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® THE BRIDGE speafications of the American
Association of State Highway Officials are now the
design standard for highway bridges in the United
States and are also the most widely used specifications
in the other countries of the western hemisphere.
These specifications have an empirical distribution
of load to interior longutudinal girders, depending
on the type of deck and the girder spacing For
concrete decks and concrete girders the fractional
wheel load applied to each girder 1s the girder spac-
ing divided by 50. For exterior girders the hive load
1s assumed to be the reaction from the panel of deck
between the exterior and adjacent interior girders
from the wheel load, regarding the deck panel as a
simple beam. No consideration 1n the load distribu-
tion 1s given to the value of rransverse-diaphragm
beams connecting the longitudinal girders In the
usual concrete girder-span diaphragm, beams are
provided which have a suffness comparable to the
longitudinal girders These must have a very con-
siderable effect on the transfer of load from one
girder to another.

The AASHO specification results 1in a stronger
interior girder than the exterior girders. In 1933 the
Oregon State Highway Department made an 1n-
vestigation of a simple-span steel-girder bridge having
a concrete deck The primary purpose was to check
the composite action of the deck and girders, but 1t
also allowed a comparison of the girder deflections
under varying load posiions. The investuigation indi-
cated that the exterior girders took as much, if not
more, load than the interior girders. This led to the
adoption by Oregon of a specification whereby the
total assumed load on the span was divided equally
between all girders when adequate diaphragm beams
were provided.

In 1948 the state had occasion to build a simple-
span concrete bridge over Oneonta Creek on the
Columbia River Highway east of Portland. Figure
1 shows the structure loaded with two axles at mid-
span. This structure was selected for a full-size
investigation to determine the load distribution to
girders having an adequate diaphragm system. The
investigational feature of the project was a coopera-
tive undertaking by the U. S. Bureau of Public Roads
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and the Oregon State Highway Commussion.

The structure has a span length of 48 ft. center
to center of bearings. The east ends of the girders
are supported on a bearing permitting angular rota-
tion, but no horizontal movement. The west ends of
the girders have 51/4-in. rockers permitung both
rotatton and longitudinal movement The algn-
ment across the bridge 1s a tangent, the abutments
are at nght angles to the centerline, and the grade
The structure has a 26-ft-wide roadway
There are

1s level,
with a 3-ft.-6-1n. sidewalk on each side
four 16 1/2- by 5140, longitudinal girders at 7-ft -1/2-
in centers with an 8-by-49-in diaphragm beam at
midspan  Beam and girder depths include the 6 1/2-

in deck

‘Theoretical Distribution of Loads

The structure under discussion consists of four
longitudinal girders connected at midspan by a dia-
phragm having a suffness approximately equal to
the girders The problem of distribution of load to
the several girders 1s susceptible of analysis by a
simple, although rather tedious, procedure provided
certain assumptions are made These assumptions
are (1) the slab acts as ssmple beams between girders
in transferring wheel loads to girders and does not
enter 1nto the transfer of load from one girder to
another and (2) the girders are not suff enough in
torsion to produce appreciable restraining moments
at their connection to the diaphragms Both of
these assumptions are open to question The slab
1s a continuous beam supported by all girders and
plays some part in the transference of load In the
usual concrete structure, however, the diaphragm
depth 15 at least six times the slab depth and for equal
widths 1s more than 200 times as suff The most
effecuve portion of the slab for load transference
1s 1n the area where the greatest deflection takes
place The slab toward the girder support can con-
tribute but little  The contributton of the slab, while
perhaps not a negligible factor, 1s probably minor.
The torsional nigidity of the girder contributes in
some measure to the stffness of the diaphragm sys-
tem  For the very small angular change, this effect
1s probably a munor factor Both of these assump-
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Figure 2. Locations of test loads.

tions are on the conservative side, and the actual
distribution of load should be more than shown by
the computations.

The method of computing the load transfer 1s the
work of George S. Vincent, sentor highway bridge
engineer, Bureau of Public Roads. The wheel loads

are distributed to the adjacent girders by the slab
as though 1t were a simple beam. These loads de-
flect the girders and a part of the load is transferred
to the diaphragms at their intersection with the gird-
ers. Since the diaphragm 1s in static equilibrium,
the load transference at the outside girders may be
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regarded as reactions and at the interior girders as
loads, and the deflection curve of the diaphragm set
up 1n terms of the unknown load-transfer coefficient.
The number of equations from this relationship is one
less than the number of spans between girders, or two
less than the number of intersections of girders and
diaphragm Two additional equations are from the
summation of vertical forces and the summauon of
moments These equations are suffictent for the de-
termination of the unknown-load transfer coefficients

The load transfer depends on the relative stiffness
of the members. Whether the concrete acts with
the steel 1n resising tension stresses (uncracked sec-
tion) and whether the curbs and sidewalks act with
the extertor girders have considerable effect. In the
Oneonta Creck Bnidge the testing was done before
the bridge was opened to general traffic, and the
test results indicated that the concrete was effective
in tension and that the curbs and sidewalks acted
with the exterior girders 1n resisuing stress

For the Oneonta Creek Bridge with four equal
beams at equal spacings and a single diaphragm at
mid-span, the four simultaneous equations in the
unknown load-transfer coefficients are

ZD‘ ~(BR+1)Dy— 7RD,+%=2TP1_ P2+P«
D—7RD,— @R+)DH 2B p, 2P

Dy+Dy+Dy+ D=0
D3+2D3+3D4 =0

where Dy, D,, D3 and D, are the load transfer coeffi-
cients at the intersection of the diaphragm with each
girder, Py, Py, P; and Py are the loads apphied to
each girder, and R 1s a ratio of the suffness of the
diaphragm to the suffness of the girders. These four
equations are sufficient for the determination of the
load transfer coefficients. The derivation of the equa-
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Figure 3. Deflection of girders.
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tions is given 1n an appendix to this paper.

Instrumentation

The test installaion was designed to furmish in-
formation on the problem from three approaches
Gauge ponts were set 1n the bottoms of all girders
at mudspan and at quarter points The deflections
under load were measured with inside micrometers
from fixed points on the falsework below the girders

SR-4 strain gauges were nstalled on the metal
reinforcing bars at points where knowledge of the
stress might be informauve. These points were as
follows On the two exterior bars in the lower

center of stdewalk at midspan On longitudinal bars
in the face of the roadway curbs at midspan The
SR-4 gauges were placed 1n pairs on opposite sides
of the bars and connected 1n series to correct for any
eccentricity of loading The gauges were water-
proofed with adhesive tape and petrosene wax. The
gauges were placed on the bars and enclosed 1n a sheet
metal housing so that no concrete came 1n direct
contact with the gauge. Lead wires were brought
from the gauges to a central station where all read-
ings were made

The reactions under each end of each girder were
measured by individual weighing devices. These
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Figure 4. Deflection of girders, load Conditions 4 and 5.

layer of the main tension steel 1n the bottom of each
girder at midspan and at the quarter pomnts On
the tension steel 1n the bottom of the diaphragm beam
at the point of intersection with each main girder.
On longitudinal bars 1n the slab above each girder
at midspan and at quarter points On longitudinal
bars 1n the top of the deck slab midway between
girders at midspan and at quarter ponts. On five
transverse bottom deck bars symmetrically placed
about one quarter pomnt. On longitudinal bars in

consisted of a short section of an aluminum alloy
cylinder with SR-4 gauges at each quadrant. The
opposite gauges were connected 1n series to correct
for eccentricity The aluminum cylinders were cali-
brated on a tesung machine and stress-strain curves
plotted for each cylinder The girder loads were
applied to the cylinders through a ball joint to de-
crease eccentricaty to the mimmum  The cylinders
were supported on the abutments by parallel plates
and leveling screws to level the support and to equal-
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1ze the dead load on the girders prior to loading for
deflecion and stress measurements. At the con-
clusion of the test program the cylinders were replaced
with bearing plates and rockers.

Loading
The loads were single-axle, flat-bed trailers towed
by tractors with a spacing of 25 ft between the rear

were used to produce the desired loading arrange-
ments

Seven load arrangements were used These ar-
rangements are shown in Figure 2. In the first two
a single trailer was used, 1n one instance with the
traller 1n the normal position 1n one traffic lane, and
then with the trailer placed as close as practical to
one curb Three arrangements were used with the
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Figure 5. Stress in girder tension steel.

tractor axle and the trailer axle. This arrangement
allowed the trailer axle loads to be placed at any point
on the span with the tractor loads off the span. The
trailers had been especially built for heavy hauling,
and the wheel spacing on the axles did not match the
spacing usually assumed for bridge design. The axle
load was therefore applied by a beam supported on
the deck by blocks the size of a loaded ure imprint
and at the conventional spacitng Two loaded trailers

two traller axles at midspan, with each axle in the
normal position 1n 1ts traffic lane, with the two axles
placed as nearly as practical to one curb, and with the
two axles symmetrically placed about the center line
and as near together as was practical. Two arrange-
ments with both trailer axles at a quarter point were
used. In one arrangement the axles were placed as
near to one curb as practical and in the second the
two axles were symmetrically placed about the bridge
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center line and as close together as practical operation
would permut. All loadings were made with 48,000
Ib on each axle which applied loads through the blocks
corresponding to a 24,000-b, wheel load. These
loads are, of course, more than the structure was
designed for, but were chosen to give deflections and
stresses that could be easily measured.

Test Data and Analysis

As mentioned before, the assumptions as to whether
the concrete acts as a cracked or an uncracked section
and as to the effectiveness of the sidewalks and curbs
1n acting with the outside girders play a large part in
the calculated values for both deflecuon and stress.
The testing at the Oneonta Creek bridge was done
immediately after the completion of the structure
and before 1t was opened to traffic. As would be
expected, the structure acted as though the concrete
were acting with the steel 1n resisting tenston stresses
The test results also showed that the sidewalks and
curbs acted with the exterior girders.

Calculations for deflection and stress were made
for all load positions under each of the following
assumptions (A) uncracked concrete section without
considering the sidewalks or curbs as effecuve, (B)
uncracked concrete section with sidewalks and curb,
(C) cracked concrete section without considering the
sidewalks or curbs as effective, and (D) cracked con-
crete section with sidewalks and curbs.

Since the condition of the structure at the time of
test and the test results themselves indicate that the
structure was acting as uncracked concrete with the
sidewalks and curbs effective, the comparison be-
tween calculated deflection and stress and field
measurements 1s made under Assumption B except
for load Positions 4 and 5 where all four assumptions
are shown. Eventually the concrete on the tension
side of the girders will crack and no longer act in
tension, and the deflection and stress will approach
those of Assumption D.

Deflections

The calculated deflections for Assumption B and
the measured deflections for all load conditions ex-
cept load Condition 2 are shown in Figure 3. The mn-
strumentation falled on load Condition 2, which 1s
for a single-axle load near one curb. Since this 1s not
a cntical load condition, this test was not repeated.
It will be noted that there 1s a remarkable corre-
spondence between the measured deflections and those
calculated under Assumption B, the uncracked con-
crete section. Attention is particularly called to the
graph showing load Condition 4. With two axles

placed as near to one curb as 1s practical, this loading
produces the greatest deflection and stress. The
measured deflections and the calculated deflections
for the uncracked section are in good agreement. In
general, the measured deflections are shghtly more
than should occur if the concrete were entirely ef-
fective. A very small amount of initial cracking
could easily account for the differences.

Figure 4 shows the deflections of the four girders
under load Conditions 4 and 5 and under all four
assumptions. The measured and calculated de-
flections are given mn Table 1.

TABLE 1
DEFLECTIONS—LOAD CONDITION 4

DEFLECTIONS

Position  Guder Calculated

on Bridge Ni g
A B C D
mn mn in n mn
L/4 1 o0 054 o oy 0 053 0 153 0114
L/4 2 049 057 048 139 125
L/4 3 037 o4t 037 102 099
L/4 4 022 o011 018 o041 034
L/a t o81 101 076 222 166
L/2 2 o072 o83 o070 202 182
L/3 3 037 obo 0§53 150 143
L/a 4 037 030 017 059 049
3L/4 1 055 o069 053 153 14
3L/ a 049 os7 048 139 128
aL/s4 3 039 o041 037 102 099
3L/4 4 015 oat 018 o4t 034
DEFLECTIONS—LOAD CONDITION s
L/4 1 o 039 0 044 0 035 0 092 o o70
L/s 2 046 050 043 126 ny
L/4 3 018* oS0 043 126 uy
L/s 4 037 044 035 092 o70
L/a 1 059 064 050 134 102
L/a 3 059 073 063 183 170
L/a 3 o2 073 063 183 170
L/a 4 055 o064 050 134 102
3L/4 1 039 o44 035 092 070
3L/4 F 043 050 043 126 17
/4 3 044 050 043 126 1?7
3L/ 4 033 044 035 092 070

¢ Erroncous gauge reading

The measured deflections match the calculated
deflections under Assumption B surpnisingly well
The measured deflection of the exterior girder was
0.081 1n, while the adjacent interior girder deflected
0.072. This occurred even though the exterior girder
with the sidewalk and curb has a moment of nertia
of 578 in.* and the interior girder has a moment of
inertia of 402 1n.* The deflection of the extertor gir-
der of 0.081 in. was the greatest deflection under any
gider for any load condition. Load Condition s,
with the two axles symmetrically placed about the
longitudinal centerline and as near together as prac-
tical, gives the greatest load on the interior girder.
The measured deflection of the interior girders aver-
aged 0.061 under this loading. A comparison of
Curves A or C for the two loadings, where the girders
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have equal moments of nertia, shows the relative
deflections under loadings which give the maximum
deflections of the exterior and interior girders. Under
load Condition 4, with the two axles crowded toward
the curb, the maximum deflection 1s 1n the externior
girder and was 0.081 in Under load Condiuon 5,
with the two axles as near the center line as practical,
the maximum deflection 1s 1n the two interior gird-

porpe ]

stresses, probably due to the effect of imitial cracking
of the concrete

The measured and calculated stresses for load Con-
ditions 4 and 5 are given in Table 2 and the plotted
data in Figure 6

The highest stress was found 1n the extertor girder
under load Condition 4 when the measured stress was
4,650 psi. in the remnforcing steel  Under load Con-
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Figure 6. Stress in girder tension steel, load Conditions 4 and 5.

ers and averaged 0061 m  This indicates that the
exterior girders should be at least as strong as the
intertor girders

tress

The stress measurements with the SR-4 gauges at-
tached to the tension steel of the girders are not as
consistent as the deflection measurements  Even
though every practical precaution 1n the installation
and protection of the gauges was taken, the results
were rather erratic.

The measured stresses and the calculated stresses
under Assumption B, for all load conditions except
Condition 2, are shown in Figure 5. The measured
stresses 1n general are higher than the calculated

dition 5, which should produce maximum stress in
the intertor girders, the steel stresses were 3,525 psi.
and 2,775 pst., an average of 3,150 psi. These meas-
urements, while subject to considerable question
quantitatively, support the deflection measurements in
mndicating that the exterior girders can be subjected to
heavier loads than the interior girders.

An examunation of Figure 6 shows that 1n general
the measured stresses are between the values which
the Vincent analysis gives for the cracked and the un-
cracked sections It 1s probable that the concrete
immediately adjacent to the gauges was only parually
effective 1n resisting tension
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Reactions

The weighing of the reactions at the ends of the
girders was not enurely satisfactory. In moving the
loaded trailer axle on and off the span 1t was impos-
sible to prevent slight movements of the span which
affected the loading on the alloy” cylinders. There
was also some friction between the span and the
backwalls of the abutments that affected the results
In every case the total load shown by the weighing
devices was less than the applied load In a few cases
one weighing device would show an unreasonably
large proportion of the total load In general, how-
ever, the reactions were fairly well in line with the
predictions of the Vincent analysis. Table 3 gives
the measured and computed reactions for load Con-
dition 4 1n which the two axles were crowded to one
stde of the structure In this table a column headed
“Adjusted Value” has been added in which the ac-
tual measurements have been proportionately n-
creased so that the total equals the applied load.

Conclusions

Because of the questions as to the action of the
concrete as a cracked or an uncracked section and
as to the amount the sidewalks and curbs contribute
to the moment of inertia of the exterior girders, the
test results should not be used quanutanvely. The
comparisons between the several load conditions and
between the exterior and interior girders do give a

1 \BLE 2
SERESS—LOAD CONDITION 4

LIVE LOAD STRESS

Position Girder Calculated

on Bridge Number Measured

A B [ D

Ib/w? 1b/in? b/n2 Ib/in? Ib/in?

L/4 1 1,575 1,559 5,428 4,601 4,023
L/4 2 1,725 1,300 1,083 4,209 3.787
L/s 3 1,800 936 827 3.118 2,084
L/4 4 975 466 497 1,228 1,189
L/2 1 4,650 3,117 2,856 9,202 8,046
L/2 2 3.450 2,601 2,166 XL 7,575
L/2 3 2,100 1,872 1,654 6,229 5.960
L/z2 4 1,800 932 994 2,456 2,378
3L/4 1 1,135 1,559 1,428 4,601 4,013
3L/4 2 900 1,300 1,083 4,200 3.787
3L/ 3 1,050 936 827 3,118 2,984
3L/4 4 675 466 497 1,228 1,189

STRESS—LOAD CONDITION s

L/4 1 1,200 993 944 2,765 2,472
L/4 2 2,625 1,138 977 381 3.550
L/ 3 3,150 138 977 380 3,550
L/s 4 2,775 993 944 2,765 2,472
L/2 1 3,515 1,985 1,887 5,530 4044
L/2 2 3,300 2,275 1,955 7.612 7,000
L/2 3 2,775 2,275 1,955 7.622 7,099
L/a2 4 3,075 1,985 1,847 5530 4,944
3L/4 1 975 993 944 2,765 2,472
3L/ 2 2,250 1,138 977 3,811 3,550
3L/ 3 1,575 1,138 977 3,811 3,550
3L/4 4 1,725 993 944 2,765 2,472

IN BRIDGES

TABLE 3
REACTIONS—LOAD CONDITION 4

Calculacted

Girder Weightas  Ad {

Reaction Measured Value A B [ D

No 1 W 17.043 18 322 17,490 19,412 16,780 17,064
No 2 W 13.426 14,433 14 700 12 381 15,369 13,830
No 3 W 9,043 9,721 10,579 9453 11,373 10,898
No 4 W 5:591 (X1 5,231 6,754 4478 5,308
No 1 E 17,749 19,081 17.490 19,412 16,780 17 964
No 2 E 11,055 11,885 14,700 12,381 15,369 13,830
No 3 E 10,584 11,378 10,579 9.453 11,373 10,808
No 4 E 4,808 5,169 5.231 6,754 4,478 5,308
TOTAL 89,299 96,000 96,000 96,000 96,000 96,000

true picture of the effect of diaphragm beams in dis-
tributing the loads.

The results from the deflection and stress measure-
ments correspond with the calculated values by the
Vincent method so closely that this method can be
used with confidence when a close approximation of
the actual load distribution 1s of enough importance
to jusufy the labor 1nvolved

The present AASHO specification for load distribu-
tion to concrete girders in spans having adequate dia-
phragm beams 1s faulty 1n that 1t results in assigning
more load to the interior girders than to the exterior
girders  In the usual structure the exterior girders
carry as much load as the interior girders and, under
some girder arrangements and load positions, may
carry even more

For structures having adequate transverse dia-
phragms, a loading assumption 1s suggested in which
the enture deck width 1s loaded with axle loads and
fractions of axle loads and the total load divided
equally to all the girders. This 1s a simple specifica-
tion, eastly and quickly applied, and, 1n view of the
many uncertainties nherent 1n design, 1s accurate
enough. Certainly 1t 1s more accurate than the pres-
ent procedure

The Oneonta Creek Bridge was built under con-
tract with Marshall Dresser as resident engineer The
planning of the investigation was done by Richard
Rosecrans, structural research engineer. The 1nstalla-
von of gauges and making of tests was under the
supervision of Oscar White, assistant engineer of ma-
terials and tests. The analysis of test data was by Roy
Edgerton, structural research engineer.

APPENDIX

Vincent Method of
Computing Load Distributions
This analysis sets up equations for the deflections
of the girders and the diaphragm with respect to their
dead load positions and for the force distribution
necessary to produce these deflections. The individ-

~
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val girder 15 deflected by the applied wheel loads
and the forces transmitted to 1t by the diaphragm,
whether upward or downward at the parucular gir-
der. The diaphragm acts as a continuous beam over
yielding supports or, more accurately stated, as an
elastic member 1n space 1n equilibrium under the
action of forces appled at its intersections with the
various girders Its deflection under the action of
these forces can be readily expressed; for convenience
in this analysis its deflection 15 expressed with respect
to the chord connecting 1ts intersections with the two
outside girders

In this analysis the torsional ngidity of the girders
1s neglected, z¢, 1t 1s assumed that the girders are
not suff enough in torsion to produce appreciable
restraining moments at the ends of the diaphragm
or at 1ts connections to the intermedate girders. This
assumption 1s important 1n its effects. For example
if 1t were assumed that the girders were so suff 1n
torsion as to fully fix the diaphragm at the ends and
at the various interior girders then no diaphragm
moment would be carried past any girder and each
segment of diaphragm between adjacent girders
would be subjected to reversed moments of equal
magnitude at 1its two ends, these moments and the
resulting shear transferred from one girder to the
other being determined by the relative deflections
of the adjacent girders and the suffness of the dia-
phragm segment between them. Under this assump-
tion of relatively great torsional nigidity the individual
guder stems would remain vertical even under ex-

B &Dq3

Girder No4 R

treme eccentric loading and the diaphragm would
deflect 1n a series of reverse curves. There can be
little doubt that the torsional ngidity of the individ-
ual girder stem is nearly neghgible in so far as its
capacity to develop fixed end moments in the dia-
phragm 1s concerned and it 1s much nearer the
truth to neglect this torsional resistance than to as-
sume fixed end conditions. Furthermore, the neglect
of any factor such as torsional rigidity which tends to
stiffen the diaphragm 1s on the conservative side,
indicating somewhat less distribution of load than
occurs.

This analysis neglects also the effect of the slab
in distributing loading between girders This effect
is far from neghgible in the case of girder spans
without diaphragms as shown by theoretical analysis
and model tests at the University of Ilhinois. How-
ever, when diaphragms as deep as the girders are
used, their suffness 1s great in comparison with that
of the slab and they therefore assume the major por-
tion of the task of distributing the load This 1s
especially true 1f several diaphragms are used or if
a single diaphragm 1s used at the center of a span of
such length that the moment 1s due almost entirely
to the rear truck wheels placed at or near the center
of the span

Though the method 1s of general application, the
equations are developed for the case of a four-girder
bridge with a diaphragm at midspan and with the
live loads applied at mudspan.

Figure A shows the span layout and the forces
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R &Da\ Girder No3| § Girders
s Diaphragm: }) ) A A [}
B D GirderNo.2| { 3' ?2 ‘33 %,
!
P &D Girder No.| " |  Diaphragm !
) N irger No. { OIAGRAMATIC
PLAN - CROSS SECTION
*P
Ao
Span 1
ELEVATION

Figure A.
\
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acting on 1ts various elements

Py, Py, etc., are the wheel loads distributed to each
girder, assuming simple beam action between gir-
ders  The final equations are developed in terms of
these general loads, thus the effects of various trans-
verse positions of the wheel loads can be determined
by substituting the proper values for Py, P>, etc., com-
puted for the desired wheel load positions D, D,,
etc., are forces transferred from the girders to the
diaphragm  The convention 1s used that a positive D
acts upward on the girder and downward on the dia-
phragm. Since the diaphragm 1s supported only by
the girders, the laws of equilibrium require that the
summation of all forces, D, be zero and some will be
negative 1n sign and thus reversed 1n direction from
that shown 1n the sketches.

The case of equal moments of inertia for all gir-
ders (I;=lI=I,=I3=I,) will first be developed.

The net load of a typical girder 1s P — D and the

deflection at the center 1s

(P — D3

A='48—Erl‘ 1)

wherein E; 1s the modulus of elasuaity and I, 1s the
moment of inertia of a girder.

The movement of the diaphragm in space under
some combination of loads Py, Py, etc, on the bridge
1s illustrated by Figure B, which shows also the de-

Figure B.

flections of points on the diaphragm with respect to
the chord jomning 1ts ends It should be noted that

A2 = %A|+%A4+5z and (2)

A3=%AI+%AA+53~ 3)

Since the diaphragm 1s a beam 1n equilibrium un-
der the action of forces D, we may choose to consider
any of these forces as reactions and the others as
loads. We must recogmze that the actual signs of
some of these forces will be negauve and be prepared,
therefore, to find 1n the final solution that some of
our assumed reactions act downward and some of
our assumed loads act upward. The diaphragm can
be represented as a convenuional simple beam by

showing — Dy and — D, as upward acting forces

as shown 1 Figure C.
r

"

*—D| -DA

Figure C.

The deflection of the diaphragm at each girder 1n-
tersection under these loads can be computed by varn-
ous methods. It 1s perhaps easiest to use the formula

_Pbx
b=z P-4 —%) @

applying to Figure D. In applying this formula, the

b
 S— 1

- 1

Figure D.

diaphragm deflection at Girder 2, first due to Dy, then
due to Dy, are determined and added By this method

8Dy | TDy?

"=T8E,1, T REL, TBE,L, P70 ()
S=— s (7D,+8D;) ©)
T 18E,I, Rt

wherein Eg 15 the modulus of elasticaty and I, 1s the
moment of inerua of diaphragm.
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We now introduce K—m and N—m
Substituting these values 1n Equation 2
K(Py— D)=L K(P,— D)+ k(= D))
3 3 )

=+ N(8D,+7D;)

Introducing R= %



PAXSON: TRANSVERSE DIAPHRAGMS 57

(Ps=Di)=2(Pi=D)+5(P—D)

®
+R(8Dy+7D5)
2 1 2
+D1— (8R+1)D;—7RDs+ D= 5P
3 3 3 o)
- Pﬁ"l"%P‘
1 2 1
-3—Dl— 7RD,—(8R+ l)Dl+—3"D4 = '3—P1
(10

—Pt2P,

From the conditions of static equilibrium of the
diaphragm under forces Dy, D2, Dg and Dy, two ad-
ditional equations can be written.

2F,= D+ Dy+ D3+ D=0 and (11)
2M1= D2+2Da+3D‘= 0 (12)

In the simultaneous solution of Equations 9, 10, 11,
and 12 for any particular bridge, 1t 1s best to intro-
duce the computed value of R, but the values of Py, Py,
Py and P, should be left 1n general terms so that
effect of any transverse position of wheel load can

be determined without solving additional sets of equa-
tions.

If the moments of mnerua of the girders of a struc-
ture differ enough to warrant consideration in the
computation, separate values of K, Ko, etc, are -
troduced and Equations 9 and 10 become:

%K 1Di— (8N +K;)D;— 7ND,+% KD,

2 1 13)
=?K1P1—K2P2+TK4P4
%K,D;— 7ND,— (8N+K,)D,+—§-K.D.
1 (14)

K.P1— KsPy+ %K.P.

3

This same general method can be applied to spans
with greater numbers of girders and diaphragms. It
will be noted that the number of simultaneous equa-
tions will equal the number of D forces which, 1n
turn, will equal the number of girder-diaphragm
intersection. To develop equations for conditions
involving loadings other than midspan, numerical co-
efficients must be determined for Py, P, etc., 1n Equa-
tion 1.





