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PURPOSE NI Oty - 0

The investigation was undertaken to determine the manner in which
lieavy wheel loads, such as those of traction engines, are distributed to
the various I-beams and channels in a highway bridge floor system con-
sisting of I-beam and channel joists and wood planking.

While this is a type of bridge floor that is no longer employed for
main highways if its use can be avoided, it is still employed to some ex-
tent on secondary roads. A large number of such bridges now in ser-
vice are of such design that the trusses will not carry the additional dead
load resulting from the addition of a conerete floor, and the wood floor
must be maintained or the bridge replaced. It is economical to keep
such structures in service so long as the trusses remain in good condition
and it is possible to maintain the floors under tractor and motor truck
traffie.

In mzany of these structures, licht I-beam joists were used originally
and in strengthening the floors it is difficult to replace the old I-beam
joists with new ones of greater depth without altering many other de-
tails of the floor system; it was this situation which prompted the in-
vestigation of the distribution of loads on floor systems designed with
lighter I-beam joists than is good practice for new construction.

SCOPE OF INVESTIGATION

The investigation was confined to the following: -

1. The determination of the percentage of a wheel load carried by
each I-beam and ehannel joist of a highway bridge earrying a wood floor,
for various positions of a certain pair of tractor wheels.

2. The determination of the effect of using two layers of floor planks,
the upper one being laid (a) lengthwise of the floor, (b) on a diagonal.

3. The determination of the effect upon distribution of load of loosen-
ing the planks from the nailing pieces.

4. The determination of the effect of the wheel lugs upon the distri-
bution of the load.

METHOD OF CONDUCTING THE INVESTIGATION

The Floor System: Two low conerete abutments were built of such
dimensions that they would accomodate a floor system identical with that
employed by the Towa Highway Commission for an 18 ft. span with 16
ft. roadway. Metal bearing plates were used on the abutments so as to
give a clearly defined span length of I-beam. Modifications of the stand-
ard design were also employed to secure data relative to load distribu-
tions on light I-beams. Figure 1 shows the various types of floor systems
studied.
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The Load. The load was applied to the axle of a pair of tractor
wheels by means of hydraulie jacks and the loads given in the various
diagrams include the weight of wheel and half the weight of the axle.
The general arrangement of the load apparatus is shown in Figs. 2 & 3.
Repeated. trials with this apparatus showed that loads could be repeated
with exaectness, but it is possible for the loads given in the diagrams to
be in error by 5.0 percent and the percentages of concentrations may be
in error by 5.0 pereent, although the average error is probably less than
2.0 percent. The wheels were placed in a symmetrical position on the
floor at the mid-span, and one, two and three feet off the eenter line of
the bridge at mid-span, a total of four positions for each floor system
studied. These various positions are indicated by the letters A, B, C,
and D in the diagrams of Figs. 5 to 23.

Experimental Data. The lower flanges of the I-beams and channels
were drilled for a 15 in. Berry strain gauge, the gauge lengths being
symmetrically laid off from the middle of the span and being eontinuous,
as shown in Fig. 4. Before the I-beams were placed in the bridge, they
were loaded by means of a standard beam testing machine and the strain
corresponding to various concentrated loads measured with the strain.

In the floor tests the wheels were raised from the floor and zero read-
ings were taken on all of the gauge lengths on the I-beams and channels.
The wheels were then placed in the desired position and the pressure
applied by means of the jacks. This load was maintained while the
strain was read on all gauge lengths. A second load considerably heav-
ier than would ordinarily result from any vehicle now using highway
bridges was then applied and the gauge readings again recorded. Each
final value of strain for a given load is an average of at least three separ-
ate determinations in which the individual determinations checked with-
in .0002 inch.

Calculations. It was expected to plat the moment diagram for each
1-beam and for each load, calculated from the elongation of outer fiber
whieh had been measured by the strain gauge, and from these diagrams
compute the load. Upon platting the moment diagrams, it was found
that the load acted very nearly as a concentrated load at the middle of
the I-beam, and that to so consider it gave results sufficiently near cor-
rect for the purpose of the investigation. Fig. 4 shows a set of moment
diagrams for one loading and these are typical of all of those obtained.
Table No. 1 shows the caleulation of concentration of load on each I-beam,
and it will be noted that the sum of the calculated loads on all of the
floor joists is 29,400 pounds, while the actual load is 29,800 pounds, the
error being 1.4 percent. As a rule the error was slightly greater than
this, although in no case was it gre ater than 5.0 per cent.

RESULTS OF OBSERVATIONS

The diagrams in Figs, 5 to 24 are drawn to show the concentration of
load on each joist in the floor system in percentage of one wheel load.
They illustrate the variation in conecentration for the several positions
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CALCULATED CONCENTRATION OF LOADS ON FLOCR JOISTS

Average Reading of Calcula-
i 2 Percentage of
Joist S Ganks Difference | ted Load |'One Wheel
Load on Joist load
No. load 29400 1bs.
Channel A —26 —25 5 i %5 i .50
I-Beam B 10 30 20 2850 I 19.40
I-Beam C —36 14 50 7400 50.34
J-Beam D —25 4 29 4000 l 27.20
I-Beam E —12 22 34 4600 31.30
I-Beam F —79 —29 50 6975 | 47.44
I-Beam G —11 | 10 21 . 3100 H 21.10
Channel H | =l 19 5 100 2.72
Total Calculated Load | 29400 | 200.00

Actual load 29,800 1bs.
Ratio Calculated load to actual load 0.986.

of the wheels. The lines are drawn to eonnect points of caleulated con-
centration and do not indicate the rate of change between points.

Fig. 24 shows the effect of the various positions of the lugs on the con-
centration, which is of value for comparison only when the diagonal lugs,
such as were on the tractor wheels used in the test, are employed.

It is not shown by the experimental data what effect diameter and
width of wheel will have on the concentration, but it seems probable from
a study of the diagrams of concentration and from the observations of
the progress of the experimental work that the results given herein will
closely approximate those with any other diameter and width of wheel
likely to be employed for motor trucks or traction engines weighing in
excess of four tons.

CONCLUSIONS

A concentration on a single floor joist, equal to 55.0 per cent of one
wheel load is possible where a single thickness of wood floor is laid on
the steel floor joists.

The concentration on the joists immediately under the wheels is gener-
ally inereased slightly if the ends of the plank are loosened, but the ad-
ditional coneentration is small.

The concentration on the joists immediately under the wheels is slight-
ly reduced by a second layer of floor planks laid lengthwise of the bridge
floor.

The concentration on the outer I-beam or channel increases rapidly
as the load approaches the side of the bridge. The outer joist should
have a section modulus as great as that of any other joist in the floor
system. .

The concentration on light I-beams used for joists and placed at the
intervals as shown in Fig. 1 is much less than on the heavier I-beam
joists with wider spacing, so they may be safely employed if enough are
used to insure wheel bearing on two joists.
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Positions C and D in this figure,

See note for Fig. 22.

Fig. 23.
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Fig. 24. Showing effect of position of lugs bearing on the
floor. Load 18,900 1b. at each wheel. Floor system consists of
six 9 in., 21 1b. I-beams and two 9 in., 131 1b. channels. Floor
of commercial 3 by 12 in. fir, laid transversely and fastened to
nailing pieces on channels.
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The College

The Iowa State College of Agriculture and Mechanic Arts con-
ducts work along five major lines:

AGRICULTURE
ENGINEERING

HOME ECONOMICS
INDUSTRIAL SCIENCE
VETERINARY MEDICINE

The Graduate Division conducts advanced research and instruc-
tion in all these five lines.

Four, five and six year collegiate courses are offered in differ-
ent divisions of the College. Non-collegiate courses are offered
in agriculture, engineering and home economics. Summer Ses-
sions include graduate, collegiate and non-collegiate work. Short
courses are offered in the winter.

Extension courses are conducted at various points throughout
the state.

Research work is conducted in the Agricultural and Engineer-
ing Experiment Stations and in the Veterinary Research Labor-
atory.

Special announcements of the different branches of the work
are supplied, free of charge, on application. The general cata-
logue will be sent on request.

Address The Registrar,
Ames, Iowa.
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