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METRIC CONVERSION FACTORS*

To Convert from To Multiply by

Length

foot meter (m) 0.3048

inch millimeter (mm) 25.4

yard meter (m) 0.9144

mile (statute) kilometer (km) 1.609
Area

square foot square meter (m?) 0.0929

square inch square centimeter (cm?) 6.451

square yard square meter (m?) 0.8361

Volume (Capacity)

cubic foot cubic meter (m?3) 0.02832

gallon (U.S. Tiquid)** cubic meter (m?3) 0.003735

gallon (Can. liquid)** cubic meter (m?3) 0.004546

ounce (U.S. 1iquid) cubic centimeter (cm?) 29.57
Mass

ounce-mass (avdp) gram (g) 28.35

pound-mass (avdp) kilogram (kg) 0.4536

ton (metric) kilogram (kg) 1000

ton (short, 2000 1bs) kilogram (kg) 907.2

Mass per Volume

pound-mass/cubic foot
pound-mass/cubic yard
pound-mass/gallon (U.S.)**
pound-mass/gallon (Can.)**

kilogram/cubic meter ( ) 16.02
kilogram/cubic meter (kg/m®) 0.5933
kilogram/cubic meter ( ) 119.8
kilogram/cubic meter ( ) 99.78

Temperature

deg Celsius (C) kelvin (K) t =(t.+273.15)
deg Fahrenheit (F) kelvin (K) ty=(tp+459.67)/1.8
deg Fahrenheit (F) dea Celsius (C) to=(tp-32)/1.8

*The reference source for information on SI units and more exact conversion
factors is "Metric Practice Guide" ASTM E 380.

**One U.S. gallon equals 0.8327 Canadian gallon.
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ABSTRACT

The object of this research was to investigate the
behavior, under various conditions, of a typical bridge span
in which prestressed concrete beams and steel beams are used
in the same span. The bridge investigated was the westbound
I-10 Bonnabel Overpass in Metairie, Louisiana, 'in which
steel beams were used in the original construction, and
prestressed concrete beams were used for a subsequent
widening. The steel girders were installed with
intermediate diaphragms at the third points, but the
concrete girders do not have intermediate diaphragms at all.
It was felt that the use of prestressed concrete glirders in
combilnation with steel girders could lead to potential
problem areas related to camber growth of the prestressed
concrete girders, different coefficients of thermal
expansion between concrete and steel, different stiffnesses
for the concrete and steel, different support techniques for
concrete and steel, and effects related to distributicn of
tive load.

The investigation consisted of three main parts: the
adaptation of a commercially available computer program,
MSC/NASTRAN, to a mixed girder span; field testing of a
typical span as a means of evaluating the computer procram;
ana using the MSC/NASTRAN program to identify butt not to

solve potential problem areas.
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The results of this investigation indicate that the
MSC/NASTRAN computer program can be used successfully to
predict 1live load span deflections for HS20-44 truck loads
as well as overload truck cranes on mixed girder spans,
provideda that the computer input data is accurately defined.

The results indicate that the MSC/NASTRAN computer
program has limitations 1n calculating the response of a
mixed girder span to ambient thermal conditions, the main
limitation being the definition of the temperature input
data required by the computer program.

In the mixed girder system, the computer solution
indicates that camber growth can have a marked effect on the
maxlmum moment in the adjacent concrete and steel girders.
For the assumed amount of camber growth (1/4"), the
resulting moment increase in the concrete girder adfjacent to
the steel girder is quite large and of the same order of
magnitude as the AASHTO design moment due to live lpads.

For the mixed girder system, the maximum moment due to
live load 1n the concrete girder adjacent to the steel
girders will be greater than the moment in the interior
concrete girders. In this case the moment in the adjacent
concrete girder exceeds the AASHTO design value whén loaded
with side-by-side HS20-44 trucks by 25-45%, depending on the
assumed conditions of the slab.

Concrete diaphragms which are installed for the purpose
of distributing moments between girders are more effective

at midspan than at the one-third span location. However,
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the diaphragms modeled herein would not be effective in
distributing moments bpecause the end connections are too
flexible. Care should be exercised in placing rigid
diaphragms between the adjacent concrete and steel girders
because of the probability of camber growth. An increase in
rigidity in this case would further increase the moment due
to camber growth in the adjacent concrete girder.

For the mixed girder system the combination of 1live
iocad and camber growth may cause severe overloading of the
concrete girder adjacemnt to the steel girder. In the case
of the Bonnabel Cverpass, the computer results show that an
H520~-44 truck live load and a 1/4" camber growth acting
together will cause the maximum moment in the adjacent
concrete girder to be approximately 100% greater than the
AASHTO design value.

The report of the investigation makes the
recommendation that the MSC/NASTRAN computer program be kept
active and current and at the disposal of the State anc the
University. The report recommends further investigation of
the combined effects of live load and camber growth in a
mixed girder span, and further investigation of the combined
etfects of live load and thermal load.

Consideration should be given to a future investigation
auadressing in more detail the live load distribution and its

relationship to AASHTO specifications.
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Kl. INTRODUCTION

|

1.1 Object and Scope
The object of he research reported herein is to

determine the effect of using prestressed concrete and
steel girders in combination in the same span. 1In order to
accomplish this objective, a three-dimensional finite
element computer program is used to model an existing bridge
that incorporates a mixed girder support system; i.e., the
I-10 Bonnabel Overpass| located in Metairie, Louisiana. The
computer model, loaded to measure deflections and stress
levels, is used in combination with field measurements on
Ild loaded by the same amount.

the actual overpass fi

1.2 Background

Many of the bridyes built in the U.S. in the late
1950's and throughouyt the 1960's were designed and
constructed with steel plate girders and/or steel wide-
flanged sections which support the deck. In the widening of
certain bridges, the option to support the additional width
with prestressed concrete girders is desirable. However, it
is possible that the use of prestressed concrete girders in
combination with steel girders can introduce problem areas:

l. The prestressed concrete girders are subject tc

camber growth, |whereas the steel girders are nct.

2. Concrete and steel reach ambient temperature at

different stages.



3. The prestressed concrete girders normally are

stiffer than the steel girders.

4. The AASHTO specifications which prescribe the
transverse distribution of live load on a span
were developed for same type support members, and
may not be valjid for a combined system of supports.

5. The present criiteria for the design of bridge decks
is based on a

niform deflection pattern; i.e., a

cylinder rather than a dish.

Examination of the above potential problem areas 1is

desirable.

1.3 Outline of Investigation

The I-10 Bonnabel |Overpass in Metairie, Louisiana, is
an existing bridge that incorporates a mixed girder support
system; i.e., a combination of steel girders and prestressed
concrete girders in the same span. This bridge 1is modeled
1n a three-dimensional finite element program as provided by
the MacNeal Schwendler Corporation MSC/NASTRAN Program.
Central to the research|is the adaptation of the MSC/NASTRAN
Program to the mixed girder support system. The
investigation 1is in three parts, the first involving the
adaptation of the computer program to the existing simple
span bridge, the second involving field measurements for
this bridge to verify the accuracy of the computer program,
and the third involvingl the use of the computer program to

2



examine

potential pz

prestressed concrete be

investigation includes

II.

Adaptation of
1. Acqguisitio
MSC/NASTRA
2. Literature
input pack
3. Developmen
consisting
a) select
b) temper
c) grid p
d) develo
e) establ

4. Operation

roblems inherent in the use of
ams intermixed with steel beams. The

the following items:

1SC/NASTRAN Computer Program

n, installation, and verification of
N computer program.

search to determine the existence of
ages.

t of input data for support system
of mixed girders, including:

ion of elements and nodes,

pture variations and camber growth,

pint constraints,
pment of stiffness matrix, and
ishment of output requirements.

of program to obtain data for

existing bridge span for mixed girder support

system.

Field Measurem
1. Field test
2. Analysis

MSC/NASTRA

ents
ing of mixed girder support system.
of results and comparison to

N Program.




IITI. Investigation of Mixed Girder Support System
1. Investigation of stresses and deflections under
conditions of:
a) live |load for HS20-44 and overload truck
b) maximum expected camber growth
c) extreme temperature variations
d) bearing movement differential

e) addition of diaphragms

2. Evaluation of existing AASHTO specifications

with respect to mixed girder support systems.
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1.5 Notation

For reference purposes, girders are numbered across the
transverse direction f the span tested, from south to
north. Girders G-1, G-2, and G-3, are the three prestressed
concrete girders on the south; girders G-4 through G-9 are
the steel girders; aTj girder G-10 1is the prestressed

concrete girder on the north.



2. DESLRIPTION OF FIELD TESTS

2.1 Introduction

The existing I-10 Bonnabel Overpass incorporates a
mixed girder support system; 1i.e., a combination of steel
girders and prestressed concrete girders in the same span.
The bridge provides he opportunity for the conduct of
various load tests that can be used to determine the ability
of the MSC/NASTRAN Program to predict the behavior of the
mixed girder Dbridge. Principal among the field
investigations are tests of load versus deflection for
service load and for overload. Thermal deflection tests are
also described 1in thjis section. In addition, 1t was
necessary to conduct tests of the neoprene bearing pads, as
well as determinations of slab thickness and concrete

strength. |

2.2 Nominal HS20-44 Truck Test

In an effort to provide the HS20-44 loading proposed,
two trucks were placed |back-to-back on a single span of the
Bonnabel Overpass. The trucks were intended to provide a
load approximately equivalent to the HS20-44 1loading, and
this equivalent load is designated as the nominal HS20-44
load in this report. The field test consisted of loading
the span in two positions, as shown in Fig. 1. Each loading
position has the two tHrucks back-to-back, as indicated in
the figure, and centered longitudinally on the span. The

)



girder designation is

position, the trucks at

G-4 and G-5. In th
transversely centered d
and distance between ax
positioned and applied
approximately at 3:00 a

For the span teste
gages used to measure

[

Dial gages designated
Dial gages designated
movement of individual
torsional motions. In

Starrett Dial Indicato

in. with a range of 1
zeroed under the exis
deflection was not me

recorded,
deflection patterns and
plotted as a function

loading positions descr
3

Fig. indicate

transverse section of t

loading position No. 1

centered over the two s

prestressed concrete (i

load deflections across

and presented

indicated on Fig. 1. In the #first

re transversely centered over girders

)

>3

second position, the trucks are

ver girders G-2 and G-3. Axle loads

les are shown on Fig. 1. Loads were

during a two-hour period beginning

.M. 1985.

on Sunday, May 26,

d, Fig. 2 shows the location of dial

vertical and horizontal deflections.

1s "V" measured vertical deflections.

as "R" measured horizontal lateral

girders and served to indicate any

general, the dial gages used were

rs Type 655-441J graduated to 0.001

.000 1in. All dial indicators were
ting dead 1load, so that dead 1load
asured. The deflections measured,

are for live load only. Transverse

longitudinal deflection patterns are
bf load position for each of the two
ibed above.

s live load deflections across a

he span at the middle of the span for

; l.e., the two trucks transversely

teel girders that are adjacent to the
lrders.

Fig. 3 also indicates 1live

the same transverse section for
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loading position No.
centered over the two

the steel girders.

14

i.e., the two trucks transversely

oncrete girders that are adjacent to

Fig. 4 indicates Hongitudinal deflection patterns along

four girders G-2,

position No. 1.
Fig.
the same four girders

loading position No. 2.

and G-5 for

G-3, G-4, -— loading

The defflections are for live load only.

5 indicates longitudinal deflection patterns along

G-2, G-3, G-4, and G-5 for

Relative deflection values of adjacent girders may be

noted trom the tigures.

The dial indicatoris designated as

YR did not 1indicate

signiticant torsional motions.

2.3 Overload Truck Cra

ne Test

The 1live load u]f
provided by a Link-Belt
with the weight of the

crane in the "Upper Faag

nominal front axle load

axle load 1is
determined by weighing
four days before the te

measured are indicated

tilized

112,505

in the overload test was

wire rope truck crane model HC-258,

crane and components applied with the

ing Rear" configuration, so that the

is 107,845 lbs. and the ncominal rear

lbs. Actual wheel 1loads were

the truck crane on June 12, 1985,

st on June 16, 19685. Wheel loacs as

in Fig. 6. It may be noted from Fig.

6 that front and rear a3

xle loads are approximately equal.



Six sets of defchtion measurements were observed and
recorded for six Idifferent ©positions of overload.
Deflection measurements were recorded for the following

positions:

SET PURPOSE CONFIGURATION
1 Initial Zero Reading Load Off of Bridge
2 Load on Adjacent Span W Load Position No. 1
3 Load on Test Span Load Position No. 1
4 Load on Test Span Load Position No. 2
5 Load on Test Span Load Position No. 3
6 Final Zero Reading Load Off of Bridge

Bach loading position ras the overload truck crane centered
longitudinally on the Ispan. Load position No. 1 has the

overload truck crane transversely centered above girder G-5

as shown in Fig. 7. oad position No. 2 has the overload

transversely centered above girder G-2 as shown in Fig. 7.
Load position No. 3 has the overload transversely centered
above girder G-8 as alsp shown in Fig. 7.

Fig. 8 shows the location of dial gages used to measure
vertical and horizontal deflections. Dial gages designated
as "V" measured vertical deflections. Dial gages designated
as "R" measured horizontal lateral movement of individual
girders and servea to indicate any torsional motions. Dial
gages designated as "B' measured movement of the support

9



system. In general,

were used in the servi
dial 1indicators were
that dead load deflecti
reported are for live
deflection patterns and
plotted as a function o
positions ot load on th

Fig. 9
transverse section of t

overioad position No

transversely centered a

Fig. 10 indicates

transverse section for

overload transversely c
Fig. 11 indicates

transverse section for

the overload transverse

th

indicatesd

e dial gages used were the same that
ce load (nominal HS20-44) test. All
zeroed under existing dead 1load, so

on was not measured. The deflections

load (overload) only. Transverse

longitudinal deflection patterns are

£ load position for each of the three

e test span.

live load deflections across a

he span at the middle of the span for

1; i.e., with the truck crane

bove girder G-5.

live load deflections across the same

loading position No. 2; i.e., the

entered above girder G-2.
live load deflections across the same
loading position No. 3;

i.e., with

ly centered above girder G-8.

Fig. 12 indicates longitudinal deflection patterns
along four girders -- G~2, G-3, G-4, and G-5 -- for loading
position No. 1. The deflections are for 1live 1load
(overload) only.

Fig. 13 1indicated 1longitudinal 1live 1load deflection
patterns along four girders =-- G-2, G-3, G-4, and G-5 -- for
loaainy position No. 2.

Fig. 14 indicate=~ 1longitudinal 1live 1load deflection
patterns along the same| tour girders -- G-2, G-3, G-4, and

10



G-5 -- for loading pogition No. 3.

For different logaing positions, relative deflection of
adjacent girders may be noted from the figures.

Dial 1indicators |designated as "R" did not indicate

significant torsional motions.

2.4 Thermal Deflection Test

In an effort to |determine the field response of the
bridge span to temperature change, temperature readings and
bridge span deflections were measured over a twenty four
hour period in November 1985. Both wvertical and
lonyitudinal deflections were measured for night time
conditions, conditions of bright sunshine, and for
conditions in between.| Deflections were measured with dial
gages graduated to 0,001 1in. Vertical deflections were
measured by dial gages located at the midspan of girders
G-2, G-3, G-4, and G-5b. The change in girder length was
measured by dial gages|) located at each end of girder G-2,
G-3, G-4, and G-5 in a manner to record the change in length
of the bottom of each |girder. The change in the distance
between adjacent bent Qgaps, located at the east end and the
west end of the instrumented span, was measured by dial
gages located so as to measure the movement of the bent cap
relative to the ground. It should be noted that all
interior bent caps are |common to two adjacent spans. This
is reflected in the motion of the bent caps, as shown in
FPig. 16.

11



Fig. 15 indicates vertical deflections at midspan for

girders G-2, G-3, G-4, and G-5 during the daily cycle.
Direct sunshine on the bridge deck, expressed in terms of
time of day, was |[considered an important cause of

deflections. Thus, tlime of day is also indicated on the
figure. The figure indicates a "zero" deflection for the

early morning hours |from 4:00 a.m. - 7:00 a.m., with

deflections increasing upward as the sun rises and direct

sunshine hits the bridge deck. It can be seen that the

maximum vertical mid span movement during the twenty-four

hour cycle is approximately equal to 0.13 in.

Fig. 16 indicates|longitudinal deflections for various

values of ambient temperature during the daily cycle. Time

of day is also indicated in the figure. Change in girder

length (measured at the bottom of the girder) is plotted as

a function of ambient temperature, for a concrete girder G-3

and for a steel girder G-4. The change in the distance
between adjacent bent caps, east end and west end of span,
is plotted as a function of ambient temperature. Bent cap

movements were measured relative to the ground. All

deflection values were pbtained with dial gages graduated to
0.001 in. Analysis of| the temperature effects is given in
Section 4.3. The interrelationship between distortions of
the neoprene bearing ads and temperature variations 1is

discussed in Section 4.

12



2.5 Neoprene Bearingéad Test

The concrete girnders in the Bonnabel Overpass are
end-supported on compressible neoprene bearing pads. A
typical neoprene pad, similar to those in use on the span
investigated, was tested in the laboratory and found to have
the load-deflection relationship shown in Fig. 17. The
analysis presented in Section 4.8 of this report is adjusted

to allow for the compriessibility of the neoprene pads.

2.6 Measurement of SJab Thickness

By means of a nine-point grid on the original slab, a
nine-point grid on the widened south portion of the bridge
deck, ana a three-point grid on the widened north portion of
the bridge deck, slab thicknesses were measured under
conditions of no traffic. Measurements were made to the
nearest 0.01 ft. byl means of a surveyor's level. The
average thickness of the original deck slab was found to be
6.50 in. The average thickness of the slab on both widened
portions of the bridge deck was found to be 7.44 in. All
thickness values pertain only to the span tested and were

used as input to the lcomputer program.

2.7 Determination oﬁ Concrete Strength

Reports indicate that the concrete wused in the
prestressed girders |was approximately 6500 psi equivalent
28- day compressive strength. The expected gain in strength
over an eight-year period is approximately 38% for the Type

13



I cement used in the

that the present streng
is

girders approximat

nondestructive tests wi

girders.

It is reasonable to expect
th of the concrete in the prestressed

ely 8970 psi. An average of 33

th a calibrated Schmidt impact hammer

indicated a present ayerage strength of 8460 psi for the
concrete in the girders.

Reports indicated that the deck <concrete was
approximately 4000 ps1 equivalent 28-day compressive
strength in the original structure. Nondestructive tests

with the Schmidt impac

t hammer indicated a present average

strengyth of 8040 psi fgr the deck concrete.
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3. COMPARISON OF ICOMPUTER PREDICTIONS TO FIELD TESTS

3.1 Introduction |

In this section |computer results obtained using the
NASTRAN computer program are compared to the field test
results. The model of| the Bonnabel Overpass as developed in
Appendix A 1is used Ifor the comparison. Three loading

situations are considdred. These situations are: loading

caused by the overload truck crane, loading caused by two

trucks back-to-back, as shown in Fig. 1, and loading caused
by temperature variations.

The steps in developing the input data deck for
modeling a particular |structure are to select the physical
yrid layout, select he appropriate connecting elements,
specify material properties and end fixity conditions, and
apply the appropriate loading situations. 1In developing the
files for this comparison, the selection of the grid layout
and the connecting elements are the same as discussed in
Appendix A. The grid| layout used has a fine mesh in the
region between the concrete and steel girders. The fine
mesh grid layout is not necessary insofar as obtaining an
accurate comparison with field test data but is used in
order to obtain greater| detail.

In this chapter the approach is to develop the basic
model or input file to NASTRAN for the Bonnabel Overpass

loaded with the overload truck crane. This model 1is
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adjusted to 1investig he effect of certain material
properties and en ixity <conditions. The "best fit"
configuration is then [loaded with loads corresponding to two
trucks back-to-back, as shown in Fig. 1, in order to verify

the final model. Finallly, the "best fit" model is "loaded"

thermally and compared!'with the thermal deflection data.

3.2 Overload Truck Crlne Tests

In this section the comparison of the computer results
to the deflection data from the overload truck crane tests

will be described. discussion addresses data presented

in part on Figs. 18, and 20 for loading positions No. 1,
No. 2 and No. 3, respectively.

While 1t should |be obvious that the data represent
discrete deflections individual girders, and not
continuous deflection curves, the data points are connected
with straight lines to facilitate better visualization of

the results.

The first computer] model discussed is one for which the
concrete slab is assumed to be uncracked and to have
isotropic section properties. Young's Modulus for the
concrete is taken to be 5.4 x 10 psi for the slab and 5.6 X
10 psi for the prestressed concrete girders. These values
are based on concrete strength tests discussed 1in
Section 2.7. The slab fis assumed to be a monolithi¢ section
and all diaphragms assumed to have rigid end

connections.
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It can be seen [from examination of the figures,

4

particularly Figs. and 20, that the agreement is not as
good as might be expected The maximum deflection values

obtained from the computer solution are significantly less
than the measured maximum values, and the model predicts
that more of the is being transferred laterally to
adjacent girders than was actually found in the field tests.
It is further noted that the agreement appears to be poorer
for the region having, steel girders, i.e., the original
section, than it is for the widened section having concrete
girders,

Computer runs were made simulating cracked slab
conditions for the old|slab; i.e., the section of slab over
the steel girders. It [is reasoned that a cracked slab would
not affect the 1longitudinal stiffness because the entire
slab is in longitudinal compression but it would affect the
lateral stiffness because the slab is in reverse bending
transversely. Orthotriopic slab material properties were
input into the computer to simulate a condition where the
lateral stiffness of the old slab is 50% of the longitudinal
stiffness of the slab. This condition is accomplished in

the NASTRAN computer program by assigning Young's Modulus
for the slab to be orthotropic where Ey (lateral) = 0.5 EX

(longitudinal).

esults of these computer runs are

It can be seen fro

shown on the same graphs as mentioned above.
f examination of the graphs that the

agreement obtained using orthotropic slab properties is



better than that obtained using isotropic properties;
however, the agreemen is still not exceptional. The
maximum deflection wvairues obtained from the computer
solutions are 1less than the measured values, and the
computer predicts that mnre of the load is being transferred
laterally to adjacent girders than was actually measured.

Computer runs were made in which all the diaphragms
were assumed to have pinned end connections and the slab was
assumed to be uncracked. As can be seen, this configuration
did not give quite ' as good a fit as the previous
configuration.

Computer runs were made in which all of the diaphragms
between girders are as#umed to have pinned connections and
the slab is also assumed to be cracked with Ey = 0.5 E.

It can be seen by examining the graphs that this
computer configuration|gives very good agreement with the

field test results. The maximum deflection is within 3% and

the shape of the computer curve is very similar to that of

the measured curve. Figs. 21, 22, and 23 show a comparison
of the longitudinal deflection data using the cracked slab
and pinned diaphragm mogel.

It is not believed worthwhile to attempt to adjust the
computer input results| to obtain a more exact fit of the
field test results. Further adjustment would involve
varying the degree of cracking assumed for the slab and the
amount of fixity assumed for the diaphragm ends, which at
best would hold for this particular span. It is believed,
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