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ABSTRACT

The overall purpose of this investigation was to determine the
experimental transverse live load distribution on a spread box-girder
type bridge and to compare the results with similar studies of other
bridges of this general type.

The test structure is a newly constructed bridge located near the
mouth of Skookumchuck Creek in the Salmon River Canyon approximately
four miles south of White Bird, Idaho. It consists of five cast-in-
place and post-tensioned trapezoidal box girders, a composite cast-in-
place reinforced concrete slab and reinforced concrete curbs. All of
the tests were conducted with one series of gages. The bridge midspan
was selected as the gage sectlon for determination of the transverse
live load distribution. In addition to the midspan section, gages were
located along the longitudinal centerlines of the bottom surfaces of
the girders to determine the location of the maximum bottom fiber strains.
One gage was also embedded in the concrete approximately 1 1/2 inches
from the bottom of each girder at its midspan. The wheel loads were
induced by two test vehicles which were loaded with gravel to approximate
the H 20-44 and HS 20«44 design trucks as specified in the AASHO Spec-
ification. The test runs were from north to south at 2 to 3 mph. Static
strain responses were also taken and compared to the crawl run strain
responses. The data in this report is based on the crawl run strain
responses. Strain and deflection measurements were recorded by contin-
uous strain recording equipment which was temporarily housed in a

mobile trailer located adjacent to the bridge.
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The field test data was reduced to strains and deflections. From
the strain data experimental neutral axis location, moment percentage
distributions, moment distribution coefficients, distribution factors
and effective values of elastic moduli were determined. The moment
percentages, ratlios of experimental moments to design moments, distrib-
ution factors and bottom girder fiber strains were compared with similar
quantities developed in the tests of the Drehersville, Berwick, White

Haven and Philadelphia Bridges.



1. _INTRODUCTION

1.1 Background

Since the first use of prestreséed concrete beams in bridge con-
struction, an increasing variety of beam cross sections have been pro-
posed for bridge design. The development of new construction techniques
both for prestressed and post—tensiéﬁ concrete beams has made these pro-
posed designs a reality. The first éommon type of prestressed concrete
beam was the I-beam type. These beams were usually incorporated in the
bridge superstructure through shear connectors so that a portion of the
deck was considered to be a part of the beam. Another common type of
prestressed concrete beam was the T—beam where the top flange formed
the deck. The procedure for the design of prestressed I-beam and T-beam
concrete bridges are outlined in Section 1.3.1 of the AASHO Specifications
for Highway Bridges.l

Prestressed box shaped beams were used in bridge construction first,
by placing these beams side by side with a shear connector used to in-
sure composite action, then a cast-in-place-reinforced concrete slab was
constructed to act compositely with the beams. The next innovation was
the spread box girder. The prestressed box beams were placed in a con-
figuration similar to the I-beam configuration. The design of these
spread box beam bridges also closelyvfollowed the AASHO Specifiéationé.
The cross section of the spread box beams are generally considered to be
rectangular. However, trapezoidal box beams may offer advantages for
the distribution of vehicular wheel loads. The results of a large amount
of research on the load distribution of bridge floor systems has recently

been correlated and summarized by W. W. Sanders, and H. A. Elleby of



Iowa State University.2 In their report, Sanders and Elleby proposed
a revision of the AASHO Specifications concerning the distribution of
wheel loads for various types of bridge floor systems, including the

spread box girder type.

The Bridge Section of the Surveys and Plans Division of the Idaho
Department of Highways proposed a unique bridge design and it was con-
structed over Skookumchuck Creek on U. S. Highway No. 95 approximately
fbur miies soutﬁ of White Bird, Idaho. This design called for a seventy-
foot simple-span prestressed concrete bridge with folded plate type pre-
stressed concrete trapezoidal shaped box-girders, or simply U-shaped gird-
ers. The structural design was in accordance with the 1969 AASHO and
1970 Interim Specifications for Steel I-Beam stringers and prestressed
concrete girders supporting a concrete deck.2 This means each interior
girder was designed to carry a certain percentage of the front and rear
wheel loads. This percentage is called a distribution factor and for
this design it was S/5.5, where S is the average girder spacing in feet.
Once the slab is cast, however, the entire cross section will develop
a greater torsional resistance than the I-beam bridge, and the transverse
distribution of live load will be more efficient, than that for I-beam
bridges. The spacings between interior girders could then be increased
beyond what is allowed for I-beam stringers in Article 1.3.1 b (1) of
the 1969 AASHO and 1970 Interim Specifications (5/5.5) and could approach
or even exceed the distribution factor allowed for closed box-girders
which have a distribution factor of S/7.O.l

This research project was undertaken to obtain field data and a
theoretical analysis of a bridge supported by trapezoidal concrete spread

box girders. The results of this research could then be used to add



reliability to the proposed new AASHO Specifications or could provide
a basis for another proposal for AASHO wheel load distribution specifically
applied to U-shaped concrete spread box-girder bridges.

1.2 Previous Research

1.2.1 Theoretical Research

Computer programs using three general methods for the analysis of
box-girder bridges have been developed by Scordelis.3 They are the
Folded Plate Method, the Finite Segment Method and the Finite Element
Method. The Folded Plate Method described by Scordeli54 is based on the
elasticity theory and utilizes plane stress elasticity theory and class-
ical two-way thin plate bending theory to determine membrane stresses
and slab moments in each plate. The Finite Segment Method is based on
the ordinary theory for folded plates and uses a segment progression
method along the span to connect one transverse segment to another until
the far end of the bridge is reached.3 The Finite Element Method is
based on satisfying as closely as possible the assumptions for the elast-
icity theory for folded plates.3 This method uses a numerical procedure
to approximate the solution of a problem in continuum mechanics by analyz-
ing the structure as an assemblage of finite elements interconnected at
a finite number of nodal points. Selected internal stresses or displace-
ment patterns are assumed in the elements to satisfy certain required
conditions, usually nodal point compatibility and equilibrium.

A fourth general method of analysis of box—girder bridge structures
is orthotropic plate theory. This method replaces the actual structure
with an equivalent orthogonally anistropic plate that has the same trans-

verse and longitudinal elastic and material properties as the actual



structure. This method has been limited in use because there has been
some doubt as to what effective width should be used in replacing curb
and parapet sections that would effectively allow for their stiffening
effect. J. G. Arend;ts5 developed a procedure for computing longitudinal
and transverse flexural and torsional rigidities of three types of beam
and slab systems; steel beams and concrete deck, non-voided concrete beams
and separated box-girder concrete beams. He found that using these
parameters in conjunction with orthotropic plate theory led to relatively
simple calculations that adequately predicted the behavior of the three
types of beam and slab bridge systems studied. Mr. Arendts also concluded
that the present AASHO load distribution procedure results were not
consistent with experimental results.

1.2.2 Field Test Research

Most of the field test investigations of highway bridges have been
2
conducted on beam and slab bridges. In 1964, the Structural Concrete
Division of the Fritz Engineering Laboratory, Department of Civil Engi-
neering at Lehigh University initiated a research project to investigate
the actual structural behavior of bridges of the rectangular spread box-
girder type and to develop a design procedure which would reflect their
: 10 g i1 ;
actual behavior. The project involved spread box girders of rectangular
L : X e ? By B 8

cross section and related analytical studies of each . In all of
the test structures the experimental values of load distribution factors
for interior girders were significantly less than those used for design,
while the experimental values for the exterior girders were somewhat larger

than those used for design. This behavior clearly emphasized the fact

that the curb and parapet sections definitely and significantly contributed



to the longitudinal and flexural stiffness of the bridge super-
structure.lO From these studies it was recommended that consideration
be given to revision of the procedures used for determination of the
lateral distribution of vehicular loads for spread box-girder bridges.
It was also recommended in the computation of deflection for design
purposes, consideration be given to the inclusion of curb and parapet
sections.

The actual field test data for these five bridges was obtained
utilizing essentially the same technique. Trucks closely approximating
the HS 20-44 design vehicle were driven over the test structure in a
set of prescribed lanes. The response of the bridge was measured through
the use of SR-4 electrical strain gages and recorded by continuous
recording equipment. The strain gages were mounted around the periphery
of the longitudinal beam at various cross sections on the surface of the
beams.

Other tests of concrete box-girder bridges were conducted on bridges
constructed by the California Department of Highways. These bridges were
of the continuous box-girder type. The only reported field test to date
was conducted on the Harrison Street Undercrossing in Oakland, Califormnia,
by Davis, Kozak, and Scheffey.ll The object of this test was to evaluate
the validity of using distribution factors determined experimentally for
this structure in the design of box girders with differing configurations
and proportions. Assuming that analytical methods could be derived
which would accurately describe the empirically determined structural
behavior of the prototype, such analytical methods would then be applied

to other structures. From the testing of this full-sized prototype it



was concluded that; (a) dead load deflections measured in the field agreea
closely with those computed theoretically; (b) correlation of total dead
load resisting moments with known acting moments is good provided that
suitable modifications of the concrete modulus are made to account for
effects of creep and shrinkage cracking; (c) live load distribution with-
out an intermediate diaphragm indicated about 15 percent greater trans-
verse distribution in the box girder than allowed in AASHO Specifications;
(d) addition of a midspan diaphragm resulted in a very small change in

the distribution of moments across the transverse section; and addition

of curbs and parapets resulted in a large increase of total section stiff-

ness.

1.3 AASHO CODE

Design of interior girders for bridges, for distribution of live
load is presently based on distribution factors which represent the
fraction of the total wheel load (both front and rear) carried by each
girder. For spread box-girder bridges current design procedures use a
distribution factor of S/5.5, where S is the average girder spacing in
feet. This is the distribution factor for steel I-beam stringers and
prestressed concrete girders supporting a concrete slab as prescribed
in the 1969 AASHO Specifications 15, Section 3 — Distribution of Loads.
The distribution of live load for the exterior girders is based on the
assumption that the slab acts as a simple beam between girders in trans-
mitting wheel loads laterally. This specific part of the AASHO Specifi-

cation is believed to be overly conservative.



2. THEORETICAL ANALYSIS

2.1 TFolded Plate Analysis

The Folded Plate Method of analysis developed in a general computer
program by A. C. Scordelis3 is ideally suited to analyze box-girder bridges
that are simply supported at both ends. The applied forces on the structure
are first resolved into Fouriler series components and an analysis is carried
out for all of the loading components of each particular harmonic. The
final results are obtained by summing the results for all of the harmonics.
The basic assumptions of this method are:

1. Each plate of the box-girder bridge is rectangular, of uniform
thickness and is made of an elastic isotropic and homogeneous
material.

2. The relation between forces and deformation is linear so that
superposition is valid.

3. The structure is completely monolithic.

4, End support and intermediate transverse diaphragms are infinitely
stiff in their own plane, but perfectly flexible normal to their
own plane.

5. The structure is simply supported at its extreme ends.
6. The stresses and displacements in each plate element due to loads
normal to the plate (slab action) are determined by means of

the classical thin plate bending theory applied to plates sup-
ported along all four edges.

7. The stresses and displacements of each plate element due to loads
in the plane of the plate (membrane action) are determined by
means of the elasticity equations that define the plane stress
problem.

The structure 1s treated as a series of rectangular plates that are

interconnected along their longitudinal joints. Each plate is first anal-
yzed independently by two-dimensional plane stress theory for loads in the

plane of the plate and by elastic plate theory for loads normal to the

plane of the plate. The stiffness matrix for each plate is then expressed



in terms of the harmonics of a Fourier series. For each harmonic the
plate has only four degrees of freedom along each longitudinal edge.
These four degrees of freedom are: vertical and horizontal displacements
in a plane parallel to the end diaphragms, a longitudinal displacement
parallel to the joint and a rotation about an axis parallel to the joint.
Then a direct stiffness solution is used to analyze the total structure
consisting of the interconnected plates. Compatibility at the interior
rigid diaphrams or supports is accomplished by a force (flexibility)
method of analysis. The force method of analysis is similar in concept
to that used to analyze a continuous beam. The redundant forces X
represent a set of three joint forces at each longitudinal joint con-
sisting of vertical, horizontal and rotational components in the plane ¥
of a transverse diaphragm at the one-third and two-thirds points across
the transverse width of the plate. Since a rigid transverse diaphragm

is assumed to exist at the interior support the displacements and rota-
tions in the plane of the diaphragm of all points on this cross section
of the bridge should be zero under the influence of the external loads
and redundant forces. The Goldberg-Leve equatiouns are used to evaluate
plate fixed edge forces, stiffnesses and final internal forces, moments
and displacements. A more detailed discussion of the method can be

found in reference 3. For the support conditions mentioned the folded
plate method permits an "exact solution' within the assumptions of the
elasticity theory and for this reason may be used as a standard of
comparison for other methods that are more general and based on simpli-
fying but reasonable assumptiomns.

The general computer program for folded plate analysis, MUPDI , was



written in Fortran V language for the IBM 7094 computer at the University
of California Computer Center, Berkeley, under the direction of A. C.
Scordelis. A copy of the extended version of MUPDI, adapted to find
girder moment percentages and run on the CDC 6400, was obtained and
adapted to run on the IBM 360 model 67 computer at the Washington State

University Computer Center.

2.2 Finite Element Analysis

The finite element method has been used successfully during the last
ten to fifteen years to solve a large variety of problems such as plates
subject to in-plane or normal loadings, axi-symmetric solids and axi-sym-
metric shells. More recently the finite element method has been applied |
to thin shell problems and three dimensional analysis of solids. A
computer program FINPLA12 has been developed by A. C. Scordelis which
utilizes the finite element method for the analysis of prismatic cellular
folded plate structures such as the box-girder bridge. The basic structufal
element, or finite element, is formed by dividing each rectangular plate
transversely and londitudinally into an assemblage of smaller rectangular
elements. The size, thickness and material properties of these rectangular
elements can be varied as desired throughout the structure allowing for
a finer mesh wherever more accuracy may be desired such as in zones near
concentrated loads. It is assumed that each nodal point has six degrees
of freedom for each of which exist a known external force or a known
displacement. If a certain force is known the corresponding displacement
is unknown and vice versa. A direct stiffness sclution is used to find
all of the unknown nodal point displacements and forces. Then the internal

forces and stresses for each element can be determined. The crucial step



in this approach is the development of individual element stiffness matrices
which can accurately approximate the behavior of the continuum when they

are assembled to form the structure stiffness matrix needed in the direct

stiffness solution.
The basic assumptions used in the finite element method are:

1. Each finite element is rectangular, of uniform thickness and
is made of an elastic, isotropic and homogeneous material.

2. The relation between forces and deformations is linear so that
superposition is wvalid.

3. The in-plane displacements within each rectangular finite element
(membrane action) are obtained by the superposition of twelve
displacement components at each corner of the element: two
in-plane translations and one rotation about a normal to the
plane of the element.

4. In-plane stresses within each finite element are determined from
the in-plane displacements by means of the elasticity equations
defining the plane stress problem.

5. The normal displacements within each rectangular finite element
(slab action) are obtained by the superposition of twelve dis-
placement patterns. These patterns are defined by three nodal
point displacement components which are taken as two rotations

about in-plane axes and a displacement normal to the plane of
the plate.

6. The plate bending and torsional moments within each finite ele-
ment are determined from the normal displacements by means of
classical thin plate bending theory.

The assumptions (4) and (6) above are those of the elasticity theory
for folded plates. It should be remembered that the complete structure
asSembled from the finite elements only approximates the true continuum
since equilibrium and compatibility are satisfied only at the nodal points
and not along the entire interfaces of adjacent elements. However, the
independent displacement patterns chosen for the individual elements are

selected to approximately satisfy compatibility across these interfaces.

Once the element stiffness matrices have been derived by the Unit-displacement

10



theorem a direct stiffness solution may be used to solve the problem.
A more detailed description of the derivation of the element stiffness
solution is given in references 3 and 12.

The general computer program FINPLA3 was written in Fortran IV lang-
uage for the IBM 7094 computer at the University of California Computer
Center, Berkeley, by A. C. Scordelis and C. Meyer. A copy of FINPLA was
reproduced as reported in reference 3 and was adapted to run on the IBM

360 model 67 computer at the Washington State University Computer Center.

2.3 Test Bridge

Skookumchuck Creek Bridge is a seventy-foot simple-span post-tensioned
spread concrete box—-girder type bridge as shown in Figure 1. It has a
skew of 15° from a line perpendicular to the longitudinal centerline
and a superelevation of 6.35 per cent. The most unique characteristic

of the bridge is its U-shaped girders that are shown in Figure 2.

2.4 Structure Idealization

The structure was idealized transversely and longitudinally in
order to analyze it by using the computer programs MUPDI and FINPLA.
The longitudinal or plan view was idealized as being rectangular. In
a report by G. H. Powell, J. G. Bouwkamp and I. G. Buckle13 it was
shown that for varying angles of skew, from 0 to 20 degrees the sum of
moments in all girders under varying loading conditions essentially
remained unchanged. It was also noted, that the percentage of the total
moment carried by an individual girder changed only slightly (less than
47%) as the skew varied from 0 to 20 degrees. The curbs on the bridge
were idealized as longitudinal beams and were included in the finite

element analysis. No post-tension stresses were included in the theoretical

=11k



analysis since only the live load strains were obtained from the experi-

mental data.

2.5 Loading Lanes

Three different transverse loading lanes were used as loading
conditions for the theoretical analysis of the structure using the finite
element method of analysis. The three loading lanes consisted of the
truck centerline located over the centerline of the bridge and two extreme
loading lanes with the outside wheel of the vehicle two feet from the
inside edge of either curb respectively. These three loading lanes were
chesen since they closely represented the AASHO design condition used in
connection with distribution factors. The results of each of the three
loading lanes could then be superimposed and used for a theoretical dis-
tribution factor in comparison with the design and experimental distribution
factors. The experimental loading lanes (1 through 5) are shown in
Figure 3. Experimental loading lanes 1, 3 and 5 are the loading lanes in
the finite element analysis. Since adapting the computer program FINPLA
to run on the Washington State University computer was costly we were
limited to the number of times that the program could be run. Once the
global structure stiffness matrix is formulated any number of loading
conditions can be imposed and solved without a significant increase in
time or cost. The actual number of loading conditions that would be
imposed on one particular idealized structure was limited by the maximum
number of nodal points and finite elements allowed in a transverse cross-
section.

The computer program MUPDI was used as a check on the computer pro-

gram FINPLA since the results of MUPDI are considered to be exact for

12



an idealized structure and the results from FINPLA are approximations.
MUDPI could not be used for the entire theoretical analysis due to
limitations on the maximum number of nodal points and elements in a
transverse cross section, and it does not have the added capability of
including beam elements in the analysis. To compare FINPLA with MUDPI
a Standard HS 20-44 truck with a modified axle width (an axle width
compatible with the nodal point spacing on the structure) was symmetri-
cally located on the bridge cross section and longitudinally placed for
the maximum theoretical moment. This loading lane is shown in Figure 3

as loading lane 3.

2.6 Wheel loadings

Two sets of wheel loads and axle spacings that closely approximated
those of the two test vehicles were used in each of the three lane load-
ings for the finite element analysis. The true wheel loads and axle
spacings were input directly into the computer program. A weighted axle
width based on the wheel loads was computed for each test vehicle. The
average of the two weighted axle widths (which differed by less than one
inch) was used as the axle width for the finite element analysis. The
axle width on the HS 20-44 truck, which was used as the comparative
loading condition, had to be restricted to the distance between the two
nodal points at the junction of girder C and the slab. The wheel loads
used for the comparative analysis are those specified by the AASHO Spec-

ifications for a standard HS 20-44 truck.

3. TESTING

3.1 Test Bridge

The test bridge is located on U.S. Highway 95 in the Salmon River

13



Canyon approximately four miles south of White Bird, Idaho. A picture
of the bridge taken just after the approach slabs were poured is shown
in Figure 4. The structure has a simply supported length of 70 feet
and a skew of 15° from a line perpendicular to the bridge centerline.

The cross section of the bridge as shown in Figure 2 consists of
5 identical cast-in-place post-tensioned hollow U-shaped box-girders,
covered with a cast-in-place reinforced concrete deck. The U-shaped
box-girders, which are 60 inches deep and taper from a width of 52 inches
at the top to 30 inches at the bottom, are equally spaced at 8 feet,
center to center. Diaphragms between girders were omitted in the design.
The end diaphragms are 14 inches thick and the 6.5 inch deck provides
a roadway of 39 feet 8 inches. The curb section consists of a tapered
parapet section and a metal rail. The parapet is 18 inches wide at the
bottom and tapers to 9 inches wide at the top at a height of 28.5 inches.
The metal rail is a 4.5 inch outside diameter aluminum tube. The joint
between the slab and the curb is a construction joint with a raked finish.
Vertical reinforcement for the curb section extends through the joint
into the slab.

The girders were designed for an HS 20-44 loading. A distribution
factor of §/5.5 = 1.454 was used for the interior girders, while a dis-
tribution factor of We/7 was used for the exterior girders, where We is
the top slab width as measured from the midpoint between girders to the
outside edge. The distribution factors for girders A and E are 1.138
and 1.114 respectively. The design wind velocity is 80 mph and the im-
pact factor is 0.258. The specified minimum 28-day cylinder strengths

of the girder and deck concretes are 5000 and 3000 psi. respectively.
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Each of the girders were post-tensioned with four 1.25 inch and one

1.375 inch diameter steel bars.

3.2 Gage Sections and Locations

The midspan of the bridge was selected for the gage section. Fig-
ure 5 shows the strain gage locations at midspan. Five gages were placed
on each of the girders with the exception of girder C which had a total
of eight gages. There were two gages located on the bottom edges of each
girder and three located on the west side of each girder. Girder C had
three gages located on its east side in addition to the three gages on
the west side. All of the gages located on the sides of the girders were
spaced at approximately one, two and three feet from the bottom of the
girder. The deck has a total of nine gages three of which were located
on the top of the deck at the bridge midspan (one was located at the
centerline and the two others were placed next to the curb sections).

The other six deck gages were located on the underside of the deck at
midspan at the midpoint between girders and on the east and west edges
of the deck. The two curb sections were gaged at the bridge midspan at
the top and bottom of their outside faces. Each of the five girders had
one gage embedded in the center of the bottom flange at the bridge mid-
span. Only four of these gages were operable during the tests because
the lead wires for the embedded gage in girder A were pulled out when
the falsework was removed from the underside of the bridge. A total of
sixteen gages were located longitudinally along the centerlines of the
girders. Girders A, B, D, and E, each had three gages along their cen-
terlines located at three, six and nine feet north of midspan. Girder C
had four gages located along its centerline at three, six, nine and twelve

feet north of midspan. These gages were used to determine the position
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of maximum live load strains. In a report by Robert F. VarneylA it was
noted that the maximum observed strain responses for interior girders
of skew bridges did not occur at the theoretical maximum moment section
calculated for a simple beam loading. Mr. Varney also noted that the
maximum bending moment stress in the exterior girders occurred at or
near midspan for all test vehicle crossings on all paths. Deflecto-
meter responses were recorded for the center of each girder for all

the loading lanes.

3.3 Loading Lanes

Three of the loading lanes were located such that the centerline
of the truck would correspond with the centerline of the bridge and the
centerlines of the north bound and south bound traffic lanes. The two
other loading lanes were such that the outside wheels of each vehicle
would be located two feet from the inside edge of either curb. The

five loading lanes are shown in Figure 3.

3.4 Test Vehicles

Two test vehicles were used for the testing phase. A photograh
of the first test vehicle, a three axle diesel dump truck, and the axle
spacings and axle loads are shown in Figure 6. The second test vehicle
was a three axle diesel tractor semi-trailer combination, with the axle
loads and axle spacings as shown in Figure 7. Both vehicles were loaded

with gravel.

3.5 Instrumentation

Basically, four different types of strain gages were used to record

the strain. Most of the gages were a special type of encapsulated gage
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distributed by Anderson-Lowery Associates and designeted as PLM-60.
These gages were mounted on the girder and deck surfaces, however,

five of the gages were embedded directly in the concrete during con-
struction approximately 1 1/2 inches from the bottom of the girders.

The PML-60 gages had a gage length of 60 mm, a gage resistance of 120

+ 0.5 ohms and a gage factor of 2.13. Two paper backed gages (PL-120)
were used to provide comparison with the PML-60. The two paper backed
gages were mounted adjacent to two of the PML-60 gages at midspan on
girder C. These gages had a gage length of 100 mm, a resistance of

120 + .03 ohms and a gage factor of 2.06. The third type of gages used
was an encapsulated gage (PML-100S). The PML-100S gages had a gage len-
gth of 100 mm, a resistance of 300+ .0 ohms and a gage factor of 2.11.
The PML-100S5 gages were mounted on girders C, D, E and are shown in Fig-
ure 5 as dotted lines. A photograph of a PML-6- strain gage mounted omn
a girder face is shown in Figure 8.

Three tapered cantilevered aluminum beams were manufactured such
as the one shown in Figure 10 and were used to record deflections. The
beams were 1/8 inch thick and tapered from 1 inch to 4 3/8 inches over
a 12 inch length. Each beam was instrumented with four strain gages at
the wide end to measure flexural strains. The gages used were SR-4
Type A3 wire resistance strain gages. The wide end of the beam was
bolted to the bottom surface of the girders by using inserts that were
placed in girders during construction. The apex of the plate was connect-
ed to a weight on the ground surface below the deflectometer by a wire.
The wire was adjusted to introduce an initial deflection in the aluminum
plate. Each deflector was calibrated beforehand so that a change in
flexural strain, occurring when the bridge deflected could be converted

to deflections.
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The recording equipment consisted of a Honeywell Model 119 Carrier
and Linear/Integrate Amplifier and a Honeywell Model 906C Visicorder
Oscillograph. The amplifier consisted of a power supply and four
amplifiers capable of receiving and amplifying input from four active
gages simultaneously. The amplified signals were then recorded on light
sensitive paper by the oscillograph. Sheathed cable was used to transmit
the signals to the amplifiers. Four active gages were recorded at a time.
Dummy gages were used for temperature compensation. The same lengths
of sheathed cable that were connected to the active gages were connected
to the dummy gages to allow for the change in inductance of a signal
transmitted through a long cable. Once the dummy gages were hooked up
it was only necessary to change active gages through the use of cannon
plugs. During the testing the recording equipment was housed in a mobile
trailer provided by the Idaho Department of Highways. The position of

the test vehicles was noted by the use of voice signals.

3.6 Test Runs

A total of 326 individual test runs were made by the two load
vehicles. These test runs included; the crawl test runs at 2 to 3 mphj
static load tests where the vehicle came to a complete stop over a
prescribed location on the bridge; and several dynamic test rums at
speeds between 35 and 50 mph. Since only four recording channels were
available for each test run, the test vehicles had to cycle through
all lane loadingsbefore a new set of four gages could be activated.
This procedure was repeated until all the strain gages had been activated
and the strains recorded.

The calibration procedure was to shunt a known value of resistance
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did not plot in a linear fashion with the other strains along the cross-
section were discarded, although nearly all of the strains did plot in

a linear fashion. Since the anomaly did not appear on both tests,

the most probable reason for the variation of some strain measurement
points from the linear when plotted at a cross section was due to extreme
wind gusts at certain times on the exposed wire leads.

At those strain gage locations where the strain cross—-section plots
for both test vehicles did indicate an anomaly (two locations) from the
linear, it was felt the gages were improperly placed rather than the
structure acting non-compositely giving the anomalous results. Typical

locations for neutral axes for interior and exterior girders are shown

in Figure 9.

4.2 Evaluation of Girder Moment Percentages and

Effective Values of Elastic Modulus

A computer program was written to calculate girder moment percent-
ages and effective values of elastic modulus. Two methods of calculating
girder moment percentages and values of elastic moduli were used. Input
for the program included, experimental location of the neutral axes, the
tensile and compressive girder strains, the compressive deck and curb
strains, the strains on the transformed post tension steel areas, the

maximum bottom fiber strains and the value of the theoretical maximum

moment.

4.2,1 Calculations Using a Center-to-Center
Girder Spacing
The first method assumed a center-to-center spacing for the effective

slab width for all the girders. It calculated a ratio of the deck elastic

modulus to the girder elastic modulus, for each girder, based on the ratio
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of the first moments of the transformed tensile and compressive areas.
This balanced the compressive and tensile forces. The forces and moments
on the section calculated by transforming the post-tension steel were
added into the results obtained by integrating the concrete strains over
the cross section. For the loading conditions used it was felt that the
live load strain in the post-tension steél was approximately the same

as the live load strain in the concrete surrounding the post-tension duct
at the midspan. In order for this assumption to be valid the live load
moment within the vicinity of the bridge midspan has to be symmetrical.
Although the live load moments within the wvicinity of the bridge midspén
are not symmetrical they are nearly so. The post-tension bars were also
grouted and it was felt this added to the validity of the assumption.

The results for all the loads by this method agreed very well with the
second method of moment percentage calculation. Then the internal moments
were equated to the known external moments to determine the absolute values
of the effective deck and girder elastic moduli, based on the experimental
location of the neutral axis. Last the percentages of the total moment

carried by each girder was calculated.

4.,2.2 Calculations Using Effective Slab Widths

The second method used for the calculation of girder moment percent-
ages and effective values of elastic modulus involved the use of effective
slab widths and only one value of elastic modulus for the curb, deck and
girders. The amount of slab width required to balance the first moment
of the tensile area and the first moment of the compressive area was the
effective slab width. The effective slab widths of the exterior girders

were modified by one of two methods depending on the slab width of the.
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adjacent interior girder. If the effective slab width of the adjacent
interior girder was greater than the center-to-center spacing of the
girders only the portion of the slab remaining above the exterior girder
was considered to be contributing to the exterior girder cross-section.
If the effective slab width of the adjacent interior girder was less than
the center-to-center spacing of the girders, the contributing slab width
of the exterior girder was considered to be the center-to-center spacing
of the girders.

Next, the principal axes were located for each effective girder
cross section and the moments of inertia about the principal axes were
calculated. Moment coefficients were then calculated based on the max-
imum bottom fiber strains and the moments of inertia about the principal
axes, Moment coefficients are the moments divided by the elastic modulus.
The effective values of elastic modulus were calculated by equating the
internal moment to the known external moment. Last, the percentages of
the total moment carried by each girder were calculated.

In all of the calculations full composite action was assumed between
the girders, slab and curbs. The distribution of live load moment as
calculated by the two methods differs by less than two percent and values

of effective elastic moduli in both cases are in good agreement.

4.3 Distribution Factors

In the AASHO Spechicatlonsl provisions for lateral distribution
of live load in bridges are expressed as distribution factors. These
factors are coefficients by which a line of wheel loads is multiplied
in computing the design moment for a girder. The AASHO Specificatioms

also specify that for the design of girders the centerline of a wheel
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or a wheel group shall be assumed to be at least 24 inches from the face
of a curb. Moreover, the Specifications state that the loads, or stan-
dard trucks, shall be assumed to be occupying any position within their
individual design traffic lane which will produce the maximum stress.

In order to make the experimental load distribution comparable with the
AASHO provisions, distribution percentages with a test truck in various
lanes were superimposed to approximate the specified design loading.

The roadway width of the bridge between curbs is 36 feet 9 3/16 inches
and was designed for three traffic lanes each having a width of 12 feet
3 1/16 inches. Therefore a close approximation of the AASHO design
loading was produced when the trucks were located in loading lanes 1,

3 and 5. The experimental distribution factor for a girder was obtained
by summing the girder moment percentages for that girder with the truck
in lanes 1, 3 and 5 and multiplying by two since distribution factors

are given in terms of wheel loads rather than axle loads.

5. TEST RESULTS

5.1 Moment Percentages and Neutral Axes

The moment percentages for the girders are shown in Table 1 and
Figures 11 - 14, Each of the moment percentages shown represents the
percentage of total moment carried by the particular girder for the
designated load lane. The results for both trucks are shown. The
girder moment percentages presented in Table 1 are based on calculations
that assume a center—-to-center spacing for effective slab widths, the
experimental location of the neutral axis and different values of

elastic modulus fer the slab and girders. The curbs were assumed to have
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the same elastic modulus as the deck, Figures 15 and 16 show the resulting
moment percentages for loading lanes 1, 3 and 5 superimposed fdr the dump
truck and tractor trailer respectively. Figures 17 and 18 show the re-
sulting moment percentages for loading lanes 2 and 4 superimposed for

the dump truck and tractor trailer respectively. Influence lines for

the moment percentages for each of the girders are shown in Figures 19 -
23. (Actually, these are not influence lines in the strict sense of the
definition, but are the moment percentages carried by one particular
girder with the trucks in various loading lanes.) Experimental locations

of neutral axes are shown in Figure 24,

5.2 Distribution Coefficients

Distribution coefficients which are defined as the percentage of
the total moment coafficient carried by each girder are shown in Table 2.
A moment coefficient is defined as the moment divided by the modulus of
elasticity. The distribution coefficients are based on calculations that
equated the internal and external forces by using an effective slab width
for each girder. The calculations also assuﬁe the same value of effective

elastic modulus for the curbs, slab and girders.

5.3 Distribution Factors

The distribution factors were determined as explained in Section 4.3.
The experimental and design distribution factors and their ratios for each

of the girders are shown in Table 3. The results for both test vehicles

are listed.

5.4 Experimental Live Load Moments and Effective

Values of Elastic Modulus

The experimental live load moments and effective values of elastic



modulus for each girder are listed in Table 4. The results are based
on calculations that assumed a center-to-center spacing for effective
slab width, the experimental location of the neutral axes and different

values of elastic modulus for the slab and girders. The curbs were

assumed to have the same elastic modulus as the slab.

5.5 Moment Coefficients and Effective Values of Elastic Modulus

The moment coefficients and corresponding values of elastic modulus
for each of the girders are listed in Table 5. A moment coefficient is
the moment divided by the elastic modulus. The values in Table 5 are
based on calculations that used effective slab widths, maximum bottom
fiber strains and moments of inertia about the principal axes for each

girder.

5.6 Effective Slab Widths

The effective slab widths as used in the second method of moment
percentage calculation are listed in Table 6. They are calculated as
described in Section 4.2.2. The effective width of 96.00 inches which
often appears in the table is the maximum slab width available for the
exterior girders. The effective slab width of 77.00 inches which also

appears in the table is the minimum slab width available for the exterior

girders.

5.7 Girder Deflections

Midspan girder deflections for each loading lane and test vehicle
are listed in Table 7 and shown in Figure 25. All of the deflections

listed are deflections of the girder centerline.



5.8 ‘Response of Embedded Gages

A comparison of the strains recorded by the embedded gages and the
two bottom surface gages for girders B, C, D and E are listed in Table 8.
The responses for girder A are not listed because the gage embedded in

girder A was inoperable.

5.9 Maximum Bottom Fiber Strain

The theoretical maximum moment locations for the dump truck and the
tractor trailer are 0.62 feet north and 5.14 feet south of midspan
respectively, with both trucks facing south. Because of a limit on the
number of gages, it was decided to try and locate the maximum bottom
fiber strains caused by the dump truck only., For that reason the sections
north of midspan were gaged as described in Section 3.2. 1In order to
record the responses of the PML-100S gages, which had resistances of
300 ohms, it was necessary to replace the two internal 120 ohm resistors
in each amplifier with two 300 ohm resistors in order to complete the
wheatstone bridge circuit. Nearly all of the responses of the PML-100S
gages had to be discarded because they were erratic and inconsistent.
This was probably caused by the questionable quality of the 300 ohm
resistors in the amplifiers. However, the responses of the PML-60 gages
located longitudinally along the bottom centerlines of girders A and B

were felt to be reliable, and are shown in Table 9.



6. DISCUSSION OF RESULTS

6.1 Theoretical Results

The results of the transverse live load distributions for the
comparative analyses between MUPDI and FINPLA are in good agreement
as shown in Figure 28. Figures 29 and 30 show the transverse and long-
itudinal variations of the deflections of the bridge under the compér—
ative loading condition. The effect of the curb sections, idealized
as longitudinal beams, in the finite element analysis is quite evident.
The absolute values of total maximum moment at midspan as calculated
by the two programs differ by about 10 percent. The discrepancy 1is
due mainly to some of the assumptions inherent in the finite element
analysis such as equilibrium and compatibility being satisfied at the
nodal joints only. A computer program was written to calculate the
total moment at a section and the girder moment percentages from the
output of FINPLA which consisted of average nodal point stresses per
unit length and average nodal point moments per unit length. The
stress distribution between nodal joints was assumed to be linear and
the average element forces were integrated over the entire cross
section.

The results of the final finite element analysis are in very
good agreement with the experimental results. The theoretical and
experimental distributions of moment percentage differed by less than
2 percent. The experimental and theoretical midspan girder deflections
are in very close agreement when the experimentally determined effective

27



values of elastic modulus are taken into consideration. The values of
the theoretical moment for each girder obtained from the superposition
of the loads in loading lanes 1, 3 and 5 for both truck; agreed reason-
ably close to the similar values obtained experimentally. Table 14
shows the moment percentage distribution for the two test vehicles

as caluculated by the finite element theory and corresponding ratios

of the theoretical and design distribution factors. Table 10 lists

the moment percentages from the finite element analysis and the ratios

of the theoretical and design distribution factors.

6.2 Moment Percentages

Comparisons of moment percentages at the bridge centerline with
either of thetwo test vehicles in different test lanes indicated
results that would be expected for a spread box-girder structure.
Girders nearest the load carried the larger portion of the load. The
superelevation of the structure increased the distribution of moments
to the girders on the low side of the supereleyation. The effect is
most noticeable in a comparison of the percentage of moment carried
by girders A and E for a symmetrical load condition. Also the effect
of superelevation can be shown by a comparison of the moment carried
by girder A with the vehicle in loading lane 5 and the moment carried
by girder E with the vehicle in loading lane 1. The effect of super-
imposing the results for loading lanes 1, 3 and 5 gives a nearly equal
distribution to all five girders. Again the effect of superelevation
slightly increases the moment percentage for girder A. Superimposing

lanes 2 and 4 shows a nearly equal
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distribution to all five girders and the superelevation 1is not very
noticeable. The moment percentage distribution results from the two

test vehicles differed by less than 2 percent as shown by the plots of
the influence lines for the five girders in Figures 19 - 23,. The effect
of the axle loads of the dump truck being more localized than those of
the tractor trailer can be noticed in a comparison of the moment percent-
age distributions as shown in Figures 11 and 13. The superelevation of
the bridge is also evident in a comparison of the influence lines for
beams A and E in Figures 19 and 23. The stiffening effect of the curbs

on the exterior girders is apparent as shown in Figures 15 - 18,

6.3 Distribution Coefficients

The distribution coefficients as défined in.Section 5,2 and shown
in Table 2 are 1in very good agreement with the moment percentages although
the two were determined by two different methods. The method used in
calculating distribution coefficients has been used successfully in

other investigations.

6.4 Distribution Factors

The distribution factors for the two test vehicles were in very good

agreement. The experimental distribution factors are 1,395 and 1.387

for girder A and 1.239 and 1.226 for girder E, These correspond to the
AASHO design distribution factors of 1.138 and 1.114 for girders A and

E respectively. For interior girders the experimental distributiom
factors range between 1.067 and 1.206, or in the form presented in the
AASHO Specification, $/7.50 and S/6.63, The ratios of the experimental
distribution factors to the design distribution factors for the exterior

girders are all greater than one, ranging between 1.223 and 1,101 while
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the ratios for the interior girders are all less than one, ranging between
0.734 and 0.829.

A comparison of the ratios of experimental distribution factor to
design factor for the Drehersville, Berwick, White Haven, Philadelphia
and Skookumchuck Creek bridges is listed in Table 10. The ratios for
the exterior girders of Skookumchuck Creek Bridge agree fairly well with
those for the Berwick, White Haven and Philadelphia Bridges ranging
from 1.083 to 1.228 while those for the Drehersville Bridge are 1.404 and
1.389. The ratios for the interior girders for the Drehersville, Berwick,
White Haven and Philadelphia Bridges are in very close agreement ranging
from 0.601 to 0.657 while the ratio for Skookumchuck Creek Bridge 1is
0.774. The difference may be attributed to beam cross sections since
Skookumchuck Creek has trapezoidal shaped girders rather than rectang-
ular box-girders as the other bridges. The design of Skookumchuck
Creek Bridge also incorporated the top flange of the girders into the
deck while the decks on the other bridges were cast essentially on the
top of the girder flanges. In all of the structures the box beams and
the slab were considered to act as a composite section. The interior
girder live load distribution for Skookumchuck Creek Bridge is in the
range between the AASHO Specifications and the results for the previously
mentioned rectangular box=-girder bridges. The distribution of live
load to the exterior girders for Skookumchuck Creek Bridge is greater
than the AASHO design factor would indicate and agrees with the live

load distributions for the other bridges mentioned.

6.5 Live Load Moments and Moment Coefficients

The live load moments at the bridge centerline are shown in Table 4

and are in the range expected. The live load moments were determined as
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explained in Section 4.2.1. The moment coefficients as defined in
Section 4.2.2 are listed in Table 5. The moment coefficients when multi-
plied by the proper values of elastic modulus are in good agreement with

the live load moments.

6.6 Comparison of Design Experimental and

Theoretical Live Load Moments

The ratios of the experimental moments over the design moments for
each girder for the two test vehicles are listed in Table 11. Both ex-
terior girders have ratios greater than one ranging from 1.100 to 1.224
while the interior girders have ratios less than one ranging between 0,750
and 0.830. Figures 26 and 27 show a comparison of the design, theoretical
and experimental moments carried by each girder caused by superimposing
the results for the test vehicles in loading lanes 1, 3 and 5. The
experimental and theoretical moments for the exterior girders are greater
than the corresponding design moments while the experimental and theoretical
moments for the interior girders are less than their corresponding design
moment. A comparison of the ratios of the experimental moments to the
design moments for the Drehersville, Berwick, White Haven, Philadelphia
and Skookumchuck Creek Bridges is listed in Table 12. The interior girder
ratios for Skookumchuck Creek Bridge are all greater than the corresponding
ratios for the other bridges while the exterior girder ratios for
Skookumchuck Creek Bridge closely agree with the same ratios listed for

the Berwick, White Haven and Philadelphia Bridges.

6.7 Effective Values of Elastic Modulus

The effective values of elastic modulus that were determined by
using a center-to-center girder spacing as explained in Section 4.2.1
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are listed in Table 4. The wvalues for the curbs and deck are less
than the values for the girders. The values of elastic modulus that
were determined by using effective slab widths as explained in Section
4.2.2 are listed in Table 5. These values fall in between the values
listed in Table 4. All of the values are greater than those that have
been réported previouslyg’lo’ll. A comparison of the maximum strains
on the bottom surfaces of the girders for the White Haven, Berwick and
Skoockumchuck Creek Bridges is shown in Table 13. In general, the experi-
mental values of effective elastic modulus do not agree well with the
results from cylinder tests and design calculations based on the density
and the compressive stress fc'. Other investigationsll also have not
been able to draw a correlation between the design and effective values
of elastic modulus. The values of the effective elastic modulus are
substantially higher than those used normally in design. The design
value is a function of fe', the 28 day compressive strength of the
concrete. The value of fc' after the structure is in use is usually
significantly greater than the 28 day value used in design. It is
very common for beam concrete to reach the specified 28 day cylinder
strength at, or shortly after, release of the pre-tensioning elements.
The elastic modulus based on a test cylinder taken as the girder
was poured gave design values of about E = 5 X 106 psi., while a test
of one of the cylinders using a PML-60 strain gage gave a modulus of
E=7.5X 106 psi. These tests were run four months after the girder

was poured.



6.8 Strains, Neutral Axes and

Effective Slab Widths

Plots of strain along the side faces of girders normally showed a
linear relationship. The curb and deck strains plotted linearly with
the girder strains indicating full composite action between the girder,
deck and curbs. However, referring to Figure 5, it should be pointed
out that there were four strain gages on the right side of girders
A, B, D and E and only two gages on the left side, that is, one on the
bottom of the girder and one on the bottom of the deck. The use of four
strain gages on each girder face made any non-linearities readily apparent
and add=d4 reliability to the linear results.

Assuming full composite action, the experimental locations of the
neutral axes were nearly always inclined except when the loads were
directly above the girder as shown in Figure 24. The inclinations were
the greatest when the loads were farthest away from the girder. The
neutral axes of the interior girders were horizontal when the loads were
directly above the girder such as girder C and loading lane 3., Even
though the exterior girders have an unsymmetrical cross section the
neutral axes were very nearly horizontal when the loads were closest to
them. Variations between the vertical locations of neutral axes with
respect to the bottom girder faces also occurred. This distance was
usually greater when the truck was laterally located nearer to the
girder.

The effective slab widths as described in Section 4.2.2 are listed
in Table 6. These values should be considered with some reservations
since a small change in neutral axis location causes a relatively large
variation in the effective slab widthT. The value of the slab width for



a girder is generally greatest when the load is nearest that girder.

The value of 96.00 inches which appears frequently for the exterior girders
is the maximum slab width available for the exterior girders (based on

a center-to-center spacing) and the value of 77.00 inches is the minimum

slab width available above the girder.

6.9 Girder Deflections

The girder deflection, listed in Table 7 and illustrated in Figure
25, are of the expected magnitude. The values are generally about one-
third of those reported for other spread box-girder bridges such as
the Philadelphia and White Haven Bridges. The moment of inertia of
Skockumchuck Creek Bridge is about three times the value of the moments
of inertia of the Philadelphia anq White Haven Bridges. The effect of
superelevation on the girder deflections is very evident for symmetric
loading conditions. A very good agreement between the experimental and
theoratical girder deflections was found when the experimentally deter-

" mined values of elastic moduli were used in the theoretical calculations.

6.10 Embedded Gages

The responses of the embedded gages shown in Table 8 are generally
slightly greater than those of the externally mounted gages. The differ-
ence in most cases was less than 4 percent. Overall, the externally
" mounted gages performed just as well as the embedded gages and there is
no benefit in embedding the gages in the structure as opposed to mounting

them on the outside surface.

6.11 Maximum Bottom Fiber Strains

For reasons explained in Section 5.9, the data on the location of
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maximum bottom fiber strains is limited. The results for girders A
and B are shown in Table 9. The maximum bottom fiber strains for
girder A, an exterior girder, occur at or near midspan regardless of
the transverse location of the vehicular loads. The maximum observed
strain responses for girder B, an interior girder, generally did not
occur at the theoretical maximum moment section calculated for a simple
span beam loading., Howeveyr, the maximum strains on girder B do occur
at sections closer to the theoretical maximum moment section as 1t

carries more load,
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7. CONCLUSIONS AND IMPLEMENTATION

The following conclusions were made based on the results of the

field testing of Skookumchuck Creek Bridge.

1. The experimental distribution factor for the interior girders
was less than the AASHO design distribution factor, but greater
than the experimental distribution factors resulting from the
testing of rectangular box-girder bridges. TFor the exterior
girders the design distribution factor was less than the experi-
mentally based value which agreed with the results from the
rectangular box-girder bridges. The participation of the
curbs in carrying load served to provide added stiffness and
strength to the exterior girders. For interior girders the
design factor of the S/5.5 form should be modified to yield
lesser values. Based on these results and the close agree-~
ment between these results and the results of the field test-
ing and analysis of rectangular box-girder bridges, it is
recommended that consideration be given to change the design
factor for the distribution of wheel loads. It is recommended
that the design factors be S/6.0 for the interior girders
and S/7.5 for the exterilor girders for this size of bridge
(five girders and two lanes).

Furthermore, close consideration should also be given to the
design change proposed by Sanders and Elleby2 even though

their proposed design is based on an analysis which precludes
the effects of curbs and parapit sections (which results in
the same design factor for both exterior and interior girders).

2. The strains recorded during the field testing all plotted
linearly. The curb, deck and girder cross sections all
responded compositely.

3. The strain gages mounted on the outside surface of the structure
gave as reliable results as those that were embedded in the
concrete.

4. The effective values of elastic modulus were determined by
two procedures and the results from each corresponded quite
well. The experimental values, however, are greater than
the deslign values and reasons for this are given in Section
6.6. In general, the values of effective elastic modulus
resulting from the field testing of bridges are greater than
the design values based on the density and fc'.

5. The superelevation of the bridge did affect both the moment
percentage distribution to the girders and the girder de-
flections.
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The theoretical results agreed closely with the experimental
results in comparing the transverse live load distribution .
and the girder deflections. Based on this result, use of
either of the two computer programs for strain and deflection
data for other bridges of this type would be feasible. Load
limitations for existing bridges of the beam and slab type
could be easily determined given the modulus values and the
stiffness parameter values.

Based on two theoretical analyses the curbs geem to have
little effect on the transverse live load d%stribution, but
they do affect the deflections of the structure. It would
be desirable to include the effects of the curbs in the
design deflection calculations.

Based on the comparison of the theoretical analysis, which
assumed no skew, and the experimental results, the skew had
no significant effect.
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Table 9. Maximum Fiber Strains Caused by
The Dump Truck for Girders A and B.

62"
Theoretical Maximum o _
Moment Locatiodn /
/ 33
4;1 43 .‘32. / ——— SOUTH

/ / / // EXTERIOR GIRDER A

=27
3 —d= SOUTH
26

INTERIOR GIRDER B

GAGE NUMBER

26 27 45 46 47 32 33 42 43 44
Lane 1 3.91 4.35 2.93 b9 6.02 3.22 3.38 2.97 2.21 2.12
Lane 2 4.99 5.59 4.20 8.91 10.53 3.22 3.59 3.56 2.88 2.59
Lane 3 13.03 13.25 13.19 21.39 18.56 7.08 7.60 6.82 6.63 5.41
Lane 4 21.93 21.53 17.98 30.75 20.56 19.59 ' 18.57 17.21 13.93 11.05
Lane 5 17.37 20.08 31.77 26.74 18.56 26.31 26.38 23.74 20.57 12.69
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Bridge

Drehersville®
Drehersvillex*
Berwick
Berwick

White Haven
White Haven
Philadelphia*®*
Skookumchuck

Drehersville*
Drehersville*
Berwick
Berwick

White Haven
White Haven
Philadelphia**
Skookumchuck

Table 10. Summation of Distribution Factors

Direction

East
West
North
South
North
South

South

East
West
North
South
North
South

South

Exterior Girder

Interior Girder

H MO KOO

Experimental

.137
.125
.178
.137
.228
.212

.854
.850
.036
. 960
.053
.058
.143

.126

Design

0.810
0.810
1.050
1.050
1.000
1.000
1.158
1.126

1.30

1.30

1.597
1.597
1.636
1.636
1.727
1.454

for Drehersville, Berwick, White Haven
Philadelphia and Skookumchuck Bridges.

Experimental

Design

1.404
1.389
1.122
1.083
1.228
1.212
1.108
1.164

0.657
0.654
0.649
0.601
0.644
0.647
0.622
0.774

Moment
of
Inertia

lO6 in4

* Values are based on the AASHO design condition keeping each truck in its
respective load lane.

** Without diaphragms.
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Table 12. Comparison of the Ratiosof Experimental Moment to
Design Moment for Drehersville, Berwick, White Haven,
Philadelphia and Skookumchuck.

Experimental Moment
Design Moment

Interior Exterior
Girders Girders
Drehersville 0.667 l.416
Berwick 0.648 1.121
White Haven 0.643 1.187
Philadelphia 0.663 1.108
Skookumchuck 0.742 (Girder B) 1.221 (Girder A)
0.820 (Girder C) 1.105 (Girder E)

0.759 (Girder D)
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Table 13 . Tabulation of Maximum Strains (lO-6 in/in)
on Bottom Surfaces of Girders for White Haven,
Berwick and Skookumchuck Bridges.

Truck Location Girder A Girder B

Left Right Left Right

White Haven

Lane 1 51.6 59.2 48.6 41.8
2 37.1 38.5 49.5 45.8
3 24.9 23.9 40.2 42.1
4 17.0 13.8 30.1 28.3
5 10.6 8.3 23.0 19.2

Lanes 1 and 4 68.6 73.0 78.7 70.1

(superimposed)

Berwick

Lane 1 38.9 42.0 34.8 . 30.9
2 21.4 30.1 34.0 34.2
3 23.2 19.5 29.5 32.2
4 17.9 15.0 23.6 23.7
5 11.7 9.2 18.9 15.8

Lanes 1 and 4 56.8 57.0 58.4 54.6

(superimposed)

Skookumchuck

Lane 5 26.38 26.31 20.08 17.37
4 18.57 13.59 21.53 21.93
3 4,26 5.92 13.25 13.03
2 3.59 3.22 5.59 5.00
1 3.38 3.22 4.35 3.91

Lanes 1, 3 and 5 34.02 35.45 37.68 34.31

(superimposed)
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11. TFIGURES
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TYPICAL CROSS SECTION SHOWING
GIRDER IDENTIFICATION AND
SUPERELEVATION.

oll

-1

S5

post-tensioning rods

TYPICAL SECTION (MID SPAN)
Figure 2. Typical Cross .Section and U-Shaped Girder Detail at Mid Span.
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LANE 4

LANE 5
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Figure 3. Experimental Loading Lanes.
Loading Lanes 1, 3 and 5 are those
used in the Theoretical Analysis.
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Figure 6. Dump Truck.
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Tractor Trailer
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Figure 9. Typical Examples of Experimental
Neutral Axis Location for the
Tractor Trailer.
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Figure 19.

LANE

Influence Line for Beam A.
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Figure 20. Influence Line for Beam B.
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Figure 21.

LANE

Influence Line for Beam C.
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Figure 22.

LANE

Influence Line for Beam D.
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Figure 23.

LANE

Influence Line for Beam E.
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Figure 24. Experimental Neutral Axis Location.

Results for the Tractor Trailer.
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INCHES OF DEFLECTI/ON

GIFDEFR DEFLECTIONS
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Figure 25.. Girder Deflections.
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Live Load Moments for the Dump Truck.
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