disturbing a large 
area of road Way. . 

It is apparent that different provisions may be 
made for joining the floor slabs to each other and 
for holding them in place next to each other. In 
Figs. 12 and 13 I have illustrated a tie-joint in 
which a plate 37 is bolted to the flanges 38 and 
39 of adjacent slabs. iThis plate also has por 
tions 40, 41 extending below the upper flange of 
an I-beam 42 in such a manner as to engage the 
Sale. 

do not Wish to be limited to the shapes of 
the various bars which may be used for it is ap 
parent that many other foims of gratings are S2t 
isfactory for serving as the upper portion of my 
floor slab and that the bars intermediate the 
floor grating and plate may take many and 
varied forms. It is, however, my intension to 
produce a skeleton steel structure in which the 
steel is distributed throughout the thickness of 
the slab to such an extent as is necessary to coun 
teract the longitudinal shear and diagonal shear 
ordinarily occuring within the interior of a slab 
or beam. The vertical shear existing at any 
point because of a concentrated load is carried 
by the steel of the slab, and the impact caused 
by a travelling load as it progresses acroSS differ 
ent bars of the grating is transmitted to the steel 
plate through the intermediate bars which lie 
just beneath the upper grating. The concrete 
or other filling material is not called upon to 
withstand tension or to buttress heavy impact 
blows to which the grating is subjected. When in 
Se. 
What I claim is: 
1. As an article of manufacture, a floor slab 

frame comprising a series of bent bars joined 
together with the edges forming opposite sides 
of a grating, a plate forming the bottom of the 
frame, said plate being spaced from all members 
of said grating, a flange extending from Said 
plate and enclosing the outer edge of Said grat 
ing, bars intermediate the grating and plate, 
said intermediate bars extending in the Sane 
direction as the bent bars of the grating and 
having a width equal to the spacing between the 
grating and the plate, and welded joints between 
the intermediate bars and the grating and plate. 

2. As an article of manufacture, a floor slab 
frame comprising a series of bent bars joined to 
gether with the edges forming opposite Sides of 
a grating, a plate forming the botton of the 
frame, said plate being spaced from all mem 
bers of said grating, a flange extending from 
said plate and enclosing the outer edge of said 
grating, bars intermediate the grating and plate, 
each of said bars being joined to both the under 
side of the grating and the plate at Several places 
along their lengths, the intermediate bars and 
the bent bars of said grating being associated 
in such a manner as to provide Steel reinforcing 
throughout the slab without dividing the volume 
Within the box flange into disconnected Spaces. 

3. As an article of manufacture, a floor slab 
frame comprising a Series of beat bars joined 
together With the edges forming Opposite Sides 
of a grating, a plate forming the bottom of the 
frame, said plate being spaced from all mem 
bers of said grating, a flange extending from Said 
plate and enclosing the Outer edge Cf Said grat 

3. 
ing, and bars intermediate the grating and plate 
and joined to each, Said last named bars being 
distributed throughout Substantially the entire 
area between the grating and the plate. . - 

4. As an article of manufacture, a floor slab 80 
frame comprising a series of bent bars joined 
together with the edges forming opposite SideS 
of a grating, a plate forming the bottom of the 
frame, a box flange extending upwardly from 
said plate, said box flange being joined to said 85 
grating, and bars intermediate the grating and 
plate and joined to each, said last named bars 
being distributed throughout substantially the 
entire area, between the grating and the plate. 

5. The combination set forth in claim 4 in 90 
which the bars intermediate the grating and 
plate aire on edge with one edge of each welded 
to the grating and the other edge Welded to the 
plate. . . 

6. As an article of manufacture, a floor slab 95 
frame comprising a grating having longitudinal 
bars joined together, said grating forming the 
upper structure of the frame, a plate Spaced 
from Said grating and forming the lower Struc 
ture of the frame, and means separating the 100 
grating and plate and maintaining them in fixed 
relation to each other, said means comprising 
bars fastened to the under surface of said grat 
ing and to the plate. - 

7. The combination set forth in claim 6 in 105 
which the bars intermediate the grating and 
plate run lengthwise of the frame and are spaced 
at intervals across the frame. . 

8. The combiriation Set forth in claim 6 in 
which the bars intermediate the grating and the 0 
plate run crosswise of the fraine and are spaced 
at intervals from end to end of the frame. 

9. As an article of manufacture, a floor slab 
COrprising a Steel grating having bars With edges 
up and interstices between bars, a plate, a flange 15 
upstanding from Said plate, and spaced from 
the edge of said plate, bent bars arranged be 
tween said grating and plate and welded to each, 
and filling material. Within the box formed by 
Said plate and upstanding flange, said filling ma- 120 
terial being unitary and extending into the in 
terstices of said bent bars and grating. 

10. As an article of manufacture, a floor slab 
frame comprising a steel plate for its lower Sur 
face, a grating in its upper portion, a flange bor 
dering the grating and extending to the upper 
Surface of the grating from the steel plate, and 
bars intermediate the grating and the steel plate, 
said bars running lengthwise of the frame and 
being welded to both the grating and the plate. 

11. As an article of manufacture, a floor slab 
frame comprising a lower plate, longitudinally 
extending bent bars having bends transverse to 
the bars, said bars resting upon and connected , 
to Said plate at the lower bends of Said bars, and 35 
an upper grating Spaced from Said plate and con 
nected to the upper bends of the aforesaid bent 
bars. 

12. As an article of manufacture, a floor slab 
frame comprising a lower plate, longitudinally 
extending bent bars having bends transverse to 
the bars, Said bars resting upon and connected to 
said plate at the lower bends of said bars, and 
an upper grating spaced from said plate and con 
nected to the upper beinds of the aforesaid bent 145 
bars, said upper grating comprising members 
which extend longitudinally and in the Sanae 
general direction as that in which the bent bars 
extend. - 

13. As an article of manufacture, a floor slab i55 
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frame comprising a lower plate, an upper grating 
section spaced therefrom and intermediate struc 
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ture between Said upper grating and Said lower 
plate, said intermediate structure comprising a 
plurality of spaced bent bars having their lower 
bends connected to the plate and their upper 
bends connected to the upper grating. 

14. As an article of manufacture, a floor slab 
frame comprising a single metallic plate of Sub 
stantial width and of a length approximately 
twice its width, a plurality of individual bent bars 
attached to the upper Surface of Said plate, Said 
bars being independent of each other and spaced 
over substantially the entire area of the plate, 
and an upper grating Section Substantially coex 
tensive with Said plate, said grating Section be 
ing attached to the bent bars which extend from 
the grating Section to the plate and unite the 
Same in a composite frame. 

1929,478 

15. As an article of manufacture, a floor slab 
frame comprising a lower plate, an upper grating 
Structure and intermediate structure comprising 
individual bars running WidthWise of the plate 
and Spaced from one another lengthwise of the 
plate, said bars having bends tranSVerse to the 
bars With lower bends Welded to the Surface of 
the plate and upper bends Welded to the grating 
structure. 

16. As an article of manufacture, a floor slab 
frame comprising a lower plate, an upper grating 
structure Substantially coextensive with the low 
er plate and spaced therefrom, and intermediate 
structure comprising individual bars distributed 
throughout the area of Said plate and Standing 
On edge upon the Surface of Said plate, said bars 
having their lower edges Welded to the plate and 
their upper edges Welded to the grating Structure. 

HERBERT H. BUNKER. 
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