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275.1 i

_SYNOPSIS

Embodying the principles of thin-walled cellular design, a prototype
composite .aluminum and concrete -highway bridge was designed to carry AASHO

H15-44 loading and fabricated by the:.Fairchild Engine and Airplane.Corporation.

The completed five-cell, 50-foot -long, two—iane.test.spgn:was
erected at a site on the Lehigh University campus and underwent a test prpgram'
designed to evaluate .the-following:

(1) behavior under static load

(2) . ability to withstand an anticipated lifetime of load
repetitions

(3) ultimate strength.oftthe”structure.
This paper presents a>detailed_account of .the completed test program,;the
results obtéineq therefrom, and a comparison of those results with. the behavior

predicted by, the design.

The structure withstood over 1,250,000 cycles of load producing

..from 100% to 150% .of design live plus impact.bending moment, and 200,000 cycles

‘of 125% of design live plus impact bending moment applied eccentrically,

without any evidence of distress. There was close correlation between theoretical

and.experimengal_pesulis under static load.

_Finai failure of the .structure occured at a load producing a moment
more -than eight .times the design plus impact bending moment, and a corresponding

shear more than four times the design plus impact shear.
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A. INTRODUCTION

1. Background

Backed with the experience of producing efficient :‘lightweight
.structures such as aircraft, the:Fqirchild.Kinetics Divisioh of Fairchild
:iEngine and'Airplane Corporation inv;stigatéd the feasibilit& of designing
and fabricating an aluminum alloy highway_bridge structure embodying the
:advaﬁtages and efficiency of semi-monocoque girframe_constructionﬁ As compared
.to a conventional .bridge structure, fhe fcllowing advantages of this construction

could be found:

(a). Dead weight stresses would be reduced.

(b) Abutments, footings, or end supports could be of lighter
construction. |

(c) Transportation costs from thé point of fabrication .to
the erection site.would be less.

(d) Erection costs would be less.

(e) Maintenance costs after erection would be reduced.

The result of the Fai?child investigation wassa prototype composite
éluminum and concrete two;lane fifty- foot span designated the ."Fairchild
Aluminum Bridge." The basic structural components of.this span -were a. tension

'.flangé composed of.bottom.plafing,and extrusions; compression flange composed
of top plating, extrusions, and concrete deck; and shear webs composed of six

diagonal plates.

Designed with .the assisténce of the Bureau of Public Roads, in

-accordance with the American Association of State .Highway Officials
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* . .
nﬁpecifications(l? and _the -American.Society of Civil Engineers Specifications(g?

* for the .alloy used, the test Bridge:was fabricated at the .Fairchild Plant
in;Hagerstown, Maryland, and erected on the Lehigh University Campus test
.site in Bethlehem, Pennsylvania.
.2. . Purposes and Scope

To fully evaluate .the structural performance and adequacy of the

.8tructure under service conditions, the bridge was instrumented to record
deflections and strains due .to applied loads and .then subjected to static and
dynamic load"conditions'simulating an above-normal .1ife span.

< The .primary purposes of ‘this test .program were as follows:

. (a) Observe deflection behavior and obtain a stress or strain

distribution due .to applied.loaés to enable comparison
- .between predicted and actual behavior.

. (b) Determine capability of the .structure to withstand cyclic
loadings in excess of .magnitude and number of repetitions
anticipated in .a normal life span.

(c) Determine the ultimate static strength of ‘the structure.
A full description of-the.bridge, tests, and test results are
.Perein‘presented.
A !
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" 3, Test: Program - General

The test structure was subjected to 13 static tests and .a dynamic
test program summarized as follows:

(a) . 250,000 cycles at .design live load plus impact-moment,>MLL
(b) 250,000 cycles at 125% My
(c) 753,000 cycles at 150% Mj;

(d) 200,000 cycles at 125% Mpy, with .load applied eccentrically for

a torsional moment .equal to 6,220,000 in-1b.
B. DESCRIPTION OF. TESTS

1, Bridge

a. Fabrication and Erection .of Aluminum.Structure

.The aluminum_subsﬁructure;was fabricated at the Hagerstown, Maryland
plant of.the_Faifchild_Engine.and.Airplane;Corporationu_.One of the,fina1 steps
prior to shipment was the mating of the.component parts on §pecia1 jigs to
insure a proper.fit-af.the erection site (Figure 1). .Five?basic subassembliés,
cénsisting_of.th;ee triangular beams and two bottom plates, ﬁere then .
traqspofted.by‘truck from Hagerstown to the final‘assembly_area.and.test_site

on.the -Lehigh -University Campus (Figure 2).

Ihe grecﬁion sgqueﬁcg.was completed .in two days as follows:
(l) M;ting_of.twp,triangles and one bottom plate.to form the
first .unit placed on .the .end supports (Figure-S)°
(2): Placing of the second bottom plate.
(3) Placing of the third”triangular beam.

(4) Completion of the field bolting.



275.1 ' -4

.Steps (1) to (3) were completed the first day and step (4) was completed .the

following,dayn

The -completed structure assembled 11,360 1lbs. of . 6061-T6 aluminum

.alloy extrusion .and plating into a five cell, semi-mqnocoque.bridge.

.With the .later addition .of a lightweight concrete .deck, the
composite -aluminum and concrete structure placed a 24-foot wide roadway over

a .50-foot clear span (Figure.4).
b. .Description of Aluminum.Structure

.Tensién{flange.material was composed .of two 0.125-inch,p1ate;, thfee
channel_extrusions (at the bottom apex of the triangular beams), and four
extruded bulbed T-sections (Figure-S). ,Six‘shear-weﬁs, forming the .45-degree
inclined sides of the fiQe:cells, ﬁere made of 0.0Sl-iqch,piate. All_shear
.webs and bottom plates had. bulb angle transverse stiffeners to prevent

-buckling _due ;q.shear loads.

.Aﬁ‘the top of each shear web was an”exfrusion_common,to both the -
Wweb and 0.081-inch top plate which completed the triangular sectibqs (Figure 5).
At the upber'juncture of the center and outer beams these extrusions were: .
_&esigned to iﬁterlock,,thus jéining the .three ‘beams into one integral unit. The
outer edges of the.two outside beams were 1 1/2-inches below the :-high point of

-

.the .center beam, providing a transverse camber in.the roadway.

-Attached .to the .top 0.08l-inch plate, running transversly to the
longitudinal.Bridgé axis, and spanning between extrusions was the:corrugaged
aluminum decking which later served as the bottom form for the concrete deck

(Figure 6).
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Shear ties were attached to.the top longitudinal extrusions (Figure 7)
to insure composite beam action and prevent uplift of .the concrete .slab.
Approximately two feet from each end of the:bridge,»attached_to.the-top
;heeting and.excgnding,up into .the concrete deck, was placed .a channel section

called a thermal .beam (FigureAG) designed .to react .the .stresses induced by a

.témperature‘changeﬁcausing,unequal_expansionjof the aluminum and concrete.

" At the ends of the .three triangular beams, attached td. the webs,
' f
were frames composed of .two channel sections and a 0.125-inch doubler plate
which transmitted the .applied loads to .the footings (Figu;e.6). .Light

.infermediaté.frames (spaced five feet center to center) dividedvthe,wébs into

panels of equal .length.

. .Assembly of the extrusion and plate material into three . triangular
beams and two bottom sheets was done in the fabrication plant -using cold-driven
rivets. Field erection was comﬂieted_withdthe use of standard nuts and bolts

_andvconm§rcialj;ype lockbolts.

fhe entire .structure .was placed‘on.oil-impregnated.bronze.bearing
pads. The-Blockg at .the -west .end of the;span>were;restrained from horizontal
movement.butVpermitted_rotation_due.tolbending. The blocks at .the east . end
.of the span were free.to slide horizontally and also permitted bending
rotation. .After completion .of Tests 1 through 8a, it;was necessary to replace
.each bronze p§d.at<the,free end with a .nest Qf.sq&en,3/4-iqch.r011ers due to

.the failure of the bronze'pad.to move :horizontally.
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c¢. Description of Concrete Deck

-The coqcfete used.for.the deck embodied.a,sléglaggregate (éommercially
_known as Waylite):whose.light,weight.helped_tq minimize the stresses in the
aluminﬁm-due to dead weight of the structure. ,Theudeck extended 5-7/8 inchés
above the:top of the 2-1/2-inch deep corrugations. - All steel reinforcing bars
,yere<plgced.aboye.theicorrugations:and_separated,from.the.aluminum.by
insulation. (Figure 7 shows.the .steel in.piéce.before.the insulation was
inserted). A nine-inch cantilever extended over the edge of .the outer triangular

beams to complete the full 24-foot width of roadway,(Figure 7b).

.The need for any external support .of .the . formwork  during the
pouring of the .concrete deck .was eliminated by bolting the .wooden.side forms

directly to the top outer edges of the aluminum beams (Figure.7b)1

.2.__Test Program (Table 1)

To achieve the purposes outlined in .the introduction, the test
.programnwés designed to check .the structure .statically before and after each
- series of dynamic -load applications. Thus, any damage or .change .in strain

pistributioniwithin"the.structure:couldube detected.

The .completed series of 18 static and dynamic tests applied.to the
structure is summarized.in Table .1.. In addition to these tests, three impact
-loadings were .applied to the.span.to determine the natural frequency of

" the .structure.

A traffic study and.analysis(3) made .from Bureau of Public Roads

surveys predicts 365,000 cycles of design plus impact loadings in.the 50-year
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.1ife of a Class I span. Allowing for possible errors in.prgdiction,,it“was
determined that 1,500,000 cycles of repetitive loading should be applied to .the

test span, including allowances . for 25% .and .50% overload conditions.

.The static testing procedure allowed ohgservation of changes within
the span due to temperature variation during the period of each .static test.
Also, continuous deflection meaéurements were recorded from September 8 .to
.November 6, 1958, under no-load conditions. Strain observations unde:’no

external loading of .the spén were made on November 6.

.3. - Test Procedures

a. Static .Tests (except destruction Tes;s 17 and 18)
To eliminate the effects of Femperature,.three readings .were made
to determine the effects of one load iﬁcrement:
(1). Readings of all gages with no load on span
(2). Readings of ail gages With,span.loaded

(3),.Final.readings with span again completely unloaded,

‘Averaging of the loading and unlcading increments eliminated ( or
minimized) temperature effects on the gages. .To check the accuracy of.the
'.méthod,,one test (6N) was run during the might, a period of small temperature
changes, and repeated (6D) over a normal daytime variation of 10 to 15 degrees.

(See Appendix B for analysis of the data from these two tgsts).
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b. Destruction Tests 17 and .18

_Because the method of loading the span was altered (dead“weight

.was placed directly on the deck).for these final tests, it was impractical

to completely unload: the span after each load increment. ,Ihe.lquing

.sequence, therefore, was as outlined in .Table .2,
. Dyramic Tests

All.dynamic-loads had_to be compensated for the inertia effects
of the spén. .To insure that -the proper magnitude of load was being applied
to the span during repetitive loading,,the:maximum.defléétionlunder djham;c

load.was-kept-equal_to the deflection obtained for the désired.load_when

:gpplied_statically. .The minimum load was kept at approximately 10% of the

maximum applied load.

d. .Natural Frequency

By dropping a weight on.the deck .of the span and automatically

recording the instantaneous deflections, it _was possible to determine the

frequency of response for the structure.

e, . Temperature

:This portion of the .test program was limited to observation of

-the .behavior of .the span due to variations of the ambient air.temperature.

4, .Mgthod of -Load Application

.8. - Loading Beams (Figures 4 and.8)

. The hydraulic jacks used to apply load .to the structure .were in
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_-bearing against.transverse loading beams which applied the locads concentrically
in each .12-foot .traffic lane. .Each .beam acted.Against.the“deck,through”two-13"
x 26" steel bearing pads, 6-feet center.to center,,designed.to_simula;e.the

rear axle tire spacing,of.an.H15-44,truck;(Figure.8).

.For the .eccentric static and dynamic load tests, a jack.was placed
.3 .feet on each side of one traffic lane cemtedline.. to produce one-lane

loading (Figure 8).
b. Test Equipment

“Following‘is a brief .description of the Amsler hydraulic equipment

used- for the testing of the span:

_~(1)_ Hydraulic Jacks

_For all except the last.three.static tests, two,hydraulic jacks
with a capacity of 55,000 pounds ea;h;were.used.to apply loads to the span.
Maximum dynamic stroke for these jécks is 0.88 /in. .. For the last .three
: gtaticvtests,_ﬁwo:hydraulic jacks with.aicapacity of 200,000 pounds each

were used. All jacks have a maximum static stroke of five inches.

5Connected‘withia suitable 0il de;ivery;unit; the jacks produce load
hydraulicalLy,through:a precision-machined lapped_rgm ﬁor packless piston).
Due .to the very low friction losses, oil pressure at the jéck.is used as an
accurate measure of the load.  Spherical seating at.both ends of .the jack

assure proper load bearing..
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(2) Pulsators-

For ¢yclic load tests each jack :was connected hydraulically to

a pulsator. The two required pulsators were .connected in parallel to insure

.equality of magnitude and schhronizatioﬁ.of-load_application. . Basically
-these units.consist of a pump which produces a constant load in a pressure

cylinder and .a piston in .this cylinder having an .adjustable stroke

tthrough_a mechénical~1inkage) to produce a sinusoidal .variation of the

pressure in ‘the cylinder and subsequently in the jacks. . Maximum and minimum

.preséures.were.measured directly at the piston .of one jack and read at gages

mounted .on the pulsator. ﬁynamic'loadinggwas applied at.the rate of 250

cycles per minute.
(3).Pendu1um=Dynamometer

The .final series of.th;ee,stat;c tests was complgted“withatheiuse of

.the 200,000 pound capacity jacks connected to a pendulum dynamometer. .The:

dynamometer basically contains avhydraﬁlic pumping unit and a separate load

measuring system.

0il is pumped from.the»dynaﬁometer through one small-diameter

pipeline to a distributor.where two lines then branch to the two jacks.

.Hydraulie pressure in the distributor also acts on a measuring piston ( in

.the .dynamometer) which .activates the pendulum. The swing of the pendulum

is propprtionélAto the distributor pressure .which in turn is a.measure-ofAthe'

-load .in the jacks. ,(The jack load is read.directlj on.a .large -dial .on the front

of the dynamometer.
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_c.‘.Loading'Frames (Figure 4.)

The hydraulic jacks were suspended from cross beams bolted to the
. tops of .two frames. The.two frames were placed three feet on each side of
the transverse centerline of the bridge permitting load application directly

~at -the centerline.

The reaction system consisted of the dead weight of the frame,

‘frame .footings, and steel slabs on .the frame and footings.
d. Dead Weight (Figure .9:)

For the last series of static tests (17 and 18) tbe magnitude of
load.required for failure .exceeded ﬁhe capacity of the test equipment,
necessitafing_the use of dead weight placed on the deck of the .bridge.
Steel slabs with an approximate 6" x 36" cross section and varied lengths
were piled on the deck symmetrically to the transverse centeriine. The

weight of these slabs varied‘fromﬁz-l/z,to 4 tons each.

5. Instrumentation

To fully evalﬁate the behavior of the structure under an applied
normal force at the centerline, the instrumentation was designed tovdefine
-the .strains (1) at.the:centerliée due. to the application .of this normal
force and induced bending;'(Z) at the quarter point due to .bending and shear;
and (3) at the end frames or .reaction points.  Deflectigns of thé_structure
.were.recorded by taking measurements at .the centerline and quarter point.

. Instrumentation used for the.observation,of.the magnitude of the strains

due to température.changes is also included .in this section. Because of
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symmetry: of the test structure .and applied load, most measurements were

.made on .the east .half of the bridge only.
a.  Statilc Testing
(1) Strain Measurements

All aluminum strain measurements_were.made_with_res}staﬁce<type
.SR-4 electrical strain gages bonded to the metal surface (Figure 10). A
strainometer, also.an electrical resistance type gage, was used to measure
internal concrete.strains. .On the.concrete deck, surface strains were
measuyed with a ﬁechanicallWhittemore gagefovér a 10-iﬁch.gage length.

Strain gages were placed .at various stations as described below.

At. Station .25 bending strains .were determined by placing one gage
on .each .of the seven main longitudinal members A through G. rTo.aetermine
the action.of.the.£ransverse”centerline frame in the distribution of load
within the structure, two gages were .placed on each of the .frame members

in the three triangular beams. Centerline gaging is.shown.in Figure 1] .

At Station .22 .a straiﬁometer,was placed,at»mid-heightvbe;weéﬁ
.the .top and bottom steel reinforcing to determine the magnitude of the
.internal concrete strains. At ._Station 23 on the .longitudinal centerline
.and 4 and 8 feet on each side of this centerline, Whittemore strain gage
readings 'were .taken to determine_the.cogcrete.sﬁrface.strains. These
gages were offset from the transverse centerline to minimize the local
.effects at.theﬂpoint of load application. Figure 12 shows the location

of the strain gages for the deck.
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At ‘Station 12 + 6 bending strainé were again determined by gaging
the seven main longitudinal members. A through G. .At the same station at
.the centet of each of three top plates BC, CD, and»DE.and at four points on
the ‘bottom plates AG and GF were placed 45° rosettes to measure Bending,and
shear sﬁr#ins. Uni-directional gages were placed in line with the bottom
sheet rosettes on the top and bottom ofAeach_sheet.AG‘and‘GF_to detect
.transverse bending of the sheets. Rosettes were also placed‘at,the,center
of panel 10 - 15 to measure .shear strains. Internal concrete strains .were
~again measured with a strainometer buried at.mid-ﬁeight-of.the deck. Quarter

point gaging is shown in Figure 13.

At-Station O two cross sections at the third points of each.of the
‘six diagonal members of the end frame were investigated by blacing,one:strain
gage on,eachtchahnel and one strain .gage on .the doubler.  Hence, a transfer
of the load from . the .web into.the end frame and”then,;o.the end support could

be determined.

Prglimiﬁary investigation of test.data after Test 15 revealed the
-desirability of discontinuing .strain readings in areas which could no longer
yield any more valuable information, and complementing selected .existing strain
.gages to further define the.behavior of the structu;e during,th? final phase
of .testing. Therefore, the following changes in instrumentation were made:

1. Readings were -discontinued on 18 strain gages mounted on the
transverse centerline frame because this was a non-critical area.

2. Because the action of the end frame .was defined and found to
be-coq?istent through eaplier static tests, the 12 strain gages on .the channels

at the upper cross section were also.discontinued.
f : .
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3. .Transverse -bending of .the bottom sheet .at .the :quarter point

.was found to be negligible, eliminating the need for these four gages.

4. To define more completely the vertical strain distribution due

to bending at .the quarter point cross'section, three additicnal gages were

.placed to measure bending strains at points one-sixth, one-third, and
_three-fourﬁhs of .the height of each web. .From the .total of fqur gages then

.on each web, a .better picture of .the vertical strain distribution was obtained.

(2) Deflections

.Deflection of the span .due.to applied load were measured with dial
gages under the .three main longitudinal members at the .centerline (Station_ZS)

and,the.quarﬁer point (Station .12 + 6). To check the dial deflections and

.to determine any relative deflection between the deck and.tension members,

_scales were placed on the deck .at the centerline, quarter point, and over the

end supports. These scales were read against a fixed reference with an

.engineer's level.

After Test 15 additional dial gages were placed to measure .settlement

.of .the 'end supports under applied load. As a safety measure at the high loads

of the final tests, deflections were .measured only at.the outside longitudinal

_extrusions. .Due .to the placing of dead weight on the deck.for. the final tests

the deflection scales being used at the centerline :became inaccessible; as

.were .the .Whittemore gage points at_Station 23.

(3) .End Movement

Dial gages were used to measure.the horizontal movement of .the free

.end of .the bridge relative .to the.fixed center pedestal of .the end support,
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and the relative movement between .the concrete deck and top longitudinal member
C. After Test.l5 another dial gage was placed .at the opposite end .of

member C,
-b. Dynamic Testing

_During all dynamic load tests maximum centerline deflections under
the north aqd,soﬁ;h extrusions were measuréd with slip gages, a mechanical
device employing a dial gage to record maximum:downward movement (Figure 14),
At intervals during one dynamic test.in which load was applied eccentrically
to the .span, a record of,centgrline deflections and strains in the three

bottom longitudinal extrusions was made with a six channel Brush recorder.
c. . Natural Frequency

The iqstantaneous.centerline-deflection of the span due to a
suddenly applied load was automaticélly recorded on one channel of a Brush
_recbrder.' A Ergnsducer (picturéd on .the .right of Figure .14) was used -to
conﬁert,deflections into electrical impulses which were recorded on the moving

tape of the Brush equipment.
d. Temperature

;Tolgeq an indication éf,the.temperature distfibution within the
span, temperature measuring devices were placed on the bridge.  Bottom sheet
.temperature .was qeasured_ét,the centerline of the .span with a surface
thermometer, rec&rdings being made at each.load inervalvduring static testing.
Buried in the concrete of the deck .at the centerline and‘eééh quarter point
.along the longitudinal bridge .axis were thrée electrical temperature gages.

.A seven day automatic recorder maintained a continuous record of the ambient

air temperature at .the bridge site.
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.Initial .observations indicated the need for additional . temperature
gages within the cells of the span. Five electrical resistance type gages

were bonded .to the aluminum on the top sheet, interior webs, and bottom sheet.

.Fo; one :sixty day period deflections were measured at the centerline
and quarter point due to temperature changes only. This temperature study
was carriéd,oﬁg step further by placing seven . electrical temperature-
compensated straln gages on the span opposite‘existipg_gages and comparing

responses to temperature variations.
_C. THEORETICAL ANALYSIS

The‘following,is a brief summary of the theoretical analysis used

by Fairchild Epgipe,and,Airplane_Corporation.(4)

l. Section Properties

a. Basic Assumptions

The following assumptions and éonsiderations were used to determine
the‘effectivé areas of the .cross section for the span without -the slab:

(}) Bending stresses are carried by the top and bottom plating
.and .longitudinal extrusions. The cross section was divided.into elements
‘having a 22 I]Z inch horizontal projection_whose,contfibuti&ns.were;summed.to
determine the section properties. '(See Figure .15).

kZ) .Upper plating was restrained against buckling at approximately
_4-inch.iﬁtérVals by,the-deck:corrugations énd was, therefore, considefed
fully active in compression.

(3) “Because of the high ratio of flange to web areas, only 0.50

square inches of each web was considered effective in resisting bending.
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.Ip.determining_the areas of the cross section of the composite aluminum

and concrete bridge, the,followingJadditional.considerations,were.used:

(1) Modular ratio of aluminum to, concrete was taken as- 3 for

élllcalculatioqsy

(2) Effective .slab.thickness.was assumed to be 5 1/2-inches,
.the .clear depth of concrete from the deck surface . to the.top of .the 2-1/2 inch

corrugations.

(3) Governed by AASHO.Specifications, the.effective concrete slab
width on each side of the top longitudinal extrusions .was taken as 6.times

the .effective slab thickness.
(4) The influence of the steel reinforcing bars was neglected.
.b. _Calculation of.Section"Properiies
(1) ,Equivalent_siab areas

.Based on .previously outlined assumptions and .conditions, the total
.effective slab width was | ’
6,x-§ 1/2" =.33 in.

on each side of two center extrusions C and"D.aqdhone"side.of.outer.extfusions
.B and E for a .total width (including,the.9-iqch.cantilever.at-the.éuter.edge
.of the deck) of |

| "6 x.33" + 2 x 9" = 216 in.
 Therefore, the.totai.éffective“slab area

| Aeff =.216" x 5 1/2" = 1188 in2.

The .equivalent aluminum area (modular ratio = 3)

- 2
Ae = ~1;§_m_ =.396 i? )
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This ‘gives an equivalent aluminum plate.thickness for.the.concrete deck across

the .top of .the span

< 396 in2  _ 3 47 in. ¢
e 270" width ‘

.t
Adding to this the 0.081-inch top plate, the .deck was taken.as 1.55 inches
thick at a centroidal height of 5 1/4 inches above the upper aluminum

extrusion§.
kZ)':Geometric Properties

The preliminary calculations of the section properties are
presented in Tables 3 and 4 and Figure 15. Following are the final
calculations:

:Without.Slab - Section subjected .to bending about horizontal

X-axis only;

Atotal = 86.99 in2 y
5= Az o 187 5 85 in.
‘Atotal 86.99

= - =2, .= - ' 2 - 4
I, -S;A_ZZ Aporal 25= 85,400 - 86.99(21.82) 44,000 in™

_With Slab
_Atotal = 483.1 in2

220238, 45,59 in
483.1

=¥"A z2 - 52
Ix LA 22 - Apgea) 2

z =

1,106,700 - 483.1 (45.59)2 =r,/27;§ L 2

1, =%a %2.= 2,898,200 in®

2. Bending Analysis - AASHO Loading

a. .Dead. Load

Dead Load deflection and stresses .were .caused by the weight of the
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span and the wet concrete immediately after pouring.

complete 50 foot span was estimated as follows:

-Aluminum Structure 9,000 1bs.
_Roadway Slab 74,250
Curb an&_Sidewalk 26,973
Railing ' 1,803

Total 112,026 1bs.

~-19

The dead weight for a

This weight -~ divided by a bridge length.of 51.15 ft. produced

a figure of 2200 1b/ft or 183 1lb/in which waé used for calculationms.

The loéding condition was as follows:

Dead Weighit = 183.3 1lb/in

! S N | ' i3 i

L‘ . Span_= 600"

—
- 5
’1 .

Shear Diagram

000 1b o

ey

8.25 x 106 in-1b

55,000 1b

(1)- PredictgdvDeflection (Dead Load)

SwL4  _ 5 x 183.3 x (600)%4

Mowent ‘Diagram

384 E 1, 384 x 10.6 x 100 x 44,000

Where ® = centerline deflection

= 0.664"

I, = moment of inertia of span without roadway slab.

.Shear deflections were not calculated for this condition. -
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(2) Predicted Bending Sgresses (Dead Load)

Top aluminum extrusions in compression:

f. _Mc = 8.25x106 %2318 . =4347 psi
; I 44,000

Bottom aluminum extrusions in tension:

g Mc _8.25 x 100 x 21.82 = 4091 .psi
I 44,000

‘b. _Live Load

Based on an H15-44 AASHO loading, the maximum live load moment

occurs when the design.vehicle is .on.the span .in . the following position:

Front K .d§4K Rear ‘ . Truck position for
_Wheels-'“ ' . Wheels - “maximum lane loading
. 771 1t

- hs 63K 153~ 21 _ 14,37K

il ' Span = 600"

.Impact .Factor

I = 50 = .5 . =.28.57%
L + 125 . 50+125 ‘

-where

1 = impact factor as percent:.of .live . load moment
‘L .= length of span in feet.

Therefore, the totallive.load plus impact moment for two lanes

Myp = 14,370 1bs x.279 in x 2 x 1,2857 -

My = 10,313,000 in-1b.



275.1 | o | | -2

v
I
. ‘ r10.313 x 106 in-1b
1 6.49 ' x 106,
Live Load plus Impact
.Moment .Diagram at
-Design Loads
Maximum shear load, as dictated by the specification, is to be placed
.directly over the support .with the magnitude
-V, =31,500 1bs x 1.2857 impact .x .2 lanes = 81,000.1bé- ' ;:D‘
. : ) )
(1)<.Predicted Deflecticas . (Live Load)
. _
. Specifications require deflection to be .computed for a uniformly
) distributed .live load and a concenterated load at .the center. Therefore, the
deflection due .to live load plus impact is:
fswit . P1d 1+ 1
‘ 2384 EIx 48.E—Ix . ) '
Substitution of the following values
'w =80 1b per in Iy = 102,664 in%
L, = 600 in P = 27,000 lbs
..E.= 10.6 x 106 psi I .= 28.57% (Impact factor)
yields
3 = 0.3032".

(2} PredictadiBgnding. Stresses:{Live Load)

" Maximum tensile stresses in bottom aluminum extrusions:

£ Mec = _10.313 x 105 x 45.589 = 4580 psi.
i " 102,664
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The top aluminum extrusions are located 0.589 in. from the neutral

.axis, therefore stresses would be negligible. 52 Z2 /ﬂch;

Maximum compressive .stresses at top of concrete deck:

£- Mc - _10.313 x 106 x 4,661 - 468 psi
I 102,664

.3. . Unit -Shear Analysis

a. Assumptions and Theory

(1); All assumptions associated with the.elastic bending of a
statically detefminate open cross section, such as Hookefs Law and plane. cross
sections remain plane after bending, apply to this analysis. The equation for
. normal .bending étress and the equation for shear stresses due to bending can

.be .applied. These equations are:

Mc
T

‘-Bending stresses f =

Shearing stressest = —¥;Q_
It

The equation for shearing stresses is more .conveniently used if

the concept of .shear flow (q), shear force per unit length, is introduced:

€2). Consider next the.closed tube of arbitrary cross section, where
.the ratio of cross-sectional area of material to the area enclosed by the

perimeterlis small, subjected .to a pure torsional moment as illustrated.
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T = externally applied torsiomal
moment

rt = distance to tangent at a
point on the circumference

-~ ds

elemental length of thickness t.

7 = shear stress, uniform across

thickness ty-

To maintain internal equilibrium, the shear flow, q, around the
cross section must be constant; and for equilibrium of the cross section:
T =1t §rt .ds
whe"re§r_t ds = 2A, = twice the area enclosed by the.section
. . T '
.or YT = tT2A,; T = —— .
’ t 240 !
To .establish the energy relaticonships for the section, a small
.element of unit length, dz =1, is removed. The internal energy, u;, for

this element.

i.= 127 ¥ @V

where -

dv. =1 x t x ds.
Also, ¥= -1

. G

where

¥ = shear strain

‘@ -.= shear modulus of elasticity

Subsituting the value for ¥ in the equation for the internal energy
and summing elements around the periméter, the total internai,energy, Ui’

.becomes:
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The external energy

1/2 T®

U
where e

6 = angle of twist
.Equating;the<external.énd:internal.energy:

U~ Uy

1 me._ -l 2 ¢t dsw 1 Lx2t2  ds
2 2 G 2 G “t

Substituﬁing

gt = qand T = q24,

: theﬁ
2 B
a0 e 2§

and
2Aq it
b. Application to Test.Span

Shear analyses of the test span are made .for unit shears of 10,000
lbs applied vertically tVz) and -horizontally (Vx ), and a torsional moment (T)
equal .to 1,000,000 .in-1b applied at the .centerline. ;Tpe:follqwing

'considerations apply:

(1) The vertical axis of the cross section is an axis of symmetry;
.therefore, bend%ng is about a principal axis.

T S o VoL o ’ e
(2) .Effective bending resistance in the flange is considered to be

concentrated at the centroids_of the elements as shown in Figure 15..
Thus the.sheet.material.be;ween_centroids of flange elements is assumed .to be

.subjected to shear stresses only.
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' The -structure is first theoretically cut -in such a manner as to make
it statically determinate. This permits calculation of.staticaliy determinate

.shear flows due to bending only, from the equation.

q»= LIQ-,-

. where 'V is the unit-1oad_dausing bending about an axis of the cross.section.
perpendicular to its line of action. The following figure shows where.the

span was cut.

The shear flows within elemental areas are:

= .——V LA ¢
AY q- I

" where -A = elemental areas.:

These values are .calculated in Tables 5, 6, and 7 for the various loading

;conditiong on the bridge with and without the slab,

For .each cut made .to make the structure statically determinate,

a redundant shear flow must be introduced to restore continvity.

. Applying the equation developed for the angle of twist of a closed

cross section

.F

ds

[
2A0 t




‘to each of the five cells yields the following set of simultaneous equations:

1. 2. =S
Cell:l: .2 4) 6.0 Z'Tl'ql

-26

)

-4 q'2+Z—[’—_q

t tl
web AC
web .AC web GC
. ' = ) - _£ - y L
Cell 3: 24,68 =) = G- Lg - Log+ ) o
g b web .GC web GD -
11 4: Go =< - Loq - _4 2
Cell &4: 2 A, (;G)4 z y/ qA . q3 - qs + ZT q
t -
4 web GD web . DF : 4,
Cell 5: 24A:..6Q. =) L q.- L q, + )y L
' 5% EE, t5 3 £ 4 ts5
web. DF ;
\
.Also, the following conditions apply:

(1) For bending aboﬁtnx-axis, no twisting of cells:

G91=G92=G93=G94=G95=0

(2) .For an applied . torsional moment,,no-bending:

T =24 (qp +.qp +q3+ q4 +4q5°)

(3) For bending about.the vertical (Z) axis

. T =22Aq,+ 24 (qp + qp + q3 + q4 +q5:) =0 S :

The following are unit solutions for five separate loading

. conditions of the span, with gpnd without the .deck slab:

(1). Bridge .Without Slab

Unit.vertical shear: V, = 10,000 lb.

,Staticélly‘determinate shear flow for cut structure

.VZ

q=— Az
L '

‘Angle of Twist: GO, =0




b

-The,resultanq.shear.fléws are}showh in. Figure 16.
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Tabulated calculations are given.in Table -

5.

-0
78,462 = 0

&

. 86,621.2:= 0

&-A
15,068.2 =0

: - ABC-A A-C A-B-C
Gn /- 2682.46 q) - 785.67 qp + 35,500.6 = 0
. cpeC . e GO
(3  2682.46 q3 - 785.67 qp - 785.67 q -
. D-E-F-0 | o-F . PE-F
(o) 5 2682.46 qg - 785.67 q; - 303,385 = 0
PF-6-D Wl L DF
e (2291.34 q, - 785.67 q3 - 785.67 q5 -
v | AC-6-A 4-C c-&
=
@t 512291.34.q2 - 785.67 q; - 785.67.q5 -

Redundant shear.flows are computed to be

647
gy =-4.699 1b/in  q;-

29.242

q3.= 70.615 q,

q5 .= 145.899

[P

2. Bridge ‘Without Slab

111.988 1b/in

' Unit torsional moment: T = 1,000,000 in-1b

.Statically determinate shear flows: q- =0

B Ahgle~of twist: fGe f,O

2,68 = ;26%.46 q, - 785.67 q,

2.4 c.é3 = 2682.46 qj _ 785.67 q, - 785.67 q,
..,z‘As.é 65 =.2682.46 q5 - 785.67.q,
<,2:44‘G]Qﬁ_='2291.34,44,- 785.67.q3 - 785.67 qg

.z.gzlc 0, =.2291.34 q, - 785.6%7q1 - 785.67 q3 |
l,Ood,OOQ %321A1 tq1:+.g2 +:q3;+_q4"+ q5.)

.Redundant shear flows are computed .to .be:
qp = q5 .= 38.424 1b/in.
. o . ¢
9,.= 9, = 57.413

69,242

REE
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The resultant .shear flows are given in Figure 16.

*

» (3). Bridge .With Slab

Unit.vertical shear:. VvV, = 10,000 1b..

Z

.Statically determinate shear flows for cut structure
Vo

q = Az

Iy
Angle of Twist: G 8, =0
Tabulated calculations are given in Table 6.

A-B-C-A A-C AN-B-C
1723.670 q; - 832.765 q, +:30,374.9 =0

1723.670 q3

- 832.765 q, - 832.765 q;, - 3678.5

1723.670 q5 - 832.765 q, - 143,077.5 =0
v | 12385.530 q4 - 832.765 q3 - 832.765 q5 - 77,590.
. . | 2385.530 qp - 832.765 q - 832.765.q3 - 13,511.

Redundant shear flows are computed to be:

100.545 1b/in

q; = - 5.022 lb/in q .=
q, = 25.978 q5 = 131.594
q3 = 63.261

The resultant shear flows are givennin.Figuré 17.

{(4). Bridge;With Slab

Unit horizontal shear: Vy = 10,000 1b,

.Statically determinate .shear flow for cut section

Vx
1

z

R Angle of twist: G.6, # 0

Tabulated.calculations are given .in Table 7.

2 A] G.8) = 1723.670 q; - 832.765 q, + 3844.5

2

3

-28
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832.765 q, = 832.765.q, + 3051.8

) 2 A3 603 = 1723.670 a3 - z
’ .2 Ag G @5 = 1723.670 q5 - 832.765 q; - 3844.5
2.4, .G 8, = 2385.530 q; - 832.765 q3 - 832.765 q5 - 550.2
2 Ay G ©, =2385.530 q, - 832.765.q; - 832.765 q3 - 550.2

T2ag+24; (q+qp+q3+q+4q5) =0

~.where J2.Aq .=ﬁ4 rids

Redundant shear flows are computed to be:

q; .= -6.799 1b/in q, = 1.431 1lb/in
qp = 1.431 q5 = -6.799
q3 = -5,678

The resultant shear flows are given in Figure 17.

i«

(5). Bridge With Slab

Unit torsional moment: T = 1,000,000 in-1b.
Statically determinate shear flows: q =0

‘Angle of twist: G 8, #0

1723.670 q; - 832.765 qy = 2 A; G©;
.1723.670 q3”- 832.765 qzv' 832.765 Q4.= 2-43 G 93
1723.670 q5 - 832.765 q;.= 2 As G ©5
12385,530 q; - 832.765 q3 - 832.765 q5 .= 2 A, G 6,
2385.530 q, - 832,765 q; - 832.765 q; = 2-A, G.6,

‘0

1,000,000 = 2 A; (qy .+ gy + 43 + q4 + q5°)
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Rédundant.shear flows are computed.to be:

q; = 36.922 .1b/in = q, = 44.440 1b/in
qy .= 44.440 q5 = 36.922
q = 58.392

The resultant shear flows are shown in Figure 17.
c. =Predic;éd.Shear Flows for AASHO Loading

‘The predicted shear flows, based on specification loading, are
given in Table 8 and Figure 18. Ihe.values,_as given, are for the maximum

,ahears,which_wou1d4occur in the end panel extending from Station 0 to Station 5.
The various loading conditions to be investigated are:
(1) . Dead_Welght (Acting,on_bridge-without,slab, Figure 18)

?he loading for this condition consists of the .dead weight .of
the aluminum subétructure.and‘the‘wet concrete. The shear actually varies
from zero at the centerline.to a maximum of 55,000 pounds at  the supports

(StationHO). ‘The shear flows for this condition are 5.5 times the unit solution

for Vz = 10,000 1bs, acting on bridge .without slab.
(2) Live Load Plus Impact (Figure 18)

‘§pecifications require that .the design shear load be obtained
from a uniformly:disﬁributed.live load plus a concentrated load placed directly
over the gnd'supPort, giving for this span_a.maiimum,shear'pf-81,000 1bs.
(ﬁhich.includ@ﬁfhe iﬁpact factor?. . However, the cohcentrated_load in this
position would be transfered from the deck to .the footings through the end frame;

_but, for this load a smail distance .from the end of the bridge, this shear
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value is approached. The.solution ié then 8.1 times the unit solution for the

.cotiposite bridge -section (Vz = 10,000 1bs acting onlbridge with slab).

.According,to specification, the liveAloéd.is assumed acting at
a ‘maximum eccentricity of 12 inches, producing a torsional moment
T = 63,000 1bs x 12 in x 1.2857 (impact) = 0.972 x 10°® in-1b.

This solution is 0.972 times the unit .solution for a .torsional moment .equal to

. 1,000,000 in-1b acting on .the bridge with slab.

(3) Live Load Overload KFigure.IS)

This condition is the same as for the live plus impact ioading
on,the.span,exceﬁt the eécentricity is increased to six feet, causing a
torsional moment

T =63,000 1b x 52 in x 1.2857 (impact) = 5.832 x 106 in-1b

This solution is 5.832 times the unit solution for T = 1,000,000 in-1b acting

.on the bridge .with _slab.

(4) Other Loading -Conditions

The following loading conditions were investigd;ed_and found

to be non-critical; therefore, solutions are not included:
(a) Wind Loading on Bridge

Based .on .the area of the span as seen:in.elevation, the

wind load causes a .horizontal reaction equal to 8282 1bs. This is equivalé%t

to a uniform load acting horizontally and causing bending about a vertical axis

of the cross section and a small torsional moment .about .the Iongitudinal.bridge

.axis.
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(b) Longitudinal .Force

.This force%is taken as five percent of the live load .in

all lanes carrying traffic in one direction with no impact. The effects of

this loading are negligible.

(¢c) Vehfcular Wind Loads

-

This load is considered .to .be centered six feet .above the
roadway acting on two passing .vehicles for maximum effect. This causes bending

about .a vertical axis of the . bridge .cross seétion,and_a.torsional.moment.
d. Predicted Shear ‘Stresses?:.

_.To find .the magnitude of shear stresses at a point, the
shear flows must.-be -divided by the thickness. .of the section'at . that .point.

Predicted shear stresses for the webs and bottom sheets appear in Figure 19.

4. End,FramegAnalysis

'Io;ﬁipd.the magnitude of . the loads in .the .end frame, it was first
.necesséty to.dgtgrmine the result#qt,shear flows from .the .cross section. The
;horizontal_shééfg are‘then,balanced_within,the frame-and_;he vertical shears
Aare,transfqredpf?om,the.strqcture”to,the bearing blocks. For the .shear
calculatipns;:ﬁhevelemental loads are equal.to the shear flows for a given
loading times thg-length of segment over which the shear flow is acting. The
forces in the top.sheet and bottom frame members are assumgd,ﬁ?acted.equally in

.all six webs.

.With loads known .and balanced, each.diagonal segment of the end frame

~

was then analyzed as a column with an end fikity equal_fo 0.75. The .column cross.



275.1 ' : : o -33

sections are taken as shown in Figure 6. The horizontal members did not . take

.any plating into account as effective material.

The theoretical loading condition.is shown in Figure 20. The.'p"
load at .the top of -the column is due .to the shear loading in.the top horizontal
meﬁbé;s. The ‘linearly varying load, a lbs. per in. is due to the .shear in the

webs. The design condition, Figure 20b, is therefore, a conservative approach.

5. Predicted Temperature Behavior

Mc , Mc
. P
p QH Concrete g.__JL
‘ : e
My e

N lea :
P . . ' .
-Aluminum P

Because the concrete -has a lower thermal coefficient of expansion

_than the aluminum, the span tends to déflect<downﬁard.due'to a temperature

increase. If equilibrium is considered around the inferface'of.the aluminum

and concrete, then:

Since the materials are working as a completely composite section, their

curvature must .also be‘equal.

i

1 o= 1
PLa FPe
or Ma = .-HéL
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®
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At the interface, the adjacent strains mmsﬁ.be:compatible. .These .strains are:

'etemp =a (At)

:€axial = —-?-éé—
~8pending = Egi e

.Equating the total strain in the concrete.to the total strain in

.the alumiﬁﬁm: 7
Qe (AL) + [—EELA—] + [Eﬂ_ e] =, (4at) — [P[A.] ”"'[:—M-—.e] |
) ) le E 1 d. BE a E 1 Y

This eguation is simplified by substituting [éM ].; [;? ]
c

E1

and the following relationships are evolved:

EaIa 1
M = Atla - 2+ L ”
na-‘ '\. . ( [ a'] [AaEa AcEc
EcIc
MC = at -
' ey e { Ea ac] [A Ea ACEJ}
Ecl ¢ + 'Ecla‘l[ /1 L1
p=[ At(q,—a,)—P'(——-+-——-
N N2 a - %c : _ .
(ea’+ ec) )| AE "~ AE,

The numprical values for the constants in these equations are as

follows:
Maﬁérial ;E e f‘ .ia a@ { A
_Concrete’ "3 x106. .|' 5.625 | 4,560 ~| _6:x 10-6 1656
'Aluminum | 10.6 x 106 23.18 44,000 13 x 10-6 87
where “
e'=.d1stancetfrom‘interface.to éentroid of material section (in)
a = coefficient of .thermal .expansion.

.For a change in temperature of 100° Fahrenheit, substitution .of the

above yields: : .
' 6510 x 103 in-1b.
191 x 103 in-1b.
232 X 103 1p.

1]

Ma
M
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For the same .temperature change the center line .deflection is

calculated to be:

5 = MLZ =0.628 in.
8EIL

The .thermal stresses are predicted to be:

£fo=_ L :t Mc
A I

Top Concrete Fiber

£ . 232,000 _ 191,000 x 2.375 = 41 psi Tension
1656 4560

Bottom Concrete -Fiber

£ = 232,000 191,000 x 5.625 = 376 psi Tension
1656 4560

"Top Aluminum.Fiber

£ - 232,000

( + 6510 x 103 x 23.18 = 6097 psi Compression
87 44,000

~Bottom Aluminum Fiber

£ = 232,000 _ 6510 x 103 x 21.82 = 561 psi Tension
87 44,000 ‘ g

6. .Predicted Behavior Under Test Loading

-

a.  Comparison .cf AASHO Loading .and Test ConéitionA(Figure.Zl)
(1) Geﬁeralb

Practicél_consideratibns‘limited the ‘test conditions to loading

. at the transverse centerline.of the bridge. - Concentric-ovEiégcentric’ - -
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lane load could .be accomplished by moving the loading jacks laterally at the
centerline. As mentioned previously, the load'pattern on .the deck simulated

.the rear wheel spacing of an H15-44 truck.
(2) Bending

‘The 69,000 1lbs applied at . the centerline produced a bending

moment .equal to the live .load plus impact-moment.required_by,AASHO specifications.
(3) .Shear

,With.the.truck.in position to give maximum moment, the
corresponding shear would have been 40,900 lbs; with the test loading the shear
was 34,500 lbs. The test set-up did not permit application of an 81,000 1b

load directly over the supports as required in the specification.
(4) "Torsion

The .specification condition required .the .span .to withstand
a torsional .moment equal to.5,832,000 in-1b cbmbined with a bending moment equal
.to 1007 of design plus impagtumoment. Test conditions again precluded the
possibility oflachieving this loading. The maximum torsional moment was 6,220,800
in-1b combined_withﬂa.bendiné.momént"equal to 125% of design plus impact .moment
applied at .the centerline of the .span. This loading produces 43,200 1bs shear |

and 3,110,400 in-lb. torsion .in .the span.
b. . Predicted Test.Behavior
(L Deflection

For the loading used in the test set-up the .following formulas
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are used .to calculate the centerline deflection:

5 _p13
. bendingn 48 E .1
~shear 2 AG
“where
‘A = area of web resisting shearing stresses

A =6 x 0.081 x 1.414 x 45 = 31 in?.

.jSubsqitution.of-valueé at .test load yields:

69,000 (600)3
48 x 10.6 x 100 x 102,700

- 34,500 x 600 o
8 = > 0.088
S "2 x31x 3.8 x 100 _

< =.G.286 in.

op =

Total = 0.374 .in.

-Deflections for various loads are.tabulated below:

Load' ‘Quarter Point.-Deflection (inches) Centerline. Deflection (inches)
.'% M%L Bending -Shear Total ‘Bending -Shear Total
1 0 098 022 .120 .143 044 L1817

100 .196 .044 . 240 .286 .088 .374

150 . .294 066 360 429 132 561

200 392 .088 .480 572 .176 . 748

(2) Bending;Strains

.Sample .calculation for strains at centerline follow:

-Bottom Fiber - Aluminum

Myrc . ( '
f L= LL i 10)313@00(45'64’ = h
=3 .E ~107.700 ¢ = 4579 psi Tension
fr = Eegs e = 1273 psl

2. = 432 .0 MM
''10.6 .x 100+psi s (
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.Top Fiber - Concrete

M® . 10.313.000 (7.4)
: e = i
fc = - 102 700 7?3 pa

743
% Tk 106 = 244"

Top Fiber - Alumipum

The top aluminum fibers are located.near the neutral

_axils, therefore, stresses are asmall and are not computed.

(3) . Shear .Flows and.Stresses

Thg'pradicted_shear flows for a concentrically applied load

producing 1007..MLL at .the centerline are equal to 3.45. times the unit solution

" for a vertical shear applied.to the bridge with .slab (FigureIZZ).

The predicted gshear flows for the load eccenftically,applied.are

4.32 times the unit verkical_shear solution plus 3.1l .times the unit torsional

moment: solution‘(Figure.ZZ).

The predicted web shear etresses for the above conditions are as follows:

(a) Concentrically applied.load, V; = 34,500 1lbs.

Websg Stress ggsi}
AB,FE 1328
-AC,FD 1322
.GC,GD 1588

(b) Eccentrically applied load, V, = 43,200 lbs., T = 3.1l x 106 in-1b.

Web 8Btress (psi Web Stress (psi
AB 3080 .GD 1453
AC ‘ 1944 FD 1367

GG 12525 FE 246
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-D. PRESENTATION .OF RESULTS

1. .Deflections _

The applied concentric centerline .load versus deflection curves
for loadé'up to 138 kips (ZOOZ,MLL at . the tenterline) are shown in Figure 23
for measuteﬁeq;s made at .the .centerline and quarter poinﬁ. .Also shown .on

this figure‘afe.the predicted deflection .values which.tgke-into account .both

.bending and shear. 3

.For the eccentric loading case :presented in Figure .24, the predicted

bending curve for the center longitudinal member G is.the same as for the

concentric case.

2. Bending Stresses and Strains
The stress scale indicated at the topé of figures for the .strains
in the main longitudinal members A.through G and .the .deck .is based .on a modulus

of.glasticity equal to 3,000,000 psi for concrete .and 10,000,000 psi for .the aluminum.
a, Top.Flange

The five Whittemore strain gages located on the deck surface at:Station

23 gave the concentrically applied.load versus strain curves presented in Figure -

.25. The same information for the .eccentric loading 'aondition is presented in
1 . :

Figure .26.

_The;response of the strainometers located on.the longitudinal centerline

.at mid-height between the.steel reinforcing bars at Station 22 .and .the quarter

point is given.inzFighre 27.
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The strains recorded for each of the main lonéitudinal members
B,C,D, and -E are given in Figures 28 through 31, . “Comparison of strains
for these four members is made in Figure 32. . The ecceﬁtric loading case

‘is presented in Figﬁre-33.

Strains measured on the deck surface and top longitudinal members
B, C,.D, and E are-presented.in.Figure 34 .with respect .to their physical
location. .Data is presented for a.load of 69,000 lbs applied concentrically

and eccentrically.
b. Bottom Flange

The strains recorded for each of the three,main.longitddinal members
A, G, and F are presented .in Figures 35 , 36 , and. 37 . A comparison of
Etrains in the three members is made in Figure 38 . The eccentrically applied

load.veféqs strain curves for these three members are presented in Figurd. 39 .

The:conceneric‘lpad-strain curves as recorded for the three
individual gages of a strain rosette on the bottom .sheet .are given iﬁ Figure 40..
The gage parallel to the longitudinal bridge axis gave.tﬁe strains due to
‘bending. The eccentric load-strain curves for -thd bottom sheet rosettes are

given in Figure 41. .
c. .Webs -

The strains in the webs due to bending are derived from the data
recorded from the .horizontal gage of the 459 rosette .at .the mid-height of the
web. The strains for all three gages of each web rosette are shown in.Figures

=42 through 47 ,and,Figuré 48 for the eccentric loading.
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d;,,Comparison.of-Strains at the Quarter Point .Cross Section

After test 15 additioml gaging was placed on the span to determine
2 more complete vertical strain distributidn,at.the?quarter point cross section.

Since the load-strain curve .was linear for all gages up to'the.applied 200%

at .the centerline, data for Figure 49 was taken for the highest load

‘iﬁcrement of Test 16, 138 kips, which gave:200% M;;. The bending moment

at the quarter point .was one-half the bending moment at_the_ceqterling. .Figure
4 . glves the strains as a function of their vertical .location at.the cross

gection.

3. Shear Stresses and Strains

The measured shear straims for the .bottom sheet were derived from

Figure: 40 for the concentric case and Figure 41 for the eccentric case .by

a Mohr's Circle reduction of data. The data for the.webs presented in Figures

42 through 47 was reduced by the .same method to get web shear strain

values.

The shear strains converted .to stresses (shear modulus equal to 3.8

X 106 psi) are .compared with predicted shear stresses in Figure 50 ,fof_an_
.applied concentriq'load equal to 69,000 lbs. The eccentric case for the . same

_1oaQ'is presented in Figure j§]

éa Centerline and End Frames

Strains in the.transversg:centerline frame are .considered to be

induced by forces acting .in.the plane df>the frame. .Since.the load-strain

curve was linear for all gages up to an-applied centerline load of 138 kips,
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the strain distribution in- this frame caused by a load of 69,000 1lbs applied .

concentrically and eccentrically directly above .the frame is plotted in

.Figure 53 relative.to.the-locatibn'of.ﬁhe electricalzstraiﬁ_gages. For clarity,

the-figure shows the bridge divided into .the three .triangular beams contalning

elements of the frame.

The .end framé;was also considered to.be strained by forces in the
plane of .the frame. The distribution of strains at two cross sections of the

end frame is shown in Figure 53 at an applied centerline load .equal to 69,000

4pounds for the span on.roller bearings. Both the eccentric and concentric

loading is shown.

5. .Destruction Tests

The bending moments at.the.centerline.and.quartef point given .in
Table 10 were computed from the loading given in Table 2. Strains at the
centerline and quarter point_were used to determine the magnitude and. location

of the dead loads, with the shear strains at the quarter point used as a check.

The web shear strains listed.are Mohr's Circle reductions of the

.data recorded for the three gages of the 45° rosettes. .Tensile strains in

-the bottom members A, G, and F were averaged to arrive at.thé:value given in

Table 1¢s . Variation of strains between gages was small enough to permit,tﬁe~

use of these averaged values.

.The centerline deflections as recorded at bottom members A and 'F
were .corrected for'end support settlements and temperature deflections, then

averaged .to arrive at.the value in Table 10,
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Observations made during the final .testing of the :bridge are noted

in Table 10 also.

6. Natural Frequency

Figure 54 is a tracing of . the automatic'fecording,;apes for the

_thpee trials made to determine the natural frequency of the bridge.

7. Temperature: Deflections

Figure 55 presents the fesults of the deflection and .temperature
observations made between.September 8 and November 6, 1958. The slope of the
curves for centerline deflections, quarter point deflections, and end movement

gives a measure of movement per degree temperature change.
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E. DISCUSSION OF RESULTS

1. .Dead Load Effects

a. .Deflections

‘The dead load centerline deflection was predicted to be 0.664-in.,
. based on an anticipated.bridge dead weight of 183.3 pounds per inch. The

actual loading condition closely approximated the following:

/27 cubic yards concrete @ 110 pcf 80,200 1bs.

10% additional weight for moisture .
content when pdured 8 Q20
Aluminum ' 11,360

Réinforcing steel 6,700

Total 106,280 1bs.
Dead welght per linear inch equals

106,280 "Z 173 pounds per inch.
51.15' x 12

.Based on .this dead weight, the actuéla bridge deflection was predicted .to be
0.627 inches. The predicted deflection due to the weight of the concrate

' alqne;was 0.520 iﬁchas,

Obse;yations made during the pouring of the.deck slab indiéated,tha;
‘_temperatﬁte.éffects due to direct sunlight and &he:heat of tiydration oflfhe
vfreshly'éoured‘concrete-on_the aluminum top flange .caused a non-uniform
tempefature,differential of approximately 66 degrees between the top and bottom

flanges of the bridge. This, in turn, caused an upward deflection of the'span.

.Afterqplééing of the aluminum structure and the steel reinforcing,
deflections of the bridge were measured due to the effects of .the wet concrete
only. Upon completion of the deck.pour the deflection at the centerline was

‘meéakurad at 0.504-inch.
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b. _Stre§ses

-Twenty-four electrical strain gages were read at different time
.intervals dufihg,the pouring of the deck. The data from these gages was
inconclusive -as a check of .the predicted dead.load“streéses becahse'of_the

temperature influences on.the ‘behavior of .the span.

:Readiqgs taken on the day following the deck .pour indiéated.thé
span was acting as a composite member and reacting to changes of the :ambient

-air temperature.
The predicted dead load stresses in the aluminum structure were:

Maximum compressive stress, top aluminum fiber - 4347 psi

Maximum tensilé.stress,,bottom aluminum fiber - 4090 psi.

x

2. Live Load Effects

a. General

The original test installation placed the *bridge on oil-
impregnated:Pron;e bearing pads, restrained from horizontal movement .at the
west end, bu? free to slide at.the east end. Both ends allowed rotational
moveqeﬁt, Afté; 360,000 cyclés of dynamic loading,fo 150% MLL at thé centerline
(Test .7), it was noted .that .the bearings é;.the free.énd_were.not.sliding, thus
 céusing:a partiql-restraint:or horizontal reaction at the top of the footing
 pedestal. Thié reaction.caused.an:eastﬁard-horizbnfa1 movement of 0;036-inch
at the point of application under an applied centerline -bridge load of .103.5

kips.
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After cpmpletioh,of-xest 8a; the bronze bearing pads were removed

at the east end and each one replaced with a new bearing resting on a nest

of seven 3/4-inch lubricated rollers. This eliminated the-horizontal motion

of the top of ghe‘pedestal.. Before resumption of the dynamié_tééting, Test

.8b was compieted.

Test 8b aﬁd_succeeding tests indicated the effect .the bronze

-bearing pads -had on.the end of the span. Relative movement be;ween:the-bridge

and pedestal ranged from 0.152-inéh for test 10 to 0.185-inch for test 16

‘(both tests under 103.5 kips centerline load).

.All test results in which this condition of restricted end movement

had an effect upon the bridge are presented together with .the results obtained

after replacement of the bronze bearing pads. For Tdsts l,throughj16
inclusive, all results gave a linear relationship between .load and strains or
defiections up to 138 kips applied at the .centerline producing 200% My, at .the

point of load appLication.
b. Bending Behavior
(l) . Deflections

AASHO Specifications (1),_allpw a deflection due to live -load
plus impact.equal.to 0.750-inch (1/800 of the span.lengtﬁ)._ This deflection,

based on .a uniformly distributed and a concentrated load plus an .impact faétor,

was .calculated .to be 0.303 inches.

The predicted deflections calculated for the test.load applied

concentrically at the centerline include‘the,effects of bending and shear.
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The same value is shown for the ppredicted deflection of the longitudinal . :.

vcenterline (member,G) of the span under an.eccentrically applied load, -

.Mea§u;ed.at.the main.longitudinal.members-A, G{.and"F wi;h
.mechanical dial gages reading to 1/1000-inch, the deflections under the bridge
‘showed a smal¥.v§riance in readings at éhe.centérline or quarter point under
concentric lo;dihg, 8110wiﬁg,averaged_readings to.be used for each curve
(Figure 23). From the numerical comparisons made in;iigﬁre 56 , the measured
value at the .centerlipe was 6.1% more than .the prediéted.defléction. At the

' gquarter point the difference was 8.3%.

TheAmeasured.deflection.under member;G for an eccentricaily,applied
load of 69,000 1bs was 4.37% greater.thah,predicted at the centerline. .At the._
séme-éection, member A deflected 327 more than member G; member F deflécted
27% less than'mémbgr G. At -the quarter poipt.the measured,deflectioﬂ of member
G was 8.8% greater than predicted with +277% and -28% variation in the deflections
of ‘A and F respectively. The'measuredfdeflectionS@anhg member..G-were - .

practically the .same at . the centerline and quarter point for the load applied

.either_concentricglly or eccentrically.

The .deflections of the deck surface, measured with an engineer's
1éve1_readinguscales graduated .to 1/100-inch, showed excellent agreement with

.the data obtained from the dial gages.
~

The .three scales placed on .the deck directly over the pedestals.
indicated:negligible.settlement of the footings (l% of the total centerline
_ deflection) with a 138 kip load on .the bridge. The magnitude of settlement
-was correlated in.Test: ‘16 by the -data obiained;ﬁrém.the.diai gages which“had

been placed .to measure footing settlements.

1
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A(i) :IoP,Flange (Reference Figures .25, .26, 27; 32, 33, 34)

For the concentric loading tests, distribution of strains across
the-deék_surface and in the top longitudinal membérs B, C, D, and E near the
jcenterline-ihdicgtéd.a.slight ""dishing' of the deck near the point of load
application.l_fhis was evidenced by greater strains toward the center of the
deck and greater strains in the inside top memberst aﬂdﬂD whichjwere under

two of the;bearing;plateé of the loading beams. The strain distribution on

.the deck surface §1§q indicated that the entire deck was active in bgnding.

.After Test 15, the additional gaging placed on the deck surface
‘at .the quarter point to determine further the lateral strain‘distribution>failed
.to give any additional information .due to scatter of .the .test .results. _Strains
in the top longitudinal.members at the quarter point were small, but comparison
l_ﬁith fhe-;entérline,étrains on correspaqnding members indicated that the center-
liné.strains were influenced.by localized.effects. Additional gages placed on

- the outside of members B and E after Test 15 confirmed these results.

" L.The same .conclusions can be drawn from the data for the eccentric
load tests; that is, (1) there were localized increases in strain near the .-

point of load applic;tion.and_(Z),the entire deck was active in bending.

VThe,s;nainﬁmeter at -Station 22, placed.at-mid-heigﬁt.betweenﬂthe
toﬁ and,bottom,réinfbrcing Bars aiong fhe,1ongitudin§l_centerlihe,»also éhowed
a slight.inérease in. strain.due to its proximity to .the point .of lqading;-it

;gave.strains‘approximately 2.1/2 times greater than .the strains :ecorded.at'

a-corresponding gage at the quarter point.

.For the eccentric loading condition the strains measured by the
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strainometers wvery glosely followed .the curve obtained for theﬁconcentriéfféading

case.

.The strains recofded_frgm_thetstrain,rosettes mounted at the center
of top sheets BC, CD, and DE at.the quarter point_werg~very small and
scattered. The gage in the rosette parallel to the longitudinal axis of . the
span_measured{strains due to bending; results from all three gages of a

rosette were qsed"to determine .the magnitude of principal strains, and hence,

the shear strains. .Since none of the gages gave any strain readings which were

consistent and of any magnitude,. it can be concluded that (1) the gage was near

- the neqtral_axis of the bridge cross section and (2) there were no_sheaftéfrains

ag the point the gage .was affixed to.the top sheet. The results from the gages
on members B, 0, D, and E at the quarter point .also.help verify the location

of the.qeutral.agis.
(3) ,Bottom Flange

.The gages on the outer longitudinal members.A and F gave slightly
{2 1/2%) greater strains than the gage on center member G. The centerline :
strains were twice the .quarter point strains on the same member, iﬁdicating
there wers no local effects, such.as the locdtion .of the bearing pads of the

loading beams, influenéiug:centerline-strains.

Gaging of the bottom sheets AG and GF indicated that .tension
strains in .the sheets due.to bending of the bridge were .slightly less than,
but propon;ioﬁal.to, the.strains'in,the.bottom longitudinal.members{ _The‘
gages applied .to the-top'and bottom of the sheets berpendicular to the
longitudinal bridge axis indicated there was no ben&ing,of the bottom sheets

in .this direction.
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For the eccentric tests the strains at .the centerline obtained in
_longitudinal_memﬁer,G,were-1Ai-higher than thé strains obtained for the 69 kip
load applied goncehtrically and .equal to‘the'pﬁedicted_étrain for the member.

- Member A was straiqéd_lo%.higher than member G and member F was strained 277
less thanimempe; G. At . .the quarter point the strains in members G and F

differed by 2.7% and were .approximately 187 less than the .strains in member A.

The data for the :bottom longitudinal members under an eccentric load
indicated a slightly unequal distribution.of the load to the components of .the
.span; that is, triangular beaﬁ-ABC carried slightly more load than the other

two sectioms.
(4) Vertical Strain Distribution at the Quarter Point

-An overall comparison of .the strains in the deck, top aluminum,_
'ﬁebs,.and.bottom.alu?inum,was made in Figure 49 .to arrive at.the vertical
.strain . distribution at a quarter point cross section. It .can be seen from
the figure that .the entire cross section is gctive.inﬁbendiqg‘and.thefstrainé

are proportinpalﬂto their distance from the neutral axis.

By.obtaininglthe_slope.of-the‘1ine-connecting,these points, the
.vertical.lqcation.gf_the neutral axis for eachﬂweb,section.was determined
Jwith_resééct.to the location .of the bottom gage. The average of the six
vertical heights $0 oétained gave .the location.of;thefneutral axis as 47.4
,1nches_abo;e~the;§lane of the gages on members A, G, and F. :The predicted

.height;,measured.from”the,same.refergnce plane, was 46.6 inches. Physically,

.the neutral axis was located in the plane of the .top sheet CD.
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¢. .Shear. Behavior

_Electrical 45° rosette strain géges were placed on the top sheets,
webs, and bottom .sheets to deterﬁine.the principal shear strains and hence,

stresses at:selected points of the quarter point cross section.

Gage readings for the .rosettes at-the centerline of the top sheets,.
although small and scattered, indicated strains in the magnitude of 10

mfcroinches per inch under a centerline load of 138 kips (200% Mi1). This meant

.that the gage .was located at a point of zero bending and shear strains, a ::.

condition which would occur along the longitudinal centerline of sheets BC,

CD, or DE at ‘the neutral axis of the bridge cross section.

Reduction of the data from the individual gages of the web rosettes
by the Mohr's Circle method gave strains very close to the predicted for the
concentric ioading condition {Eigureso ). The agreement .between measured and
predicted strains for the e;cen¢ric loading condition was not_aé close, but was

within approximately 10% (Figureuil-).

.1f .the entire web had been active in bending as indicated in Figure
45, thén the :shear distribution“along,each_ﬁeb_would“have;been,parabolic,
with.a,small.variation,vrather.than.uniform as predieied. Thus, the gages may
not -have been located.at‘a:point-of maximum shear stress, which WOuidApartially
account -for tﬁe-d;fferences 5etween predicted and measured, particularlf,for |

the eccentric case. .Due to the large ratio of flange to web areas, the

:uniform-distribution,as-predicted.is close to the .measured value.

The .assumption that areas_were.concentrated at\the.cgntroids of
elements -having 22 1/2-inch horizontal projections was used to predict the

8hear flows in the bottom sheet. This led to a solution which gave uniform
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.shear.flows bépwgen:centroids of flange elements with an increase or decrease

- occuring at the centroids.  Actually, the shear in the bottom sheet varies

linearly with .the only sharp breaks occuring at the main longitudinal members

A,Gy and F. This condition would lead to disagreement between the predicted

and.meaaureé,shears (Figures 50 and 51).
.d. Centerline and End Frame Behavior

The loads induced in the frame members due to the applied load on

the deck were reacted by (1) a uniformly varying load, in pounds per inch .of

tength of the sheet to which the frame member is attached, and (2) an axial

.lpad,taken,dut.ét.the gnds of the frame ‘member.

Under a concentrically applied centerline.load_bf-69_kips (100%

My at the .cénterline) the maximum .live load stress in any portion of .this
frame was approximately 1900 psi in compression. ,For'an_eccentric load of 69

kips, the maximum compression stress was approximately - 3200 psi.

The .strain distribution in the diagonals of the.end frame indicated

there was possible bending at -the upper crosg-section due to the method of

.loading - that is, the shear in .the .webs pulling on.the inside edge of.the frame

gz a uniform load (pounds per inch .of length of the frame.diagonal). This

was also discussed in. connection with:the: frame .desigm procedure. ;.o nivi,

At a lower_crogs.section the load was almost .equal in the channel

- o R ekt
e e 3

‘sections, indicgﬁing,a more unifofm-distribution.of,load acrosé the seétion-and;

‘therefore, q.upiform-dispribution.of load on .the .bearing block.

The :magni tude of.axial.load-transmitted.td,the'bearing.blocks by

_eaqh.of the frame diagonals could not be determined without-addiﬁional.data,
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but the relative magnitude .can be seen in Figure 53. In general, the same
relations existed between load distribution in the outside channel, doubler
blate, and inside.channel_at.each_correspondiqg cross section .0of the six

different .diagonal. frame members.

The .stresses under a concentric centerline load of 69 kips
(IOO'Z.MLL at the centerline) were only in the magnitude of 1350 psi. For
the eccentric .condition under the same 69 kip load the maximum stress was
3300 psi.: Cqmparing_the.measured_stresses_with.avdesign_stress (1ive.1oad
 on1y) of approximately 6150 psi assumed .to be agting,over the .entire length

N

of the member, it can be seen that the design approach was conservative.
e. .Destruction Test

Table 10 is the summary of .the results of déstruction‘Tgsts 17 and
18. Linear behavior of the span was indicated.up to a shear of .241.8 kips
(load.iqcrementuil) which caused elastic buckling of the outer webs visible
at the end supports. The first-bpckling_appeared near the bearing block, with

.additional buckles later appearing above.these under iqcreasing_ioads. At

load increment 20,‘ine15stic chkling_had.occﬁred.

Thé-highegt.load increment at which gage readings were taken was
increment -20. With 85,100,000 inch-pouﬁds moment .at_ the centerline, 49,900,000
inch-pounds moment at .the quarter point, and.328.0-kips shear, the centerline

deflection was 3.87 inches and tensile stress in the bottom fiber was 38,000 psi.

.After releasing the jack .load 6f.increment.21,<an,attempt.to reload
.the span led to a sudden and complete colrépsé of the bridge (Figures 57 and

.58). At the time of fakiure,.theycenterline moment -was 885% Mg
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* f. Temperature

.Calculation of .the .gslope.of the.long time .temperature-deflection
curves (Figure‘SS ). by the method.of.leASt.squares gave .a relationship for

movement per degree change in temperature as follows:

1. Centerline.deflection 0.0062 in':

2. Quarter point deflection 0.0042 in. .

3. ,Relétive.endrmovement (between_bridge-and,pedestal) =0.0068 in. ..

Accord;ng to the theory used .to p:edict"temperature effects .caused
by differences of coefficients of.thermal.expansiontfor concrete and aluminum,
_deflectionsAwdﬁld.Se,caused by é.moment acting at the ends of the span. End

. movements would be the total effect .of strains due .to temperaﬁure, axial load,
and .bending moment. The theoretical movements per degree .change in temperature

. ,wére.calcglated,to_be:

1. Centerline deflection -0.00628 -in-. .

2. .Quarter Point.deflection 10.00471 in...

3. .Relative .end movement 0.0081 .inw:.

Analysis of the electrical strain gage data for temperature .changes
only gave very inconclusive .results. The change in strain per  degree temperature
_ : : .

.change varied from one .test to .another, precluding the possibility of getting

am;accuréte picture of the temperature—strain_behavior.

o . A0ver'a.short.perioq.of.time,;such.as during one complete test,
most gages were.consistent and .allowed reduction .of data as described .in -

;Appendix%B.v Continuity of readings between tests over longer periods of
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.,timk_was obtaiqed with.the mechanical dial gaggé; but, due to'sensitivity to
direct heat and sunlight, gage creep, and the variable temperature and humidity
.conditions at the test site, no continuity of readings was obtained for the
electrical strain gages>from.one test to another. Even the use of.temperature
,cbmpensated,electrical gages mounted opposite .selected -SR-4 gages failed to

.give any pertinent information regarding strain behavior due to temperature changes.

'Measurements made .to determine theAteﬁperature distribdtion.within
.the -span indicated .the following:

1. Bottom sheet and deck surface responded more quickly to sunlight
and temperature_dhange-than.did.the internal,members'of.the-span_such_as the
ndiag04§1_wébs.GC, GD, and top aluminum sheet :CD supporting the deck.

2. In .general, the teméerature_was not.uniform, nor was there a
uniform,ggadient, within the span. 10n1y when the .air temperature .started .to
drop and .the direct rays of thé sun werevnot.acting on the span .did .the :

temperature-distribution tend to become .uniform across a section of .the span.
g. . Natural Frequency

The predicted frequency of the .span was .computed to be approximately
400 cycles per minute. The results of three tests gave.the natural frequency

equal to 333 cycles per minute.
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.F. _SUMMARY AND CONCLUSIONS

l.. DeaduLoad

The predicted Jead load deflection of the aluminum structure due
to ﬁhe;weightzof the.wet,cbncrete only was 0.520 inches. The maximum
measured -dead .load deflection was 0.504 inches, which was influenced by

temperature .effects of direct sunlight .and hydration of .the concrete.

'Test results did not provide a satisfactory measure of the dead
lcad ‘stresses to check .the predicted stresses of 4347 psi compression in the

‘top aluminum f?pér and 4090 psi tension .in the bottom .aluminum fiber.

.After initial curing of the concrete during the :24 hour period
immediately following the pouring of the deck, observations indicated changes
;'in.the.deflected,sh§pe of the structure with changes of the ambient air
temperature. This indicated.composite action between .the concrete and aluminum

résponding.tp the different rates of thermal expansion.

2. .Static'Livg;§qéd”Effects
a. leoading

TheiAASHd.Specification.truck.1oading,on this spén_producedAa
‘design momens due to live load plus impact equal .to 10,313,000 in-lbs at
® poing 21 inches from the center of the span. .A 69,000 1b.test load .applied

ag ¢he centerline produced the 3ame bemding moment.

The .concentric loading of .each lane at the center of the .span

pgodyced a shear load.of 34,500 lbs on each half of,the.spéni . Specification
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requirements of 81,000 lbs shear directly over an_end_sppport_pould not -be

.duplicated due to limitations at-the test .site.

With.%ccentric loading, the maximum specific#tion‘condition wouid
 have produced .a gor?ional.momgnt.equal.to 5,832,000 in-1lbs and a bending
moment equal to théﬁlive load plus impact design moment of 10,313,000-in-1bs.
,TheAﬁaximum ec;entric test»loading:condition_produced.moments of.6,220,800
in-1bs torsion and 12,891,000 in-1bs bending combined with a shear of .53,200

1bs.
b. Bending Behavior

The predicted deflection due .to an.applied,load‘of 69,000 1lbs
producing 1007 My, at the centerline compared with measured deflections

as follows:

-Deflections (inches)v
.Predicted Measured

.Location L;ﬁ‘Concentric -Concentric :Eccentric
Loading Loading - Loading

jCenterliné ' ;fénding 286 A 0.500

o ' "Shear " __.088 -G 0.369

Total .0.3?4 T 0.397 F 0.256

-Quarter .Point ' Bending .196 . A  0.317

.Shear __.044 . : G 0.243

Total 0.240 . 0.260 ‘F 0.168.

Thekbrédicted stresses due .to the'design,live-load_plus jmpact
__moment.at.theicenterline'compared”wfth_stresses derived from .the measured_y:

strains, using a modulus of elasticity E of 10,000,000 psi, as follows:
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Bottom : .Stress (psi) ‘
Longitudinal Centerline Quarter Point
Members Predicted Measured .Predicped Measured
A | 4210. . | ’ 2070
G 4579 4040 2290 j 1900
‘F 4210 R 2030

For the same load (69,000'1bs) eccentrically applied, the

" stresses werg as follows:

. Bottom .Stress (psi) _
-1 Longitudinal _Centerline .Quarter Point
Members - Predicted | Measured T Predicted Measured
A - -- 5050 - -- 2200 |
G 4579 4600 2290 1850
F -- 3350 -- 1800

Stresses in the top longitudinal members were negligible.

Test data indicated.é localized.iqcrease:in_stfain_in_thé deck and
top longitudinal members near the point of load application. Top longitudinal

members and the deck exhibited highest strains toward the longitudinal.: .::

" centerline of the.deck, indicating a very:slight dishing effect near the

‘point of loéd application,

_The,stresses in the deck.at-Statioﬁ,23 varied from 280 psi eight
feet .on ei;her side of the 1ongitgdinalicenterli;e,to 360 psi albng'thei
centerline. .Data from this aréa (near the load point) also indicated the
entire deck was active in bending. For the.eccentric loadiﬁg,condition,
stresses varied from 390 psi in the~loaded‘1ane to 180 psi in the unloaded

lane. . All concrete stresses were based on a modulus of elasticity of

3,000,000 psi for the material.
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Test .results indicated the location of .the neutral axis was in the
plane of .the top sbéet, approximately 47.4 inches above .the gages on the
bottom members. The calculated height of the neutral axis, from the same

reference:;, was 46.6 inches.
c. .Shear.Beﬁavior

The pred@gted_shear stresses at the quarter point due to a concentric
34,500 1b shear force (69,000 1bs applied at .the centerline) compared with the
.stresses derived from the;measured strains using the shear modulﬁs G equal to
.3,840,000 psi as follows: |

7Stress.(psi)

. Web | .Predicted Measured
AB 1328 | : 1555
AC 1322 L 1344
GC N | 1588 _ 1574

6D 1588 1555
FD 1322 . | 1294
FE . 1328 _ ‘1467

For the maximum ecqentriélcondition.of.86,400 1bs and .6,220,000
in-1bs applied.ét the centerline the comparison was as follows:

.Stress (psi)‘

. ‘Web Predicted Measured ’
.AB o 3080 | 3302 |

ac 1944 | 1890

e | 2525 2642

GD 1453 1290

FD 1367 1498

.FE 246 695
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.d. Centerline .and End Frames

The maximum measured stress in any member of the centerline frame

_was approximately 3200 psi under an eccentrically applied load of 69,000 1lbs.
'The maximum measured compressive .stress in the end frame also occured under

the eccentric loading condition .and was equal to approximately 3300 psi. The

measured stresses were considerably less than the 6150 psi used for design.
le. Destruction Test

Up to a shear load of 241,800 lbs and a bending moment of 63,500,000

in-1bs (load increment 11 of .the destruction test) there was a linear

. relationship between static load and stresses or deflections.

The highest load sustained by the bridge produced a bending moment
equal . to ?70% of the live load plus impact design moment.at the centerline with
a shear force equal,to,378,800 lbs. The shear load was 4.7 times the AASHO
design,tequirementlof-81,000 lbs. This load was held for ten minutes then

'partially.released. Failure occured at 885% M;; during another attempt.to

load .the span.
f, Temperature

Observations indicated .the .centerline deflection .of the span was
4.0082 .inches dpwnwérd.for a one degree rise in ambient air temperature. This

movement was predicted to be 0.00628 inches per. degree temperature change.

‘Analysis of the electrical strain gage data for temperature changes gave

inconclusive results.

In general, the temperature distribution within the span was not
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uniform. The bottom sheet and deck responded more.quickly to sunlight and

temperature changes then internal members.
g. .Natural Frequency

:The natural frequency was predicted to.be approximately.400

cycles per minute and measured at 333 cycles per minute.

3. Dynamic -Live Load Effects

The following program of repeated loads was applied .to the

structure:

a. 250,000 cycles producing 100% My
b. . 250,000 cycles producing 125% My,
. 753,0b0 cycles producing 156% My,

d. .200,000 cycles producing 125% Mjjwith
a torsional moment of 6,220,000 in-1b.

.Static tests before and after each dynamic test indicated the bridge did not
suffer any Visible damage or -loss of structural integrity due to the repeated

application of these loads.

4, Summary of Stresses .

A summary of the primary stresses in the span is made in Table 11.
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NOMENCLATURE

These notations are used unless otherwise noted in.text.

A = Area

'Ae~= Equivalent area

Agsg = Effective area

Aroral = Total area
-¢ = Distance from axis of bending to fiber at which stress is desired
E = Modulus of elasticity

f = Stress due to bending

¢ = Shear modulus of'elasﬁicity

I = Impact factor

Iz, Iy, ;z = _Moment of inertia .about X, Y, or.Z - axis
.L°* = Span length

M = Bending moment

My, = Bending moment due to live load plus impact = 10,313,000 in-1b.
.n .= Modular ratio of aluminum to concrete

:P = Applied concentrated load
-Q =V Statica1,moment area about.the neutral axis

q .= Shear flow

9, = Redu;dant shear flow, where n. .= cell number

T = Externally applied torsional moment

t .= Thickness

to = Equivalentlthickness

uy = Internal_énergy for an infinitely small element

y = Total infernal energy

U, = Total external energy

Vx’ Vy,_Vz = :Shear load applieﬁ in x, y, and z directions
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w = Uniformly distributed live load

X, y, z = Coordinates of an element with respect to principal axes

X, ¥, 2 = Coordinates of the centroid of the cross-sectibn with respect

.to the-feference axes .X', ¥', 2'

W = Shear. strain

5 = Deflection

&t = Increment of temperature .change

e = Strain

ﬁteh; = Strain due to témperature

€axial = ‘Strain due to an axial load
€pending - 'Sgrain.due té bending of the.section

8 = -Angle 6f twist due to an applied torsional moment

9, = . Angle of twist of cell n

j:w f; f Cdrvature;(Eﬂf) of aluminum and concrete portions of thg bridge
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-APPENDIX

-&. MATERIAL PROPERTIES

1. Concrete

The concrete .for the deck was designed for a minimum strength
of 3,000 psi at .28 days. To maintain the concept of a lightweight structure,
the concrete design embodied a lightweight slag aggregrate commercially I

kanown as Waylite.

Thé_folldwing mix, which had been tried and used previously by

thevWaylite_Company, was used for the bridge deck:

‘Mix proportions (lbose dry volume) - 1 : 1.5 : 2,25
Admixture - 6 oz. Darex per cubic yard

Cement - Lehigh Portland, Type I, 8 1/2 sacks per cubic yard

Dry materials were transported from the batch plant to the job
sife in ready-mix trucks of 4 to 5 cubic yard capacity. -Batch slips
indicated a total of 30 cubic yards of concrete was delivered to the bridge
.site, Upon_arfival.of.a:truck, watér‘was added and thoroughly mixed with the
-dry materials. Beforé and .during the unloading of each truck, a standard
8lump test.Was run to determine whether or not the concrete had the proper

water content, a two to. three inch slump was required.

The concrete was unloaded from the truck .into a one cubic yard
bucket, lifted to the deck level, placed, then vibrated for optimum
compactioﬁ.. The surface .was raked smooth and finished with a screed spanning

lthe.24-foo£ width of deck between forms.
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.After the proper surface was obtained by the screed, the deck was
covered with wet burlap; curing was completed.by keeping this burlap wet for

seven days after the pour.

A total of 14 cylinders were poured and tested, four at 1l day
strength and ten at 28 day strength. Results are .compiled in Table 12 ,
The .average twenty-eight day strength was 4150 psi with an average .density

of 108 pounds per cubic foot.

2z, Reinforcing_rods

The.conc;eté deck contained,6700vpounds of intermediate grade,
18,000 psi design,§trength, reinforcinglrods. Longitudinal reinforcement
consisted of -#4 rods (one-half-inch.diameter) at .eighteen-inch centers top
and bottom, using a total of 34 bars. Transverse reinforcing bars were #5
rods (five—eighﬂu;inch.diameter) at six‘incﬁﬂcenters top and bottom.
Insulation was placed between the steel and the top aluminum to prevent
.corrosive action at boints of contact and to insure proper . bond between the

steel and concrete.

3. . Aluminum

All aluminum used .in. the structure was standard production
‘quality}60617T6 alloy. This material was chosen for its ability to

‘resist corrosion as well as for its structural properties.

After completion of the test program, 10 specimens were cut from
areas of the .bridge where stresses did not .exceed the proportional limit of

-the material. The specimens had a gage length of 8. inches and cross section
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-dimensions as shown in Table .13 . .As the specimen was loaded, an inductance
gage measuring elongation over the.8 inch gage length and an automatic recorder
were used to plot a graph of load versus strain. The graphs were then used .to
determine the elanic modulus and the yield.strengthj(stress that produces a
permanent set of'0.2.per'cent‘of;the initial gage length). Table 13
.summarizes the material properties and gives the locations from which specimens

were taken,
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-APPENDIX
! B. RECORDING AND REDUCTION .OF DATA

When_readiqg,ény one .electrical strain gage, the :SR-4 Strain
Indicagor showed §_slight_creep causing a continually éhanging reading. This
was due to_humiéiﬁy and -temperature effects acting directly on‘the,gtrain
gage. The strains on a épecific gage .could possibly_changé plus or minus 25
microinches during the short.perioa,required to balance the.Indicator. .Readings

were therefore made to the closest .5 microinches in as short a time as possible.

.During any of .the test periods _ the .continually changing temperature
induced strains in the span which in turn changed the zero reading (under no
load) for mpst.strain.gﬁges and, at the .same time, cause&.deflection of the bridge.
Since it was impossible to maintain a constant.temperaﬁure at the test site,
it was necessary to separate the changes due to temperature, and the strains

and .deflections caused by the applied load.

The following 1oad,seqﬁence;was used to take data:
}. . Under no load a full_set_Qf.zero réa&ings was taken.
2. .A load incremeﬁt,was applied and a_full:éet of readings
.was taken.
3. The spanlﬁas unloaded and another full set of .zero readings

‘was taken,

The difference in the zero_reédings“was assumed to be the net

change due to temperature.

To evaluate the method used, Test 6N was conducted from 12:00 PM

to -8:00 AM ( the total temperature change equaled.l.l/z degrees) and .then
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repeated as Test 6D from 8:00 AM to 3:30 PM on the same day (the teﬁperature

change .equaled 15 1/2 degrees).

.The test results shown in Figure 59 were taken from a strain gage
lmounted on the bottom longitudinal extrusion on the .south edge of the span.
The recofded,aqd reduced data is presehted in Table 14. The total strain
increment due.go applied load and temperature change (désignated_as a-b on
Figure 59) had.to.pe_cdrrected for the averagé zero‘changé (indicated as a-c
on:Figure 59) over the period of one load increment. Applying this correction
.amcuﬂéed to éveraging the total change due to ioading,énd.unloading. The
results aék-plotced on Figure.60. It .can _be seen from .this figure‘that.;he

variations from a straight .line 1oad-strain:relationship were small.

. Reduction of all rosette data was accomplished with the use of

‘the Mohr's Circle Method as illustrated in Figure 61.



TABLE 1

SUMMARY OF COMPLETED STATIC AND REPEATED LOAD TEST PROGRAM
(Completed Between July 28, 1958 and December 9, 1958)

1§42

Déscription

14~

T Maximum Center Line
est Type - LL+] Bending Moment
pe -of g R emarks
No. Loading Locatlon inch-kips | 4 design
1 Static Concentric 10 050 - 97.5 7 load increments N
2 Dynamic | Concentric 10 313 100 250 000 cycles .
3 Static Concentric 12 900 125 6 load increments !
in Static Eccentric 12 900 125 16 load increments
: E - *¥6 220 torsional moment
g Dynamic | Concentric 12 900 125 250 000 cycles
6N | Static Concentric 15 500 150 6 load incrementse 12:00 A.M. to 8:00 P.M,
6D Static Concentric 15 500 150 Repeat Test 6N: 8:00 A.M, to 00 P.M.
7 Dynamic | Concentric 15 500 150 360 000 cycles: -
ol - - Bearings at free end changed
8a | Static Concentric 13 500 130 (a; deflections only - bronze bearings
8b - . (b) all gages - roller bearings
9 Dynamic | Concentric 15 500 150 1,0 000 cycles
10 Static Concentric 15 500 150 3 load increments
11 Dynamic | Concentric 15 500 | 150. 253 000 cycles
12 | Static Concentric 15 500 150 3 load increments
13 Static Eccentric 12 900 125 3 load increments RE
: - *6 220 ¥ torsional moment i
1 Dynamic | Eccentric 12 900 125 200 000 cycles:
dynamic record of § of deflections
-and strains in bottom extrusions
15 Static Eccentric 12 900 125 3 load increments
16 Static Concentric 20 626 200 }} load increments
17 Static | Concentric 6l 4156 620 9 load increments
e . - for first attempted destruction test
18 Static Concentric 91 270 88% Load at destruction.
‘ : . 970% My, reached before failure




 TABLE 2  DESTRUCTION TEST - LOADING SEQUENCE

Ingot Weight on Deck

Jack Load

Bending Moment

_ : _ _ 6 My at | Shear at
Load Load Each Side Kips  Applied | (x 10°® in-lb,) | *_ 7 . 1/l Point
Incre- of Center Line at Center . 171 Center .

ment (kips) (kips) (inches) Center Line Line Point Line (kips)

1 152.6 76.3 76 0 17.1 11.5 165 76.3

2 221.6 76.3 76 69 27.4 16.7 265 110.8

3 152.6 76.3 76 0 17.1 11.5 165 . T6.3

L 290.6 76.3 76 138 37.7 21.8 365 145.3

5 152.6 76,3 76 0 17.1 11.5 165 76.3

6 2h2.2 | 121,21 rdn 0 7.4 18.2 265 121.1

7 345.7 | 121.1 ygn 103.5 42.9 | 25.9 415 . 172.85

8 380.2 | 121.1 yin 138.0 48.0 28.5 165 190.1

9 hih.7 | 121.1 Th 172.5 53.2 .| 31.1 515 207.35
10 449.20 | 121.1 yin 207 58.4 33.7 565 22l.6
11 483.7 | 121.1 yin 241.5 63.5 36.2 615 241.85
12 2422 | 121.1 n 0o . 271 18.2 265 121.1
13 380.0 | 190 71 0 43.8 29.3 . 425 190

1L 518.0 | 190 71 138 6L. 0 39.6 625 259

15 380.0 | 190 71 0 43.8 29.3 L2s 190
16 552.8 | 190 71 172.8 69.6 2.2 675 276 .1y
17 380.0 | 190 71 0 L3.8 29.3 425 190.0
18 587.0 | 190 71 207 7h.7 4.8 725 293.5-.
19 380.0 | 190 71 0 ;3.8 29.3 425 190.0 %
20 656.0 | 190 71 276 85.1 9.9 825 328.0
21 | 757.6 [ 190 71 377.6 100.2 | 57.5 970 378.8
22 " | 380.0 | 190 71 0 43.8 | 29.3 - 425 190.0
23 } 190 71 317.6 91.3 |°53.0 885 348.8

Failure: 697 .6

2



TABLE 3 SECTION PROPERTIES - WITHOUT SIAB
- Ele ) '
(ée??nt Ared - | x (1) (2) Az '(3) az2(L
Fig.15) sq. in. in. - in.— © in® - in*.
A 8.166 - 90.0 0 - o 0
B L.325 | -135.0 | 45.0 | 194.445 8 750.0
1 1.823 -112.5 45.0 82,035 3 691.6
2 1.823 - 90,0 1i5.0 £2.035 3 691.6
3 '1.823 - 67.5 5.0 - 82,035 3 691.6
C 8.563 | - 45.0 | 45.0 | 395.335 | 17 340.1
Iy 1.823 - 22.5 5.0 82,035 3 691.6
5 1.823 0 45.0 | 82.035 3 691.6
6 1.823. 22.5 45.0 82.035 3 691.6
D 8.563 45.0 5.0 '385.335 17-340.1
7 1.823 67.5 L5.0 82.035 3 691.6
8 1.823 90.0 5.0 82.035 | 3 691.6
9 1.823 112.5 45.0 82.035 3 691.6
'E 4.321 | = 135.0 45.0 194. 445 8 750.0
F 8.166- 90.0 o - 0 0
10 2.813 67.5 0 0 0
11 2.813 us 0 0 0 0
12 2.813 2.5 0 0 0
G 11.603 o 0 0 0
13 2.813 - 22.5 0 0 0
1, 2.813 - 45.0 0 0 0
15 2.813 | - 67.5° 0" 0 0
Totals 86.988. ] 1 1897.875. 85.404.6]
Notes: ) Due to symmetry about Z-axis

(
(
A
(

) With respect to reference axis

1
2
3) Statical moment -~ with respect to reference axis
4

) Moment of inertia about x-reference axlis

1°6GL2
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TABLE U

1°6L7

SECTION PROPERTIES - WITH SIAB
Element Area . ; ( 1) .
. ef. - : =% . 2 z=
. {rig.ig) sq.in. | X=X ° 7 Ai‘ _Az Az.
" A 8.166 - 90.0 66 14l 0 0 ' o .
B 20,825 ;=135.0 379 536 50.25 | 1 046.5 52 587
1 34.831 *=112.5 140 830 50.25 | 1 750.3 - 87 953
2 34.831 - 90.0. 282 131 50.25 | 1 750,3 87 953
3 34.831 - 67.5 158 699 50.25 1 750.3 87 953
C 41.571 - 45.0 8l 181 50,25 2 088.9 104 967
I 34.831 | - 22.5 17 633 50.25 1 750.3 87 953
.5 34.831 0 0 50.25 . 1 750.2 87 953
6 34.831 22.5 17 633 50.25 1 750.3 87 953
D - 41.571 45.0 8l 181 50.25 2 088.9 10, 967
7 34.831 67.5 158 699 50.25 |- 1 750.3 87 953
8 3).831 90.0 282 131 50.25 1 750.3 87 953
9 34.831 112.5 440 830 50.25 1 750.3 87 953
E 20,825 135.0 379 536 50,25 1 046.5 52 587
F 8.166 90.0 66 144 0 .0 0
10 2.813 67.5 12 817 0 - 0 0
11 2.813 45.0 5 696 0 0 0
12 2,813 22.5 1 L2l 0 0 0
G 11,603 0 0 0 0 0
13 - 2.813 |- - 22,5 1 L2l 0 0 0
14 2,813 --45.0 5 696 0 0 0
15 2,813 - 67.5 12 817 0 0 0
(] 3° )

Note: (1) Due to symmetry gbout z-axis

YL~



TABLE 5  CALCUIATION OF UNIT SHEAR FLOWS - WITHOUT DECK
Ele- | Area | =z = - T
A 8.166 | =21.8177 | =178.163 | L40.493 ' ’ ’
- y O. 6 .6 O Oqo 1 ° 1 l 13 <
B | 4.321 | 23.1823|  100.171 | =-22.767 40,493 | 63,64 81| 785.67 31 813.9
17.726 | 22.500 .081 1 277.78 4 923.9
1 1.823 | 23.1823 42,261 | = 9,605 - :
' ] 8.121 22.500 n081 2?7.78 2 255a7
2 1.823 | 23.1823 L2.261 | - 9.605 .
. ] - 10’-‘-85 220500 0081 277.78 L‘.l2o
3 15823 2301823 Ll.2026l - 95605 - .
. : - 11,090 | 22.500 | ..081| 277.78 3 080,5
C 8.563 | -23.1823 198.510 | -45.118 :
: - 56,207 | 22.500 | .081| 277.78 15 613.3
lj. l‘|823 23.1823 I-’.20261 - 90605 1 - DN j
- = - 65,813] 22,500 | .081| 277.78 18 281.14
5 1.823 | 23,1823 42.261 | - 9.605 _
. 1.823 | 23.1823 12.261 | = 9.605 |- 75.418 | 22.500 .081 |.277.78 20 949.6
D 8.563 | 53.1623| 196.510 | -45.116 85,023 | 22.500 | .0811| 277.78 23 617.7
) ~130.141 | 22.500 | .081| 277.78 36 150.4(
7 1.823 | 23.1823 y2.261 | - 9,605
. = =139,746 | 22,500 | .081 | 277.78 38 818.6
8 1.823 | 23,1823 y2,261 | - 9,605
-149,351 | 22,500 ,081 | 277.78 41 486.7
9 1.823 | 23.1823 42,261 | = 9.605
. -158.956 225500 0081 277.78 ).'.).l. 15“_!9
E 4,321 23,1823 100,171 | =-22,767
: -181.723 | 63.640 | .081 | 785.67 | =142 774.4
F 8,166 | =21.,8177 | =178.163 | 40.493 , :
— : _ -141.230 | 22,500 | .125| 180,00 [ = 25 421.5
10 2,813 | =21.8177 | - 61.373 | 13.949 : _
-127.282 | 22.500 | .125 | 180.00 22 910.7
11 2.613 | -21.8177 | - 61.373 | 13,949 113,333 | 22,500 125 | 180,00 20 399.9
12 | 2.813 |-21.0177 1 - 61.373 | 13.949 30 22.500 125 | 180.00 | - 17 68 1
G |11.603 | -21.8177 | -253.151 | 57,53 =230k | 22. .125 0 7 899,
— - 41.848 | 22.500 | .125| 180.00 7 532.7
13 | 2,813 |=-21.8177 | - 61,373 13,949
‘ - 27.899 | 22.500 .125 | 180,00 5 021.9
1l 2,813 | -21.8177 | - 61.373 | 13.949 -
15 | 2.813 | -21.8177 61.373 | 13.949 | 13,951 | 22,500 | .125 | 180,00 2 511,1
IS . - = - ,002|22.500]| .125 | 180,00 .2
Webs: AC: GC; GD: FD 785,67

1°642
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TABLE 6 CALCULATION OF UNIT SHEAR FLOWS - WITH DECK - V, = 10 000 1b.
e N e L L R L L B R B

g 25';2; -ui'gzi '3;§°§2g _32'i§§ 36.262 | 67.454| 0.081 | 832.765 30 197.6
T 3&:831 4:661 '162:3u7 -15:813 26,807 | 22.500| 1.548 | 14.535 389.6
- — ™1 10,944 | 22.500| 1.548 | 14.535 159.1
2 {34.8311 L.6611 162,347 1-15.813 7 o] 22,500 1.548 | 1L.535] - 70.8
3 iﬁ'i?i . t’::i 12?'?2; :ig‘gig - 20,683| 22.500| 1.548 | 14.,535( - 300.6
b | 3b.831] - L.661| 162347 |-15.813 |- 32:556]22.500] 1.548 | "14.535] - 574.6
z 3u.831 L.661 ] 162,347 | -15.813 | 55.369 | 22,500 | 1.548 | 14.535]| - 80L.8
. °831 4&0661 162.3&7 -150813 - 71.182 | 22.500| 1.548 | 14.535| - 1 03L.6
D iﬁ°571 u.éél 193’762 _18°873 - 86,996 | 22.500| 1.548 | 14.535] - 1 26L4.5
7 3h°831 u.661 162.3&7 -1:.813 -105.869 | 22,500 1.548 | 14.535| - 1 538.8
- - - == -121,682 | 22.500| 1.548 | 1L4.535| - 1 768.6
8 31,831 L.661 | 162.347 | -15.813 137 495 | 22 500 18,8 | 1L 235 - 1 998§
; ;u'ggé A’Z:i 162‘32; '15‘8;3 -153,309 | 22.500 | 1.548 | 14.535] - 2 228.3
- .2‘166 -42’589 _332‘280 32’262 =162.;63 67. 145 .08; 8§2.765 -135 543.4
- - - . -126,501 | 22,500 | .125| 180, - 22 770.2
10 2.813| -45.589 | -128.242 | 12.491 -114.010 | 22.500 | .125 | 180, - 20 521.8
11 2.813] -45.589 | -128.242 | 12.1491 -101.519 | 22,500 | .125] 180. - 18 273.3
12 2.813| -45.589 | -128,242 | 12.491 - 89.027 | 22,500 22 | 180 T 16 02,9
G 11.603| -45.589 | -528.969 | 51.524 . 37°503 22’500 '125 1800 =6 750.%
13 2.813| -45.589 | -128.2k2 | 12.491 |— 25f011 220500 '125 180: T Soz.1
b 2.813 -15.589 | -128,2)2 12.u9} v=~12;520 220500 0125 180. - 2 253.6
15 2.813] -45.589 | -128.242 | 12,491 :; *“?®29 22:500 :125 150, . z 1]

1°642
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" TABLE 7 CALCULATION OF UNIT SHEAR FLOWS - WITH DECK - Vz = 10 000 1b,

1°64T

mont | Area x | Qg = &x q 1 t t | at A2A qA2A
g 2§-§2§ :122:8 :zgfijjig 5698 | 2.536 | 67.454 10,081 | 832.765 | 2111.5} 6574.0 | 16 668
1 3&?831 -112.5 | -3918.488 | 13.518 12,234 | 22,500 | 1.548 | 14.535 177.8 | 1049 | 1 283
2 |34.831 |- 90.0[ -3134.790| 10.81% 25.752 | 22.500{ 1.548 | 14.535 370.3] 104.9 | 2 701
. . . . 4 36.567| 22.500 ] 1.548 | 14.535°] 531.5| 104.9| 3 836
3 34.831 - 67.? -i§5;.29§ 2“122. LL.679] 22.500 | 1.548 | 14.535 | 649.4| 10L.9 | L 687
Z gi‘§§1 - 2;-5 : 723’628 2.$o3. 51.131] 22.500 | 1.548 | 14L.535 1 743.4] 10L.9| 5 364
. . . . . . 53.833| 22,500{ 1.548 | 14.535 782.5| 104.9| S 647
5 3&«231 22. _ 8o - g = 53.833] 22.500| 1.548 | 14.535 782.5| 10k.9] 5 647
| g iﬁ:5ii hS:g | 1273:635 - 6:ZS§ 51.131] 22,500 | 1.548 | 14.535 | 743.2| 104.9| 5 364
7 {34,831( 67.5] 2351,093] - 8,112 Lh.679] 22.500 ] 1.8 14.535 [ 6L9.L | 104.9| L 687
36.567 | 22,500 | 1.548 | 14.535 £31.5| 10L.9] 3 836
 |34.831) 90.0}-3134.790 | -10.815 f— "= 1500 Coo | e | arhsl toso| 2 701
9 {34.831] 112.5| 3918.488 ] -13.518 12,234 | 22.500| 1.548{ 14.535 177.8 | 10L.9] I 283
E |20,825] 135.0] -2811.375| = 9.698 e e e
F 8.166 90.0] 734,940 - 2.536 0. 22.500 | .125| 180.0 5 11025.7 >
10 2,813 67.5| 189.878| - .655 |— .655] 22,500 | .125) 180.0 - 117.9 | 1025.7 |.= .672
11 | 2.813] U45.0) 126.585] - .437 |— 1.092 | 22.200 | .125] 180.0 |- 196.5] 1025.7 | -1 120
12 2.813 22,5 63.293| = .9218; - 1.310| 22.,500| .125] 180.,0 - 235.8 | 1025.7 | -1 34k
12 '1;°22§ - ngs - 62~293 O"2i8: - 1,310} 22,500 | .125|180.0 |- 235.8|1025.7 | -1 3Ll
1 | 2.813] - 45.0| < 126.585|  .h37 |L:092122.500| .125]180.0 |- 196.5]1025.7 -1 120
15 26813 - 67°5 - 1890878 0651; - .655| 22.500( .125]| 180.0 - 117.9] 1025.7 | - 672
. . . 651 —— 22,500 | .125] 180,0~ _ 0 1025,7 0
: _o0; o, T e | 75 100]
Webe AC; GC; GDs; FD - ] 812,765 .
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TABLE 8 - SUMMARY OF SPECTFICATION SHEAR FLOWS

Without Slab

sz

. : With Slab
Unit vDead Unit Solutions Live Load Plus Impact lrMaximum Eccentric Loading
Element || Solution | Welght [V,=10 000]T=1x106|V4=81 000|T=0,972x106 Tota|[Vz=81 000 T=5,832x106 Total
- |vz=10 000|V,=55 000 1b. in-1b. 1b. in-1b q 1b. in-1b. a
1b. 1b. qz Qrp 8.1xqs 0.972 x qQr 8.1xqg 50832qu
A-B 35.82L 197.03 31.180 | 36.922 252.6 35.9 288.5 252.6 215.3 467.9
B-1 13.057 71.81 21,730 | 36.922 176.0 35.9 211.9 176.0 215.3 391.3
1-2 © 3,452 18.99 5.887 | 36.922 h7.7 35.9 83.6 h7.7 215.3 263.0
2-3 - 6,153 | = 33.85 | - 9.927 | 36.922| - 80.4 35.9 - UL.5) = 80.4 215.3 134.9
3=C 15,759 | - 86.67 | -25.740 | 36.922| -208.5 35.9 -172.6| -208.5 215.3 6.8
C-l 1l.408 79.24 23,720 | 58.392 192.1 56.8 218.9 192.1 340.5 532.6
=5 L.803 |. 26.41 7.907 | 58.392 6.0 56.8 120.8 6.0 340.5 Loh.5
5-6 = 1;.803 - 26.42 - T7.907 58.392 - 64.0 56.8 - 7.2 = 64.0 340.5 276 .5
6-D 14,408 | - 79.24 | -23.720 | 58.3%92|] -192.1 56.8 -135.3f =192.1 340.5 148.4
D-7 15.759 86.67 25.740 | 36.922| -208.5 35.9 -172.6| -208.5 215.3 6.8
7-8 6.153 33.83 9.927 | 36.922 80.4 35.9 116.3 80.l 215.3 295.7
8=9 - 3.452 | - 18.99 | - 5.887 | 36.922|| - 47.7 35.9 - 11,8 = L47.7 - 215.3 167.6
9-E 13,057 | = 71.81 || -21.730 | 36.922)f =176.0 35.9 -140,1|| -176.0 215.3 39.3
E-F -35,82 | -197.03 | -31.180 | 36.922|| -252.6 35,9 -216.7|| =252.6 215.3 -37.3
F-10 || =29.241 | =160.83 | -25.953 | LL.4L4LO|| =210.2 3.2 -167.0]|| =210.2 259.2 9.0},
10-11 || -15.293 | - 84,12 | ~13.462 | Lh.Lhhoff -109.0 43.2 - 65.8| -109.0 259.2 150.2
11=12 || = 1.343 | = 7.40 | = .970 | Lh.uhoy| < 7.9 43.2 35.2|| = 7.9 259.2 251.3
12-G 12.605 69,32 11,522 | Lh.LL4o 93.3 43.2 136.5 93.3 259.2 352.5
G-13 || -12.,605 | - 69.33 || -11.522 | LL.4LO}} = 93.3 43.2 - 50,1 = 93.3 259.2 | 165.9
B-1j 1.343 7.39 <970 | LlL.LLo 7.9 L3.2 51.1 7.9 259.2 267.1
14-15 15.293 8.10 13.1462 uu,uuol 109.0 43.2 152.2 109.,0 259.2 368.2
15-A 29.241 160,81l 25.953 | Ll.4ho 210.2 43.2 253.2 210.2 259.2 169 .4
Webs AC| 33,911 186.51 31.049 7.518 251.5 7.3 258.8 251.5 43.8 295.3
cell 41.373 227,55 37,28l | 13.952 302.0 13.6 315.6 302.,0 81.4 383.1L
GD| L41.373 227.55 37,284 | -13.952 302.0 -13.6 288.4 302.0 -81.4 220.6
DF| 33.911 186 .51 31.049 |- 7.518 251,5 - 7.3 24l .2 251.5 -43.8 207.7
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TABLE 9 - PREDICTED SHEAR STRESSES FOR DEAD WEIGHT AND SPECIFICATION LOADING

Thickness

Shear Flows (1b/in.)

Shear Stresses

(psi.)

—— Dead Weight | Dead Weight
Element Dead Live Load | Eccehtric
: (in.) + Live Load | + Eccentric
) Weight | & Impact Loading + Impact Loading

A-B 0.081 197.0 288.5 467.9 5994 8209
B-1l 1.55 71.8 211.9 391.3 183 299
1-2 1.55 19.0 83.6 263.0 66 182
2=3 1.55 - 33.9 - Lh.5 134.9 - 51 65
3=C 1.55 - 86.7 -172.6 6.8 - 167 52
C-l 1.55 79.2 2l8.9 532,6 212 395
=5 1.55 26.4 120.9 1oL .5 95 278
56 1,55 - 26.1 - 7.2 276.5 - 22 161
6D 1,55 = 79.2 -135.3 148.4 = 138 4s
D=7 1.55 86.7 =172.6 6.8 - §5%5 60
7”8 1055 33-8 116:3 295-7 97 213
8-9 '1.55 - 19,0 - 11,8 167.6 20 96
9-E 1.55 -"71.8 -140.1 39.3 137 - 21
E-F 0,081 -197.0 -216.7 =37.3 -5107 - 151
F-10 .125 =160.8 =167.0 49.0 ~2622 -1678
10-11 .125 - 84.1 - 65,8 150.2 =1200 53
11-12 .125 - 7.4 35.2 251.3 222 1951
12-G .125 69.3 136.5 352,5 - 1646 3374
G-13 .125 - 69.3 - 50.1 165.9 - 955 77
13-14 ,125 7.4 51,1 267.1 68 22=
14-15 .125 84,1 152.2 368.,2 1890 3618
15-A .125 160.8 253,2 469.04 3312 SoL2
Web AC .081 186.5 258.8 295.3 5198 5948
cG .081 . 227.6 315.6 383.L4 6706 7543
GD ,081 227.6 288,14 - 220.6 6370 5533
DF 5 2lhy.2 7 5317 1867

NOTE: Shear Stress at a point is

.081

186.

equal to shear flow

207.

divided by thickness at that point

1°6L2

~
v



TABLE 10 - SUMMARY OF DESTRUCTION TEST RESULTS

Applied
Load
Increment

(Ref.
Table 2)

Bending Moment
(x 10% in-1b,)

Shear '
(kips)

» Strains _

J

i- 1“- .
pelrit

1/l -point

Web Shear

(micro-
in/in.)

| Average
Tensile
Strains

- (micro=

in/in.)
Bottom

Flange

Averaged

’ Dﬁf‘l%ct-{

ion
(inches)

Remarks

1

17.1

11.5

76.3

AB
AC
GC
GD
FD
FE

748
770
918
918
760
780

687

0.757

First dead welght
increment :

37.7

21.8

!1u5!3_

AB
AC
GC
GD
FD
FE

1152

1120:

1328

1322

1100

1160

1159

1.73

Dead weight increment,
plus -applied jack load
at €.

Maximum for Test 17.

27.4

.18.2

121.1

AB
AC
GC
GD
FD
FE

132}
1203
1382
1402
1158
130l

1097

1,51

Additional dead welght
placed on .span

11~

63.5

36.2

241.8

AB
AC
GC
GD
FD
FE

2031
1814
2100
2109

1753
1969

3’029

Dead weight,

plus jack load.
Elastic buckling

of outer webs visible
at end supports

13

43.8

29,3

190.0

AB
AC
GC
GD
FD
FE

1908
2102
2312
2258

1745

2.15

Additional dead weight
placed on deck

e

table continued on next page

1°¢L¢
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TABLE 10~ Summary of Destruction

Test Results (Concluded)

1T

Applied L ;j' enacw | Average | Avéraged .
Load Bending Moment | Shear ngrigg:r Terisile | Deflect~" Remarks
Increment ) L o Strains ion. 3
18 Th.7 ["L44.8 |293.5 3084 3.51 Dead weight, :plus jatck load.
Additlonal buckllng at
_ D . .- : - end frames
20 85.1 | 49.9 | 328.0 3802 3.87 Dead weight, plus.jack 1oad
‘Permanent buckling at: :
oo S oo end frames very pronounced
21 100.2 | 57.5 | 378.8 Maximum applied- load- held
. for 10 minutes, and- then
- . ; jack load released
23 91.3 | 53.0 | 348.8 Attempt to reload bridge
Failure ' ’ caused a sudden .and complete
" collapse at this load
B o B increment - ‘
NOTES ¢ During ‘the - loading after Load Increment 18 the following signs of failure

(1)
(2)
(3) |

(L)

were noted;
Web buckles.at the- supports were now permanent.

Horizontal ¢racks appeared between the concrete deck and aluminum structure
at the corners of-“the bridge :

Relative movement between the ¢oncrete and aluminum at the ends"

Th¢ concrete extended past the
aluminum extrusion by-0, 0153 'in, "at the east end and 0.0210
~-west end under--Load Increment: 20

Nolse within the span indicated possible rivet hole elongations

was measurable and v1sib1e°

and visible on all webs

of the deck
webs of the
in, at the

and rivet fallure

18-
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TABLE 1la - SUMMARY OF PRIMARY STRESSES, CONCENTRIC LOADING
| - Dead Load _ :Deslign Load
Predicted | Actual | piws 9 Inoect Test Loading
(Based on - | {Based on Loading ' Concentric
183.3 1b/in.) | 173 1b/in.) [ Predicted | Predicted | Measured
Maximum Moment (in=1b)n 8 250 000 7 786 000 10 313 000 10 313 000 | 10 313 000
Maximum Shear (1b.) 8% 000 51 910 81 000 3l 500 3L 500
Torsional Moment (in-1b.) 0 0 .972 000 0 0
=
.. Tensile Stressess
Bottom Longitudinal Members
. A 3 L 210
G 4 091 3 861 Iy 580 -4 580 L 040
F L 210
Compressive Stresses: _
Top Longitudinal Members L 347 L 103 0 0 0
Compressive Stresses:
Concrete Deck Surface L68 1,68 357
Shear Stresses:
Webss: AB 2 [32 2 295 3 562 1 328 1 555
‘AC 2 303 2 174 3 195 1 322 1 344
GC 2 809 2 651 3 896 1 588 1 574
GD 2 809 2 651 3 560 1 588 1 555
FD 2 303 2 174 3 015 1 322 1 294
FE 2 132 2 295 1 328 1 467 1460

8-




TABLE 11b - SUMMARYwQF'PRIMARY STRESSES; ECCENTRIC LOADING

- --Dead Load AASKHO Spec . ,
Predicted Actual Live + Impact Test Loading
(Based on - (Based on - Loading Eccentric
183.3 1v/in.) | 173 1b/in.) Predicted Predicted Measured
Maximum Moment (in—lb.) 8 250 000 7 786 000 10 313 000 12 890 000 {12 890 000
Max imum éhear (1b.) 55 000 51 910 81 000 43 200 L3 200
Torsional Moﬁent (in=1b.) 0 0 S 832 000 6 220 000 6 220 000
Tensile Stresses:
Bottom Longitudinal MeMberg
A - 6 312
G 3 091 3 861 5 750
F L, 188
Compressive Stresses:
Top Longitudinal Members Ly 347 L 102 0 0 0
Compressive Stresses:
Concrete Deck Surface LL46
Shear Stresses:

Webses AB 2‘h32 2 295 S 717 3 080 3 302
AC 2 303 2 174 3 646 1 944 1 890.
GC 2 809 2 651 I 733 2 525 2 642
GD 2 809 2 651 2 723 1 453 1 290
FD 2303 2 174 2 56l 1 367 1 498
FE 2 1132 2 295 L4160 246 695

1°6L2
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TABLE 12 - SUMMARY OF CONCRETE CYLINDER TESTS

FOR DECK STRENGTH

Ultimate

Ultimate .
]| e i ey e
L | o22.1 ] 12 107 500 | 112.5 3800
,g%i 10 20.2 | 12 75 000 | 102.8 2650
Tl 12 21.0 | 12 9k 500 | 106.9 3340
g |
K2 BTN 21.6 | 12 76 500 | 109.9 2700
1 21.1 | 11-15/16 | 115 000 | 107.9 14060
2 21.2 | 12 115 000 | 107.9 14400
3 | 22.2 |12 136 500 | 113.0 | 1820
E; 5 21.1 | 11-13/16 | 114 000 | 109.1 1,030
£l 6 20.8 | 11- 7/8 | 110 000 | 107.0 3900
?; 7 20.9 | 11- 7/8 | 121 000 | 107.5 14300
:!: 8 20.8 | 12 118 000 | 105.8 11200
“1 9 20.8 | 12 111 000 | 105.8 3900
11 20.8 | 11-13/16 | 112 500 | 107.% 3960
13 21.8 | 11- 7/8 | 112 000 112,1 3960

NOTE: All cylinders had a diameter of 6 in.,

with cross-sectional area equal to 28.3 sq in.




-TABLE i3 - SUMMARY OF TENSILE TESTS OF 6061-T6 ALUMINUM ALLOY SPECIMENS

- _ o | Modulus of Yield Ultimate
Specimen Number Width | Thickness Elasticity Strength Strength
and Location (in,) (in.) (106 pst.) " (psi.) (psi.)
-1 Bottom Longitudinal ” -
A-1 “Extruded T-Section, | 1-49 0.192 9.0 36 700 41 500
B-1.- South Edge 1 1.49 .195 10,1 36 200 4O 500
-~ Extruded Angle End
g’g Stiffener - Bottom 1.50; .163 9.7 37 700 L1 500
~.7 Plate (AG}East End 1.49 .163 10,0 37 700 41 600
A-3- Bottom Sheet (AG) 1.49 .131 10,0 37 700 41 600
B-3 ' East End . 1.49 .130 10.3 - 37 900 41 900
i~ . Extruded Channel '
gjﬁ of East End Frams 1.h9 »190 10.3 39 900 L2 700
+ (Web GC) 1.49 .190 10.1 38 700 42 500
-+ Diagonal Web (EF) : : '
§=5 | Sheft, Near 1.50 .080 10,1 40 800 Ll 500
-5 Quarter Point 1.50 ,080 41 250 Ll 500

10.0

1°6L¢
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TABLE 14 - DATA FROM TESTS 6N & 6D
GAGE LOCATED ON LONGITUDINAL MEMBER A

-86

Strain Increments

DTN I S PO o s [ e D
(micro in/in.) — Zero) ences Strain
zero 18 175 ;
20 18 280 105 105 108
0 18 170 1—-_2 -110
1O 18 380 205 210 212
0 18 165 - 10 =215
= 60 18 490 315 325 328
ol 0 18 160 = 15 =330 |
0 -
&l 7% 18 565 390 Los 105
"0 18 160 - 15 =405
1 90 18 630 455 470 475
— o 18 150 - 25 -480
103.5 18 710 535 560 560
) 16 150 -_25 -560
20 18 270 95 110 105
0 18 170 -5 ~100 _
1o 18 405 230 235 218
0 18 208 30 ~200
aleo 18 550 375 345 325
el o 18 2u5 70 =305 -
&|.75 .18 670 495 425 1,00
0 18 295 120 -375
90 18 790 615 49°S 1,92
0 18 300 125 ~4190
103.5| . 18 880 705 580 570
0 18 320 145 =560




FIG. | PREASSEMBLY OF BRIDGE COMPONENTS BEFORE SHIPMENT

: FIG.2 BRIDGE SUBASSEMBLIES LOADED FOR SHIPMENT
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FIG.4 OVERALL VIEW OF TEST BRIDGE
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DIAGONALS
AB,AC,GC, GD,FD,FE

HORIZONTALS  BC,CD,DE

FIG. 6 DETAILS OF END FRAME AND DECK SECTION
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FIG. 7a
CENTER PORTION OF DECK

FIG. 7b
NINE INCH CANTILEVERED EDGE

FIG.©9 STEEL SLABS PLACED ON BRIDGE DECK
FOR DESTRUCTION TEST



C1v6rz

A 16 F

3-0 3'—-0j /
/ / . _ 2 STA. 25

A | R e F

ECCENTRIC LOADING CONDITION

£6-

FIG.8  LOCATION OF LOADING BEAMS
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275.1 L — 34
FIG. 10 END FRAME MEMBER AC WITH SR-4
ELECTRICAL STRAIN GAGES IN PLACE

FIG.14 SLIP GAGE AND TRANSDUCER
USED FOR DYNAMIC DEFLECTION MEASUREMENTS
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FIG. 12 LOCATION OF CAGING FOR CONCRETE DECK 7
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ELEMENT AREAS USED IN COMPUTATION OF SECTION PROPERTIES
WITHOUT SLAB (sq.in) CHANGES WITH SLAB (sq.in.)
Element {Extrusions Skin Web Total " Element Skin Slab Total
A(F) 5.760 1.406 . 100 8.166
6 7.790 2.813 .00 11.603
B(E) 3.410 0.911 4.321 3.410 0911 16.504 120.825
C(D) 6.740 .823 8.563 6.740 1.823 33.008 |41.571
1-9 1823 1.823 1.823 33.008 34.83i
10-15 2.813 2.813 '

Note. Elements are 22!2--mches center to cénter horizontally

FIG. I5

and 45-inches center to center vertically.

CROSS SECTION OF SPAN UJSED TO COMPUTE GEOMETRIC SECTION PROPERTIES

1°GLT

6..

o]
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FIG. 16 UNIT SHEAR SOLUTIONS FOR BRIDGE WITHOUT
DECK |
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~ UNIT SHEAR SOLUTION FOR V,=10,000 LBS.
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UNIT SHEAR SOLUTION FOR T = 1x10% IN. LBS.

FIG. I7T UNIT SHEAR SOLUTIONS FOR BRIDGE WITH DECK



LIVE LOAD PLUS IMPACT SHEARS
Vz=81000 LBS. AND T=0972xI0° IN. LBS. ACTING ON BRIDGE WITH SLAB

'LIVE LOAD OVERLOAD SHEARS
Vz=81000 LBS. AND T=6832xI0° IN. LBS. ACTING ON BRIDGE WITH SLAB

FIG.:18 PREDICTED SHEAR FLOWS FOR DEAD WEIGHT AND
AASHO SPECIFICATION LOADING
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| FIG.19 PREDICTED SHEAR STRESSES (PSI) FOR AASHO
* | SPECIFICATION LOADING . 3
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FIG.2I COMPARISON OF SPECIFICATION AND TEST VALUES
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MAXIMUM ECCENTRIC LOADING-125% M, AT GENTER LINE
Vz=43 200 LBS. AND T=3.1x10° IN.LBS.

N FIG.22 PREDICTED SHEAR FLOWS FOR TEST LOADING
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P=TOTAL CENTER LINE LOAD (kips)

P=TOTAL CENTER LINE LOAD (kips)
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FIG.25 CONCENTRIC LOAD-STRAIN CURVE FOR POINTS ON THE DECK

SURFACE AT STATION 23



275.1 -109
COMPRESSIVE STRESSES  (psi)
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COMPRESSIVE STRESS (psi)
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