
r-NRLF

15fi



EXCHANGE



Official Publication of

Iowa State College of Agriculture

and Mechanic Arts

VOL. XVII APRIL 30, 1919 NO. 48

LOAD CONCENTRATIONS ON STEEL FLOOR

JOISTS OF WOOD FLOOR

HIGHWAY BRIDGES

By

T. R. AGG
C. S. NICHOLS

BULLETIN 53

GOOD^ROADS SECTION

ENGINEERING EXPERIMENT STATION
^~

Ames, Iowa

Published weekly by Iowa State College of Agriculture and Mechanic Arts,
Ames, Iowa. Entered as second-class matter, and accepted for mailing at
special rate of postage provided for in section 1103 Act of Oct. 3, 1917. Au-
thorized Sept, 23, 1918.



EXCHANGE

PUKPOSE OF THE STATION

THE purpose of the Engineering Experi-

ment Station is to afford a service, through

scientific investigations, evolution of new devices

and methods, educational technical information,

and tests and analyses of materials :

For the manufacturing and other engineering

industries of Iowa ;

For the industries related to agriculture in

the solution of their engineering problems ;

*

For all people of the State in the solution of

the engineering problems of urban and rural

life.
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LOAD CONCENTRATIONS ON STEEL FLOOR-JOISTS

OF WOOD FLOOR HIGHWAY

PURPOSE

The investigation was undertaken to determine the manner in which

heavy 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 concrete 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
traffic.

In many of these structures, light 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 channel joist of a highway bridge carrying 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 concrete abutments were built of such

dimensions that they would accomodate a floor system identical with that

employed by the Iowa 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.





The Load. The load was applied to the axle of a pair of tractor
wheels by means of hydraulic 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 exactness, but it is possible for the loads givxen in the diagrams to

be in error by 5.0 percent and the percentages of concentrations may be
in error by 5.0 percent, 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 center 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 continuous,
as shown in Fig. 4. Before the I-beams were placed in the bridge, they
w^ere 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

I-beam and for each load, calculated from the elongation of outer fiber

which 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 calculation 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 concentration for the several positions
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Fig. 24. Showing effect of position of lugs bearing on the
floor Load 18,900 Ib. at each wheel. Floor system consists of
six 9 in., 21 Ib. I-beams and two 9 in., 13% Ib. channels Floor
of commercial 3 by 12 in. fir, laid transversely and fastened to
nailing pieces on channels.
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