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MICHIGAN THEST ON RCLLED BEAM BRIDGE
USING H20-S16 LOADING

In order to continue an investigation of the effectiveness of shear developers
and to study certaln lateral distribution features in bridge construction, the
Bridege Enginser bf the Michigan State Highway Departme;ﬁ, in consultation with
W, W, McLaughlin, Testing and Research Engineer, proﬁosed a testing program on a
six~span bridge near Fennville, Michigan,

Tne general program wassebtup dy &, A, Pinney, Assistant Testing and Besearch
Engineer in charge .of Research, Suggestions for the testing of certain feabures were
made by G, 5, Vinceht, Bureau of Public Roads: P. ¥, Lin, Institute of Transportation
and Traffic Bngineering, University of California; %. G. Hartman, Aluminum Research
Laboratories; G, T, G, Looney, Yale University; &. B, Woodzuff of Woodruff and
Samson, BEngineers, San Francisco: H. E. Hilts, Bureau of Public Eoads, and others,
Aids in-ﬁesting me thods were obtained from reports on (1) the San Leandroc Creek
Bridge, Oskland, California, and (2) the Paramata Bridge in New Zealand,

The field tests were supervised by L, D, Childs, Physical Research Enginesr.

M, Rothstein, Bridge Design Fngineer, analyzed the data, C, B, Milroy, Bridge Froject
Enginesr, worked directly with the test crew in the field and expedited the work.

V. J. Spagnuoleo, Phyiscal Testing Engineer, supervised the oﬁeration and maintenance
of the recording equipment,

This report is a record of the progress to date. Testing of the structure will
continue with a more detailed study of impact and vibration effects from rapidly
moving vehicles,

OBJECTIVAS OF THE TEST PROGRAM

The general purpese of the investigation was Lo obtain stress and deflection data

which could be correlated with thecretical wvalues to accomplish efficlency and cconomy

in the design of highway bridges, The information will alsoe he used in a study of the



live lcad~carrying capacity of existing highway structuores under loads imposed wupon

them by present day heavy motor transpert units,

The speecific objectives of the test program as propeosed in the original outline

were a8 follows:

1,

,3‘

10,

To determine the gtress digtribvution in the girder system under static, dynamic,
and impact loading,

To study the effect of diaphragm connection and method of spacing upon lateral
distribution of loads,

To measure the degree fto which the concrete deeck slab influences stress
distribution %o supporting members,

To ovserve the differences in stress condltions in supporting sisel members
wheq deck slabs are anchored and tmanchorsd to these menmbers,

To check design values with field data.

To observe the effecte of ftemperature upon stresses in the structure,

To obtain vibration dats on spans with different design features,

To measure slippage between the deck slab and the supporting beans,

To measure the mid-span deflections of spans with different design features
and under several locad conditions,

To attempt %o measure lateral stresses in the concrete deck both by surface

gages and by gages attached to the reinforeing steel,

Although the specific objectives were not achieved in their entirety due %o

linitations of equipment, some data was obitained for each phase of the study., A

contimuation of the tests should supply sufficient additional information to

fully accomplish all of the objectives,
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THE STRUCTURH

Fundamental dimensions of the structure are given on the plan in Figure 1,

The bridege consists of six simple spans, each nominally 60 feet in length with
an overall deck width of 33 ft, 8 in, and a 90-~degree angle of crossing, Ths

deck is constructed of reinforced concrete with varidble slab thickness to pro-
vide the required crown at %the center and toc allow for dead load deflection of

the beams, The deck is reinforced transversely with 5/8 in, deformed bars at

6-in. centers top and bottom, I% is supported by seven lines of 36-in, W, F, 182-
1b, rolled beams spaced 5 £t, 24 in. on centers,

The six spans are alike except for the following features:

Span 1 - West end bf beams embedded in concrete backwall: two rows of dia-
vhragms double-bolied to beams; actual span length from center to
center of bvearings is 58 ft. 5 in,

Span 2 - Three rows o»f diaphragms double-bolted. Span length 359 ft; 3 in,

Span 3 - Composite congtruction using spival shear developers, Two rows of
diaphragms single-bolted. Span length 59 ft. 3 in,

Span 4 ~ Three rows of diaphragms single-bolted. Span length 59 ft, 3 in.

Span 5 - Two rows of diaphragms. This span tested under three conditions;

(a) with no diaphragm connections, (b) single-bolted, and (¢) double-

bolted. Span length 59 £t, 3 in,

Span 6 - Two rows of diaphragms single-bolted. %The east ends of the beams are
embedded in the bhackwall, Span length 58 ft, 5 in,
A general view of the bridge at the time of testing is shown in Figure 2, The
field program was not begun until the waiter had subsided {0 its minimam level, At

this stage, Spans 5 and 6 were dry, Spans 1 and 4 extended over water for about

half their length, and Spans 2 and 3 were completely ovér water,

-l =




A FIGURE 2. GENERAL V.IEW OF BRIDGE AT TIME OF TEST

FIGURE 3, DOUBLE BOLTED DIAPHRAGM WITH ONE SIDE
UNBOLTED FOR TESTS ON SPAN 5

FIGURE 4. REINFORCEMENT DETAILS AND METHOD
OF PLACING SR~4 GAGES

m FIGURE 5 SPIRAL SHEAR DEVELOPERS IN REINFORCEMENT FOR SPAN 3
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Several design features are illustrated in the accompanying ohotographs, A
double-bolted diaphragm is pictured in Figure 3, Iwo rows of turned bolts fastfen
it rigidly to the beam web, In this illustration, the bolits on cne side have been
removed for the purpose of testing Span 5 under the "no diaphragsm® condition,

Figures 4 and 5 exhibit the placement of the reinforcing steel in the deck,
Also, in Pipgure 4, the method of application of the strain gage to the reinforeing
steel is shown, The spiral shear developer, which is welded to the tops of the
beams of Span 3, may be seen in Figure 5.

TEST EQUIPMENT

Loading Vehicles

4 special test vehicle meeting the H20-S16 requirements was constructed by
the Maintenance Division., A Walters truck was modified by extending the wheel base
to 14 f%, and mounting a fifth wheel directly above the rear axle, A set of out-
side wheels was added to the rear axlse to assure support for the 16-ton load with-
out excessive overload on the tires, A semi-traliler was buil% .with the distance
between the truck and trailer axles also equal to 14 f£t., The axle lengths were
6 ft. from center to center of wheel on the first and last axle, and 6 ft, 4 in,
on the center one, These were gsufficiently close to the measurements of the theg=
retical design vehicle to be used for direct comparison of design and field meas-
ured resulis,

Ballast blocks for loading the axles to the required 4, 16, and 16 tons re-
speétively were made of plain concrete and were 1 ft, x 2 ft, x 4 £+, in sige,
with a8 weight of ahout 1200 1bs, each., They were cast in wood gang molds which
were sei up on the bridse deck, Before the concrete had set, a small amount of
the mix was removed from the top of the block at the center aﬁd a "U" shaped piece
of reinforcing sieel embedded at this peint, with the bend flush with the surface.
Thig provided a loop for the crane hook and facilitated handling without interfer-

ing with the stacking of the blocks.
- B o=




Several photographs of ithe loading equipment are shown, Figure 6 is a view
of the test vehicle loaded to meet H20-816 requirements, Figure 7 exhibits the
peculliar arrangement of the ballast necessary to produce proper load distribution,
In Figure 8, several featureé may be seen, In the foreground are the gang molds
in which the Dballast blocks were cast, Behindg these is the c¢rane which loaded the
blocks onto the test vehicle.' To the right is the vehicle with the twe heavy
axles resting upon loadometers, Fortunately, the front axle 4-ton requirement was
met withdut the use of ballast on the truck, so four loa&ometers were suffiecient
to check the load distribution.

After some testing with the single design vehicle, it was concluded that hatter
results might be obtained with heavier loads, A second design vehicle was not
available, but & standing load was readily constructed from beams and blocks, This
was placed in the lane adjacent to the one used by the moving f$ruck in such A po~
sition as to oroduce maximum bending moment, Figure 9 shows this simumlated vehicle
and an actual test picture of beth vehicles in use is shown in Figure 10,

Meaguring Instrumenis

SHrains and deflections werse measured at mid-span on all spans., The Baldwin
SR-4 bonded strain gage was the heart of the instrumentation., These gages were
cemented to the beams' flanges, to the diaphragms, to the bottom of the bridge
deck, and on certain lateral reinforeing bhare., They were also used on short thin
cantilevers to make vossible a permanent record of deflections,

The type A-1 gages were used more than any other, although some AR-1 and A-8
gages were used in the diaphregm study, and A-9 gages were cemented fo the bottom
of the concrete deck in the study of lateral load distrivution, Figure 11 is an
installation of gages on a diaphragm, and the application of a gage to the reine

forcing steel was shown in Figure 4,



FIGURE 6,
H20-8168 TEST

FIGURE 7. DETAILS

OF LOAD DISTRIBUTION
TO MEET H20-S1(8
REQUIREMENTS

FIGURE 8. MOLDED BALLAST BEING PLACED
ON TEST VEHICLE

E PLACED FIGURE 10. METHOD OF OBTAINING TWO-TRUCK
LOAD CONDITIONS




Deflectometers were laboratory-built., Figure 12 is an installation on a beam
and an accompanying explanatory sketch., The device was constructed in such a way
that depressing the beam actuated both a one~thousgandtih dial and the short canti-
lever to which the strain gage was attached, The dial permitted visual observation
of the deflection and the cantllever transducer provided means of actuaiing an
oscillograph galvanometer to provide a permanent record on sensitized paper., The
combination of visual and electric indication made the calibration of the electri-

cal record very simple,

The installation of gages and deflectometers under Span 3 i1s pictured in

Figure 13. A% the time this photograph was taken, the static tests had been com=

pleted and the wires to the middle gage at the bottom of sach besam flange had been

clipped.' The gage heads were then attachsed for the dynamic tests, The operator
was in the act of setting the deflectometer dlals to the initial zero,

The position of the moving truck on the bridge deck was determined by the use
of rubber tubes and pneumatic switches. The tubes were stretched acrcoss the lane
at two locations, The first was at the point whers the truck-first entered the
gpan and the second was at mid-span, The switches actuabed solencid markers in
the oscilliograph and formed small pips on the record.

Slippage betwsen the deck and supporiing beams was read on dials sensitive

to ome ten-thousandth inch, A dial mounted for this purpose is pictured in

Figure 14,

Recording Devices

Two ypes of devices were used for recording the test data, For siatic tests,
strains were measured by an SR-4 portsble indicator and deflections were read

directly from the dials., The indicator and anderson swiiching units are seen in

Figure 15, When moving leoad and impact tests were made, both strains and deflections
were recorded upon a photo-sensitive paper sirip in a Hathaway 12-channel oscillo-
graph, This strain measuring squipment was mounted on shock mounts in a Ltight

truck, and is pictured in Figure 16,
-9 =
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Sample oscillograph records are shown in Figure 17, The verticalrlines are
timing lines representing one-tenth second intervals, %They enable a computer to
figure the frequency of osnillation of the span and the speed of the moving wvehicle,
The pips at the %top of the record show the truck wheel positions,

The strains and &eflections were determined from the traces in the following
manner: the ratic of micro-inches per inch of strain to units of chart deflections
was first computed from a calibration record. Then the maximum deviation of each
“trace from 1%s zero iline was multiplied by this factor to obtain maximum recorded
straiﬂ, By this procedure, the strain magnitude at mid span on the lower surface
of each beam was found from the upper seven traces on the record. Deflections were
compuited in é gimilar manner from the lowsy five traces, On Beamsg 6 and 7, the
dial indlcator readings were used directly becamse the recording equipment was

limited to & %otal of 12 channels,

- 1] =



8. FIGURE 15 SR-4 INDICATOR
AND ANDERSON SWITCHES FOR MEASUREMENT
OF STATIC LOAD.:

FIGURE 1'6. HATHAWAY 12- CHANNEL
STRAIN ANALYSER FOR DYNAMIC TESTS.
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CUTLINE OF THE TEST ROUTINE

Gage and Deflectometer Installation

After a period of preliminary tests and explorations on Span 6, the test

settled down te a routine excent for a few special features, On Spans 3, 5, and

6, strain gages were cemented to cach beam at mid span in five locaticns, Two
gages were placed on the under side of the upper flanges, and three were fastened
to the lower face of the bottom flange. They were symmetrically placed so that the

two upper gaged were eguidistant from the web, two of the lower gages were equi-

digtant from the center, and the fifth gage was directly beneath the web, This

was illustrated in Figure 1,

When static tests were made, all of the pages were read, However, for dynamic

testing it was possible to read only one gage per bseam because of the limited num-
ber of channels on the oscillograph;  The static readings permitied the comvuiation
of the location of neutral axis of the beam whereas the dynamic record gave only
maximum fibre sitress on the lower surface of the beam,

Spans 1, 2, and & were tested with only two gages per beam, These gages
were gymmetrically located on the lower face of the bottom flange,

The deflectometers vwere clamped within a few inches of mid span and as close
to the sirain gages as vpossible, A fine steel cavle was stretched tightly from the
hinged plate on the deflectometer to a turnbuckle, and again from the turnbuckle
to an anchor on the ground, Thus, the hook on the hinged plate which is at the
upper end of the cable is always fixed with reference to the ground. The dial and
cantilever were actuated when the beam uwpon which the asgembly was clamped deflescied
under load and lowered the remainder of the deflectometer and forced the dial stem

against the plate, Reference again to Figure 12 clarifies this performance. On

Span Z,Jdue to the depth of the water and speed of the current, small wood piles

were driven inte the river hed o hold a beam under the line of gages, The deflect-

ometer cables were fastened to this bheam,
- 13 -




A pair of wires was soldered to each gage and a waterproofing material was
applied over the zages and exposed soldered leads. The leads for the static tests
ran directly to the sitatic strain measuring equipment which was plctured in Figure
15, For dynamic tests, the wires were soldered to gage heads which, in turn, were
connectéd to the dynémic strain analyser by shielded cables,

Placement of the Load

In general, test results were obtained for the load in three or more vositions
on the bridge roadway. Reference is made to these locations with respect %o the
distance from the center line to the line of the lef{ wheels of the wvehicle, Thus,
position "0% indicaied that the 1éft wheels were running on the center line, They
wers three‘feet from the center line in position ®"3", and four feet from the center
line in position 4%, A ¥C,L," notation was used to indicate that the iruck was
straddling the center line,

For the static studies, the truck was stopped uwpon the span when the lateral
center line of the span lay midway between the middle axle and the computed cen-
ter of mass of the vehicle, Experimental placement to produce maximum strain
proved that this position was not too critical, An error of 2 f%, in either di=
rection could neot be detected on the recorder,

When the simulated truck was assembled upon the span, it was always placed in
position "A4®™ in the left lane to represent a second vehicle overtaking and passing
the first,

Moving load studies were made with the truck moving through positions ®zerc®,
3%, and "4", The speeds at which the vehicle was run are shown in the tabulated
data in the appendix,

Impact runs were all made through position "4™, Plates about 10 ft, long by
1 ft. wide were laid across the lane at mid-span, These plates were of steel, and
had thicknesses % in,, % in., and 3/4 in, They were placed to cause maximum down-
ward impact at the center of the span,

- 14 -



General Procedure

Before each test, the wvehicle was moved back and forth across the span a
numher of times, The intent was to break in the structure and reduce the shear
between the deck and the steel bheans, However, test results indicated that a
more severe Dreak-in treatment should have been used,

Next, the gage circuits were halanced and deflectometers set to zero, TFor
static tests, the bridge was loaded, the readings made, the truck removed, and
final readings taken., This procedure was repeated to give three sets of read-
ings for each position,

For dynamic tests, it was always necessary Lo run a calibration frace after
the gage circuits were balanced in order to obtaln the ratio of miecro-inches per
inch of strain or deflection to the chart deviation, After this operation, the
vehicle wag driven across the gpan throuzh the prescribed position., Again three
records were made for each test,

Use of the Simulsted Vehicle

After tests were run with a single vehicle, the sianding load was placed
on certain spans, Moving load and impact tests were then revsated with the de-
sign iruck moving past the standing load.

Values representing deflections and strains cauvsed by the combined loads of
the simulsted and moblle vehicles wers obbtained by an indirect method. The instru-
ments were set at zero with the simulated vehicle on the span in position M4* in
the sounth lane, The mobile vehicle was run past the simulasted vehiecle in the
adjacent lane through positions WO¥, "38, and "4% The rgcorded values were those
in excess of the condition of deformation due to the standing load alone, The
tetal deflections or strains for this two-vehicle state were the sums of these

measured values and the values due to & single vehicle a% position "4",
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For impact tests, since the simulated load could net be moved 1o cause impact,
a surcharge of 15 percent was added, This figure was derived from an inspection
of an experiﬁental impact record on Span 5, It was thought that the accumulated
values of the strains due to the surcharged standing load plus the recorded values
shown by the impact record of the design vehicle might more nearly approach the
true impact effect which could be caused by two moving trucks, This method has
evident shortcomings, since the increased load undoubiedly had some damping effect
upon the slab vibrationé,

LIMITATIONS

The scope of the invesiigation was limited by several faciors, the first
being the difficulty in obtaining heavy design vehicles, &lthough the H20-516
vehicle satisfactorily fwlfilled the requirements of a design vehicle for siatic
and slow speed tests, 1iis performance was somewhat limited with respect to speed
and braking power., Also, a second vehicle would have been much preferred %to the
gimzlated truck used-in the south lane, This would have made possible the dynamic.
measurement of total strains and deflections for wvarious lane positions and truck
arrangemente, and actual iwmpact results from two vehicles could have been ottained
directly, cobviating the necessity for the surcharge on the standing locad,

A second limitation was the fact that it was almos$ impossible uvnder the cir-
cumstances to drive the wvehicle across the span at more than 12 mph, This was
due %o two facts -= one, the difficulty in attaining higher speeds without exces-
gively long appreoach run, and two, the room required to stop such a heavily loaded
vehicle, There was no west approach to the bridge,

About 200 £, of fill had been placed and gravel surfaced behind the west
abutment, but this did not provide sufficient room in which to stop the truck at
high speeds. It is probable that high speed runs can be attempted after the road

to the west has been completed,
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Third is the fact that the recording equipment had 12-channel capacity,
whereas there were 14 strains and deflections to be read. As a consequence, an
attempt was made to watch the two deflection dials farthest from the load, and
note the sweep of the pointers,

Fourth, as in most tests, is the limitation of time, BSome sort of a compro-
mise must always be made between thoroughness of each test and the general scope
of the project. Although three runs in rapid succession produced results with
small variance, larger differences were noticed when similar groups of tests
were performed later in the program, It would have bheen advantageous to have

repeated all tests in both lanes and in both directions,
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A LISTING OF THE TESTS AND PRESENTATION OF DATA
For an understanding of the scope of the investigation, a summary of all
tests performed is given, These have been classified into four groups and are
not listed in their chronological order,

1. Static Load Tests

(a) One H20-516 mobile vehicle in each of 3 lane positions on all spans
except 6, 2, and 5 with single-bolted diaphragms,

{v) One mobile design truck in sach of 3 lane positions with simlated
truck in adjacent lane on spans 4 and 5, Span 5 was tested with no
diaphragm bolts, single-bolted diaphragm connections, and deouble-bolted
connections,

2, Moving Load Tests

(a) One design vehicle moving across span at 10 to 12 mph in each of 3
lane positions on all spans except 6.

(b) One design vehicle moving across spén at 10 to 12 mph in each of 3
lane positions with additional standing design load near center of
adjacent lane, This test performed on Spans 3, 4, and 5, Span 5
with no diaphragm bolts, with diaphragms single-bolted, and also
double=bolted,

3, Impact Tests

{a) One design vehicle moving over each of 3 sizes of impact plates on
Spans 1, 2, 3, 4, =nd 5.

(b) One design vehicle moving over impact plates with additional standing
load in adjacent lane on Spans 3, f, and 5,

(c) One design vehicle over impact plates with standing load surcharged
15 percent in adjacent lane, This program exescuted on Spang & and 5,
with Span 5 again in 3 diaphragm conditions,
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b, Miscellaneous Tests

{(a}) A tandem-axle vehicle was run at speeds ﬁp to 30 mph over an impact
‘plate on Span 3 to note the effect of speed,

(b) The mobile design vehicle was run at about 12 mph over iwo impact
plates at different locations and various spacings on Span 5 to explore
for resonant freguency,

{e) BSeveral diaphragms were fiftted with strain gages %to find the lines of
principal stresses,

(@) Relative displacement of deck and beam was measured on Spans 3 and 5
to determine extent of slippage.

{e) A record of temperatures was kspt,

(f} Physical data on the siesl beams were obtained from the manufacturer,
and flexure, compressive sirength and static modulus tests were run on
the bridge deck concrete,

TEST RESULTS
A complete tabulation of the data derived from the bridse loading studies

is given in the tnable at the end of this revort., Several apparent inconsistencies
will be recognized in this tabulation, A possible explanation is the extent of
reduction in shear between the deck and the beams, Graphs of the mid-span deflec=
tions and stresses are included in Figures 18 through 22, The truck position is
shown schematically for each graph, and the effect of this position upon the beam
stresses is guite evident,

Comparison of Design Values and Field Data

Degign stresses and 5eflections have been computed for sach span, using the
Michigan State Highway Department's Standard bpecifications for the Design of
Highway Bridges, For live load and distribution of load, the Michigan Specifica-
tions are the same as the AASHO, However, for {mpacﬁ, the Michigan Specifications

nge the following formula:
- 19 .
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For the span length involved in this project, an Impact Factor of 21,1 percent

is obtained, as compared with 27,1 percent using the current AASHO Specifications,
The results are compared directly with measured values in Table I, In this summary,
Spans 1 and 6 are grouped because they are end spans with a length siightly shorter
than the others, Spans 2, 4, and 5 differ only in diaphragme, Span 3 has assured
composite action by use of a shear developer., The shear developers consisted of

the Porete Company Alpha type spiral, which in this case was made of a % inch

plain bar with a 4% inch mean diameier and a variable pitech, welded to the top of
the heam flanges,

Maximom measured deflections and stresses under gingle vehicle loading usually
occurred when the %truck was moving with the inner wheels & ft, from the bridge
center line (Position 4), and under two vehicle loading when the standing load was
at Position 4 in one lane and the mobile vehicle passed along Position O in the
adjacent lane, Impact stresses were maximum when the 3/4—in. plate was unsed,

Under single truck loading, impact tests were made for the 4-ft, position. This
made possible the computation of impact effect on the basls of maximum measured
deformation for a single truck, However, for tw; vehicles, impact was measured
with both the mobile vehicle and %he simulated truck at Position 4, Since maximum
stresses and deflections were realized for two vehnicles locatsd at Positions 4 and

0 respectively, the effect of impact in thies latter case was based upon deformations
slightly lesse than maximum,

When the bridgelwgs loaded with a single truck, the end spans were siressed to
one-third of the computed design stresses, but the measured deflections were only
one-gixth of the computed deflections, Spans 2, &, and 5 develoéed glightly more
than one~third of the design stresses and about one-fifth of the computed deflec-
tions, The trucks raised the measured siresses to almost one-half of design, and

gave deflections slightly more -than one~foﬁrth of computed values,
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TABLE I

MEASURED LIVE LOAD DEFLECTIONS AND STRESSHS COMPARED WITH DESIGN VALUES

STRESS IN £.5.1. DEFLECTION IN INCHES DEAD LOAD
% of % of Stress Deflsction

Load Spans Design Measured Design Design Measured Design Design Design

One Vehicle 1&6 6500 1560 33 0,713 0.115 16 8280 0.81
Yo Impact 2, 4&5 6530 2550 38 0.747 0,147 20 8520 0,85
3 4690 2030 43 0,314 0,087 28 8520 0.85

Cne Vehicle 1&6 7880 2320 29 0,864 0,114 13 8280 0,81
34 in, Plate 2, 4&5 8030 2670 33 0,904 0,145 16 8520 0,85
3 5680 2150 38 0.381 0,085 22 8520 - 0.85

Two Vehicles L & 5 7950 3495 bl 0.896 0,232 26 8520 0.85
No Impact 3 5630 3150 57 0,377 0,116 31 8520 0.85
Two Vehicles 4 & 5 9630 3277 34 1.085 0,219 20 8520 0.85
3/% in, Plate h&s W/s 3683 38 0,229 21 8520 0.85
3 6820 3132 L6 0,457 0,121 27 8520 0.85

FWote: W/S indicates surcharge on standing load.



Span 3 showed less than one-half the design stress under single tzruck loading,
and about one-fourth of the deflections, Two wvehicles produced slightly over one-
half the design stress and between one-fourth and cne-third of the computed deflec=

tions,

lateral Digtribution of Deflections and Stresses

The distribution of stresses and deflectlons laterally across each span is
seen by the graphs of Figures 18 through 22, 1% is seen that the deflection or
strain exhibited hy each heam varies greatly across the span,

In order tc readily compare the lateral distribution in the six spans an
index was developed, This index is the abgolute sum of the deviations of the
percent of total deflection or strain for each beam from 14 percent, In other
words, the strain index was formed by (1) summing the recorded strains for all
seven bheams under a certain load condition and designating this total asg 100 per-
eent; {2) denoting the sirain on each beam as a percent of this total strain;

(3) finding the numerical difference for each beam between the percent of total
strain and 14 percent, since each beam would be strained slightly over 14 percent
of the toial strain if the distribuiion were perfect:; and (4) summing these devia-
tions without regard fto sign %o form the index, A similar index was formed from
the deflection data. The average of the index for strain and the index for de-
flection was used as the lateral distribution index of the span, Table Z presents

these indices,
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TABLE 2

INDICES FOR LATHRAL DISTRIBUTION

Diaphragms Indices Index of Lateral
Span Rows Bolting - Deflection Sirain Distribution
1 2 douhle L8 46 7
2 3 double 48 42 45
3 2 single L8 52 50
L 3 single 52 Lg 50
5 0 none 50 48 Lo
5 2 single 40 46 43
5 2 double 50 bl uy
6 2 single 55 45 50

As an indication of the relative wvalues involved, it may be pointed out that
if perfect distribution were achieved, i,e, all beams stresses or deflected the
same amount, the index would be zero; and furtheé, if no distribution were achleved,
i.e, only one beam taking 411 siress or defiection, the index would be 170, TFurther,
using the AASHO Design Specification for distridution of the loading involved, the
index would be 128, Thus it can be seen from Table 2 that for the six spans in-
volved, the range in indices ig very small, indicating 1ittle difference in later-
al distribution, While in general the table shows that more digtribution ig obtain-
ed as the gtiffness in a transverse directlon is increased, even here there is some
discrepancy as indicated by Span 5 with single-bolied diaphragms, Which appears to
have a lower index than with double-bvolted diaphragms,

Agzsuming that the indices of Table Z, thousgh small, are significant, the fol-=
lowing is observed:

1, A comparison of the indices of Spans 1 with 6, and also Spans 2 with 4,

shows thaﬁ double-bolting of the diaphragmsg offers slightly better lateral

distribution than single~bolting,
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2, The effect of the number of diaphragms is found by comparing indices for

Spans 2 with 5 and Spans 4 with 3, Three rows double-bolted offer a

1ittle better distributien than two rows double-bolted, and three rows
single-bolted produce the same index as two rows single-bdited,

3. Span 5, with no bolts, gave an index very slightly superior to fhat for
Spans 3, 4%, and 6, This might be interpreted to mean that the diaphragms

do not aid materially in lateral distribution,

4, The index for Span 3 was one of the highest, This corroborates the fact
that composite construction of deck and beams is not an aid in lateral

distrivution.

Factors in the Determination of lateral Load Distribution

In an attempt fto explain or prediect the seemingly low values of stress and
deflection obtained in the tests as compared to design values, it was deemed ad~

visable to investigate and evaluate some of the basic factors influencing lateral

load distribution, The two pripary factors investigated were the load distribvuting
characteristics of the concrete slab and the composite or partial composite action

found %o exist between slabs and beams,

Althouvgh it 1s'well known and adequately demonsirated in the testing that the
actual distribution of load to the varicus stringers is quite complicated, 1t has

been useful in analyzing test data and for design purposes o assign a definite

proporvion of each wheel load %o each bheam, The proporition assigned to each heam
depends on the beam spacing and on the load distribution characteristics of the
trangverse members,

In previous analytical, experimental, and field festing work by eothers, 1t

las been convenient to use a certain dimensionless ratie, usually dencted "HY,
to represent the stiffness of the longitudinal beams relative o the stiffness
of the slab in a transverse direction,
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Fxtensive model testing and analytical work carried on at the Zngineering
Hxperiment Station of the University of Illinois by K. M. Newmark, S. P, Biesge

and others is reported in the Transactions of the ASCH, Vol. 114, 1949, From

analysis of data obltained from many model fests, it was found that the properitien
of a wheel load carried by a beam, or in other words the widih of lateral distri-
bution of a wheel load, could be expressed as a function of the relative stiffness
factor "H",

It should be vointed out here that the concreie slab on the Fennville job
is actuallylmuch thicker than the 7 in, considered in the design for the strue-
ture, The miniﬁum slab thickness is increased by the incasemeni of the top
flange, the transverse cfown, and the amount added for dead load deflection,
fhug, the slab thickness varies from 2about 9 in. at the fascia bheam %o more than
10-3/4 in, at the center line beam., |

it can be readily seen that because of the thicker slab involved on the test
bridge, the relative stiffness of the beams "H® will run comparatively low, and
in faet varies from about 1,6 to 2,4 on the non~-composite spans and from 3,7 to
4,1 on the composite span. In the University of Illinois Experiment Station
investigations, it was assumed that representative designs of a 60-ft, rolled
beam span would have an "H" walue of from 3 to & for non-composite construction,
‘and from 5 to 15 for composits consitruction., However, even though the "E® val-
nes for the Fennville structure are outside the range of wvalues considered in the
development of the formula for transverse distribution, the formula will be usad
later in making comparisons between predicted and field measnrement values,

an additional complicating factor in these tests was the stiffening effect
of the heavy safety curb, It is apparent, from a brief study of the tabulated test
data, that the curb is acting with the slab in a transverss direction, resulting in
a very stiff member, In many cases, the data shows the fascia beams are more high-
ly siressed than the adjacent beams, even though the ﬁ@arest line of whesls iz over

the first interior beam,
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In the various series of static tests, where both bottom and top flange

strains were recorded, it is of course possible teo determine ithe location of the

neutral axis of the beams, The tests reveal that even in the five spans where no

shear éevelopers were used, a large amount of composite action exisis as evidenced
by the position of the neuiral axis well above the mid-depth of the steel bean,

In order to make comparisons between measured straing and deflections with design

and predicted values, it was necessary to evaluete the effect of the partial com-

posite action, Without attempting to fully amalyze.this action, 1% wag believed
that a fair basis of comparison of test data would be to use values for Moment of
Inertia and Section Modulus determined by direct proportion hetween no composite

action and full composite actiqn as given by the location of the neutral axes,

Analyses were made, using a width of lateral distribution given by the formula

of N, M, Newmark, mentioned previcusly, and taking into account the partial composgite

action in the manner describsd above, To avold complications from factors diffi-
cult to evaluate, only the results for the five center beams were considered, This
eliminates the transverse stiffening effect of the curb and its fuarther action as
a composite seétion. Further, only the tests without impact were considered,

By for&ula, the width of lateral distribution for the non-composite spans for
a line of wheels is 6.5 £t, and 5.8 fé. for the full composite span, In seven

series of tests on Span 5, the percent of composite action varied from 34 to 70,

with an average of LG, The messured stresses varied from 60 to 72 percent of
predicted, with an average of 66 pesrcent, while the measured deflections ran from
48 to 57 percent, with an average of 53 percent,

Some justification for the method of considering partial composite action

was given by a study of three series of tests on Span 3, the one with full com—

pesite section, Here, the measured stresses varied from 65 to 69 percent of pre-
dicted, with an average of 66 percent, while the deflections varied from 36 to 38

vercent, with an average of 37 percent,
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The failure of measured stresses to reach more than about two-thirds of
predicted values, even when thickened slab and partial composite action were taken
into account, can be explained by the stiffening sffect of the heavy safety curdb,
and the fact that the 12-in, wide beam flanged, partially encased in the slab,
introduce restraining moments at each beam, It would be impossible from the test
data available to evaluate each effect individually., Certainly, it can De predicted

that in a wider bridge the effect of the curbs would be lessened on the heams near

the center of ihe bridge,

Span Stiffness

Some consideration was given to the thought that the different diaphragm

arrangements and fastening methods might affect the longitudinal stiffness of the
gpans, This stiffness was éompared by noting the rank of numbers obtained by sume
ming the deflections for ail of the beams in each span, and also by comparing
numbers representing the sum of the maximum strains for all of the beams in each

span, These sums are tabulaied in Table 3 for a single vehicle at Position 4,

TABLE 3

SUMS OF MAXIMUM STRAINS AND DEFLECTIONS OF BEANMS
FOR ONE VEHICLE AT POSITION &

Span Diaphragms Sum of Sum of Rank
Rows Bolting Deflections Rank Strains
(10=2 in,) (10-5 infin)
1 2 double iy 2 25 2
2 3 double 55 L 32 5
3 2 single 36 1 30 3
L 3 single 68 7.5 37 8
5 0 none 68 7e5 35 6
5 2 gingle 56 5 31 4
5 2 double 66 6 36 i
6 2 single 53 3 27 1
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Assuming the deflections and strains of egual importance, the values of total
deflections must he weighed with thoée of total strain %o arrive at a value for
comparison, A simple average of ranks places the two end spans on the same level
as Span 3 with the shear developer,

If the emphasis is placed upon deflections and the strain magnitudes are
disregarded, we have the following pattern:

1. S3pan 3 with the shear developer is much stiffer than any other span,

2. Of the two end spans, 1 and 6, the span with double=bolted diaphragms

is the stiffer,

3, Of the spans with three diaphragms, namely Spans 2 and 4, Span 2 with

double-holted connections is stiffer,

4, Span 2 with three diaphragms double-bolted is stiffer than Span 5 with

5two diaphragms double-bolted,

5, OSpan 5-with no diaphragms is of the same rank as Span 4 with three rows

of single-bolted diaphragms, and the stiffness of Span 5 is only slighte
ly improved by double~boliing the diaphragm conrnections,

iffect of Impact upon Stregses and Deflections

In the impact study, the vehicle was run through Position 4, which was
directly over Beams 2 and 3, For the gingle vehicle test, these two beams usually
showed maximum values of deflections and strains under this load position, and
for that reason the computation of impact factor was hased upon these values,

The data for two vehicles usually showed highest values on Beams 4 and 5,

It seemed logical %o use these values for the computation of impact factor under

the doubhle load conditions,
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Table 4 is & summary of the deflections and stresses resulting from tests
made by running the design truck over the 3/W-in, impact plate at speeds from
10 to 12 mph, The average impact factor is the arithmetic average of the perceni
increass in deflection and the percent increase in stress, These increases are
the differsnces between the walues found when the itruck was rumn ove; the plate,
and the values recorded when no plate was used,

The impact factors are seen to vary from 0 to 23 percent, There seems to e
no correiation between impact factor and gpan cemstruction,

Reliability-of data might be guesiioned because Span 4 showed no factor under
single truck loading., This irregularity may be due to inaccur#cies in load placé—
ment or drift in the electronic measuring equipment, or possidbly the impact devel-
oped by the moving load without the plate was comparable to that when the plate
was used, There cartaiply was gome effect due to lmpact, because the record traces
showed the usual pip just to the right of the center as illustrated in Figure 17,
It is hoped that more successful tests may be performed at a later date, using
heavier loads traveling at higher spee&é,

Vibration Characteristics

The undulations observed in Figure 17 are typical of all of the strain and
deflection records, Although there is much variation in amplitude, there iz reg-
ularity in frequencj, The duration of vibration is limited to the intefval that
the span is loaded, The rate of damping is so great that there is no evidence of
vibvration after the load has wmoved off the span.

A tabulation of results is shown in Table 5. The data was taken from the de-
flection records for one vehicle at Position 4., The traces used were those for

Beams 3 or 4, whichever exhibited the largest amplitude of vibration,
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TABLE &
EFFECT OF IMPACT UPCN STRESSES ARD DEFLECTIONS

(Single vehicle at position 4)

Impact Defl, Stress Defl, Stress Defl, . Stress Av, Impact
Span Plate ,001 in, p.s.i., .00l in, p.s.i, .00l in., ©p.S.i, Factor %

1 none 102 1650 104 1590 103 1620

3/4 in, 116 2000 116 1860 116 1930 16
2 none 121 1830 107 1600 11k 1715

3/b in, 141 2230 123 2000 132 2115 20
3 none 80 2030 69 1890 = 75 1960

3/4 in, 71 2150 79 2120 75 2135 5
b4 none 157 2380 145 2060 151 2220

3/4 in. 145 2260 147 2090 146 2175 -
5N*  none 145 2120 144 2000 144 2060

3/4 in, 140 2290 146 2180 143 2235 Y
55  none 116 1940 112 1800 114 1870

3/4 in, 145 2410 140 2180 142 2295 23
5D none 152 2200 131 2060 S 1kl 2130

3/4% in, 1hiy 2380 143 2W40 143 2410 7

(Two vehicles with surcharge on standing load)

b none 199 3130 199 3190 199 3160

3/4 1in, 222 3450 222 3570 222 3510 11
5N none 210 2810 192 2780 201 2795

3/% in, 2h 5 3330 228 3250 236 3290 17
55 none 191 - 2870 182 2900 187 2885

3/k in, 222 3310 | 223 3390 222 3350 17
5D none 227 2900 193 3160 210 3030

3/ in, 236 3800 234 3740 235 3770 18

* Diaphragm connections are designated as
= no connection, 8 = single bolted, and D = double bolied,
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TABLE 5
VIBRATION DATA

Span 1 2 3 & 5 6
Frequency (c.D.s.) 2,25 2,25 2,85 2,12 2,12 2,50
Amplitude (,00001 in,) 98 196 62 190 166 153

The record for Span 3 shows smaller amplitude and higher frequency than any
obther span, The end spane are next in order, with Span 1 showing lower amplitude
and Span 6 giving higher frequency than Spans 2, 4, and 5,

Hffect of Composite Deck Construction

The effects of the shear developer in Span 3 were noted in the previous
discussicng. A recapitulation of the relationship between Span 3 and the spans
_ without shear developer is made, with reference o Tables 1, 2, 3, and 4,

Design computations anticipated a relief of 29 percent in stress and 58 per-
cent in deflections when the shear developer was lncorporated in the span, From
Table 1, actual rellef achieved under single truck loading was 20 percent in
stress and 41 percent in deflections, Table 2 indicates no aid in lateral dis-
tribution from composite constructlon, However, Span 3 ranks first in span
stiffness with maximum deflections as listed in Table 3 being only 55 percent of
those for the free spans, The vibration chart, Table 4, shows incressed frequen=
cy and diminished amplitude for Span 3 from those of the comparative spané°

SUPPLEMENTARY THESTS

As the opportunity presented itself, certaln ifests were wmade with the aim
of supplementing the information gained in the regular testing program, These
studies included more impact runs, an attempt to find diaphragm stresses, measure-
ments of strains iﬁ the deck steel and on thé concrete, effects of tempsrature,

and strain readings on deck beams subjected to the weight of the concrete dsck,
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Impact Bffects Caused by Tandem Axles

The crane used by the Bridge Maintenance Section was capable of attaining
higher gpeeds than the H20-816 truck, and it was decided to attempt some tests
with this vehicle running ever the 3/&~in. impact plate, The wehicle was con-
structed with a single axle supporting 7,650 1bs., in front, a second axle 11,5
feet from the front, and a third 4 ft, from the second, The combined load on
the second and third axles was 29,550 1bs,

Buns were made at several speeds, and a final run without the plate was made
for zero reference, The strains registered maximum on Beam 2, with Beam 3 giving
values very nearly as great, Deflections were largest on Beam 3, The deflection
readings for Beam 2 were considerably smaller, A condensation of %the data is

given below in Table 6,

TARLE 4

INFLUENCE OF VEHICLE SPRED UPQN IMPACT EFFECTS

Run No, 1% 2 3 b 5 6 7 8
Venicle Speed, mph. 8,1 12,8 13,4 14,5 156 17,7 23,9 8,7
Strain (10-0 infin) 56 56 S sl 50 52 56 46
Deflection (,001 in,) 55 56 56 597 5l 52 51 b1

*Kote: On RBun 1, the vehicle stopped with rear wheels on the span,
On Run 8 there was no impact plate,

The results show a trend toward a minimom impaci effect for this vehicle
when it was driven at a speed of 16 to 20 mph, The maximum impact factor was
39 percent, based upon deflections, and 22 percent, based upon strains,

Hiffect of Successive Impacts and Location of Impact Plateg

Some exploratory testing for the «ffect of impact plate spacine was done on
Span 5, 'The 3/Wk-in, plate and the $-in. plate were used, They were placed so
that the H20-S16 truck first hit the 3/B-in. plate, and thea the -in. plate,
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while the truck was traveling fully loaded at 11 mph, There were two series of
tests made; first, with a 1-ft. distance from the span center o the edge of the
2-in, plate, then distances of 1, 2, 3, 4, and 5 ft, between plates, The second
series differed in that the distance from span center to the Z=in, plate was 3% ft,
The same plate spacings were used.

The record consistently showed maximum strain and deflection values at Beam

1., These maximims are itabulated below,

TABLE 7

EFFECT OF SPACING OF IMPACT PLATES

R St:ains Deflections
Spacing, ft. 1 2' 3 b 5 1 2 3 b 5
Seriss 1 97 99 97 ol Ol 178 179 173 167 174
Series 2 102 101 98 102 g2 179 180 178 175 160
¥o Plate 95 173

1t appears that highest values were obtained at 2-ft, spacing in Series 1,
and at either 1- or 2-ft. spacing for Series 2. The effect seemed to fall off
sharply at the 5-f%, spacing in Series 2, Since both the strain and deflection
magnitudes for this distance were below those for the Ho Flate condition, it is
possible that the vibrations were ouil of phase so that the downward impulse caused
by the second plaﬁe occurred while the surge from the first impact was upward.

Computing for critiecal plate spacing using vibration data for Span 5 from
Table 5 and a truck speed of 11 mph, (16,1 fps.) we find that in the interval
%.12 sec,, the truck traveled 7,6 ft, Unfortunately, the maximum experimental
spacing was 5 ft, " According tcithis method of computation, a spacing of 3,8 ft,

%x?,é T+, )} should have causged a bucking action due to phase shift, and the re-
corded values feor this vplate spgcing should bé low, .Some reduction was svident
in Series 1, bubt not in Series 2 at the 4-ft, distance,
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Stresses in Diaphraems

Diaphragms on Span 6 were egquipped with gages for the purpose of determining
magnitude and direction of principal siresses while éhe span was subjected to
load, The gage layout is given in Figures 23 and 24, and the data is shown in
Table 8, Three diaphragms were in the east row on Span 6, and were mumbered from
north to south, The designations 1, 2, and 3 in Table 7 respeciively indicate
the diaphragms between Beams 1 and 2, 2 and 3, and 3 and 4, Diaphragm 4 is in the
west row on Span & bejween Beams 3 and 4, The gage layou% on this diaphragm is
on Figure 24,

Computations of principal strain magnitudes and directions from the readings
of the rosette gages gave the resulis which are shown schematically in Figures 23
and 24, Most of the values on the diaphragm webs are small, although in the case
of the diaphragm connecting Beamg 3 and 4, a resulting strain of 86 micro-inches
per inch was found, In Figure 24, the largest value shownris 57 micro-—inches per
inch, In terms of steel with a modulus of elasticity of 30 million psi., these
strains indicate stresses of 2580 psi., and 1710 psi. respectively,

The diaphragm d{rectly benaath the load seems to be in the state of highest
stress, This is illusirated in the second drawing in Figure 24, DNote also that
eone angle fillet stress is high., The strain of 134 micro~incheg per inch is eguiv-
alent to 4020 psi, of stress,

Measurement of Relative Movement Between Deck and RBeam

Dial indicators were atitached to the underside of the deck near the piers,
This detail wag shown in Figure 14, Exploration on Span 6 proved that the greatest
relative movement occurred at the ends, and movement at the center of the span was
iess than 0,001 incheé, Readings at the ends of Spans 5 and 3, represeniing rela-
tive movements per half span length, are tabulated in Tadle 9,
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TABLE 8

STRAINS IN DIAPHRAGMS

(Strains in 0,000001 in, per in,)

Truck over Truck over Truck over Truck over
Gage 2&3 C.L, (W,) 5&6 C.L. (B,)
Location Diaphragm Diaphragm Diaphragm Disphragnm
(Pig, 23) 12 3 12 3 1 2 3 1 2 3
A 5 12 30 9 13 22 0 =2 15 7 12 10
B i0 10 80 g 11 13 -5 0 5 5 10 0
¥ =5 13 70 7 9 8 -8 2 3 0 8 =10
D 15 20 20 0 11 32 -5 10 13 -5 13 20
E 15 20 20 0 12 37 -8 0 13 3 17 20
F 22 18 20 5 15 38 ~-10 9 20 3 20 29
Fig. 24 Truck over Truck over Truck over Truck over
2& 3 3 &4 L & 5 c,L,
1 3 35 12 26
2 9 56 30 7 Lg
3 10 4g 19 32
i 8 25 0 12
5 6 27 10 16
6 6 18 0 0
7 10 30 -7 12
8 18 43 5 28
9 18 43 8 26
10 [ 28 11 22
11 ‘ 0 2ly 16 .
1z -3 12 b 0
13 8 10 ~17 -
1 6 6 -15 -
15 11 16 -5 -
16 120 134 | 39 -
17 ~28 17 66 -
18 68 0 -66 -
1g =22 ~11 ' 0 -
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MOVEMENT BETWEEN BRIDGE DECK AND STEEL BEAMS

(Relative movement in ten-thousandths inches)

SPAN 5
QNE VEHICLE TWO VEHTCLES
Diaphragms Diaphragms Diaphragms Diaphragms Single Bolted Diaphragnms
Single Double Single Double
Position Diaphrasms Bolted Bolted Diaphragms Bolted Bolted
Dial Dial Dial Dial Iial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial DPial
2 3 2 3 2 3 2 3
95 135 111 139 148 218 99 115
110 141 132 138 107 216 96 121
112 132 136 128 178 182 115 122

NOTE: Dial 2 ~ Head movement at Beam Z
Dial 3 -~ Read movement at Beam 3

Truck positions are distance in feet from C.L. %0 nearest wheel,




It should be explained that the recorded movement for two vehicles is not
a total movement, but is in reality an increment caused by a single $ruck, The
readings were made from an agsuwed zero after the standing load had been placed,
There is no method of accwmlating these values, because the moblle truck was not
rmn through the standing load positions, nor were dials sttached %o Beams 5 and 6,
The results indicate relative movement of 0.0l to 0.02 in, near the ends of

the span for Span 5, No effort was made to determine where, along the span, slip-

page was sufficient to cause bond bréakage.
The Span 3 daita shows no movement as great as (.00l in, This seems to be

conclusive evidence of composite acilon,

Qbservations on Temperature Effects

The fact that the deflectometers used in this study behaved erratically when
the reading interval was of a duration longer {han half an hour led tc 2 study of
the effects of temperature upor these readings. The specific objectives were:
(a) to observe the behavior of a free indicator under temperature fluctuations;
(b} to measure the vertical movement at the span center and $ry to correlate this
movement with temperature; (c) to observe the effects of temperaiure change upon
relative movement betwsen deck and beam; (d) to measure variations in expansion
joint width; and (e) %o check the reliability of the defleciometer ieference sy 8-

tem by compariag readings of the deflectometers using sieel cables attached to

‘anchors on the soil surface with the readings determined from dials supported by
steel and wood columns.

Indicator Rellability: -~ The dial indicators were mounted in a pesition which

would subject them to direct sunlight for a part of the day and fo shadow for another

part, They were allowed to remain here throughout a complete 24-hour cyecle, with
temperature fluctuations from 58° F, to 95° ¥, The maximum variation in the reading
was ,001 in, This was sufficient proff of reliability, and it was concluded that

the observed fluctuations on the bridge deflectometers were due to external causes,

- B3




Reference Check: = Adjacent to deflectometer locations at Beam 4 and Beam 7

a% the south faseia, columns were erected and dial indicators attached %o the top
with the stems resting against the bottoms of the respective heam flanges, The
center column was of wood, and the outside was a l%nin, steel pipe, Although the
dial readings varied throughout the test period, the fluctuations ai the center
beam were the same for both dials, and similarly for the dials at the ocuter bean,
I4 was concluded that the steél cable method of maintaining a reference for the
deflectometers was dependable,

Study of Vertical Movemént of Unloaded Span: - Indicator dials were installed

atop steel columns to study the vertical movement of the beams of Span 5 at mid-span,
Three positions were selected, one at Beam 1 at the norih face, a second at Beam 4,
and a third at Beam 7. BReadings were made on four consecutive days.

To supplement the dial readings, deck temperatures were read by means of sur-
face thermocouples, Table 10 includes these readings, itogether with those for the
expansion Jjoint width changes and relative movement between deck and heams,

The vertiéal movement of the span ranged from -.055 in, on one side %o +,070
onn the other, The record does not seem to show aﬁy.trend, but rather an unprediciable
fluctuation, Daily temperaturss seemed %o have greater influence than the temper-
ature differential in the deck, However, the data makes evident the difficulties
encountered in the measurement of deflections due to leoad when the %ime interval
is-large.

Rxpangion Joint Width Chanseg: ~ Two parallel lines were seribed upon each

end of the metal plates of the expansion joint between Spans 5 and 6, for the pur-
pose of measuring changes in joint width. Periodical readings of the distance bew
tween these lines gave the data shown in Table 10, The maximum width change was
0,06 in, for a temperature change of 22° F, Since these joint width changes repre-
sent the expansion in two span lengths, the measured value was only about one-third

of the »predicied 0,20 in, which should occur under free expansion.
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EFFECTS OF TEMPERATURE CHANGES

TABLE 10

Day Changes in Vertical Movement Relative Movement of

of Deck Temp, (°F) Exp, J%, Width of Span (,001 in,) Siab & Beam 5,0001 in, }
Month Time Top Bottom (inches) Beaps (1) Beams

N, S, 1 4 7 2 3
18 4100 p.m, 80 78 0 0 0 0 0 0 )
19 8:00 a,.n, 65 66 -,01 -,01 62 43 ~55 -5 -1
11:00 a.m, 71 70 0 0 35 23 -8 - 1
2:00 p.m, 77 70 -,02 -,02 22 3 32 -2 1
5:00 p.m. 80 75 -0l -, 0l 18 8 14 -2 1
20 8:00 a,m, 58 58 .02 .02 L6 58 ~50 9 -11
11:00 a,m, 67 67 .01 L02 62 L3 -9 17 -10
2:00 p.m, 76 70 0 0 68 38 62 17 6
5:00 p.m, 80 75 -,01 0 70 Lg 51 17 0
21 8:00 a,.m, Hly 6l 0 .02 85 0 -20 17 -6

o gﬁ =

Note 1 =~ A negative sign indicates an uwpward deflection,
TNote 2 - Relative movement here is due to causes other than load,



Measurement of Strains in the Concrete Deck

Before the decks of Spans 3 and 4 were cast, gages were cemented to the lateral
reinforecing steel as shown in Figure 13, There were two lines of gages on each span,
one line heing 5 ft. from the end and the other at the center, A plan of the in-
stallation on Span 4 is shown in Figure 25. Gages A, §, and B were on the bottom
face of the lower reinforcing red, and they were placed midway between the support-
ing beams, The remaining gages were attached to the top of the upper rods, and
were directly above the bheanms,

Span 3 wasg also equipped with gages, in a layout symmetrical to that of Span
4, The end gages were 5 ft, from the east pier in this case,

Headings were taken at the time of installation before the deck was placed,
and at various iimes after pouring. ¥inal readings were made with the span loaded
by the design wvehicle, The results are given in Table 11,

Analysig of the data on strains in reinforcing steel is complicated by the
irregularity of the results, 4An inspection of the record prior to the loading
tests suggests that some elecirical distrubance other than change in gage fesistance
or creep in the bonding material affected the gages, For example, the first line
in Pable 11 shows a strain of 1500 micro-inches per inch in the steel. Since the
steel is bonded to the concrete, 2 similar strain must be transferred to the sur-
rounding concrete, 3But concrete can resist only about 150 micro-inches per inch
of tensile strain without cracking, and no crack was seen at this point in the
deck, There are many entries ogver 150 micro--inches per inch,

A second consideration is the divergence of the data for Span 4 at the center,
Instead of an increase in tensile strain, almost all of the valnes here are compres—

.sioﬁ.

Under the loading study, no trend or pattern has been discovered, Most of

the values were very small, although one column of data on Span 4 econtained larger

strain values,
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TABLE 11

STRAINS IN REINFORCING STHEL
{Strain indlcator readinge in 10-% in/in.)

Lond Stresses

Gage After Age Age Age Age with Indicated Truck Positions
Location Se% 2 da, 2 Wk, 1 mo, 2 mo, 1 2 3 4 5
Span 3, E, ) '
4 400 510 1585 1545 1500 =5 -5 10 =15 28
B 60 ~10 150 35 =130 21 10 Gage Falled - =
Y 130 20 230 260 250 15 10 30 20 30
b 160 235 255 435 1385 27 4] Gage Falled - -
E 93 =it 5 &5 68 50 =10 0 25 ~10 0
F 180 ~150 360 463 1360 10 5 10 15 10
Span 3, ctr,
A Gage Filed = = « = o - = o = r = = m e = e mm e mEmemom e om oo
B 185 325 Lgs 503 295 18 2B 15 5 25
c 96 10% g5 1085 685 25 5 10 25 40
D =50 140 470 =03 60 12 15 Gage Failed - -
B 70 230 290 620 375 &) 5 B 10 10
r 150 60 160 - 525 335 5 5 20 10 1o
Span &, W, .
4 =15 32 -G 1535 4370 -8 -8 0 20 30
B -15 =32 ~305 =15 1095 5 15 15 =10 25
c 25 3¢ =120 =50 230 =2 <12 -3 -3 Lo
D -125 ~70 ~285 25 -215 =55 -85 80 5% Gage Falled
E 150 185 15 Ul g 1020 7 20 10 0 -5
F = 50 =57 =300 =295 ~-250 10 13 5 =10 =10
Span 4, ctr,
4 bs =15 115 -350 70 32 53 70 4s 8
B -88 =180 ~1075 =1175 =805 =G 8 125 ~25 =40
c 56 =30 =305 «U465 ¢ 27 18 60 =5 22
D ~12 =120 ~1145 -1355 ~1120 =10 15 75 10 =100
E =7 60 <1530 -1400 ~1725 ~11 i3 75 5 80
F 18 =35 =960 =970 =660 19 17 65 0 =10
Position 1 = Load over beams 2 & 3, middle axle over center line of gages
2~ 0 & n a " " A  end line of gages
3 - " astride beam 4, " @ ¥ center iine
L . # ] L] i i " end 15_:19
5~ 0 " a 3, " " a center line
EMND GAGES CL.GAGES BEAMS
, F o F t
i E 1 E
-2 2 2
i c 2 | ) 3
B B 3
i A 2 1 A 4
4
5
a
7

LETTERED GAGES ON REINFORGCING RODS
NUMBERED GAGES ON BOTTOM OF DECK

FIGURE 25
GAGE LAYOUT FOR MEASUREMENT OF DECK STRAINS
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It seems at ﬁresent that the gage installation on reinforcing bars is of
doubtful value,

S5trains on the Deck Surface Due to Live lLoad

A brief investigation of strain magnitude on the lower surface of the concreie
deck was made by cementing A-9 gages direcily above the diaphragms, The plan of
Plgure 25 shows the locations, Data from the study is given in Table 12,

Most of the measured strains were véry small., The 70 micro-inch per inch

value on Gage 1 was the largest, This is equivalent to about 300 psi, of stress,
which is well below the modulus of rupture of the concrete,

Tests on Materials

The bridge deck materials were inspected and tested by the Pittsburgh Testing
Laberatory and Michigan State Highway Department inspectors, Table 13 is indicaiive
of the quality of the materials used,

SUMMARY OF OBSERVATIONS
From the foregoing discussion, certain facts are evident and others offer op-

portunity for digcussion. Some of the evident factis are:

1, All spans were censervatively designed, ZExcept for Span 3 with composite
action, the measured stresses were less than half the computed values,
and measured deflections ahout one=fourth those computed,

2, Lateral distribution of load was not materially aided by diaphraems,

There seemed to be about the same degree of lateral distribution of load
whether the diaphragms were single-bolted, double-bolted, or not bolted
at all,

3. The positive faectors influencing relative span stiffnesg were 1imited to

the composite action achieved by the shear developer and embedmeni of

beams in abutments. The apparent influence of diaphragms seemed to be

nullified as the partial composite action was reduced.
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TABLE 12
LATERAY. STRAINS ON LOWER SURFACE OF CONCRETE DECK

A, SPAN 5 - SINGLE BOLTED

. Mid-Axle Beadings in ,000001 in/in,
Truck Fosition Location Gage 1 Gage 2 Gage 3 Gage 4
Agtride G,L, E* iz i3 10 37

W 21 37 15 28

Outer Wheels B 19 10 k5 23
on G,L, . W . 70 20 27 2L
Astride Beam 3 ] 20 10 37 37
W ' 48 30 50 20

B, SPAN 5 - DOUBLE BOLTED

Astride Bsam 3 B 29 16 38 41
W ' 57 34 31 23

Outer Wheels i 19 11 22 8
Qver 3 W 40 15 25 14

* K indicates easi diaphragm line, W indicates west,

oy
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TABLE 13
TEST RESULTS ON MATERIALS

(a) Steel

Yield Tltimate Hlongation Chemical Analysis

Item PeSola Po8,ia percent ¢ lMn, P 3
WP Beams 37,780 65,100 32,5 23 .56 ,012 .036
5/8 in, def, bar 48,029 81,152 18,6 39 42,010 035
1/2 in, def, var 50,530 78,322 20,1 .36 W46 011 0O

(») Concrete

Aggregate: Postma 64 coarse
2HS fine
Cement: Span 6 Medusa AR, Percent Air 4,3
5 Aetna A,B. 7.0
3 Aetna 5td. + 3/8 oz, Darex 6L 4
3 (corrected) + 1/4 oz, Darex L
2 Aetna Std, + 1/k oz, Darex b1

6 in. x 6 in., x 36 in. Test Beam

Mod, of Rupture Comp. Strength Mod, of Elast,
7.da. . 28 da, 28 da, 28
533 pus.i. 650 p.os.i.  L,460 p.s.i. 4,83 x 106 p.s.i.




The effect of impact upon slab stresses and deflections was not studied

sufficiently td provide a satisfactory value for impact factor, HExperimental
#alues of this factor varied from 0 fto 23 percent, and no cause for such
variation was discovered,

The freguency of vibration of the spans was dependent upon the span siiffness,

The stiffer spans vibrated at higher frequencies and lower amplitudes than
the others,

The incorporation of shear developers in Span 3 oroduced a stiff span,

but d4id not aid in lateral disgtribution of load, Defleciions of this

span were only half of those found in the spans without composite action
under the same loading conditions,

Stregges in diaphragms were for the most part of small magnitude, This

fact is further ccrroboration of the siatement that diaphragms vlay a

minor role in the lateral distribution of load,

Slippage measurements between deck and beam indicate bond breaks in spans

without shear develeoper and composite action in the span with the shear

developer, I% is qulte possible, however, that there could be considerabdle

.bond between deck and beam near the center of the spans, The limits of

this area of effective bond were not meagured,

DISCUSSICON OF TEST RESULTS AND SOME CONCLUSIONS

Detailed study of the test results indicates that in general it is apparent

pected,

that the type or number of diaphragms are noi of great importance in lateral dis-
trivation of leoad, While i% is $rue that in most test cases more latersl distri-
bution was obtained with stiffer deaphragms, the amounts were small, and in sone

instances, as previocusly mentioned, the effect was just the opposite of that ex-

The latter effect is undoubtedly explained by the fact that different

il
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amounts of partial composite action were obtained in the various tests, and in
general, as expected, there was a gradual destruction of the partial composite
action in the later tests,

The change in the amount of composite action in the tests suggzests that it
would be wige in future tests to make an efforit to reduce the composite action
to a minimum, if posgible, by means of heévy loadings and impacts, That some
residual composite action, whether due o bond or friction, would remain can be

predicted by results reported in the magazine {ivil Bngineering, Vol. 21, No. 7,

of July, 195%L, of tests on the Skunk River Bridge in Iowa, These tests were made
on a bridge that had been subjected top heavy traffic during its 28 years of ser-
vice, and s1till showed paritial composite action.
The failure of measured siregszses to reach more tha; about two-thirds of pre~

‘dicted valuss, even when thickened slab and partial composiie action were %Saken
into account, can be explained by the sﬁiffen}ng effect of the heavy safety curb
and the fact that the 12-~in, wide beaﬁ flanges, partially encased in the slab,
introduce restraining moments at each veam, It would be impossible from the test
data available to evaluate each effect individually., OCertainly, it can be predicted
that in a wider bridge the effect of the curbs would be lessened on the beams near
the centgr of the bridge, In the matter of'thé‘reétraining effect of the wide beam
flanges, it is mpossible that some reducition of thig effect would be obhiained by ths
heavy loading tests suggested above, a

.Of particular interest are the exeellent results obtained on the span using
the shear developers, The tests on slippage and stress and deflection indicats
full composite action was obtained, From a general appraisal of the %test results,
it would appear that one possibility for fubure savings in bridge design would be

to take advantage of the partial composite action known to exist, and use less con-

servative methods in designing shear developers, Of course, further tesiing would
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be in order hefore taking such a step, Certainly, the evidence from this test
indicates that there is just cause for considering a revision of the AASHO speci-
ficationg regarding distribution of loads to stringers,

In practically all cases where the specific objectives of the test program
were not achieved, valuable information for future test projects was obtained in

the maiter of instrumentation and test procedure,




APPENDIX
SUMMARIZED DATA FROM BRIDGE LOADING PROGRAM

BEAMS - NUMBERED NORTH TO SCUTH

TesT TRUCK STRAINS MICRO IN/IN DEFLECTIONS - 00!
DESCRIETION  Posirion Sl : REMARKS
1 =4 3 4 5 & 7 H 2 3 4 5 6 7
r - ™
Static, 1 Vehicle i 64 56 86 45 3 22 g 93 97 98 77 W7 30 12 |Av, of 2 gages on Bottom of
3 57 051 % 43 3 2% 10 86 93 100 82 52 3 17 |lower flange of each beam,
o s} A1 B2 5 s+ B3 30 18 S6 B0 99 51 65 45 29
= é Koving, L Vehicle ] ?3 57 55 k1 28 1% 9 9 162 10k 86 48 32 11 |1 g, bos, of each bean
: 3 69 55 55 45 33 A 1l 88 97 105 B 5L 40 13
E s a 5 b3 H s B0 26 17 63 80 102 96 b6 47 18
v Impact, 1 Vahicle & 80 69 64 50 b 22 12 106 116 116 9% 58 -~ o~ 3/% in, plate at mid-span
L 73 64 AL 45 33 2 12 % 105 107 88 51 ~= o= [1/2 im, piate at mid-span
4 &7 57 57 45 32 A 12 8 96 103 Bl 51 -~ .- /% in, plate at mid-spen
- .
Stabic, 1 Vehlcle i 72 55 52 45 P =m 9 119 116 112 96 62 BB 1B |Av, of 2 gazes on bobtom of
3 66 5% 51 By 37 2 13 189 113 115 102 67 35 21 |lowsr flangs of sach beam,
o o 50 4b b9 50 Wk 30 20 86 95 112 113 80 47 36
o
= K Moving, 1 Vehicie 4 91 &3 55 M 37 A 13 109 121 107 166 62 28 19 1 page an bottom of lover
o o 3 B8 62 s+ A7 39 22 13 96 120 108 302 59 37 20 |flange of each beam
a ; ¢ 63 49 52 52 B W 22 70 95 12 9 75 50 32
<
v - Impect, 1 Yehicle 4 03 77 69 55 45 2B 21 115 1M 123 115 70 --  —— | 3/4 in. plate at miduspan
& 92 68 61 43 M 25 17 100 126 111 103 59 —  ax |1/2 in, plate ok mid-span
4 90 67 &0 56 A5 26 17 97 121 112 101 57 — -~ |1/% in, plate 8t mid-span
\_ <
{ N
a
i Static, 1 Vehicle 4,5 72 77 67 k5 30 1B [ 78 65 69 51 3L 20 Il {Av., of 2 ga, on bot. of bot, flange
i I S 5 &k 3 . iv, of 2 ga, on Dok, of top flange
L] 0L, | 29 &2 36 56 43 32 16 35 38 67 79 60 45 27 |av, of 2 ga. ok bot. of bot, flange
- & 3 0 =16 -6 -3 [} Av, of 2 ga, on bot, of sop flangs
ot
" Moving, 1 Vekhicle L] 63 70 65 &8 30 14 7 87 8 6% 57 3» 20 10 |1 ga, bot, of smch beam
& 3 s 63 63 52 33 17 8 76 76 . 6L B6 23 13
. o 3B 6 62 65 dh 25 15 5 64 y0 462 55 27 23
o Impact, 1, Vehicle & 57 66 65 s 29 12 7 B5 80 72 57 k0 - - |1fh in, plate st mid-span
= w 4 53 71 70 53 3% 16 11 68 7% 77 62 33w — {1/2 in, ylate at wid-spsn
o w L &0 7 ¥3 3% 37 18 13 71 79 6L B3 - 3/% in, piate % mid-span
'
a. = lmpact, Spectal & 42 56 %6 &G 27 1z 8 k7 &6 55 A2 28 =~ - |15 tons on tandems at 8,1 mph
2] 42 50 50 36 27 13 16 48 b6 54 k2 30 =2 o 3% tops on tandems at 15,6 mph
#8 56 s 35 25 11 31 5 W6 51 26 2 --  — |15 tons on tandems at 23,9 mph
b4 Hoving, 2 Vehieler & 69 90 95 92 95 93 78 80 87 93 110 1M B4 B6 |Ascumulated valuem of sirains at
: 3 63 51 98 99 loo 95 82 73 B6 95 115 108 B8 88 | bottem of each beam
= 0 4 74 97 110 110 102 86 S b 93 122 116 95 b
E
o Impact, 2 Vehicles i 67 90 G 99 103 9% B2 B0  B% 300 13% 110 e~ -~ {1/h in, plate - moouimlated
& 66 oh 10z 101 10 99 87 79 9% 10Z 120 112 -~ -~ {1/2 in, plate - acowmlated
i 69 97 1ok 100 108 100 9 B3 93 103 121 117 =~ == {3/ ip, plate - rooumlated
\ !
: 3
$ Static, 1 Vehicle 4.5 81 5% 58 k2 29 1% 7 1)l 115 115 75 55 25 7 |2 guges ~ bot, of sach beam
= ¢.L, 235 38 57 3 55 38 37 %8 77 131 116 108 67 40 | (Av, of 2 dirsctions)
o
ki Moving, 1 Vehicle 4y 5 B7 66 65 A8 36 19 Ed 126 132 123 99 63 H 1z |a ga, bot, of each beanm
; C.L, 39 42 59 63 58 3 33 53 BL XI5 138 113 76 46 | (Av. of 2 direotiona}
® Statice, 1 Vebicle [ Gy 68 6B 55 B2 26 18 136 146 150 110 70 42 17 |1 ga, bot. of each beam
3 7?6 56 63 33 39 26 18 118 139 138 112 75 46 19
c o 55 k9 B 5 47 3 22 87 115 131 123 91 €1 32
o
o o jNoving, 1 Venicle & 90 82 7L s 38 26 7 163 157 145 104 64 38 15 (1 ga, bot, of each beam
7 3 B2 79 71 6 3 26 11 145 153 130 107 69 4 1B
. o Y 6z 84 69 66 51 % 18 102 124 145 121 87 s% 3%
Impact, 1 Vehicle & By 76 68 57 39 24 12 W6 148 147 1M M - 1k in, plate a$ mid-cpan
Z & 83 75 69 56 33 25 1z | 147 146 18k 112 70 o= o= |1/2 in, pinte at wid-span
E [ 8 B 2 38 B 2! 15 143 1485 147 37 %% en  ew | 3fh in, plate at mid-span
1] o Statis, 2 Vehicles 5 106 B85 102 104 108 93 10 14 169 193 209 208 18F 186 | Accurmlabted values
by 3 91 B1 103 107 1iC 92 104 130 163 150 210 1o 183 148
@ 0 68 7 97 11t 1ig 101 112 100 42 186 202 225 196 187
- Moving, 2 Vehicles 4 98 165 109 108 110 93 9 146 386 191 199 199 182 152 | dcowmlated values
= 3 87 97 106 116 112 99 1oz 129 178 150 205 207 189 157
L. [ 71 B7 105 119 12t 107 109 102 158 189 218 =221 198 168
Impact, 2 Vehicles i 86 96 166 109 11i- 97 102 128 166 189 204 197 - == |1fi in, plate - accumulated
o i3 89 97 116 109 11 102 107 136 184 191 205 199 -~  -- }1/2 in, plate - accwmlated
o [ 91 167 111 111 113 10l 110 1R 171 193 205 2001 -- -- !3/% in, plate - acowmwlated
é Lmpact, 2 Vehicles i 89 100 .12 117 121 107 116 131 172 200 221 218 -~ =~ [1/k in, plate - acoumulated
with gurobarge 4 92 101 116 117 121 112 121 133 170 202 222 220 ~ =~ 1/2 in, plate - scowmlnted
- i 9% 1I1 117 119 123 111 124 136 177 205 222 222 —— = 3f4 in, plate - accumilated
\ <7
{ h
g
w0 & Static, 1 Vehicls 4.5 59 55 b9 k2 30 17 3 100 121 114 87 53 27 & [Av, of 3 ga. bot. of hot, flange
g =10 -3 37 -28 «15 -5 -2 av, of 2 ga, Tot, of top fimnge
=z A 0.L, 2y 35 4g 62 53 36 28 7 B2 106 120 108 99 47 [Av, of 3 ga. bot. of hot, flange
g f_’ -5 =21 -32 -31 30 -6 4 av, of Z ga, bot, of top flange
"B [Titoving, 1 ¥emtele | 4.5 | 62 3% 37 40 B 18 7| 100 122 125 82 60 32 10 |1 ge. bob. of bok. fiange
'_‘* 0,5, 25 33 &5 55 48 35 =8 32 67 105 96 1ok 66 I
o .
\. J




SUMMARIZED DATA {SHEET 2)

TEST

BEAMS - NUMBERED NORTH TO SQUTH

TRUCK
DESCRIPTION POSITION STRAINS MICRO IN/IN DEFLECTIONS - 00| REMARKS
i 2 3 4 5 6 7 i 2 3 4 5 & 7
g
Static, 1 Venicle k5 70 68 66 51 32 20 12 122 133 132 % 59 2% 3 jAv, of 3 bot, ga. = 2 directions h
% -22 40 =38 =20 & 5 5 Aw, of 2 ga, on bot. of top flange
@D
5 ¢,L, 27 35 52 53 42 26 20 37 76 121 17 116 &% W {Av, of 3 bot, g8,
-5 =19 -32 47 3% -28 -1 Av, of 2 ga. on bot, of top flange
Statiec, 1 Vehicle iy 76 56 57 46 31 18 12 118 136 133 110 68 35 11 (Av, of 2 ga, bot, of bet, flangs
o =1§ <52 =52 -35 -1 « 3 -l Av, of 2 ga, hot, cf top flange
hy 3 72 60 &% 55 40 24 16 106 128 129 113 71 41 16 jAv. of 2 ga, bot. of hoi, flange
N9 1B 4B 48 <30 -1 -8 -1 iv, of 2 ga. bot, of bop flange
& 0 62 60 7L 7R 55 36 2% 79 110 129 128 §1 55 25 |Av. ef 2 ga, bot, of bok, flange
-1 -30 -38 =38 -3& -7 =B Av. of # ga, bot, of top fiamgs
n % Moving, 1 Vehicla 4,5 97 @2 45 48 36 21 9 135 139 148 10% 7% 3% 15 |1 ga, bot, each beam
’:l c? c,L, B3I 606 65 60 W 36 6, 8% 1% 133 132 75 5
L1
g Moving, I Vahicle L g 73 6% s+ 39 26 9 152 145 A4k 120 7L 39 15 i1 ga, bot, each beam
3 B2 7z 69 5B 42 2 12 1ho 40 45 126 75 b5 1B
0 s 3 o 61 58 &9 69 53 33 % 103 118 149 151 99 65 32
Ll
g g ;ﬁn k Impact, 1 Vehicle L3 88 70 65 S 37 2+ 12 129 131 129 124 65 ~— =a i1/4 in, plate at mid-span
a & ° iy B9 T 72 59 b A 18 128 138 138 136 72 - - §1/2 in, piate at mid-span
72} E L3 93 79 V5 62 43 27 1B 137 140 36 1K1 7B w- = [3/% in, piate at mid-span
g Statio, 2 Vahioles iy ok S0 105 97 9% 7B 83 147 170 192 202 189 167 127 jAcoum, values, bok. of bot, flange
o -23 49 -5 -54 48 <49 17 Accum, vaiueg, bot, of Yop flange
c ¥ 3 77 79 100 105 %% 77 80 15 164 ISh 209 195 173 129 jAcoum. values, bot. of hot, flange
zZ L w32 w56 -56 -61 -5 -55 -23 Aceum, values, bot, of top flange
& [} 70 76 102 110 189 93 100 102 144 192 220 212 187 142 |Accum. values, bot, of het, flange
47 =39 =56 =87 =55 =49 -10 Aceum, values, bot. of top flange
¥oving, 2 Vehicles it 103 ik 101 97 96 77 &k 165 1756 2065 210 192 168 13¢ |Aecuw, values, bot, of bob, flange
3 92 91 100 102 98 80 86 150 163 205 215 136 175 1A
Q 4] 73 80 101 113 136 89 95 11 152 206 228 210 186 1Lo
¥
§ Impact, 2 Vehiclea [ 95 92 106 100 98 79 BY 156 179 198 213 169 168 130 {1/4 in, plate nt mideepan
3 i 97 380 108 1ok 100 Bl 90 167 188 206 219 204 173 130 {1/2 in, plate a% mid-span
i 107 1c6 134 167 102 BS  9b 178 199 216 225 207 186 140 |3/b in, plate at mid-apan
4 Impact, 2 Vehicles i 109 108 120 115 1:2 95 99 185 200 227 245 228 157 147 |3/4 in. plate at mid-span
& with surchargs 103 102 115 109 108 B9 94 177 190 218 23 221 201 149 (1/2 in, plate at wid-span
& iz 97 108 107 107 B9 91 176 188 2% 233 215 201 151 {1/4 in, plate at mid-epen
— <
Statie, 1 Vehiole k.5 a3 49 62 Me 32 18 & 131 128 129 97 63 32 12 jAv, of Z za. on boh. of bot, flange
=2 29 =3 S17 =5 3 3 Av, of 2 ga. on het, of top flange
€.L, 3 3 52 61 53 37 32 48 7+ 116 126 11k 77 49 [Av, of ¥ ga, on bot. of bok, flange
3 0 =20 =3 =38 -32 =17 2 Av, of 2 ga, an bab, of top flange
s Moving, 1 Vehlele 4,5 B4 69 57 48 37 20 9 130 135 127 114 70 35 12 {L ga, hok, of bot. flange
o ¢,5L, 98 41 T 49 57 Lo 37 B 75 116 136 116 78 56
@O
ﬁ Moving, 1 Vehlele 1 7L 87 62 49 3% 18 10 106 116 11z 102 72 Lo 15 |1 ga. bob, of bot, flange
IJ 3 65 &4 65 52 37 21 13 63 111 12 106 77 46 13
o 0 49 53 61 59 W5 29 22 286 9% 108 119 95 62 29
243
2 Impact, 1 Vehicle it S 7 A6 51 3 oz 1b 46 137 132 101 65  —= -- |1/t in, plate
Wy iy 9 76 67 49 32 19 12 s 1386 129 100 64 - -— {1/2 in, plate
0 5‘ o i w02 83 75 59 ¥ 23 15 15tk 1k5 140 11t 75  --  — {3/# in, plate
2 2° 4 97 76 70 53 ¥ 23 11 1k9 138 1% 102 67 - -~ |No plate
& " Static, 2 Vehicies i 73 7™ BF B3 95 79 86 N7 171 1B6 193 189 164 144 [Av, of 2 ga. bot. of hot, flange
L7 I 1 -] =21 b3 48 49 -6 -3 -3 Av, of 2 ga. bob, of top flange
3 & d 3 78 B7 9% 97 160 95 95 132 163 188 199 195 167 148 [Av, of Z g, bot, of bot, flange
b4 o “11 =32 =37 =42 =39 =37 2B Av, of 2 ga, bok, of top Flange
[ 0 61 7k 96 11k 113 110 1909 100 142 187 210 210 185 159 |Av, of 2 ga, bot. of bol, flangs
E -2 19 - 46 41 34 -28 Av, of 2 ga, bet, of tep flange
o
t b Moving, 2 Vehicies I 93 §3 102 99 104 92 86 12 173 151 191 182 154 145 |1 ga, bot, of beam
o N 3 B2 91 102 105 103 97 @2 128 163 192 200 195 165 145
Ll 0 65 80 98 111 112 30k 9% 105 146 189 209 11 176 153
Impact, 2 Vehiclen 3 83 93 102 1oz 101 o4 9% 133 164 1B9 197 181 ==  -u [1/k in, plabe at mid-span
3 [ 90 100 106 108 103 96 99 %0 176 195 202 189 -— - |1/2 in, plate at mid-span
&4 4 8 98 107 106 104 95 9B 138 173 201 209 19 -- - |3/t in, plate ai wid-span
i
@ Impact, 2 ¥ehicles & gz ob 116 11k 117 o9 112 L6 184 211 222 223 ——  — |3/# in, plats at nid-span
N - vy
" - A
Staite, 1 Vehicle & 79 T 70 s 39 26 20 1S 137 130 169 72 41 16 |Av, 2 ga, bot. of bot. flange
4 -3 45 A8 -27 =10 =2 3 Av, 2 gza, wot, of top flange
3 69 65 64 57 36 28 15 135 133 13 316 78 &7 19 |hv, 2 ga, bot, of bot. flange
=31 47 A48 -32 el =2 a1 Av, 2 ga, bot, of top flangs
2 G b9 41 99 56 K6 29 23 99 109 128 128 92 64 34 [Av. 2 ga, bot. of bok, flange
1 21 40 L9 2§ 12 3 ee Av, 2 gza, bBot, of top {lange
a T 9 IMoving, 1 Vehicle 5 83 7% 7L 53 ko253 10 158 152 131 166 67 46 16 |1 ga, bet, of boi, flange
a=° 3 MmO 8 k3 25 14 133 150 ko 3113 76 &7 g0
5 [ 57 61 69 65 S5 32 0I5 10¢ 129 13 125 91 S0 30
g Impact, 1 Vehicle [ 77 72 69 55 Lo 23 14 132 126 124 104 68 - - |1/4 in, plate at mid-span
4 79 &5 7 56 br 25 16 S1% 129 128 113 P -~ -~ |1/2 in, plate at midespan
w
| S 4 By 82 8 66 48 2 21 157 284 183 127 T e~ 3/4 in. plate at mid-span
0 M {accum, value)
= 2 Statie, 2 Vehicles 4 99 B9 102 105 100 B89 B8 155 175 192 208 1% 17L 159 {Av, 2 ga, bob. of hot. flange
Z 8 @3 w52 56 -5k =62 ~50 -39 Av, 2 ga, bob, of top fiangs
& ° 3 97 %¢ 110 112 109 97 88 151 166 151 213 196 17 162 |Av, 2 ga, bot, of bot, flange
W =18 iy 49 =55 -58 =51 =32 Av, 2 ga, bot, of top flange
2 h < o 77 88 110 123 122 111 104 109 147 1BS 225 212 186 170 |Av, 2 ga. bob, of bot, flange
g & -2 w27 42 -58 <52 -5 =31 Av, 2 ga, boi, of top flange
% Hoving, 2 Vehicies i o4 101 108 100 109 9% &9 177 19t 2063 287 193 175 160 |1 za, bot. of bot, flange (mcoum.}
[ 3 97 99 108 10k 113 98 91 163 188 205 235 1986 176 160
g L 0 77  B5 104 108 120 106 97 126 163 198 243 20k 1835 144
Impact, 2 Vehicles 4 97 io% 117 107 1i7 101 S8 175 186 Z14 247 209 - —=|3/4 in, piate at mid-opan
3 iy 93 99 113 104 115 100 9% 161 173 205 237 20k —- - {1/2 in, plate ab mid-span
«;, J i 93 97 1p6 103 113 99 92 15 169 201 233 204 - -~ {1/4 in, plate at mid-span
e Impact, 2 Vehicles 3 96 1p5 113 124 122 111 102 163 178 210 222 223 - - {1/# in, plate at mid-span
with surcharge [3 97 186 118 122 123 111 104 166 183 213 227 227 — ~[1[2 in, plate at mid-span
\_ ~ 4 104 116 126 131 129 137 111 181 186 225 236 2% — 34 in, plate ai mid-span




