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ABSTRACT

This report describes part of the research work
conducted under the Fritz Laboratory Project 322, entitled
"A :Structural Model Study of Load Distribution in Highway

Bridges™,
The purposes of this work were to:

1. Find an analytical correlation between
the transverse distributions of longitud-
inal bending moments and the cross-sectional

deflections in box-beam bridges.

2. Develop a practical method for the estima-

tion of bending moments in box-beam bridges
by the use of cross-sectional deflections.

To experimentally verify the proposed method, test
results from seventeen small scale (1/16) Plexiglas box-beam
bridge models are reported. Details of the fabrication, in-
strumentation and testing of the models can be found in Ref. 9.
In particular, it should be noted that these seventeen Plexiglas
models were tested under static vehicular loads, using the creep

compensating technique.

An analysis of the experimental results and a proposed

method for estimating bending moments are presented. The estimated




‘values exhibit good agreement with the model test results. The

contribution of curbs and parapets to the flexural stiffness of
the bridge was taken into account in the analysis. The influ-

ences on the correlation between bending moments and cross-sec-
tional deflections due to curbs, parapets, diaphragms, size and

spacing of beams, and thickness of slab are discussed.

The proposed method was used to estimate bending .mo-
ments in. one existing bridge. The estimated values were found

to be close to those obtained in the field test. As a result

- of this investigation, it is believed that the use of measured

"deflections, along with the geometric properties of the cross-

section, may enable an economical and accurate estimation. of
the lateral load distribution in prestressed concrete box-beam

bridges.




1. INTRODUCTTON

1.1 Background

Bridge structures form one of the most important com-
ponents of modern highway systems. Over the past fifteen years,
many new concepts have been introduced in the area of bridge de-
'gign. One of the more recent concepts was the design of beam-
glab bridges utilizing precast, prestressed concrete box béams,
spread apart and equally spaced, along with a cast-in-place
concrete slab. The curbs and parapets are also cast in place,
using reinforcing bars in the comnnection with the slab. In
bridges of this type constructed in Pemnsylvania, the beams are
designed according to the provisions set forth.in the Pennsyl-
vania Department of Highways Bridge Division Standards ST-200
through ST-208.*® These provisions closely parallel those
covering the design of longitudinal beams as set forth in the

A.A.S.H,0., Standard Specifications for Highway Bridges.!

1.2 Object and Scope

Recently, the field tests of several in-service high-
way bridges have established the fact that the actual distribu-
tion of maximum vehicular loads to the beams is mnot in line

with the distribution assumed in the design.® 1In these tests,
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strain gages attached to the superstructure at selected loca-

tions were used to evaluate the load distribution.

To approach the evaluation in a different way, this

investigation is directed toward the possible correlation of the

transverse distribution of bending moment in the longitudinal
beams with the cross-sectional deflections. The principal ad-
vantage of using cross-sectional deflections to evaluate the
bending moments is that there are considerably fewer problems
associated with the installation and operation of deflection
equipment than with strain gage recording equipment. Equally
important is the fact that the deflections are a form of an
integrated response of the entire structure; while the fiber
strains are of a more local nature, and greatly affected by
singularities in the immediate vicinity of the strain measure-
ment. If a fine correlation between the bending moments and
deflections can be found, the primary use of deflections in
field studies and laboratory work could result in more econom-

ical and efficient testing methods.

The principal objectives of the study presented in

this report are:

1. To find a theoretical correlation be-

tween the transverse distribution of

T
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bending moment in the longitudinal
beams and the cross-sectional deflec-
tions, in prestressed concrete spread
box~beam bridges, with or without curbs,

parapets, and diaphragms.

2. To develop a practical method of esti-
mating the individual bending moments by
using the cross-sectional deflections.
The deflection of each box beam can be
either directly measured by dial gages
or by deflectometers, or even calculated
by one of the existing theories of anal-
ysié. ’

The study presented in this report is a part of the
research work conducted under the Fritz Laboratory Project 322,
entitled "A Structural Model Study of Load Distribution in High-
way Bridges". The primary objective of the overall project is

the investigation of static live load distribution in prestressed

concrete spread box-~beam bridges.

In order to experimentally verify the amalytical cor-
relation and the pr&posed method, presented in Chapters 2 and 5,
respectively, a systematic series of seventeen small scale (1/16)
Plexiglas box-beam bridge models was designed and fabricated,
assembled and tested. Comparisons of the distributions of exper-
imental bending moments with experimental cross-sectional deflec-

tions and with estimated distributions of bending moments are given
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in this report. In addition, the influence of curbs, parapets,
size and spacing of beams, and thickness of slab, on the corre-
lation between bending moments.and cross-sectional deflections,

is discussed in detail.

1.3 Previous Research

A number of field investigations havé been conducted
on highway bridges of the beam-slab type. Most of the bridges
tested were I-beam bridges with either steel or prestressed con-
crete beams. Only a limited number of studies have dealt with
prestressed concrete box-beam bridges. In particular, relativély
little experimental and theoretical work has been carried out in

the study of simply=-supported, spread box-beam bridges.

An extensive ammotated bibliography on lateral dis-
tribution of loads in bridges, including slab bridges and beam-
slab bridges, is given in Ref: 14. Since the information presented
hergin is evaluated by model tests, some of the previous model
studies on load distribution are included as Refs. 2, 3, 4, 6, 7,

8, 11, 15, 16, 18, and 19.
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2. THEORETICAL ANALYSIS

2.1 Statement of Problem

In the theoretical work presented in Ref. 17, a
single distribution coefficient was established for the deter-
mination.of both deflections and longitudinal bending moments
in a beam-slab bridge. This single distribution . coefficient
was applied only to bridge cross-sections with equal stiffness

in all of the beams, and curb and parapet were not considered.

Satisfactory agreement with: the theory was found in
tests reported in Refs. 7 and 8 where, after a careful compari-
son of the theoretical distribution coefficients for longitudinal
bending moments with:the experimental distribution coefficients,
it was concluded that the agreement was acceptable. Furthermore,
an excellent agreement was found in the comparisons between the
theoretical and experimental distribution coefficients for de-

flections.

On the other hand, the previous conclusions were not
agreed upon by other investigators. Comparison of the strains

in the bottom flanges of I beams with the deflections in a beam-

‘slab bridge showed no consistent correlation.® The same problem

-‘7-—0




was observed in Ref. 12, where it was concluded that the bending
‘moments and the deflections in the beams are not proportional as
determined from field test results. It was also pointed out in
Ref. 11 that there is a considerable discrepancy between the
experimental distribution of bending moments and the calculated
distribution coefficients, based on a sinusoidal longitudinal
distribution of a concentrated load. Thus, an approximate ad-
justment to the Guyon-Massonnet theory was proposed,ll in order

to take into account the effect of a concentrated load.

Confusion may arise from the fact that different con-
clusions were reached by several investigators. Therefore, some

of the assumptions in the theory will be examined.

The Guyon-Massonnet method® is based on the following

two main assumptions:

1. That a constant stiffness exists in
both the longitudinal and transverse
directions. In other words, the effects
of a stiffening edge member and beams of

different size cammot be considered.

2. That the transverse distribution of actual
concentrated loads is the same as the trans-
verse distribution of loads whieh are dis-
tributed sinusoidally along the length of
the bridge.




It is a fact that most of the existing prestressed con-
.crete bridges have curbs and parapets. Test results have shown
that some composite action exists between curbs and beams, and
between curbs and parapets.® Thus, the first assumption cannot
be satisfied wﬁen the curbs and parapets are present. If the
effects due to curbs and parapets are not accounted for, errors

will be introduced.

In addition, there is a substantial difference between
the actual single concentrated load and the assumed sinusoidal
load varying along the bridge. This difference is one of the
reasons for the disagreement between the theoretical distribu-
tion coefficients for bending moments and experimentally deter-
mined values. Finally, the assumption of Poisson's ratio equal

to zero is another source of error in the method under discussion.

Furthermore, it is believed that it is not adequate
to use the strains at the bottom face of beams as a direct in-

7  The evaluation of the

dication of bending moments in beams.*’
true bending moment in the beams should take into account the
contribution of the individual slabs, since equilibrium should
exist.in each beam-slab unit. To more accurately determine the

bending moments in beam-slab units, the strains along the side

‘faces of beams, top of slab, curbs, and parapets should be
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measured carefully, as well as the strains on the bottom faces

of beams.

In order to better understand the correlation between
the transverse distributions of longitudinal bending moments and
the cross-sectional deflections in a single span, simply-supported
box-beam bridge in which curbs and parapets may or may not be
present, a theoretical analysis is given in this chapter. Fi-
nally, a simplified method of estimating bending moments in the
beams by using the cross-sectional deflections and geometrical
configuration of the cross-section of the bridge is proposed in

Chapter 5.

2.2 Assumptions

Before the analysis can be developed, the following

assumptions are made.

1. The structure is homogeneous and iso-
tropic before the occurrence of any
cracking (both in longitudinal and
transverse directions) or excessive

-deformation.

2. The thickness of each plate component

is assumed to be constant and uniform.

3. A linear relationship exists between

forces and deflections. Only elastic

~10-
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behavior of the bridge is considered in

the analysis.

A full composite action exists between
beams, slab, curbs, and parapets. All.
commections insure that no relative dis-

placements between components can occur.

The end supports provide no longitudinal

restraint for each beam-slab unit.

The 'bending moment diagrams of all beam~

slab units are assumed similar in geometry.

The secondary effects on the deflection of
the beams-due to twisting are-negligible..

The transverse bending moments (with respect
to a vertical axis) in beam-slab units are
assumed to be small compared with the longi-
tudinal bending moments (with respect to

horizontal axis) and can be neglected.

The presence of diaphragms does not affect

the analysis.

2.3 . Development

A simply-supported, box-beam bridge .can.be.regarded

slab units.

as an assemblage of a set of beam-slab units. Each beam-slab
unit is composed. of a box beam . and .an individual width of slab.

Curbs and parapets act in combination with the exterior beam-

By Assumption 9, midspan and end diaphragms, which

-11-~




-are .originally designed in order to improve the load. distribu-
tion of the bridge, are not considered in this analysis.. It is
believed thatﬂtﬁe diaphragms will not substantially affect the
correlation between the transverse distributions of longitudinal
bending moments and distributions of cross-sectional deflections.

This concept will be discussed in Chapter 5.

A typical éfoss-section of a box-beam bridge is given
in Fig. la. When the deck of the bridge is subjected to a vehic-
ular load, five internal forces and moments are produced in any
-cross-section of each beam-slab unit. These forces and moments
.are longitudinal bendiﬁg moment Mx’ transverse bending moment My’
total vertical shear force S:, total horizontal shear fdrce SX,

and twisting moment Mxy’ which is shown in Fig. Ib.

The vertical deflection at the centroid, éy, of given
beam~slab unit can be written as

6y = (sy)bending + (sy)shear + (6y)torsion &

As a beam-slab unit has a box beam of rigid closed
cross-section, it is reasonable to consider the unit as a solid

beam. insofar as its behavior under the combined flexure and tor-

sion is. concerned.
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Consequently, the cross-section of each beam~slab
unit which is. initially plane remains plane after deformation,
. .and . there is no extension or shearing strain in the plane of the
‘cross-section. -Saint Venant's principle is valid in this case.
According to this principle and the adopted hypothesis, the in-
ternal forces acting on the eross-section lead to one resultant,
which may be replaced by an equivalent system-of forces without
changing the state of strain of the mathematical model adopted
for the solid beam. The beam-slab unit would undergo.torsion
according to the law of pure torsion. Since the effect of the
vertical deflection due to pure torsion:is neglected according
to Assumption 7, and since the effect of shear force is Qery

small, Eq. 1 can be simplified as

6y = (sy)bending

‘considering a beam-slab unit as simply supported at both ends,
(Assumption 5), the vertical deflection at the centroid of a
given section due to bending can be found from Fig. ib as fol-

lows:

The deflection in the VV direction is

vV ET
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and the deflection in the UU direction is

where Muu and Mvv-are the bending moments with respect to

Axes UU and VV, respectively,

qu‘and IVv are the moments of inertia with respect to

Axes UU and VV, respectively,
and F is a certain. function depending on the bending moment

diagram and on the position of the section.

Superimposing the vertical components of svv and'éuu, the total

vertical deflection is

Gy = éuu Sin 6 +‘6vv Cos. ©
Moy Mau
= F g Sin @ + F |57 Cos . © (2)
\a% uu

By the law of transformation of coordinate axes, the moments of

inertia I
u

w Ivv’ and Iuv are expressed in terms of I I

xx? Tyy?

and Ixy'
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‘ I
uu uv XX Xy

- I T
uv vV Xy vy

wherein R'is the rotation matrix

and
Cos 6 =5in. 6

R =
-Sin © Cos . @

Substituting R into Eg. 3, we obtain

_ 2 2. 3. o . R
qu = IXX Cos 9v+ Iyy Sin® ZIxy Sin @ Cos ©
_ -3 , 2 . Lo
Iyy = IXX Sin® 6 + Iyy Cos® @& + 2IXy Sin © Cos 6
Iy = (Iyy - Ixx) Sin 6 Cos © "’Ixy Cos (29)

M and M__ can be expressed as
uu vV

M. =M Cos @ +M Sin 8
uu X y

M _ =-M Sin. & + M Cos @
\'AlZ X v

Substituting Egs. 4 and 5 into Eqg. 2

w15m

3

Q)

(%)




M Cos & + M, Sin 8 «
6 = 'E X 2] Y - Cos. @
y E|I Cos®® 4 I Sin®@ -~ 2I Sin & Cos @
XX A% Xy
LJE| _ ~M_ Sin :‘+ M, Cos 8 Sin 6 ©
E 'Ixx Sin® 8 + Iyy Cos ef+2Ixy Sin @ Cos ©
According to Assumption 8, Eg. 6 can be simplified as
§ =T fﬁ — Co»asa 9
y E Ixx Cos® @ '+‘Iyy Sin® 8 - ZIXy Sin 6 Cos 6
_ - Siglg ) : ‘ (7)
Ixx Sin® 8 + Iyy Cos® 6 + 2IXy Sin @ Cos . ©
Setting
T =
eq
. , _ 1
Cos® © Sin® ¢

T A 1 Y= : - T . 3 : (8)
I Cos e-klyy81n 9 -Ixy81n(29) IXX81n.e=kIyyCos 9-+Ixy81n(26)

wherein, qu is defined as "Equivalent Moment of Inertia" for

each beam~slab unit. If 6 = 0, qu ='Ixx°

Substituting Eq. 8 into Eq. 7 and rearranging, we obtain

(ET_) 8§
- ey ©)
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This is the expression for the longitudinal bending moment at

a cross=-section of a beam-slab unit.

Considering the equilibrium condition of longitudinal

bending moments at any .chosen cross~section of the bhridge

i=m ~d=m
By (Ieg)i .
MIgxp, = M yp, = MJs = F; ‘(5y)i (10)
i=1 i=1
where (MX)EXT. = total external bending moment

(MX)INT = total intermal resisting bending moment

. m = number of beams

i = subscript used to identify beam-slab units

By definition, the moment percentage (M.P.) is

Using Eq. 10



x 100

By (s
)
=m

(M.P.)i'= T
Z By (g); .
Fi v’ i

i=1

According to Assumptions 1 and 6, Ei and Fi are the same for all
beam-slab units; therefore, a correlation between the transverse
distribution of longitudinal bending moments in beam-slab units

and the cross-sectional deflections is found as follows:

(To); B

M.P.); =3

1=m
Z Tedi @Yy

i=1

(11)

For the special case when (qu)i is the same for all

beam~-slab units, Eq. 11 becomes

e
M.P.); = —LF = (D.P.); (12)

In other words, the moment percentages (M.P.) will be
equal to the deflection percentages (D.P.), if the bridge has

identical equivalent moments of inertia for all beam~-slab units.
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3. EXPERIMENTAL STUDY

3.1 General Consideration

In this chapter, brief descriptions of the test pro-
gram and tested models used 'in this study are presehted. De-
tails concerning the construction, instrumentation, fabrication,
and modeling techniques of the models, as well as the similitude

requirements considered, can be found in Ref., 9.

3.2 Test Program

The test program for the models was designed with the

objectives mentioned in Section 1.2.

In the experimental model investigation, a series of
seventeen 1/16-scale Plexiglas models was fabricated and tested.
All of the bridges were simply supported over a span of U8.94

inches.

According to the method of fabrication, the models

can be classified into two categories: (1) Glued model, in

- which all of the components were cemented together using Eth-

ylene Dichloride, and (2) Bolted model, in which pre-fabricated
beams, slab, curbs, parapets, and diaphragms were connected to-
gether by screws or tie-rods. A brief description of all models

is shown in Table 1.
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According to the geometry of the cross-section, the
models can be separated into two groups: one group of models
without curbs and parapets, and the other with curbs and para-
pets. Within each group, bridges can again be divided into
two sub-groups: (1) bridges with diaphragms, andv(2) bridges
without diaphragms. For the convenience of simple use in later
chapters, it might be helpful to classify the bridges as follows:

1. Case (0,0,0) represents bridges without

curbs, parapets, and diaphragms, such as
models B1l, B5, B9, B15, and B16.

2. Case (0,0,1) represents bridges without
curbs and parapets, but with diaphragms,
such as models B2, B6, and B1O0.

3. Case (1,1,0) represénts bridges without
diaphragms, but with curbs and parapets,
such as models B3, B7, and Bll.

4., Case (1,1,1) represents bridges with all
elements. Most real bridges belong to
this category. Models Al, B4, B8, B1l2,
B13, and B1HW are in this case.

Bridge model BU was chosen as the typical bridge in
this study. The cross-sectional dimensions are shown in Fig. la.
The five loading lanes covering the entire clear width of 20.88
inches of the roadway, are numbered 1 through 5 from the east

edge, westward. Four identical box beams, representing prototype

-20-



beams U4 feet wide and 39 inches deep. A longitudinal view of
a bolted model is given in Fig. 2, and the arrangement of all

basic cross-sections of models is shown in Fig. 3.

Electrical wire-resistance strain gages were mounfed
at each of three sections. Vertical dial gages were placed un-
der the box beams at the first and at the second sections gaged,
which are 28.22 inches and 17.72 inches from the south support,

respectively.

A typical test setup is shown in Figs. 3 and 4.°

=21~




L. TEST RESULTS

4.1 Presentation of Test Results

4.1.1 Experimental Moment Percentages

In this study, the moment percentage for a specifié
beam is defined as the bending moment in that beam divided by
the sum of the bending moments in all of the beams at a given
section. The experimental bending moments were calculated from

stress blocks obtained from the measured strains in each beam.

The exterior beams were analyzed as acting compositely
with the slab, curbs, and parapets whenever they were present.
Thus, the bending moments contributed by the individual slab,
curbs, ahd parapets were taken into account in the calculations
of the experimental moment percentages for all of the beams.
Through the use of a GE 225 digital computer with a. rather com-
plicated, but comprehensive program, these calculations were
performed on the same day of the test. The synthetic descrip-

tion of this computer program can be found in Ref. 9.

The experimental moment percentages for all beams
with the load on lanes l, 2, and 3 are presented in table form.
Tables 3, 4, 5, 6, 15, and 16 contain experimental moment per-

centages at Section 1 (nominal maximum moment) for the models

m22=




with four 4 ft. x 39 in. (4 x 39) box beams; Tables 7, 8, 9, and
10 present similar values for models with four 4 x 30 box beams;
and Tables 11, 12, 13, and 14 correspond to the bridge models
with four 3 x 42 box beams. Furthermore, the results for the
bridge models Al, B15, and B1l6 are presented in Tables 2, 17,

and 18.

4.1.2 Deflection Percentages and Rotation Percentages

Section 2 (nominal third point of the span), in addi-
tion to Section 1, was gaged in. order to measure cross-sectional
deflections and beam rotations. As deflections were measured
at the east and west faces of each beam, the average of these
two values was used to represent the mid-width deflection of

each beam.

The deflection percentage of a particular beam is de-
fined as the deflection of that beam divided by the sum of the
‘deflections of all of the beams at a given section. The rota-
tion percentage of a particular beam is the rotation of that
beam divided by the sum of the absolute values of the rotations

of all of the beams at a given section.

Values of deflection percentages and rotation per-
centages at Section 1 in the model tests are listed in Tables 2

through 18.
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0,2 Analysis of Test Results

4.2.1 Cross-Sectional Strain Distribution

The :experimental strains from two model tests are
plotted along the faces of an exterior beam in Figs. U4 and 5.
In most instances, a linear relationship existed in the slab
and box beams. In.the glued model Al, in which the curbs and
-parapets were cemented together, this linear variation extended
with full interaction into the curbs, and with approximately 60%
interaction into the parapets. In the bolted models, in which
curbs and parapet pieces were bolted to the slab and to the curb,
respectively; the measured strains at the top surface of the par-
apets were only 20% to 30% of the strains that would correspond
to full linear strain variation. A possible reason for this
deviation: is mainly that the connection between curbs and para-
pets was not strong  -enough to develop full composite action,
Another cause is that the strain gages at the top surface of
the parapets were not in vertical alignment with those in the
box beams and curbs. However, the experimental strain distribu-
‘tion obtained from model tests demonstrated that full composite
action was developed in the interior beam-slab units, and in the

exterior beams between the beam-slab unit and the curb.

Several strain readings were taken to investigate

the strain distribution in the top surface of the slab. The
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longitudinal slab strains, although found to be in the same
vertical linear variation with the strains in the corresponding
beams, were found to depart somewhat from the linear variation

in the transverse direction.

4.,2.2 Location of Neutral Axes
The ‘computation of the neutral axis location was based

on linear strain distribution. The distances, in inches, from
the top fiber of the box beam to the neutral axis on the east
and west faces of the beams in models AL and Bl are presented
in Table 19. Based on these values, the locations of mneutral
axes were plotted in Figs. 6 and 7. The rotations of the neu-
tral axes with respect to horizontal axes were also calculated

and tabulated in these figures.

The test results shown indicate that the neutral axes
in the exterior beams were inclined for the load on any lane,
while appreciable inclination of interior beam neutral axes oc-
curred only when the load was on the side of the bridge opposite
to’the beam under consideration. The inclination of the neutral
axes, which was less than 15° in all cases, did not produce aﬁ
appreciable effect in the calculation of the bending moment MX9

if 6 was assumed equal to 0° in Egs. 8 and 9.
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4.2.3 Correlation Between Rotation and Moment Percentages

From the test results presented, it can be seen that
the transverse rotation of the beams was very small, and that
the range of absolute rotations under vehicular load varied from
0 to 800 millionths of a radian, depending on the rigidity of the

‘cross~section of the bridge.

In order to study the correlation between rotations of
the beams and bending moment distribution, four typical plots of
A (the ratio of experimental moment percentage to deflection per-
centage) against rotation percentages are shown in Figs. 20, 21,
22, and 23. Each plot was chosen, from the test results of sev-
enteen models, to represent a typical case, Figures 20 through
23 show results of model Bl for Case (0,0,0); model B6 for Case
(0,0,1) ; model B1l for Case (1,1,0) and model Al for Case (1,1,1),

respectively.

A .common characteristic was observed. In each figure,
A -rotation percentage relationships were plotted for both ex=-
terior and interior beams with the truck on the five different
loading lanes. These figures indicate that the values of \ were
insensitive to rotation of the beams when the load was on the
‘same half of the roadway. The variation of A increased consid-

erably when the load was on the other half of the roadway. It
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was also observed that the rotation percentages decreased appre-

.ciably when the load was moved from lane Y4 to lane 5.

As a consequence of these observations, it is believed

that the rotations of the beam cross-sections do not bear any

-primary relationship with the bending moment distributions. 1In

other words, no simple correlation was found between moment per-
centages and rotation percentages. On the other hand, it is be-
lieved that the rotations of the beams: should play a more impor-

tant role in torsional moment distribution. No attempt has been

.made to establish a . correlation between . . torsional moment distri-

bution and rotation percentages.

4.2.4 Correlation Between Moment and Deflection Percentages

The experimental moment percentages in all beams at
test Section 1 are compared with the deflection percentages in
Figs. 8 through 19. Four model test results were chosen to rep-
resent the comparisons in four typical cases, as mentioned in

Section 4.2.3. In . each case, comparisons are made in three fig-

ures corresponding to the load in lanes 1, 2, and 3, respectively.

Figures 8, 9, and 10 show a typical comparison of the
experimental moment percentages and deflection percentages for

Case (0,0,0). It can be easily seen that the ratios of moment
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percentages to deflection percentages are very close to a.value
of one, with a maximum relative. deviation of 10.5% in interior
‘beams and of 7.1% in exterior beams. In addition, these figures
show that the exterior beams had slightly smaller moment per-

centages than deflection percentages.

.Using.the-dataffroﬁ.model B6, the effect of midspan
and end diaphragms on the moment distributions and deflection
distributions is.illustrated in Figs. 11, 12, and 13. It can
be observed that the experimental moment percentages in the
exterior beams are slightly larger  than the deflection. percent-
ages when the load is placed on lane 1 or lane 2. Furthermore,
Fig. 13 shows that moment percentages are almost identical to

deflection percentages when the load is on lane 3.

In addition, the . effect due to diaphragms is obtained
by a comparison of the data.from models Bl and B2. The most
noticeable consequence of adding diaphragms is that the load is
distributed more uniformly across the bridge. However, the cor-
responding changes: introduced in the moment percentages and in
the deflection percentages of exterior beams are essentially
the samé. In other words, the .presence of diaphragms. did not
produce any significant change on the correlation between bending

moment percentages and deflection percentages.
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For the bridges with curbs and parapets, Case (1,1,0)
and Case (1,1,1), the comparisons of experimental moment and
deflection percentages are given in Figs. 1U through 19. 1In
these two cases, there is an appreciable discrepancy between
the bending moment distributions and deflection distributions.

In general, for exterior beams, the moment percentages are sub-

~stantially higher than the corresponding deflection percentages,

but the opposite situation occurs for interior beams. The val-
ues of ratios of moment percentages to deflection percentages
range between 0.91 to 1.27 for exterior beams, and between 0,65
to 0.91 for interior beams. This discrepancy is especially ob-
vious when the load is on lane 1. Therefore, in these two cases,

the deflection distribution cammot be used as a direcf indication

‘of the bending moment distribution. As .a result, the difference

in the flexural stiffness of the exterior and interior beam-slab

units should be taken into consideration.

},2.5 Effects of Vehicular Loading

The: close agreement hetween moment and deflection per-
centages in the bridges without curbs and parapets indicates  that
it may be reasonable to conclude that the moment-deflection re-
lationship is quite similar for all of the beams when the bridge

is subjected to vehicular loading. Therefore, there is no need
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to make a.correction to take into account the effects due to

each individual concentrated wheel load, as suggested in Ref. U.

4.2.6 Effects Due to Other Parameters

Comparison . of test results from model BH with those
from models B1l3 and BlY4, shows the effect of different thickness
of slab on the correlation between moment and deflection.percent-
ages. Although a thicker slab produced a somewhat more uniform
lateral load distribution than a thinner slab, the ratios of mo-
ment percentages to deflection percentages were nearly identical
in these three cases. Hence, the correlation between bending
moment distributions will remain the same for the box-beam bridges

with different thicknesses of slab.

In addition, Table 35 shows that the experimental mo-
ment percentages for model B15 are in close agreement with the
deflection percentages. The lateral load distributions obtained
are very close to those in model B1l. The same agreement may be
found in Table 36 for the bridge with seven smaller identical
(3 x 24) box beams. All of the above observations indicate that
the number, size, and spacing of box beams do not significantly
affect the correlation between moment percentages and deflection

. percentages.
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5. PROPOSED METHOD FOR ESTIMATING BENDING MOMENT

5.1 ' Development of the Proposed Method

As discussed in Chapter 2, the elastic structural be-
havior of box-beam bridges under vehicular loads is extremely
-complicated, and no exact method of analysis has been reached.
.The analysis is further complicated by the presence of cﬁfbs,
parapets, and diaphragms. Therefore, drastic simplifieations
and assumptions are essential in a reasonably approximate theo-

retical solution.

The assumptions made in Chapter 2 led to a simplified
correlation between distributions of longitudinal bending mo-
ments and of cross-sectional deflections, as shown in Egs. 11
and 12, It is apparent that the computations for qu, equiv-
alent moments of inertia of individual beam~slab units, are still
rather lengthy and cumbersome. In order to simplify the prac-
tical application, one further assumption should be made: the
neutral axes in box beams are assumed to be horizontal and

passing through the centroid of each beam-slab unit.

Based on this assumption, qus shown in Eq. 8, can
be simplified to Ixx‘ This results in a much simpler correla-

tion, which is given as follows:
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(Lo)s 6y
zg: (Ixx)i (6y)i

m
1=l

(1P, = (13)

By .dividing (IXX)i by io and (éy)i by = (6y)i, this equation .can

be non~dimensionalized to

(F.M.I.); (D.P.);
m
Z (F.M.I), (D.P.)
i=1

where I0 is the moment of inertia of a reference box beam with

M.P.); = (1)

respect to its horizontal centroidal axis,

F.M.I. is the factor of moment of inertia, defined as

the ratio of IXX/I09 and

D.P. is the deflection percentage of an individual

beam=slab unit.

The only undefined variable in‘computing‘Ixx~is the
individual slab width. Although a slab width varies appreciably
‘when the load is on different lames, its effect on the magnitude

of IXX and on F.M.I. was found to be small. (See Figs. 24 and 25.)
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Therefore, the center-to-center spacing of box beams is used as
the individual slab width for interior beams, and edge-of-slab
to the first mid-spacing as the individual slab width for ex-
terior beams. According to this simplification, the values of
the so-called "Hypothetic Factor of Moment of Inertia™ for the
bridges with three different sizes of box beams were calculated
and presented in Table 20. In.each case, the hypothetic F.M.I.
were computed based on three different thicknesses of slab. and
four different percentages of effectiveness of parapets: 0%,

30%, 60%, and 100%.

To study the validity of the hypothetic F.M.I,, a com-
parison of experimental and hypothetic values was made and is
presented in Table 21. The experimental F.M.I. values were based

on the experimental individual slab widths.

In Table 21, it is seen that the values of hypothetic
F.M.I. are nearly equal to the corresponding values of average
experimental F.M.I. for exterior beams, and approximately U - 10%
‘smaller in interior beams. Therefore, a complete set of suggested
values of Factor of Moment of Inertia is presented in Table 22.
For convenience, these tabulated values are also presented in
Figs. 26 through 28. In these figures, the required values of
F.M.I. can be read directly or by interpolation. for different

combinations of slab thickness and effectiveness of parapets.
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The moment percentages based on the experimental F.M.I.
are tabulated in Tables 2 through 18 under the title of "computed
moment percentages". ‘The influence of using suggested F.M.I. can
be found by comparing these computed moment percentages with es-

timated moment percentages based on the following proposed method:

‘Step 1. Compute the .deflection percentages
(D.P.) for each box beam by using
the cross-sectional deflections (6y),
which would be obtained by direct

. measurements.

Step 2. Adopt a value for the percentages of
effectiveness of parapets in accordance
with the nature of the connection, and
then determine the values of Factor of
Moment of Inertia for all beams by the
use of the provided charts. If the
thickness is not available in the charts,
the required values can be found by . .in-

terpolation.

Step 3. Compute the coefficients of moment of
inertia (C.M.I.) for all beams by divid-
ing the F.M.I. of each heam by the sum-
mation of F.M.I.'s of all of the beams.

Step 4. Calculate the estimated moment percent-

ages (E.M.P.) using the following formula.

(C.M.T.). (D.P.).
(E.M.P.), = — < = (15)

Z (C.M.I.), (D.P.),;

i=1
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Step 5. Finally, determine the estimated
longitudinal bending moments by
multiplying the total bending moments

at the section concerned by the E.M.P.'s.

5.2 Tllustrated Example

An example to illustrate the proposed method is pre-

sented as follows:

The problem is to find the moment percentages at Section 1 in
Bridge Model B4 when the load is on lame 1 by using the follow-
ing information:
1. The cross-sectional deflections
(in 10”® in.) are 489 for beam 1;

379 for beam 2; 229 for beam 3; and
120 for beam Y,

2. The bridge has four U4 x 39 box beams,
slab 8 in. in thickness, curbs, para-

pets, and diaphragms.
Solution:

Step 1. Deflection Percentages (D.P.)

_ 489
((D-P)q = Tugg ¥ 379 + 225 & 120)

(100) = u0.18
Similarly
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(D.P.), = 31.13
(0.P.),

(D.P.), = 9.86

18.82

il

Step 2.
Thirty percent of parapet effectiveness.can bhe
considered as contributing to the flexural stiffness

of this bridge, based on Fig. 5.

The suggested values of F.M.I. are taken from

the charts in Fig. 26.

3.74%

ii

(F.M.I)y

(F.M.T.), 5 = 2.75

il

Step 3. Coefficients of Moment of Inertia:

B 3,74 ~
CMI) g 4= TB70 s 2,75 (3 ~ L-12
2.75 0 53

(CMI)y 3= B 75+ 2.75 (2 -
Step 4. Estimated Moment Percentages from Eg. 15

(1.12) (40.18)
(1.12) (U0.18+0.86) + (0.88) (3L.14 + 18.82)

(E.M.P.); = = 414,96
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Similarly

(E.M.P.), = 27.43
(E.M.P.), = 16.58
(E.M.P.), = 11.03

5.3 Comparisons of Experimental and Estimated Moment Percentaces

Using the proposed method, values of estimated moment

- percentages were calculated and compared with experimental moment
percentages for the Berwick Bridge and eight bridge models. The
results are presented in Tables 23 through 31. As mentioned in
Section 4.2.1, a 60% effectiveness of the parapets was assumed

in model Al and the Berwick Bridge, and a 30% effectiveness of

the parapets in models B3, Bl, B7, B8, B12, B13, and Bll.

Satisfactory agreement was found in all cases hetween
the experimental and estimated moment percemtages. In particular,
the differences were minimal for all models when the load was on

lane 3.

For the bridge models with curbs, parapets, and with
cor without diaphragms, the maximum difference in the comparison
is within 3% of the total resisting bending moment at Section 1.
In most instances, this occurred in beam 1 when the load was on

lane 1. The reason,is\possibly,due to the fact that the assumed
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percentages of effectiveness of the parapets were not entirely
valid when the load was on lane 1. On the other hand, virtually
cidentical results were obtained when the load was on lane 3.
This .can be explained by the fact that the neutral axes in the
box beams with the load on lane 3 are almost horizontal, and

=I._ or 8 =0°) can be better satis-

thus, the assumption (qu = Lox

fied.

For the bridges without curbs and parapets, the equiv-
alent moments of inertia of individual beam—slabvunits-are nearly
.equal. It is reasonable to assume that the qu's are the same in
all beam-slab units. Therefore, by Eq. 12, the estimated moment
percentages can be taken as equal to the deflection percentages;
and the comparison of estimated and experimental moment percent-
ages becomes that of experimental moment percentages and deflec-
tion percentages as discussed in Section 4.2.4. For convenience,

this comparison is given in Tables 32 through 36.

The  comparison for the Berwick Bridge is:shown in Ta-
ble 23. The differences between the experimental and the esti-
mated moment percentages are slightly largér than in the models.
However, for practical purposes, the estimated values are still
acceptable. The deflections used in the Berwick Bridge were

based on the crawl-speed field tests.
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5.4 Validity and Limitations of the Proposed Method

Since the proposed method was. developed by using the
theoretical correlation between the bending moment distribution
and the cross-sectional deflections, all of the assumptions made
in Sections 2.2 and 5.1 should be satisfied. It may be noted
that most of these assumptions and simplificatiomns have glready

been discussed and evaluated in Sections 4,2 and 5.1. In this

-section, more attention is given to the discussion of the assump-

tions which are mot always valid, and to the limitations of this

method. This discussion can be summarized as follows:

1. The linear longitudinal slab strain
distribution . in the transverse direction
is a simplifying assumption which produces
some error in the computation of the ex-

perimental moment percentages.’

2. It was assumed in this method that the
bridge is homogeneous. Actually, the
modulus of elasticity for the cast-in-
‘place slab, curbs, parapets, and dia-
phragms is lower than that of the box
beams. This again, introduces. certain
errors in estimating bending . moments. by

the proposed method.

3. The neutral axes were assumed to be hor-
izontal and passing through the centroid
of each beam-slab unit. This condition

was found to exist im all model tests,
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only when the load was on lane 3.

This method can be used to estimate

the longitudinal bending moments in
box-beam bridges within the elastic
range only. The transverse bending
moments and  inelastic structural be-~
havior are not to be determined by this
method .

The charts provided in Figs. 26, 27, and
28 are applicable to bridges . constructed
according to bridge standards similar to
those of the Pennsylvania Department of
Highways.® For a bridge with different
design of curb and parapet, the provided
charts cammot be used. The true factors
of moment of inertia should be calculated
by adequate consideration of the reserve

strength in curbs and parapets.
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6. CONCLUSIONS

The lateral distribution of static vehicular loads in

prestressed concrete box-beam bridges, within the: . elastic range,

has heen successfully estimated for eighteen different cross-

-sections. Within the scope of this report, the following con-

clusions were reached:

1.

In box-beam bridges without curbs and
pavapets, the moment percentages were
found to be essentially the same as the
deflection percentages under vehicular
loads. Both the theoretical analysis and

the test results. confirmed this conclusion.

The test results consistently indicated full
composite action bhetween the slab and the

‘curb ‘sections, and some degree of composite

action between. curb and parapet sections.

This degree of composite action is believed

to be one of the primary reasons for the
difference between the distributions of longi~-

tudinal bending moments and that of cross-

-sectional deflections. Thus, the reserve strength
.contributed by curbs and parapets should be ac-

.counted for in the analysis and design.

Since a reasonable agreement was found in the
comparison of the experimental moment percent-

ages and the estimated moment percentages by
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the proposed method, the lateral dis-
tribution of longitudinal bending moments
may be estimated within acceptable accuracy
using the proposed method for the bridges
with curbs and parapets.

It appears that the presence of midspan and

end diaphragms has little effect on the cor-
relation between the distributions of longi-
tudinal bending moments and the cross-sectional

deflections.

The plots of the ratios of moment percentages

to deflection percentages against rotation
percentages indicate that there is mo simple
relationship between the lateral distribution

of bending moments and the transverse individual

rotations in box-beam bridges.

In a box-beam bridge under vehicular loading,

the moment-deflection relationship is quite

‘similar for all beams, regardless of vehicle

location. This is due to the fact that the
effects on the non-proportionality between

‘strains and deflections is greatly reduced

when multiple wheel loads are used imstead

of a single concentrated load.

The proposed method has been primarily eval-
uated by the test results of four-beam bridges.
It is believed that further study of load dis-
tribution for three-beam and five-beam bridges
might be helpful in establishing a better
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understanding of the reliability of
this method.

Every step of the proposed method can

be carried out by means of a system of
electronic circuits built into instrument
modules. The circuits can be readily-:set

in accordance with the bridge cross-section
characteristics. It would be possible to
devise a testing system in order to measure
beam deflections by the use of deflectometers.

The cross-sectional deflections could then be

fed to a set of inter-comnected instrument

-modules, and the moment percemtages could be

read dirvectly in digital counters. Through
this idea, a more efficient and more econom-
ical method can be used for both field and

laboratory investigations.
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Table 1 Models Tested -

Model] Number | Size Slab. Curbs#* Parapetsﬂ Dia- 4 File
No. of of Thick phragmsq Comp.
Beams |Beams| (in.) Output

Al 4 Ux39 | 0.5 1 1 1 I23
Bl 4 Ux39 0.5 0 0 0 a
B2 4 4x39 0.5 0 0 1 n
B3 4 4x39 | 0.5 1 1 0 m
Bh 4 4x39 0.5 1 1 1 e
BS L Ux 30 0.5 0 0 0 k
B6 y Ux30 0.5 0 0 1 1
B7 4 4x30 | 0.5 1 1 0 i
B8 y U4x30 0.5 1 1 1 i

B9 L 3x42 0.5 0 0 0 o]
B10 L 3xuU2 0.5 0 0 1 r
B1l uy 3xU2 0.5 1 1 0 P
B12 4 3xU42 0.5 1 1 1 q
B13 4 4x39 | 0.375 1 1 1 g
Bly 4 Ux39 | 0.625 1 1 1 f
BIS | 4 2TXB | oS 0 0 0 s
B16 7 3x24 0.5 0 0 0 t

*Code: A zero means NO and a one means YES.
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Table 2

CBUSTTION

s

_Summary of Test Results (Model Al)

 BRIDGE MODEL NUMBER A 1 .

1 SECTION NUMBER
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14,15
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=13,21

20,56

S =33,42
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38,68
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34,26
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Table 4  Summdry of Test Results (Model B2)

BRIDGE MODEL NUMBER B 2..

" EXPERIMENTAL MOMENT PERCENTAGES
LANE 2 31,50 31,09 21,531 15,90
LANE 3 22,71 27,29 27,29 22,71
BEAM DEFLECTION PERCENTAGES —
LANE 1 40,90 30,74 18.58 9,68
LANE 2 30,98 30,78 22,78 15,46
LANE 3 22,55 27,45 27445 22,55
| RATI0. OF MOMENT PER, 7/ DE?LécTzON PER,
LANE 1 1,04 0,97 0.88 1,14
LANE 2 1,02 1,01 D94 1,03
LANE 3 1,01 0,99 0479 1,01
BEAM ROTATION PERCENTAGES
LANE 1 »17,45 =35,94 =29,12 C =17,45
LANE 2 5,45 =20,05 ~4B.76 =25,74.
LANE 3 24,02 25,98 ~25,98 <24,02
COMPUTED MOMENT PERCENTAGES
LANE 1 44,08 28,83 17.40 9,68
LANE 2 30,65 31,11 22,84 15,40
LANE 3 22,61 27,39 27439 22,61
MOMENT OF INERTIJA 10= 2,106 IN*e3
LANE 1 2,98 2,59 2458 2477
LANE 2 2,69 2,75 2,73 2,71
LANE 3 2,73 2,71 2,71 2,73
COEFFICIENTS OF MOMENT OF INERTIA
LANE 1 1,09 0,95 0,74 1,01
LANE 2 0,99 1,01 1,00 1,00
LANE 3 1,00 ,00 1,00 1,00
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Table 5...

Summary. of Test Results (Model B3)
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e f‘ o 91

0993 

QE?LECT?GN

y;f§?755;;

;*33’71_;;
21,52

224,21

6,70
12,04
19,46

PER,

1,16
1,41
1,14

18,41
v?ﬁ.SO
) *2{3'48

7436
19,22

21,60

2,106 IN**S

=
Muén&é 0

167

lMgRTIA"‘

1
S b,08

4,09




.TableMQWMMSummarywdeIestwResults.(Model_Bu), P =

LOAD POSITION 1 ~SECTION NUMBER 1 }
CREAM L BEAN 2 WWNWBEKMugw‘Téwi‘gﬁzﬁffﬂ
'“éiPéﬁTMENf§L7hOMEN1"Péﬁﬁéﬂfﬁéésf°

“UANE Vd?;di T T O Migé9? H.‘w“

LANE
LANE

IFECRSS

24%82 2s'is 25,18 TR
BEAN DEFLEGTION PERCENTAGES

30,48 31,70 22498 14,83

~ LANE
LANE
LANE

LAl AO

~ RATIo OF MOMENT PER, ¢/  DEFLECT]ON PER,.

1;17 e O;QD,VWWWW‘“ dégﬁ“ ; ”m‘k”i}ﬂi'
. 1015A s ,,nggm;u;_u;Q,°!§§;;_.. ,“_19;0
1,16 0,88 © 0488 1,16

LANE
LANE
LANE

[

BEAM ROTATION PERCENTAGES

LANE
LANE
LANE

514.52 '32,1@ "36;29 ' 917.10
12,91 ~11,14 -53,92 22,03
17,96 32,04 =32,04 217,96

L TS >

COMPUTED MOMENT PERCENTAGES

LANE
LANE
LANE

- 45,52 27,40 16418 10,90
34,72 27,47 20,98 16,83
24,94 ‘ 25,06 25,06 24,94

PRECR N

- MOMENT OF INERTIA 10= 2,106 1vwe3

Re——
LANE
LANE

T | BEtREE R RO )53 5.7
3,76 2,86 . 3,02 3,75
3,80 2,87 2487 3,80

ot DO 3

>”WéﬁéffféYENTSwﬁffﬁéﬁENfWO§”IﬁﬁRTIA

R T e Lt
1,12 0,85 0490 1,12

To—
LANE
LANE

T N >,

=51~

- s . - -

35,13 29,30 19,313 16,26

2146 p8'se 28,54  2l.48

e lse ok i1e




"Table 7  Summary of Test Resu;jf.igg;t{l‘ﬂgdél B5)

- BRIDGE MODEL NUMBEF
LOAD POSITION 1  SECTION NUWBER 1

, .. /‘Uuu““‘ - e - e B L ; — R P . S

BEAM L BEAM 2 BEAM 3 BEAM 4
‘””éﬁkﬁﬁﬂfﬁﬂfﬂL7M0MENT“PéRGENTAGES

LANE 1 difﬁsfff%‘ 30,85 16,86 11,26
LANE 2 30,20 32,56 22453 14,74
LANE 3 21,10 28,90 © 28.90 21,10 -
~ BEAM DEFLECTION PERCENTAGES
LANE 1 40,71 31,19 18,45 9,65
LANE 2 30,70 31,37 23,21 14,72
LANE 3 21,68 28,32 28432 21,68
RATIp OF MOMENT PER, / - DEFLECTION PER,
LANE 1 1,00 0,99 04,91 1,17
LANE 2 0,98 1,04 0+97 1,00
LANE 3 0,97 1,02 1,02 0,97
BEAM ROTATION PEFRCENTAGES
LANE 1 *19,53 »35,28 e 2B4.50 216,69
LANE 2 11,92 =15,99  wd41,19 n30,89
LANE 3 28,42 21,58 =21458 228,40
COMPUTED MOMENT PERCEVTAGES
LANE 1 41,00 31,14 18411 9,75
LANE 2 29,91 - 32,09 24,42 13,58
LANE 3 20,82 29,18 29.18 20,87
MOMENT OF [NERTIA e 1,143 1ywe3
LANE 1 3,07 %,04 24199 5,08
LANE 2 2,99 | 3,14 3,23 2,83
LANE 3 2,93 _ 3,14 3,14 2,93
COEFFICIENTS OF MOMENT GF INERTIA
LANE 2 0,98 1,08 1,06 0,93
LANE 3 0,96 1,04 1404 0,96
-52- .
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_ Table 8  Summary of Test Results (Model B6)

© 'BRIDGE MODEL NUMBER B 6 .

LOAD POSITION 1 SECTION NUMBER 1

LANE
LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

LANE

LANE
LANE

UANE

LANE

N L PO = PN LS

PR e

LANE

o ANE

LANE

IENER

LANE

I FCEES

— BT RE T AR aEaN 4
~ EXPERIMENTAL MOMENT PERCENTAGES
© 39,80 29,25 17,93 | 13,02
30,75 29,93 21,95 17,37
23,01 26,99 26499 23,01
BEAM DEFLECTION PERCENTAGES
38,52 29,97 19,95 11,56
30,29 29,58 23442 16,71
22,89 27,11 27,11 22,89
RATI0 OF MOMENT PER, ¢  DEFLECT]ON PER,
1,03 0,98 0490 1,13
1,02 1,01 0494 1,04
1,01 1,00 1,00 1,01
BEAM ROTATION PERCENTAGES
~20,73 «30,24 ~@2 7439 »21,71
r1,91 #19,41 =44,71 =33,97
22,86 27,14 r27¢14 n22,86
COMPUTED MOMENT PERCENTAGES
38,80 30,17 19,34 11,68
30,14 29,80 23456 16,50
22,74 27,26 27426 22,74
MOMENT OF INERTIA 105 1,183 IN#e3
3,09 3,08 2,97 3,10
3,08 - 3,07 3+06 3401
3,02 3,05 3,05 5,02
~ COEFFICIENTS OF MOMENT OF INERTIA
1,08 1,00 ‘,ﬁ,§% _ 1,01
1,00 1,01 1,00 0,99
0,99 1,01 ' 1408 0,99 .
=53




i

LOAD

LANE
LANE
LANE

LANE
(LANE
LANE

LAaNE
LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

~ LANE

LANE
LANE

LANE
LANE
LANE

Table 9 Summary of Test Results (Model B7)

BRIDGE MODEL NUMBER B 7
POSITION 1 SECTION NUMBER 1
CBEAM L BEAM 2 BEAY 3
EXPERIMENTAL MOMENT PERCENTAGES

1 47,90 ' 27,60 . 14429

2 34,86 29,35 19,96

3 23,72 26,28 26428
REAM DEFLECTION PERCENTAGES

1 40,19 31,85 18,78

2 29,59 32,94 23,59

3 20,40 29,60 294,60
RATIp OF MOMENT PER, / DEFLECTON

1 1,19 0,87 0,76

P) 1,18 0,89 0,84

3 1,16 0,89 0459
HEAM ROTATION PERCENTAGES

1 =11,9% 36,55 -31.18

? 23,31 =7,52 37,07

3 29,13 20,87 =20,87
COMPYTED MOMENT PERCENTAGES

1 47,48 25,56 16,37

2 35,52 27,06 21,36

3 24,02 25,98 25,98
MOMENT OF INERTIA 10 1,123

1 4,65 3,16 3,43

2 T 4,61 $,16 3,44

3 4,55 3,39 3,39
COEFFICIENTS OF MOMENT OF INERTIA

K 1,18 0,80 D87

2 1,17 0,80 0,87

3 1,15 0,85 085

-5l _ :

BEAM 4

10,21
15,82
23472

9,18
13,57
20,40

PER,

1,11
1,17
1,18

"32;10
=29,13

10,68
16,07
24,07

INow3

4054
4,55
4,55

1,15
1,1%
1,15




Table 10  Summary of Test Results (Model BS8)

BRIDGE MODEL NUMBER B8 8
LOAD POSITION 1 SECTION NUMBER 1

BEAM 1 CBEAM 2  BEAM 3 CBEAM 4
C EXPERIMENTAL MOMENT PERCENTAGES

@ & ® © 8 © © € © e e ¢ ¢ @ &6 ¢ o e o o© & ¢

LANE 1 46,77 - 25,92 14:.88 12,51
LANE 2 o 35,04 27,55 49,11 18,30
LANE 3 26,18 23,82 . 23,82 26,18
BEAM DEFLECTION PERCENTAGES
LANE 1 38,08 30,53 20421 11,18
LANE 2 29,67 30,79 . 23,566 15,88
LANE 3 g2, 12 27,88 27,88 ' 22,17
RATIO OF MOMENT PER, / DEFLECTION PER,
LANE 1,23 0,85 0,73 1,12
LANE 2 1,18 0,89 0,84 1,15
LANE 3 1,18 0,85 Deb85 1,18
BEAM ROTATION PRRCENTAGES |
LANE 1 -16,58 ~31,99 “28416 28,26 §
LANE 2 10,93 =13 ,58 #4180 238,69 |
LANE 3 24,73 25,27 “25,27 224,73 |
COMPUTED MOMENT PERCENTAGES |
LAaNE 1 44,98 24,67 17439 12,96
LANE 2 35,02 25,67 2096 18,35
LANE 3 26,43 238,57 3,57 26,43
MOMENT OF [NERTIA 10= 1,123 [N#w3
CLANE 1 4,64 3,18 3,38 4,56
LANE 2 4,60 3,25 3,485 4,50
LANE 3 4,61 . 3,26 326 4,61
COEFFICIENTS OF MOMENT OF IVERTIA
CLANE 4 1,18 0,81 D86 Ly16
LANE 2 1,16 0,82 087 1,14
LANE 3 1,17 D,83 0483 Ly17
~55- .
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©LOAD

Table 11 Summary of Test Results (Model B9)

| "“"“ﬁﬁfﬁﬁé“ﬁdbé§§ﬁdﬂﬁék7méMé”' f““Wm
POSITION 1 SECTION NUMBER 1

LTV O

R

BEAM 1
 EXPERIMENTAL MOMENT PERCENTA

”H‘8;13‘¢wwmd_m32?1ﬁ«

31,19

BEAM 2

36,55

L T .

18,14

31,86

BEAY 3

13444

21489

31.8¢

BEAM DEFLECTION PERCENTAGES

46,72
32,02
19,49

RATIo OF MOMENT PER,

1,08
0,97
0,93

32,97
34,31
30,51

0,97
1,07
1,04

/

15,84

23,12
30051

U;, k6n31
10,37
. 1B,14

T
10,55
19,49

DEFLECTION PER,

0,85
0:95
1,04

REAM ROTATION PERCENTAGES

»18,55
16,85
24,79

=35, 748
12,40
25,21

~2R424
43,18

=25921

GOMPUTED MOMENT PERCENTAGES

47,94
30,51
18,29

- MOMENT OF INERTIA

558
2,72

N

2,70

33,26
35,71
31,71

2,78
2,97
2,99

13,92
23460
31471

10=
2,43

2:92
2.99

1,41
0,98
0,93

QQ7.58
“24g79

4,88
10,18
18,29

2,097 IN#a3
$,02

€,75
2,70

GOEFFICIENTS OF MOMENT OF [VERTIA

5

e

o o e
© 0 o

6
5

1,01

1,05
1,05

=56~

D.88
1,03
1,08

1,09
0,97

0,95
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Table 12

LOAD POSITION

WSummary‘ofiTast,Results5(Madel;BlQ){ Mim;j5M;-_ij};g 

o i \ i LR ey
REGEORRE G T R

~ BRIDGE MODEL Numaﬁn 810
1 SECTION NUMBER 1

UANE

LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

- LANE

LANE
LANE

LANE

LANE

CLANE

LANE
LANE

L 1O = L g Cod 13

LANE

CLANE

LANE

Gi PO

BEAN 1 BEAM 2 BEAM 3

" BEAM 4

EXPERIMENTAL MOMENT PERUENfAdéSJ”W”"”“"”JWWM%““‘

4eles 3140 14,93

33,06 32,43 20,22
22,03 27,97 27497

BEAM DEFLECTION PERCENTAGES
44,64 31,99 17,18

32,61 31,48 22,04
22,37 27,63 27,63

i}

7,72
14,28
22,03

6,18
13,87
22y 37

RATIO OF MOMENT PER, / DEFLECTION PER,

1,04 0,97 0487
1,01 1,03 0,92
0,98 1,01 1,01

BEAM ROTATJON PERCENTAGES
"22,66 »30,1? ~27444

0,00 220,22 =54,35
14,97 35,03 35,03

COMPUTED MOMENT PERCENTAGES
45,38 32,22 15,85

32,32 32,51 21,32
21,84 26,16 28s16

1,25
1,03
h,98

»19,78
222,43
°14u97

6,56
15,85
21,84

MOMENT OF INERTIA 105 2,057 IN##3

2,84 2,81 5,57
2,83 2,95 \ 2176
2 78 ' 2, 91 2#91‘

QOEFFICIENTS OF MOMENT OF INERTIA

1,01

1 0492
0,99 1
‘ 1,

0997

Lo R e i e
B e

- LANE

0 98 1;@3

- @ =

=57

2,96
2,85
2,78

1,06
1,00
0,99
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. Table 13 _ Summary of TestaResgligw(Médgl B11)

BR!D@E "QDEL NUHBER 311 iimJ;

~ LOAD Posxrgow 1 ss€7x0N'NUMB&R

LANE
LANE

LANE

LANE

LANE

4

2
3

CUBEAW D BEAW 2 BEAM S BEAN 4

" EXPERIMENTAL MOMENT PERCENTAGES
i e 5 2.,,, "‘B’i: P e 3 0 - 37 o ._~,..;,' Vi .‘ - -,iz., 1 8
34,09 34,58 20458
19 72 30 28 - 30:.28
 BEAM DEFLECTION PERCENTAGES

SD 00 39 33 24.26

“CANE

LANE

LANE
LANE

LANE

LANE

LANE

LANE

OiNtf

CLANE L

uﬁu;y

18 22 31 78 31.78

fi%4;65
10,75

19,72

5{09
10,41
18,22

RATIp OF MOMENT PER, ¢/  DEFLECT]ON PER,

1,17 0,90 0:75
1.14 0'93 0085
1,08 0,95 0:95
‘BEAM ROTATION PERCENTAGES

10,50 - =37,27 *33,20
24,96  =7,62 ~41,04
26,13 23,87 -23,87

COMPYTED MOMENT PERCENTAGES

52,61 27,83 13,75
34,32 31,69 22,48

LANE"

LANE

LANE

~ LANE

LANE

LANE

G P P

IO .

20,39 29,61 29,64

0,91
1,03
1,08

T
226,38
‘eab 13

5:51
11,51
20,39

‘MOMENT OF INERTIA 10z 2,057 INw#w3

O 87 .
3,98 3,12 3422
3,88 3.23 3,23

"7 COEFFICIENTS OF MOMENT OF INERTIA

LANE

]

1,o9 0,91 05

o s s s S i e i NG W o My s b o e ks AR N i sre O ohan W e e rrh v st )

Ll

3,96
3085
3,88

1,45 "

1,08 -
1,09




S LoAD

 URIDGE NODEL NUMPER 812

___ Table 14 Summary;gf:Test.ResultsuﬂngdeiﬁBIZif_

BEAM 1 BEAM 2 HEAM 3

" EXPERIMENTAL. MOMENT PERCENTAGES

7,26
14,69
24,32

7,14
18,72

21,48

1,002
1,07
1,13

19,63
=19,26
!17084

8'»31
15,36
249,24

27057 INwa3

4,00
8491
3,92

CLANE 1 "”Sﬁjébwwww“""28.7bll‘ 13,18
LANE 2 36,70 30,43 18,18
LANE 3 24,32 25,68 25168
REAM DEFLECTION PERCENTAGES
LANE 4~ 43,45 S 82,40 17,04
LANE 2 31,59 32,67 22,03
LANE 3 21,48 28,52 28,52
" RATI0 OF MOMENT PER, /  DEFLECTION PER,
LANE 1 1,17 0,89 0,77
LANE 2 1,16 0,93 0,83
LANE 3 1,13 0,90 04980
BEAM ROTATION PEREENTAGES
ENE T g 02 2329 -39 8%
LANE 2 8,90 214,08 ~57476
LANE 3 17,84 32,16 ~32416
cOMPUTED MOMENT PERCENTAGES
~ LANE 1 50,67 27,2% 13,76
LANE 2 36,07 29,28 19,28
LANE 3 24,24 25,76 25476
MOMENT OF INERTIA [0=
LANE 1 4,01 2,89 2.78
LANE 2 3,99 3,13 3,06
LANE 3 3,92 3,14 3,14
| COEFFICIENTS OF MOMENT OF IVERTIA
LANE 1 1,17 0,85 0,81
CLANE 2 1,13 0,89 0,87
LANE 8 1,11 0,89 0,69
~59




i

Table 15 wSummaryuofﬂTeat,Results (Model BlS)‘ 
aaxnae MQD&L Numaﬁn ‘B3 - :
‘ LGAD‘PUSIfiﬁm ”ff SECTION NUMBER ’i“""“““""’””"””’”””
BEAM L BEAM 2 BEAM 3 - BEAM 4
sxPERIMﬁNTAL MGMENT PERCENTAQEb\””
LANE 1 49,16 28,46 13,80 8,58
LANE 2 34,58 31,15 19.+38 14,89
LANE 3 23,94 26,06 26408 235,94
BEAM DEFLECTION PERCENTAGES
LANE 1 42,85 32,10 C 17,87 7419
LANE 2 29,97 32,77 22475 14,51
LANE 3 20,90 29,10 29,19 20,90
RATIQ OF MOMENT PER, ¢ DEFLECTION PER,
LANE 1 1,15 0,89 0477 1,19
LANE 2 1,15 0,99 0.89 1,08
LANE 3 1,15 0,90 0490 1,15
BEAM ROTATION PERCENTAGES
CLANE 1 -11,58 »37,95 ~34,75 «15,71
LANE 2 19,08 215,35 ~44.,96 =20,61
LLANE 3 17,14 32,86 32,86 017,14
COMPUTED MOMENT PFRCENTAGES
LANE 1 49,67 26,77 15498 7,63
LANE 2 34,36 28,75 20497 15,92
LANE 3 24,10 25,90 25,90 24,10
MOMENT OF INERTIA J0s 2,100 IN%#e3
CANE L SEE T g 574 3 55
LANE 2 3 43 \ 2,60 2475 3,28
LANE 8 3, 38 2,61 2461 3,38
" QOEFFICIENTS OF MOMENT OF INERTIA
LANE 1 1,17 0,84 CDa91 1,07
LANE 2 1,13 0,87 0491 1,09
LANE '3 1,18 0,87 0,87 1,13
-60- :




_Table 16 Summary of Test Results (Model B1W) -

"~ BRIDGE MODEL NUMBER B14
 LOAD POSITION 1 SECTION NUMBER 1

~ EXPERIMENTAL MOMENT PERCENTAGES

: . . . i ; H ’
: H

LANE 2 . 35,59 28,89 19,38 16,14
LANE 3 24,52 25,48 25,48 24,52
~ BEAM DEFLECT]ON PERCENTAGES
LANE 1 40,84 31,11 18,89 9,16
LANE 2 30,87 30,78 23,20 15,15
LANE 3 22,05 27,95 274,985 22,05

RATIp OF MOMENT PER, / DEFLECTION PER,
LANE 1 1,16 0,90 0:78 1,09
LANE 2 1,15 0,94 0,54 1,20
LANE 3 1,11 0,91 0:91 1,11
BEAM ROTATION PERCENTAGFS
LANE 1 *16,53 =30,11 ~32,24 =21,11
LANE 2 4,97 =11,18 ~56,83 227,02
LANE 3 168,93 31,07 =31,0U7 ©18,93
COMPYTED MOMENT PFRCENTAGES
LANE ¢ 46,35 26,67 17,28 9,70
LANE 2 34,49 27,95 2134 16,22
LANE 3 24,32 25,68 25,58 24,32
MOMENT OF INERTIA 10= 2,106 [N#a3
CANE- g 3,22 5,43 3,97
LANE 2 4,18 3,40 3,44 4,00
LANE 3 4,08 3,40 3,40 4,08
‘COEFFICIENTS OF MOMENT OF IVERTIA
- LANE 1 1,14 0,86 0,92 1,07
LANE 2. 1,11 0,90 0,92 1,07
LANE 3 1,09 0,91 0,91 1,09
-61-




LOAD

CANE

LANE

~EANE

UANE

LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

LANE
LANE
LANE

LANE
LANE

LANE

LANE
LANE
L ANE

Table 17  Summary of Test Results (Model B15)
" BRIDGE MODEL, NUMBER B15
POSITION 1 SECTION NUMBER 1
BEAM 1 BEAM 2 HEAM 3 BEAM 4
EXPERIMENTAL MOMENT PERCENTAGES
o i $3:16 GiL e
2 29,67 34,98 23,26 12,10
3 18,70 31,30 31430 18,70
BEAM DEFLECTION PERCENTAGES T
i 43,57 32,31 17,37 6,74
2 30,77 33,48 23450 12,25
3 19,97 30,03 304,03 19,97
RATIO OF MOMENT PER, ¢/  DEFLECTION PER,
1 1,03 1,00 0:85 1,21
2 0,96 1,04 0,99 0,99
3 0,94 1,04 1404 0494
BEAM ROTATION PERCENTAGFS
1 =15 ,71 37,40 “~28414 «18,76
? 18,95 10,54 =41,68 ©28,83
3 26,16 23,84 =23,84 =26,16
COMPUYTED MOMENT PERCENTAGES
1 44,60 31,71 16413 7,55
2 29,90 33,68 24,38 11,83
3 19,22 30,78 30478 19,22
MOMENT OF [NERTIA 10 2,097 INw#3
1 2,77 2,66 2451 3,03
2 2,74 2,86 2493 2,73
3 2,72 2,90 2,90 2472
COEFFICIENTS OF MOMENT OF INERTIA
1 1,01 0,97 0,92 1e11
? 0,97 1,097 1404 0,97
3 0,97 1,03 1403 0,97
-62~
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Table 18 Summary of Test Results (Model B16)
) i BEIDGE YUNEL SLMEER  His ~
CUOAD ROSIT{an 1 T SECTION FUNKER 1 o

SEan T T Bear 4 RERY 2 C azam o«

HEAM B REAN €& 7
: EXPERIMENTAL MOMENT PERTENTAGES oo )
i 1% 16457  1z.69 8:83 7.57 T &diw
;73 184 E 17.¢64 12,07 : 11,94 o d0esd o RAR
5 12, 6% 1e, 08 1581 186,02 15531 14,43 12,55
; BeaM LEFLECTION PERCENTAGES : .
] i E4By 17.851 - 14,43 10789 L ’
[ Y .Y 14,97 1810 10,69 )
[T 18,53 15.43 laiee 13.71
KAaY[O JOF MORZNT FER. / DEFLECTION PEr,
B .Yk t,94 0541 1,51 :
e i 3 1.5 1,01 0.%1 R
i 0.%8 1,04 0,98 1002 .
' FEAF RATATION PERCENTLGES :
- ) H =18, 5 EETE S12580 e -
g = o miB.la LR ] w2217 =2n.04
I 11, %8s 1,15 211,86 E '
; TCUMFUTEZL MAMENT SLRCFRTAGLS
B 1h.44 1e,94 : E
o R 1&g 12,15 ; -
14,45 10,05
i MUMEMT OF ITREKTA e
LT H >.%4 2,91 1.8
o ) : .l 3,15 306
§ Cos.in 2.8y ,08 o0
CURKE[~1FaTh OF MONMENT OF [NERTIA e
= i 1,17 n.aey {.95
¢ 1 o 1,ue [UPERS] 1,072
S i 1.8 Nes2 1,400




Table 19 Distances (in inches) From the Top Fiber
of the Beam to the Neutral Axis in the Beams

At Section 1, Bridge Model Al

Load Beam 1 Beam 2
on East West East West
Lane Face . Face Face Face
1 0.1931 0.1134 0.,4102 0.2095
2 0.2680 0.3000 0.438H 0.3539
3 0.1823 0.u4517 0.3415 0.2842
H 0.0613 0.4789 0.2765 0.4297
5 0.3745 0.5841 0.4039 0.6517
At Section 1, Bridge Model Bl
Load Beam 1 Beam 2
on East West East West
Lane Face Face Face Face
1 0,5279 0.3103 0.6395 0.2786
2 0.5U60 0.u1231 0.5224 0.3547
3 0.4670 0.5333 0.u4210 0.4917
L 0.3097 0.8347 0.1725 0.6353
5 0.1348 0.8565 0.2854 0.8509




Table 20 Hypothetic Factors of Moment of Inertia (F.M.i.)
Beam S1lab Hypothetic F.M.I.
Size Thickness p# Exterior Interior I #*(in*)
(Prototype) (in.) Beam Use Beam Use
0 2.99
. ‘ 30 3.38 :
6 60 3.74 2.39
~100 .18
0 3.34
30 3.70
8 60 bo11 2.75 2.106
39 100 4,56
0 3.70
30 .12
10 60 4. 50 3.11
100 4,97
0 3.41
30 4,01
6 60 L 57 2.61
100 5.23
Uy 0 3.88
30 4,50
X 8 60 5.08 3.06 1.123
39 -100 5.78
0 1,38
30 5.03
10 60 5.6 3.52
100 6.38
0 3.12
30 3.52
6 60 3.89 2,51
100 4,33
0 3.48
30 3.88 : .
X 8 60 . 26 2.88 2.052
39 100 b,72
0 3.85
30 U.26
10 60 4.65 3.24
100 5.13

Note: % P -

Percentages of Effectiveness of Parapets
Rk Io‘- Base Moment of Inertia of Box Beam
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(1)

Brg.
No.

Note:

Table 21

(2)
Beam
No. Lane 1

4.20
2.96

3.84
2.99

3.50
2.53

.24
3.22

.61
3.18

3.99
2.89

N MR NFE NE R R

* A : Difference =

Comparison of Experimental and Hypothetic Factors
of Moment of Inertia at Section 1

(3)

Experimental F.M.I.

Lane 2

4.07
2.83

3.74
2.86

3.41
2.62

4.16
3.40

4.57
3.25

3.97
3.13

) - (5
€))

Lane 3

4.01
3.08

3.78
2.87"

3.36
2.61

.06
3.40

4.57
3.26

3.90
3.14

x 100

Lane 4

4.10
2.99

3.73
3.02

3.26
2.75

3.98
3.44

b.u47 -

3.45

3.89
3.06

Lane 5

3.83
3.05

3.74
2.93

3.20
2.71

3.95
3.43

4.53
3.38

3.98
2.78

()

Average
F.M.I.

.04
2.98

3.76
2.93

3.35
2.64
4.08
3.38

4.55
3.30

3.95
3.00

()

Hypoth.
F.M.I.

4.11
2.75

3.74
2.75

3.38
2.39

4.12
3.11

4.50

. 3.06

3.88
2.88

(6)
A% (%)

-1.71
+7.72

+0.54
+6.56
-0.89
+10.05

-0.97
+8.69

+1.11
+7.84

+1.80
+3.82




Table 22  Suggested Factors of Moment of Inertia (F.M.I.)

Beam Slab Suggested F.M.I.
Size Thickness P# Exterior Interior
(Prototype) (in.) Beam Use Beam Use
0 2.99
6 50 3.59 2.57
100 4.18
4 0 3.34
X 8 50 3.95 2.96
39 100 .56
0 3.70
10 - 50 4,33 3.34
100 u.,97
0 3.4
6 50 4,32 2.80
100 5.23 '
" 0 3,88
X ’ 8 50 4,83 3.29
39 1.00 5.78
0 4.38
10 50 5.38 3.78
100 6.38
0 3.12
6 50 3.73 . 2.70
100 4,33
: 0 3.48
X 8 50 0,10 3.10
39 100 bh,72
0 3.85
10 50 4,49 3.48
100 5.13

Note: #* P - Percentages of Effectiveness of Parapets
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Table 23
(1) (2
Test ngg
Bridge Lane
1
Berwick
Bridge 2
(Prototype)
3

Comparison of Experimental and Estimated Moment Percentages

(3)

Beam
No.

FWNORHE FWNRFE FWRRF

at Section 1, Northbound, Berwick Bridge

)

Experimental
Moment
Percentages

43.82
30.95
15.02
10.21

33.00
31.06
20.85
15.09

21.12
29.00
28.88
21.12

()

Deflection
Percentages

34.99
31.03
22.02
11.95

28.47
33.39
24.59
13.55

19.91
29.48
30.92
19.68

(6)

Coeff. of
Moment
of Inertia

1.15
0.85
0.85
1.15

1.15
0.85
0.85
1.15

1.15
0.85
0.85
1.15

(7

Estimated
Moment
Percentages

40.78
26.50
18.80
13.93

33.69
28.95
21.32
16.03

23.75
25.76
27.02
23.47

(8

Difference

7)) -

-3.04
-4.45
+3.78
+3.72

+0.69
-2.11
+0.47
+0.94

+2.63
-2.76
-1.86
+2.35
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1)
Bridge
Model
No.

A-1

Table 24

(2

Load
on
Lane

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

FLWO N FwN e FwmnH

€

Experimental
Moment
Percentages

44,57
27.02
15.43
12.98

33.32
26.61
20.33
18.74

25.50
24.50

24.50
25.50

(5)

Deflection
Percentages

36.20
29.62
20.59
13.59

29.03
29.77
23.86
17.34

22.74
27 .26

27.26
22.74

(6)

Coeff. of
Moment
of Inertia

1.15
0.85
0.85
1.15

1.15
0.85
0.85
1.15

1.15
0.85

0.85
1.15

(7

Estimated
Moment
Percentages

41.81
25.06
17.43
15.69

33.89
25.46
20 .41
20.25

26.62
23.38

23.38
26.62

(8

Difference

7 -M

-2.76
-1.96
+2.00
+2.71

+0.57
-1.15
+0.08
+0.51

+1.12
-1.12

-1.12
+1.12
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Table 25
1) (2)
Bridge Load
Model on
No. Lane
1
B-L 2
3

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

Fwo Fwnn

EgR UL IN WO

)
Experimental

Moment
Percentages

47.01

28.10

14.97
9.92

35.13
29.30
19.31
16.26

24.82
25.18
25.18
24.82

)

Deflection
Percentages

40.18
31.14
18.82

9.86

30.48
31.70
22.98
14.83

21.46
28.54
28.54
21.u46

(6)
Coeff. of

Moment
of Inertia

1.12
0.88
0.88
1.12

1.12
0.88
0.88
1.12

1.12
0.88
0.88
1.12

@) (8)
Estimated Difference
Moment 7 - (W
Percentages :
UL .96 -2.05
27.u43 -0.67
16.58 +1.61
11.03 +1.11
34.49 -0.6uU
28.24 -1.06
20.48 +1.17
16.79 +0.53
24.43 -0.39
25.57 +0.39
25.57 +0.39
24.u3

-0.39



-.'['L—

Table 26
@h) (2)
Bridge Load
Model on
No. Lane
1
B-8 2
3

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

FWNH FTWNH FwioH

()
Experimental
Moment

Percentages

46.77
25.92
14.80
12.51

35.04
27.55
19.11
18.30

26.18
23.82
23.82
26.18

()

Deflection
Percentages

38.08
30.53
20.21
11.18

29.67
30.79
23.66
15.88

22.12
27.88
27.88
22.12

(6)
Coeff. of

Moment
of Inertia

1.16
0.84
0.84
1.16

1.16
0.84
0.84
1.16

1.16
0.84
0.84
1.16

(7)

Estimated
Moment
Percentages

.31
25.68
17.01
13.01

34.94
26.22
20.15
18.70

26.16
23.84
23.84
26.16

(8)

Difference

7D -Mm

-2.U6
-0.24
+2.21
+0.50

-0.10
-1.33
+1.04
+0.40

-0.02
+0.02
+0.02
-0.02
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ey

Bridge
Model
No.

Table 27

(2)

Load
on
Lane

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

Fwr Fwmn = Fwn -

(%

Experimental
Moment’
Percentages

50.80
28.76
13.18

7.26

36.70
30.43
18.18
14.69

24,32
25.68
25.68
24.32

(5)

Deflection
Percentages

43.45
32.40
17.01

7.14

31.59
32.67
22.03
13.72

21.48
28.52
28.52
21.48

(6)

Coeff. of
Moment
of Inertia

1.12
0.88
0.88
1.12

1.12
0.88
0.88
1.12

1.12
0.88
0.88
1.12

(7)

Estimated
Moment
Percentages

48.62
28.45
14.93

7.99

35.80
29.06
19.59
15.55

24.48
25.52
25.52
24,48

(8)

Difference

7 -

-2.18
-0.31
+1.75
+0.6U

-0.90
-1.37
+1.41
+0.86

+0.16
-0.16
-0.16
+0.16
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Table 28
@ (2)
Bridge Load
‘Model on
No. Lane
1
B-13 2
3

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

FWNH FWNMHE FwnH

)

Experimental
Moment
Percentages

49.16
28.46
13.80

8.58

34.58
31.15
19.38
14.89

23.94
26.06
26.06
23.94

()

Deflection
Percentages

42.85
32.10
17.87
7.19 -

29.97
32.77
22.75
14.51

20.90
29.10
29.10
20.90

(6

Coeff. of

Moment

of Inertia

1.13
0.87
0.87
1.13

1.13
0.87
0.87
1.13

1.13
0.87
0.87
1.13

(7

Estimated
Moment
Percentages

48.49
27 .86
15.51
8.14

34.42
28.87
20.05
16.66

2u.17
25.83
25.83
24,17

(8

Difference

7 -

-0.67
-0.60
+1.71
~0.ul

~0.16
-2.28
+0.67
+1.77

+0.23
. =0.23
-0.23
+0.23
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ey

Bridge
Model
No.

B-14

Table 29

(2)

Load
on
Lane

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

FWNRH FfwN

FwpH

()

Experimental
Moment
Percentages

47.35
27.97
14.65
10.03

35.59
28.89
19.38
16.14

24-.52
25.u8
25.48
24.52

(3)

Deflection
Percentages

40.84
31.11
18.89

9.16

30.87
30.78
23.20
15.15

22.05
27.95
27.95
22.05

(6)
Coeff. of

Moment
of Inertia

1.10
0.90
0.90
1.10

1.10
0.90
0.90
1.10

1.10
0.90
0.90
1.10

@

Estimated
Moment
Percentages

44.91
28.00
17.01
10.07

34.22
27.93
21.05
16.80

24.53
25.47
25.47
24,53

)

Difference

7 - @

-2 . UL
+0.03
+2.36
+0.04

-1.37
-0.96
+1.67
+0.64

+0.01
-0.01
-0.01
+0.01
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(D

Bridge
Model
No.

Table 30

(2

Load
on
Lane

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

(3)

Beam
No.

Fwph - FwmrpH

W

€

Experimental
Moment
Percentages

4g.02
29.88
13.33

7.77

34, 4l
32.34
19.91
13.31 -

22.21
27.79
27.79
22.21

()

Deflection
Percentages

42.43
33.33
17.54

6.70

29.81
34.65
23.51
12.04

19.u46
30.34
30.54
19.u46

(6)
Coeff. of

Moment
of Inertia

1.15
0.85
0.85
1.15

1.15
0.85
0.85
1.15

1.15
0.85
0.85
1.15

(7)

Estimated
Moment
Percentages

48.90
28.40
14.96

7.74

35.15
30.20
20.45
14.20

23.18
26.82
26.82
23.18

(8

Difference

7 -

-0.12
-1.44

1.63
-0.03

0.71
-2.14
0.54
0.89

0.97
-0.97
-0.97

0.97
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@y

Bridge
Model
No.

Table 31

(2

Load
on
Lane

Comparison of Experimental and Estimated Moment Percentages
at Section 1, Load on Position 1

3)

Beam
No.

ZwnN

AW FwWwnN

G

Experimental
Moment
Percentages

47.90
27 .60
14.29
10.21

34.86
29.35
19.96
15.82

23.72
26.28
26.28
23..72

)

Deflection
Percentages

40.19
31.85
18.78

9.18

29.59
32.94
23.89
13.57

20.40
29.60
29.60
20.40

(6)

Coeff. of
Moment
of Inertia

1.16
0.84
0.84
1.16

1.16
0.84
0.8u4
1.16

1.16
0.84
0.84
1.16

(7

Estimated
Moment
Percentages

46.20
26.50
15.56
11.74

35.15
28.25
20.55
16.05

24.42
25.58
25.58
24,42

(8)

Difference

@ -M

-1.70
-1.10
1.27
1.53

0.29
-1.10
0.59
0.23

0.70
-0.70
-0.70

0.70



Table 32 Comparison of Expérimental and Estimated
Moment Percentages at Section 1,
Load on Position 1

ey (2) (3) () (5) (6)
Bridge Load Experimental Estimated .
Model on %ﬁ?m Moment Moment Dtgfereﬁce
No. Lane ° Percentages Percentages )=
1 42.65 40,90 ~-1.75
1 2 29.76 30.74 0.98
3 16.52 18.68 2.16
L 11.07 9.68 -1.39
1 31.50 30.98 ~0.52
B2 5 2 31.09 30.78 =0,31
3 21.51 22.78 1.27
4 15.90 15.46 -0. 4y
1 22.71 22.55 -0.16
3 2 27 .29 27 .45 0.16
- 3 27 .29 27 .45 0.16
L 22.71 22.55 -0.16

77 =




Table 33 Comparison of Experimental and Estimated
Moment Percentages at Section 1,
Load on Position 1

(L) (2) (3) (%) (5) (6)
Bridge  Load Experimental Estimated .

Model on Bl\;aoam Moment Moment chg)f e_‘f‘?ﬁ;} € |
No. Lane ‘ Percentages Percentages |
1 39.80 38.52 -1.28

1 2 29.25 29.97 B.72
3 17.93 19.95 2.02
4 13.02 11.56 -1.46
|
1 30.75 30.29 -0.46 |
Bt > 2 29.93 29.58 -0.35
3 21.95 23.42 1.47
4 17.37 16.71 -0.66
1 23.01 22.89 ~-0.12
3 2 26.99 27.11 0,12
3 26.99 27.11 0.12
L 23.01 22.89 -0.12

78w




Table 34
(1) (2)
Bridge Load
Model on
No. Lane
1
B-1 2
3

Comparison of Experimental and Estimated

Moment Percentages at Section 1,

(3)

Beam
No.

SwWwNH FwnR

FwrnH

Lioad on Position 1

()

Experimental
Moment
Percentages

4. 80
32.45
15.11

7.64

30.20
34.81
22.32
12.67

19.32
30.68
30.68
19.32

~79-

(3)

Estimated
Moment
Percentages

Ly.78
30,42
16.87

7.93

30.92
32.99
22.87
13.22

20.78
29.22
29.22
20.78

(6)

Difference

(5) - (W

-0.02
-2.03
1.76

0.29

0.72
-1.82
'0.55
0.55

1.46
~1.46
-1.46

1.46




Table 35

(1) (2)
Bridge Load
Model on

No. Lane

1

B~-15 ?

3

Comparison of Experimental and Estimated

Moment Percentages at Section 1,

(3)

Beam
No.

T WN =

FwmnH

Fwnrn

Load on Position 1

(")

Experimental

Moment

Percentages

Iy,
32.
4.
.16

8

29.
34.
23.
12.

18.
31.
31.
18.

95
16
71

67
98
26
10

70
30
30
70

~80~

(3

Estimated
Moment
Percentages

43.57
32.31
17.37

6.74

+30.77
33.48
23.50
12.25

19.97
30.03
30.03
19.97

(6)

Difference

(5) - (W

-1.38
0.15
2,66

~1.42

1.10
-1.50
0.24
0.15

1.27
-1.27
-1.27

1.27




Table 36
(1) (2)
Bridge  Load
Model on
No. Lane
1
B-~16 2
3

Comparison of Experimental and Estimated

Moment Percentages at Section 1,

(3)

Beam
No.

NOOU EFEFWNRo NoOouUrETwn

N U W

. Load on Position 1

()

Experimental
Moment
Percentages

25.85
21.59
16.57
12.69
8.83
7.57
6.90

17.73
18.27
17.24
15.07
11.94
-10.31
9.45

12.65
14.03
15.31
16.02
15.31
14.03
12.65

~81~

(5

Estimated
Moment
Percentages

23.50
19.84
17.31
13.43
10.85
'8.28

6.78

17.64
17.13
17.10
14.92
13.10
10.69

9.42

12.94
13.73
15.62
15.43
15.62
13.73
12.94

(6)

Difference

(5) = (W)

~-2.35
=-1.75
0.7u4
0,74
2.02
0.71
-0.12

-0.09
=11
-=0.14

-0.15

1.16
0.38
-0.03

0.29
-0.30
0.31
-0.59
0.31
-0.30
0.29
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LOAD [ROTATION OF NEUTRAL AXIS (RADIANS)
ON LANE| 8 62 63 G4
| 0.0268 | 0.0669 |1 0.0836 | 0.0698

2 -0.0106 | 0.0282 | 00511 | 0.1392
3 -0.0892 | 0.0124 [-0.0124 | 0.0898

)
(G

Al

B i — Y T — ) -
— T —
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—_—1 — —t— — ——

Il

—_—— - 1 P

Fig. 6 Neutral Axes, Model AL
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LOAD |ROTATION OF NEUTRAL AXIS (RADIANS)
ON LANE| 4, 82 83 64
| 0.0725 | 0.1203 | 0.1885 | 0.2408
2 0.0409| 0.0559 [ 0.1549 | 0.1750
3 -0.0221 | 0.0236 | 0.0236 | 0.0221
|
==
* —— 3 — B T B 3
9| 32 93 04

Fig. 7

Neutral Axes, Model Bl

-90-




50

40

30

20

N\

Moment

N\

N\
Deflecfionf

PERCENTAGES

Il

Model BI

Fig. 8 Model Bl, Lane. 1l

-9]1~

50

40

30

20

10




50

40

30

20

10

Deflection ]

PERCENTAGES

a

\/

U

3

50

40

30

20

| O

Model B

Fig. 9 Model B1l, Lane 2

~92.-




50

40

30

20

10

[Momem
o O\

z A.t T TN
P Deflection
A/
(04
PERCENTAGES
| 2 3
Model Bl

Fig. 10 Model B1l, Lane 3

-93-

50

40

30

20




50

40

30

20

|0

Deﬂecﬁonq

Moment

PERCENTAGES

=1

3 4

Fig. 11

Model B6

Model B6, Lane 1

-9l

50
40
30

20




50

40

Def|ectionw

30— === &

20 J
Moment

10
0
PERCENTAGES
=l
| 2 3
Model B6

Fig. 12 Model B6, Lane 2

~95.

50

40

30

20




50

40

30

20

- 50

Deﬂecﬁon—\

40

30

Moment—j

20

PERCENTAGES

I

Il

I 2

Fig. 13

Model

3 4

B6

Model B6, Lane 3

-96~




50

40

30

20

10

Fig. 14

Deflection]
\\
\
\
\
N
Moment AN
AN
AN
N
PERCENTAGES

|| 2 3 4

Model BlII

Model Bll, Lane 1

-97.

50

40

30

20




50

40

30

20

10

Deflection
T - /4\ 7
_ \
= N

A}

N
N

Moment ~/

Il

Il

PERCENTAGES

- Fig. 15

Model BI |

Model B1ll, Lane 2

-98-

50

40

30

20

10




50

40

30-

20

10

Deflection

Moment

PERCENTAGES

=1

2 | 3

. Fig. 16

Model Bl

Model B1ll, Lane 3

-9~

50

40

30

20




50

40

30

20

10—

Deflection

N

\Moment

PERCENTAGES

0

2

Fig. 17

Model Al

Model Al, Lane 1

-100-

50

40

30

20




50

40

30

20

[Deflecfion
~

A__ [SASEpp——
~
~
: ~
~
~
A
Moment
PERCENTAGES
| 2 3 4

Fig. 18

Model Al

Model Al, Lane 2

-101-

50

40

30

20

10




50

40

30

20

10

[ Deflection

i

\Moment

PERCENTAGES

|l

2 3

Model Al

Fig. 19 Model Al, Lane 3

=102~

50

40

30

20

10




Moment %

| Deflection %\ M)
Lane | - Beam |
——— — A _ _ 3
00 2 3~ —.a
Lane | O— = SA
5 oAb .
n 30 p”
Beam 2 5
—0.80
—0.60
—0.40
l 1 | 0.20; | I |
-40 -20 0 20 40
| ROTATION PERCENTAGES
| 3 4

Fig. 20

Model B/

Rotations, Model Bl

~103~




Moment %

| Deflection%=()‘)
5 Beam |
Lane | 2 4
Lanela—y 2 1.00 3~
_>a4
— gf
Beam 2
—0.80
—0.60
—0.40
1 | I I | 0.20, l | |
-40 -20 o) 20 40
ROTATION PERCENTAGES
L
I 2 3 4

Model B6

Fig. 21  Rotations, Model B6

~104~




Moment %

Deflection % ()
Lane | oO— 2 Beam |
B 3
4
A :l.OO
—_ 2 Iy
Lane | a— - 3N
Beam 2 S 4 7\4
—0.80 //
A5
—0.60
—0.40
I \ | I 0.20, | \ |
=40 -20 0] 20 40

ROTATION PERCENTAGES

=il L

Model Bl |

Fig. 22 _Rotations, Model B1l

-105-




Moment %

Lane | ' =
~—_| Deflection % (M)
Lanel >
4
—0.80
Beam 2 5
—0.60
—0.40
| | | 1 0.20, | I | 1
-40 -20 0 20 40
ROTATION PERCENTAGES
| 2 3 4

Model Al

Fig. 23 Rotations, Model Al

~-106-




(Io)

MOMENT OF INERTIA IN BEAM SLAB UNITS

5.0

4.0

2.0

Model BI2

Beam | |
Y A

=

‘Ar,——"1;;::::;—t;;iib--—__—_i¥‘~\--\ﬁﬁ

| | | l

Fig.

24

2 3 4 5
LANE NUMBER

Moments of Imertia, Model Al

-107-




IN BEAM SLAB UNITS (I,)

MOMENT OF INERTIA

o
o

»
o)

o
@)

2.0

1.0

Model Al

Beam |

Beam 2 j
| | | 1
| 2 3 9

LANE NUMBER

Fig. 25 Moments of Inertia, Model B12

~-108~




PERCENTAGES OF EFFECTIVENESS OF PARAPETS

4'x 39" Box Beam

3"
i Exterior
' Beams
— —— |nterior
Beams
100
80— / 10" Slab
) Bll
B < / "
60—
40—
20—
b I
2 5

'FACTORS OF MOMENT OF INERTIA (F.M.I1.)

Fig.

26 F.M.I. Chart, 4 ft. x 39 in. Box Beam

-109-




PERCENTAGES OF EFFECTIVENESS OF PARAPETS

o
o

@
O

»
O

H
@

()V)
o
I

o

4'x 30" Box Beam

5l

5

]
i |30
I

=

~ 48"

Exterior
Beam

—— — |nterior
Beam

N

5 6

FACTORS OF MOMENT OF INERTIA (F.M.1.)

Fig.

27

F.

M.T.

Chart, 4 ft. x 30 in. Box Beam

-110-~




PERCENTAGES OF EFFECTIVENESS OF PARAPETS

3'x 42" Box Beam

3"
T Exterior
42" Beam
4 — — —Interior
5"l e o | | Beam
100
80
60
40+
20—
0 |
6

2 5
| FACTORS OF MOMENT OF INERTIA (F.M.L.)

Fig. 28 F.M.I. Chart, 3 ft. x 42 in. Box Beam

-111-




8.

10. REFERENCES

American Association of State Highway Officials
STANDARD - SPECTIFICATIONS - FOR HIGHWAY BRIDGES, Ninth
Edition, Washington, D. C., 1965

Carpenter, J. E.
STRUCTURAL MODEL TESTING; COMPENSATION FOR TIME
EFFECT IN PLASTICS, Portland Cement Association,
Skokie, Illimnois, Bull. D60, January 1963 -

Larpenter, J. E., Magura, D. D., and Hanson, N. W.
STRUCTURAL MODEIL TESTING; TECHNIQUES FOR MODELS
OF PLASTIC, Portland Cement Association, Skokie,
Illinois, Bull. D76, May 1964

Carpenter, J. E. and Magura, D. D.
STRUCTURAL MODEL TESTING; LOAD DISTRIBUTION IN

CONCRETE I-BEAM BRIDGES, Portland Cement Association,

Skokie, Illinois, Bull. D9U, September 1965

Guilford, A. A. and VanHorn, D. A.
LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A PRE-
STRESSED CONCRETE BOX-BEAM BRIDGE, BERWICK BRIDGE,
Fritz Engineering Laboratory Report No. 315.4,
Lehigh University, October 1967

Hondros, G. and Marsh, J. G.
LOAD DISTRIBUTION IN COMPOSITE GIRDER~-SLAB BRIDGES,
ASCE Journal of Structural Division, Vol. 86,
~No. ST11l, New York, November 1960

Tittle, G.
DISTRIBUTION OF A LOAD IN A BOX-SECTION BRIDGE FROM
TESTS ON A XYLONITE ‘MODEL, Magazine of Concrete Re-
search, Vol. 6, No. 18, London, December 195U

Little, G. and Rowe, R. E.
LOAD DISTRIBUTION IN MULTI-WEBBED BRIDGE STRUCTURES
FROM TESTS ON PLASTIC MODELS, Magazine of Concrete
‘Research, Vol. 7, No. 21, London, November 1955

=112~




10.

11.

12.

13.

1u.

15.

16.

17.

Macias Renddn, M. A.
A STRUCTURAL MODEL STUDY OF LOAD DISTRIBUTION IN
BOX-BEAM BRIDGES, Ph.D. Dissertation, Lehigh Uni-
versity, May 1968

Massomnet, C.
METHODE DE CALCUL DES PONTS A POUTRES MULTIPLES TENANT
COMPTE DE LEUR RESISTANCE A LA TORSION, (Method of
Calculation for Bridges With Several Longitudimal
Beams, Taking Into Consideration Their Torsional Re-
sistance), Publications, IABSE, Zurich, Vol. 10, 1950

Mattock, A. H. and Kaar, P. H.
PRECAST-PRESTRESSED CONCRETE BRIDGES 6. TESTS OF
HALF-SCALE HIGHWAY BRIDGE -CONTINUOUS OVER TWO SPANS,
Portland Cement Association, Skokie, Illinois,
Bull. D51, September 1961

Newmark, N. M.
DISTRIBUTION PROCEDURE FOR ANALYSIS OF SLABS OVER
FLEXIBLE SUPPORTS, University of Illinois Engineering
Experimental Station Bulletin No. 304, June 1938

Pennsylvania Department of Highways
STANDARDS FOR PRESTRESSED CONCRETE BRIDGES, ST-200
through ST-208, Harrisburg, Pemnnsylvania, 1964

Reese, R. T.
LOAD DISTRIBUTION IN HIGHWAY BRIDGE FLOORS: A SUMMARY
AND EXAMINATION OF EXISTING METHODS OF ANALYSIS AND
DESIGN AND CORRESPONDING RESULTS, Brigham Young Uni-
versity, M.S. Thesis, 1966

Richart, F. E.
LABORATORY RESEARCH ON CONCRETE BRIDGE FLOORS,
Highway Bridge Floors, A Symposium, ASCE Proceedings,
Part 1, March, 1948

Roll, F. and Aneja, I.
MODEL TESTS OF BOX-BEAM HIGHWAY BRIDGES WITH CAN-
TILEVERED DECK SLABS, ASCE Transportation Engineering
Conference Reprint No. 395, Philadelphia, Pennsylvania,
October 1966

Rowe, R. E.

CONCRETE BRIDGE DESIGN, John Wiley and Somns, Inc.,
New York, 1962

=113~




18. Stevens, L. K. and Gosbell, K. B.
MODEL ANALYSIS OF A COMPOSITE BEAM AND SLAB BRIDGE,
Australian Road Research Board Proceedings, Vol. 2,
1964

19. Westlund, G. and Ostlund, L.

TESTS ON A BRIDGE MODEL, Publications, IABSE, Zurich,
1950

-11b-




	Lehigh University
	Lehigh Preserve
	1968

	Estimation of bending moments in box-beam bridges using cross-sectional deflections, June 1968,
	S. J. Fang
	M. A. Macias-Rendon
	D. A. VanHorn
	Recommended Citation


	tmp.1342713828.pdf.vFCxw

