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LOAD-DISTRIBUTING PROPERTIES
OF OPEN-GRID STEEL FLOORING

INTRODUCTION

This is a study of the stress distributing proper-
ties of I-Beam-Lok bridge flooring manufactured by the
United States Steel Corporation and distributsd by the
Columbia Steel Company on the west Coast.

For several years open-grid type steel decking
has been used as a light weight flooring where a minimum
of weighf is essentisl., When used as bridge flooring the
design has been based wpon specifications for concrete
floor slabs or empirical formulas, which may or may not
be applicable to the various types of open-grid decking
availabls,

A series of studies on three types of bridge deck-
ing was instigated by the Oregon State Highway bepartment
and the American Association of State Highway Officiels
(AASHO). This thesis is conocerned only with the I-Beam-
Lok flooring.

Two types of I-pPeam-Lok bridge flooring are manu-
feotured. These are essentiaslly the same, but differ
depending upon the direction of traffic relative to the
direction of the carrying 5-inch I-beams. The flooring
used in this study was designed to be laid with the

carrying 5-inch I-beams transverse to the direction of

traffic.



inches by 3 inches. These transverse crossbars are
notched on the top edge to receive two supplementary
13/16 inch by 2 inch bars equally spaced betwsen and
parallel to the 5-inch I-bsams. The top edges of the main
crossbars are dropped approximately 3/32 inch below the
tor of the 5-inch I-beams. The supplementary crossbars
are flush with the 5-inoch I-beams, and are rolled with
depressions approximately 2 inches on centers. The
flooring is fabricated by welding and weighs approximately

18.6 pounds per square foot.

TEST I
DETERMINATION OF MOMENT OF INERTIA
ARD SECTION MODULUS

This test was made by Mr. Richard H. Russell in the
summer of 1950. The results are included in this thesis
for a more complete study of the flooring.

Two general methods are used in the determination
of Moment of Inertia and Section Modulus. One method re-
quires the measursement of deflection and the other,
stress in the outer fibers.

The stress method makes use of the slimple flexure
formula:

.

I
The flexure formula primarily determines the

SR S
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Section Modwlus. Two values of the Seoction Modulus are
obtalned by using the measured tensile and compressive
stresses in the outer fibers.

The location of the neutral axis can be determin-
ed from the tensile and compressive strain data. The
Moment of Inertia can then be derived from the Section
Modulus.

From the deflection measurements the Moment of
Inertia can be determined direotly by using the defleoc-
tion formula for a simple beam with center loading:

3
P
Y= _:E_

W8EI
I-= .Eéfi
L8Ey
With the location of the neutral axis known, the
Section Modulus can then be obtained. As the neutral
axis 18 not in the center of the section, two values
for the Section Modulus are found.
The 20-foot length of flooring was supported as
a simple beam with a span of 15 fest. The supports at
each end were 6-inch 12.5 pound I-beams placed omn two
10-inch 25.4 pound supporting I-beams. These 1l0-inch
I-beams rested on the base of the testing machine, and

were spaced 20 inches center to center.

Type A-l, SR-4 electrical resistance strain gages



were located on the top and bottom of each 5-inch I-beam
under the applied load. The Baldwin-Southwark SR-4
Strain Indicator was used to measure strain. The use of
this indlcator is explained in the Appendix, p. 71.

Line loading to the flooring, at the center of
the span, was through a 6-inch 12.5-pound I-bean.
Between the flooring and the I-beam a notched 2-inch by
L=-inch board was placed to proteot the strain gages.

A reference bar for deflection measurements was
placed aoross the 10-inch supporting I-beams in order
to measure deflections at the center of the span., Drill
point marks were made on each 5-inch I-bsam of the floor-
ing and the reference bar to provide acocurate seating of
the inside micromster.

Loads were applied in increments of 1,000 pounds
to 5,000 pounds where the maximum resulting stress in
the 5-inch I-beams was 17,380 psl. Deflection and strain
readings were made at each load. Two complete runs were
made and the velues averaged.

The results of this test are shown in Table I and
graphically in Fig. 1, p. 8. This table also includes
the results of similar tests made for the United States
Steel Corporation and published in their booklet "Light
Weight Steel Flooring”.

Higher values for the Moment of Inertle and
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Section Modulus were obtained with stress data than rrom:
deflection data. Both of these methods gave values
somewhat smaller than the calculated Moment of Inertia

of 5.00 buv larger than the 4.02 given by the

United States Steel Corporution teste. The results ob-
tained from the United States Steel Corporation were made
from deflection measurement only.

Referring again to Fig. 1, 1t 1s apparent that as
the load increases thers is a distinot increase in the
Moment of Inertia. The value of the Moment of Inertia
at the 5,000-pound load is 12% psroent greater than for
the 1,000-pound load., It would seem that the supple-’
msntary bars are not entirely effective at ths lower
loads. Nevertheless these bars do inorease the Momsnt
of Inertia of the flooring by more than 50 percent over
and ebove the calculated value of 3.16 for the 5-inch
I-beam alone. This line of reasoning is further borns
out by the Load-Deflection curve, Fig. 2. When the
loads are increesed the amount of deflection 1s rot
proportional to load. This woculd &guin indicete the

lMoment of Inertis is increasing with higher loads.,
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TEST II
STRESS DISTRIBUTION

It was the object of this test to determine the
maximum allowable span using a H20 load (plus 30 percent
for impaot) and unit stress of 18,000 psi. In addition
the distribution of the load by the 5-inch I-beams,

In this test the flooring was mounted as a con-
tinuous slab with thres spansover four supporté. Fig. 3,
P. 12. _ '

In order to use the sams specimen with variabls
spans it was not possible to weld the flooring to the
6-inch I-beams, instead & inch hook-bolts were used to
secure the flooring. Fig. 4, p. 13. The stringers in
turn were fastened to the 10-inch suypporting I-beams
with C clamps.,

A total of 58 SR-4 electrical resistance strain
gages were located on the 5-inch I~-beams and the supple-
mentary bars. Figs. 5, 6, pp. 14 and 15. The Young
Testing Machine Company Type A~Strain Indicator was
used in this test giving readings directly in micro-
inches per iﬁch.

The flooring was loaded at the center of the
middle span, through the 10 x 20, 12 ply heavy duty
duel tires. TFig. 7, p. l6. The tires were inflated to
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Fig. 7

General View of Test

With Dual Tires



90 psi and all runs made at this pressure. This is 20
psi above that recommended by the manufacturer but is
comnon proocedure in the trucking industry. Although
the flooring was designed for loading transverse to the
S5-inch I-beams, loadings were made parallel and trans-
verse in each span length.

Two or more runs were made for each span and ths
values averaged. By the use of this strain data the
variation of strain in both directions from the tﬁes
could be determined.

The H20 load (plus 30 perocent for impact), as
specified by the AASHO Standard Specifiocations for
Highway Bridges, fifth edition, 1949, sections 3.2.5 (b)
and 3.2.12 (¢), was used as ths design load. This
amounts to a totel of 15,600 pounds., '

The maximum unit stress in the steel is given by
sections 3.4.2 in the above specifications as 18,000 psi.

For a given maximum allowable stress and design

load the maximun allowable span length may be determined.

Maximum Allowable Span

For any given span a load-stress curve will
indicate that load causing a stress of 18,000 psl in the
most severely stressed member of the specimen. Figs. 8,

9, 10, pp. 18, 19, and 20. Stress values indicated by
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gage 21 located on I-beam 5 directly under one of the
tires were used to plot these curves. As the span
length is increased this stress will result from lower
applied loads.

From thesse results a composite curve, Fig. 11, p.
22, can be constructed showing the load required at any
given span to cause a maximum stress of 18,000‘p81 in
the members. From this curve the span length correspond-
ing to a 15,600-pound load can be obtained. It is
epparent that a span of 4 feet 2 inches is permissible.

Figures 12, 13, 14, pp. 23, 24, and 25, show a
similar set of curves for the oonditions when the tires
are transverse to the 5-inch I-beams. With this type
of loading a 5-inch I-beam is not the most ssversly
stressed member. Gage 50 loocated as close as poésible
to the center of a crossbar directly under one of ths
tires indicates stress considerably in excess of that
existing in the I-beams Ilndicated by gage 20. Figure 15,
P. 26, indicates that a span of 4 feet 0.2 inch will
stress the I-beam to 18,000 psi but a much shorter span
would be required for the crossbar. TUnfortunately there
are insufficient data to determine the allowable span if

the stress in the crossbar 1s not to exceed 18,000 psli.
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Effective Distridbution

The stress cross section curves, Figs. 16, 17, 18,
Pp. 28, 29, and 30, show the stress in each I-beam for any
given load. Since stress 1is proportional to load, these
curves indicate the manner in which the applied loads are
shared among the I-beams,

For deslgn purposes it is convenient to refer to
an effective load distridbution. The effeotivs load distri-
dbution was determined at design loed by dividing the sum
of the stresses by the averages of the two maxiaum stresses.
| By averaging the two maximum stresses any asymmetry due
t0 ecoentric loading would be sliminated.

The valuss of effective load distribution at design
load for the three different spans are shown below:

TABLE II

Effective Distribution
(5-inch I-beams plus

Span two parallel bdbars)
3t 6" 3495
L' o" Lel5

l¢.’ 6n 4.21
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It will also be noted that the effective load
distribution increases with the span length.

The AASHO Standard Specifications for Highway
Bridges, fifth edition, 1949, sec. 3.35 (o), states:

"A wheel load shall be distributed

normal to the main bars, over a width of W

plus twice the distance center to center of

the main bars, where W equals 1 inch per

ton of weight of loaded truck."

I-Bsam~-Lok Flooring by these specifications should
exhaust the H20 load (plus 30 percent for impact) in &h
inches. |

The stress oross seotion curves indicate that the
width of the specimen used in this test did not exhaust
the distribution of the design load! The sddition of
one more section would possibly have sxhausted this load.

To compare the stress across the flooring for the
two methods of loading, stress oross section curves have
been drawn for each Sspan dt the design load. Figs. 19,
20, 21, pp. 32, 33, and 34. It should be pointed out
that these curves nay be compared on a stress basis.

They are not comparable on & load basis. ihen the

wheels are transverse the dual tires will give the

effect of two point loading and therefore lower stress
than would exist had the same load besn applied centrally.

The sum of the stresses across the flooring with the

wheels transverse are therefore lower than those for
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the wheels placed parallel, although the totel load is
the same in both cases.

The maximum allowable span for I-Beam-Lok flooring,
with the H20 load (plus 30 percent for impact) amnd unit
stress of 18,000 psi, 1s L feet 2 inches when the 5-inch
I-beams are parallel to the direction of traffio. When
the 5-inch I-beams ars transverse to the direction of
traffic, the maximum allowable span length is 4 feet
0.02 inch, however, the croasbars should be strengthensd.

IEST I
TEST TO DESTRUCTION

The factor of safety is usually based upon the
allowable unit stress and the minimum yield point of the
material. With a unit stress of 18,000 psi and a mini-
mum yield point of 33,000 psi, for the ASTM Type A-7
steel used in the construction of I-Beam-Lok flooring,
a factor of safety of 1l.83 is indicated.

The actual factor of safety should be based on
the actual load to cause failure and the design load.

To determine this factor of safety, using a
specific span lengtb, was the object of thls tsst,

The flooring was set up as a continuous beam
with three spans over four supports. Fig. 3, p. 12.

A span length of L feet was chosen instead of
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the maximum ellowable span of 4 feet 2 inoches determined
in Test II. This weas also the span recommended by the
menufacturer.,

The flooring was welded to the 6-inch 12.5 pound
I-beam stringers according to the manufacturer's speci-
fiocations. The stringers were in turn welded to the 10-
inch 25.4-pound suypporting I-beams whioch were spaced 20
inches center to center.

It was necessary in this test to replace the dual
tires with soms other means of loading whioh would dupli-
oate the stress distribution of the dual tires.

To obtain the size and shape of the blocks, im-
pressions were made of the dual tires at design load.
Fig. 22, p. 37. These impressions were elliptical in
shape, with a major axis of 13.75 inches and minor axis
of 7.75 inches. Two wooden blooks, 2 inches thick, were
substituted for the dual tires. To compensate for the
extra width of the tirs cesing placed between the blocks
and the fiooring a strip £ inch wide was trimmed from
around the edges.

To further simulate the uniform pressure of the
pneumatic tires, a piece of tire casing was placed,
tread down, beneath the blocks. Tests were mads to
verify that the load distribution of the blocks was the
same as the duasl tires. Fig. 23, p. 38. In this test
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gage 19 was assumsd to be defective since the zero read-
ing was greater than usuel and a very high stress was
indicated. The symmetry of the remaining gages justi-
fled this assumption.

The loading set-up consisted of a 10 x 12 inch
timber 2 feet long betwsen the head of the testing
machine, the wooden blocks and tire casings. Figs. 24,
25, pp. LO and 41.

Defleotion readings were not made in this test
because of the lack of rigity in the supports.

Strain realdings ware taken with gags 21, located
on I-beam 5 and under one of the blooks.

The load was applied to the deoking in increments
of 2,000 pounds until a load of 50,000 pounds was resached
where gage 21 failed. Loading continued to 110,500
pounds and the 10 x 12 inch timber replaced with four 4-
inch 7.7-pound I-beams. Fig. 26, p. 42. The load was
increased to 136,500 pounds., At this point the deforma-
tion of the floorings allowed the L-inch I-beams of the
loading device to bear on the specimen.

The flooring was examined for ruptures and none
were found. All welds were intact.

The deflection of the center 5-inch I-beams rela-
tive to the outside 5-inch I-beams was measured. The

values are given in Table III:
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TABLE III
s e
2 1,28
3 2,58
b 2,66
5 2,56
é 1.20

The load strain curve plotted for this test indi-
cates the elastic 1imit of the desking was reached at a
load of 34,000 pounds. Fige 27, Pe Ak

The factor of safety based on a design load of
15,600 pound is thtrnfori 2.18,
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CONCLUSIONS

From the results of the tests the following con-
clusions have been drawn:

(1) The Moment of Inertia for I-Beam-Lok Floor-
ing was 4.91 inchesh-

(2) The supplementary bars increase the Moment
of Inertia of the flooring 35 to 50 percent over and
above what it would be for the 5-inoch I-beams alone,‘
this incrsase being greater the higher the load.

{(3) The maximum allowabls span with the H20
load (plus 30 percent for impact) was found to be L feet
2 inches when the tirss are parallel to the 5-inch
I-beams. With the tires in a transverse direction a
span of 4 feet 0.20 inohes would not overstress the
5-inch I-beams but the transverse bars would be siress-
ed to approximately 21,600 psi. The transverse bars
should be strengthened when the flooring is to be used
transverse to theAdirection of traffic.

(4) For the recommended span of L feet the
effective load distribution was found to be 4.15
repeating sections (one 5-inch I-beam plus two perallel
bers). This is lower than the 4.75 value which would be
obtained using the AASHO speclifications. The value is

somewhat lower because of the small width of the
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specimsen tested.

(5) The effective load distribution is dependent
upon span length, increasing with longer spaus.

(6) The factor of safety shown in the test, using
a continuous span with three L-foot spans, and the load
applied parallel to the 5-inch I-beams, was 2.18 based
on the apparent yielding of the specimsn. A further
increase of 8.75 times the design load caused no weld

failures and only severe deformation in the flooring.
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Pounds
1,000

2,000

TEST I
Rin 1
Deflection '
Gage
No. Deflection
9 -
m -
11 -
12 -
13 -
111 -
15 -
17 0,159
18 0.153
19 0.3
20 0.1k9
2 0.1k
2 eI R
23 0.1k5
Av = 057
9 -
m -
n -
12 -
13 -
lh -
15 -
17 0.285
18 0.27T1
19 0.261
20 0.255
21 0.263
22 0,266
23 04274

Av =

1
w

_L'a

Ay =

€ YeBERSRR GBEEREER |

JIEEREs

Av =

324
294
263
263
283
311
352
AV = -59—9—

Average
Strain

0.0001297

00001297

0,0002398

0.00024L:0

L9



Load,
Pounds

3,000

TEST I
Rm 1
Deflaction
Gage
No. Deflection AS
9 - Lok
10 - 381
1n - 351
12 - 360
13 - 38
T n 3¢
Av = B0
17 0.410 ks3
18 0.398 <]
19 0.386 355
20 0.385 385
21 0.382 Lo8
3 0
Av = 0392 Av = 22
9 - 62
10 - 502
1n - L68
12 - L83
13 - 510
1 - 601
15 - 697
Av =
17 0,532 590
18 0.51hL 568
19 04L99 487
20 0,507 520
21 0,517 553
22 0,507 595
23 0,517 648
AY = 0.013 Av = 588

Strain

Average

Strain

0,000342

0.0003Lk

0.000L55

0.000L61
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TEST I

Run 1
Deflection Strain
Load, Gage Average
Pounds Ho. Deflection A_S_ Strain
5,000 9 - 775
10 - 623
1 - ST3
12 - 612
13 - 631
ihs - 720
Av = % 0.000554
17 0.633 n7
38 0.5%0 733
19 0,629 648
20 0.619 667
a 0,523 709
22 0,529 54
9 084

783
Av = [orva ) Av = TI5 0.00058l



TBST I
Run 2
Deflsction

Load, Gage
Ko, Deflection 48
1,000 9 - 186
10 - 127
n - 113
12 - 122
13 - 120
1L - 157
15 - 205
AY = 157
17 0143 177
18 043 Uy
19 0,131 133
20 0.125 128
2 0.13L 136
22 0.125 159
23 0,138 19
Av = [k Av x I8
2,000 9 - 3L6
10 - 256
11 - 232
12 - 235
13 - 251
1 - 269
15 - 3680
Av = 251
17 0,283 32}
18 04270 294
1 0,262 264
20 0425k 260
21 0,269 282
22 0,275 322
23 0,27k 363
AV = 0.270 Av = 301

Strain

Average

0.0001198

0.,0001248

0.0002290

0.0002;54
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TEST 1

Run 2
Deflection Strain
Load, Gage Average
Pounds Yo. Deflection £_§ Strain
3 ,000 9 - h87
10 - 376
1 - 346
12 - 36
13 - 378
1154 - Lis
1 -
Av = é% 0,000340
17 0413 9
3% e H
19 0.388 386
20 0.387 395
21 0.403 vl
2 02392 o2
AV = 0358 AV = g% 0,000355
L,000 9 - 626
10 - 501
1 - L&
12 - 493
13 - 507
i} - 596
15 - 676
AV = BSI 0.0001450
17 04535 592
18 04526 579
19 0,510 519
20 0.505 ©35
21 0.52L 568
22 0,517 608
23 0,526 639
Av = . Av = 577 0.000471
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Span 3! = 6" V¥heels Parallel

Loai 15,600 lbs. Average of Runs L, 5, 6

Stress psi

Stress

6'099
1,749

3,750
2,700
10,7Lk9
10,950

10,698
10,950
11,100
3,750
L,899
3,348
"3 ,796
-3,600
éﬂw

A%'

o7
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TEST I1
Span 3' = 6" FWheels Transverse
Load 15,600 1bs. Average of Runs 10, 11, 12

Stress psi

Gage No. Stress Eg! No, Stress
1 1,089 34 L,200
2 =1,200 35 3,798
3 -3 ,000 36 10 ,350
b ~6,150 37 14,498
S -3 ohso 38 10)599
6 -600 g 10,950
7 -1,200 15,458
17 =450 5] 11,199
18 k,950 k2 $,799
19 11,748 3 7,350
20 m’sm ) N& 5 ’hm
21 12,000 us «3,600
22 k,299 ¥ 3 -5, 748
23 Sh9 L7 -5,049
33 3,458 18 17,049
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Gagg No.

MESBURNBERE 4 onvnew o

Span Lt = O" Wheels Parallel

TEST I

Load 15,600 1bs. Average of Runs 3, L, §

Stress

68
i
0299
-2,100

5
10,050
161
9
17,298
7,950
1 ’m
=300
Li,5L8
5»9k9

»

Stress psi

Gnge No.
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TEST III

Test to Destruction
Span L' = O" Strein Microinches Per Inch

Gage 21 Gage L9

Load, Pounds Strain Toad, Pounds “Strain

12,000 L5
50,000 1,210

14,000 5ho
52,000 1,250

16,000 620
54,000 1,310

18,000 695
, 56,000 1,10

20,000 770
' 58,000 1,500

22,000 850
60,000 1,630

2k,000 930
64,000 1,820

26,000 1,000 -

70,000 2,090

28,000 1,080

30,000 1,150
90,000 2,400

32,000 1,220
95,000 2,810

3kL,000 1,310
99,000 3,450

36,000 1,L00
. 99,500 3,560

38,000 1,520

40,000 1,670

12,000 1,8L0

Lk ,000 2,150

16,000 2,650

18,000 3,220

50,000 3,900
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The following formula was used with the Baldwin-
Southwark SR-4 Strain Indicator in Test I to convert the
micrometer readings of the indicator to strain:

~ Strain = {2 S)(K)
48 = change in micromster readings

K = Bridge Sensitivity Factor . 3,688 x 10-‘*
Gage Factor .



