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MOMENTS IN I-BEAM BRIDGES

I. INTRODUCTION

1. Object and Scope of Investigation.-The studies reported in this
bulletin were undertaken in an attempt to obtain a better understand-
ing of the behavior of the type of structure commonly called the
I-beam bridge, consisting of a concrete slab continuous over steel
beams. This type of structure is so simple in appearance and so
conveniently constructed that it has found widespread use for highway
bridges. Consequently, an investigation of the action of this type of
bridge with a view toward development of better design methods
appeared desirable.

The data contained herein are based entirely on analytical con-
siderations, and apply to simple-span right bridges consisting of slabs
supported by five identical parallel beams, uniformly spaced. Mo-
ments are determined at various points in the slabs and in the beams
for different positions of a concentrated load on the structure. The
flexibility of the beams is taken into account in the analysis. Influence
values for moment are given for a group of structures of various pro-
portions and of different relative stiffnesses of slab and beams. From
the influence values, moment coefficients are determined for a number
of bridges of different span lengths subjected to standard highway
truck loads. General relations bearing on the design of I-beam bridges
are derived from the results of the analyses.

The numerical values of moment coefficients are generally appli-
cable also to structures with concrete instead of steel beams, as well
as to structures with steel beams anchored to the concrete slab by
means of shear connectors.

The analytical work on I-beam bridges has been supplemented by
tests of models of a number of bridges. These experimental studies
are to be reported in a later publication.

2. Acknowledgment.-The work reported herein was done as a part
of an investigation of the effect of concentrated loads on reinforced
concrete bridge slabs, which is being conducted by the Engineering
Experiment Station of the University of Illinois in cooperation with
the Public Roads Administration of the Federal Works Agency and
the Illinois Division of Highways. The investigation is under the
administrative direction of DEAN M. L. ENGER, Director of the Engi-
neering Experiment Station; PROFESSOR F. B. SEELY, Head of the
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Department of Theoretical and Applied Mechanics; and PROFESSOR
W. C. HUNTINGTON, Head of the Department of Civil Engineering.

An Advisory Committee, with the following personnel, is in gen-
eral charge of the program of the investigation:

Representing the Public Roads Administration: E. F. KELLEY,

Chief, Division of Tests; RAYMOND ARCHIBALD, Senior Structural Engi-
neer. (Until his death in December 1939, A. L. GEMENY, Senior
Engineer, was a representative. From January 1940 until June 1941,
L. A. PALMER, Associate Research Specialist, served on the Committee.)

Representing the Illinois Division of Highways: M. J. FLEMING,

Assistant Chief Highway Engineer; A. BENESCH, Engineer of Grade
Separations.

Representing the University of Illinois: F. E. RICHART, Research
Professor of Engineering Materials; N. M. NEWMARK, Research Assist-
ant Professor of Civil Engineering.

Consultants to the Advisory Committee, from the University of
Illinois: W. M. WILSON, Research Professor of Structural Engineering;
T. C. SHEDD, Professor of Structural Engineering.

The whole investigation is under the general guidance of Professor
Richart. The work reported herein was done under the direction of
the senior author, and was started as a thesis submitted in partial
fulfillment of the requirements for the degree of Master of Science in
Civil Engineering in the Graduate School of the University of Illinois,
by the junior author, then Special Research Graduate Assistant in
Theoretical and Applied Mechanics.

Detailed calculations have been made by C. P. SIESS, the late E. D.
OLSON, W. M. PECKHAM, and L. E. GOODMAN, Research Graduate
Assistants; by W. L. COLLINS, Assistant Professor of Theoretical and
Applied Mechanics, and by L. N. MUIR, student in Civil Engineering.
Some additional calculations have been made by F. L. EHASZ, In-
structor in Theoretical and Applied Mechanics, and by W. H. BRETT,
G. B. SIMPSON, and W. F. NUMRICH, students in Civil Engineering.

3. Method of Analysis.-The data reported in this bulletin were
obtained by computation based on the method of analysis described in
Bulletin 304* of the-Engineering Experiment Station. Certain assump-
tions are involved in the analysis. These assumptions are:

(1) The resultant of the normal stresses acting on any cross-
section of the slab is a pure couple.

*"A Distribution Procedure for the Analysis of Slabs Continuous Over Flexible Beams,"
Univ. of Ill. Eng. Exp. Sta. Bul. 304, 1938.
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(2) The material in the slab is homogeneous, elastic, isotropic, and
of constant thickness.

(3) Flexural strains vary linearly through the depth of the slab.
(4) The beams exert only vertical forces on the slab; there is no

shear between the top flange of the beams and the bottom of the slab.
(An approximate study of T-beam action is made, however.)

(5) The reaction of the beam acts on the slab along a line, and is
not distributed over a finite width.

(6) A beam and the slab directly over it deflect alike; that is, the
slab does not separate from the beams.

(7) The edge beams on either side of the bridge are located at the
edge of the slab.

(8) Both the slab and the beams are simply supported at the ends
of the span.

In addition, the value of Poisson's ratio for concrete is assumed to
be zero for practically all the calculations.

The detailed calculations for the effect of concentrated loads on
I-beam bridges are long and tedious, and would serve no useful pur-
pose if given here. The calculations were made by means of infinite trig-
onometric series, with as many as 16 terms being considered for some
of the structures analyzed. With the particular choice of dimensions
of the structure and relative stiffness of the beams, it was possible to
use different combinations of the same numerical values for a number
of structures. This shortened the great amount of computation re-
quired for the 20 basically different structures for which influence
coefficients are tabulated in Appendix A. In certain cases the slow
convergence of the series made it necessary to estimate the effect of
the terms in the series that were neglected. It was possible to find
reasonably accurate expressions for the sums of the neglected terms in
every instance. It is believed that the influence values repqrted in
Appendix A are, with few exceptions, accurate to the number of
significant figures reported.

4. Notation.-The following notation is used throughout this bul-
letin. The longitudinal direction is always taken as the direction of
the beams.

a = span of bridge, center to center of supports.
b = transverse spacing of beams.
c = diameter of uniformly loaded circular area representing a

wheel load.
h = total depth of slab.
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I = moment of inertia per unit of width of the cross-section of
the slab; for a homogeneous material, I = h3/12.

E = modulus of elasticity of the material in the slab.
u = Poisson's ratio of lateral contraction for the material in the

slab.
El

N = - = measure of stiffness of an element of the slab.
1 - A2

Eb = modulus of elasticity of the material in a beam.
Ib = moment of inertia of the cross-section of a beam (or trans-

formed moment of inertia of a T-beam).
Ebib

H = -- = a dimensionless coefficient which is a measure of
aN

the stiffness of the beam relative to that of the slab.
P = concentrated load applied to the slab.
q = load per unit of length uniformly distributed along a beam.
w = load per unit of area uniformly distributed over the slab;

also weight of the slab, per unit of area.
Mt = transverse bending moment per unit of length acting on a

longitudinal section of the slab, positive when producing
compression at the top of the slab.

MI = longitudinal bending moment per unit of width acting on a
transverse section of the slab, positive when producing
compression at the top of the slab.

Mb = bending moment in a beam or in a T-beam, positive when
producing compression at the top.

M.T = modified bending moments under a unit load uniformly dis-
tributed over a circular area at the center of an infinitely
long simply supported slab. Mot is in the direction trans-
verse to the supports, M,1 in the direction parallel to the
supports.

k = coefficient in Equations (19) and (20); effective proportion
of wheel load to be used in computing maximum moments
in a beam due to standard truck loading.

s = length defined by Equation (21), in terms of which maximum
moments in beams are stated.
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II. RESULTS OF ANALYSES FOR CONCENTRATED LOADS

5. Tables of Influence Values for Moments in Slab and in Beams.-
Tables of numerical values of influence coefficients for moments at
various points in slab and beams due to unit loads are given in
Appendix A, Tables 1 to 96 inclusive, for bridges having ratios of
spacing of beams, b, to span of bridge, a, of 0.1, 0.2, and 0.3. These
correspond to ratios of width of roadway to length of span of 0.4,
0.8, and 1.2.

The relative stiffness of the beams, compared to that of the slab,
is determined by the dimensionless coefficient H which is defined by
the relation

EbIb
H =-

aN

where Eb = modulus of elasticity of the material in a beam,
Ib = moment of inertia of cross-section of beam,

El

1 1-_2

E = modulus of elasticity of the material in the slab,
I = moment of inertia per unit of width of the cross-section

of the slab,
S= Poisson's ratio, generally taken as zero in the data

given here.

The values of H range between a low value, corresponding to a very
flexible beam, and a value of infinity, corresponding to a beam that
does not deflect.

Table I gives an outline of the tables of influence coefficients for
moment. In general, the coefficients are tabulated in the following
order for each structure:

Transverse moment in the slab at mid-span,
Longitudinal moment in the slab at mid-span,
Moment in the beams at mid-span,
Transverse moment in the slab at quarter-point,
Longitudinal moment in the slab at quarter-point,
Moment in the beams at quarter-point.
For some structures moments at mid-span only are tabulated. For

all except one structure, all of the beams have the same stiffness. In
Table 63 the structure has edge beams having 20 per cent greater
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TABLE I

OUTLINE OF TABLES OF INFLUENCE COEFFICIENTS FOR MOMENT IN SLAB AND BEAMS

Ratio of Spac- Relative Stiff-
ing of Beams ness of

to Span of Beams, emarks

iridge, o/a

0.1

0.2

0.3

l0

0.5 Moments at mid-span and quarter-point
1 Moments at mid-span and quarter-point
2 Moments at mid-span and quarter-point
5 Moments at mid-span and quarter-point

10 Moments at mid-span only
20 Moments at mid-span only

infinity Moments at mid-snan and quarter-noint

1
2
4

10
infinity

4.8 and 4.0

1.5
3
6

15
infinity

0.727
2.96

Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span only, structure with

stiffened edge beams

Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span and quarter-point
Moments at mid-span only, Poisson's ratio = 0.2
Moments at mid-span only, Poisson's ratio = 0.2

Corrective moments under load, M 1o and Moi

Table Numbers,
inclusive,

(Appendix A)

1-6
7-12

13-18
19-24

25
26

27-32

33-38
39-44
45-50
51-56
57-62

63

64-69
70-75
76-81
82-87
88-93

94
95

96

stiffness than the interior beams. For all except two of the structures
the value of Poisson's ratio is zero. In the two structures of Tables
94 and 95, the value of Poisson's ratio is 0.2.

Table 96 gives the corrective moments under the load, Mot and Mo1,
which are to be added as indicated in the other tables for loads
directly over the point considered.

Points on the bridges are located by the coordinate system shown
in Fig. 1. The beams or points on the slab directly over beams are
denoted by the letters A, B, C, D, and E, as shown. Therefore,
beams A and E are always at the edges of the bridge. The longi-
tudinal center line of a panel of the slab is denoted by the two letters
corresponding to the beams supporting the panel. Thus, AB denotes
the longitudinal center line of the outer panel of the slab. Points on
a particular beam or center line of a panel of the slab are denoted by
the proportion of the span from the left end of the bridge. It was
convenient in the calculations to divide the span into twelve parts. In
general, influence ordinates are tabulated for loads at the twelfth
points of the span for structures with b/a = 0.1. For the other struc-
tures influence values are generally given for loads at the center and
quarter-points of the span.

It will be noted that influence values for twisting moments in the
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FIG. 1. DIAGRAM SHOWING NOTATION USED FOR I-BEAM BRIDGES

slab are not given. For a complete analysis to obtain maximum prin-
cipal moments and their directions, theoretically it would be necessary
to know the twisting moment. However, for the type of loading lead-
ing to maximum moments, the directions of principal moment must
be very nearly in the transverse and longitudinal directions, and
actually the twisting moments must be small. Since the reinforcement
in I-beam bridges is invariably placed in the transverse and longi-
tudinal directions, it is felt that the significant design moments are
given with sufficient accuracy without taking into account the effect of
the twisting moment.

Primarily for convenience in making the calculations the value of
Poisson's ratio was generally taken as zero. The uncertainty as to the
behavior of reinforcement in concrete slabs makes it questionable
whether any other value of Poisson's ratio leads to more accurate
determination of stresses in the steel. For a slab reinforced with a
steel sheet, in which Poisson's ratio effects could take place in the
steel as well as in the concrete, the action might be clearer, and there

I
I-

f

/

j
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might be more justification for considering a value other than zero.
However, in any case, the effect of Poisson's ratio, p, on the maximum
moments is not large, and may be estimated approximately from the
following relations:

Mr M, "=
O + pM °=O

MIr MIP =O + IMr°= o

Mb A Mb 0-

The superscript indicates the value of p considered.
The accuracy of these approximations has been investigated in one

case, for a structure with b/a = 0.3 and H = 3. Moments at mid-span
for such a structure are given in Tables 70, 71, and 72, for t. = 0, and
in Table 95 for /A = 0.2. The influence coefficients for moments given
by the approximate relations differ from the correct influence coeffi-
cients by less than 0.004 for the slab and by less than 0.005 for the
beams. These values correspond to about 2 per cent of the maximum
moments. It should be noted that the largest discrepancies occur only
for loads over an edge beam. For interior loads, the approximation is
even better.

An investigation of the effect of different stiffnesses in the various
beams of a structure was also made. Moments at mid-span are given
in Tables 45, 46, and 47 for a structure with b/a = 0.2 and H = 4, and
in Table 63 for a corresponding structure with the edge beams stiffened
20 per cent. The change in influence coefficient for moment is less than
0.008 for both slab and beams. This corresponds to less than 4 per cent
of the maximum moments.

6. Moment Directly Beneath a Concentrated Load.-In Tables 1
to 95 inclusive, Mot and Mo, appear as part of the influence coefficients
for transverse and longitudinal moment in the slab. These quantities
are modified moments per unit of width in the directions transverse
to the supports and parallel to the supports, respectively, under the
center of a unit load uniformly distributed over a circular area at the
center of an infinitely long slab simply supported on two opposite
edges. The modification in the moments is made to take account of
the fact that the ordinary theory of flexure of slabs does not apply
in the immediate vicinity of a concentrated load. Westergaard* has
suggested a method of using the so-called thick slab theory in order

*H. M. Westergaard, "Computation of Stresses in Bridge Slabs Due to Wheel Loads,"
Public Roads, Volume 11, No. 1, March 1930, pages 1-23 (see especially page 8).



MOMENTS IN I-BEAM BRIDGES

to compute stresses under a concentrated load. He has given an ex-
pression for the equivalent diameter of a circular loaded area from
which moments can be computed by the ordinary theory of flexure
so as to obtain the same tensile stress at the bottom of the slab that
is given by the thick slab theory. Although there is some question
regarding the use of such a procedure for computing stresses in the
reinforcement of a concrete slab, it is convenient, and the precedent
for its use is well established.

Numerical values of Mot and Moj for a Poisson's ratio of zero, are
given in Table 96 of Appendix A. Values of Mot are given in two parts.
One part, M', is a function only of the ratio of thickness of the slab
to the span of the panel, and the other part, M", is a function only of
the ratio of the diameter of the loaded area to the thickness of the
slab. The numerical values were computed by means of Westergaard's*
equations.

For practical purposes, the following approximate formula for Mot
is sufficiently accurate when the diameter of the loaded area is equal
to or greater than the depth of the slab, and the depth of the slab is
greater than one-fiftieth of the span, for values of c/b (the ratio of
the diameter of the loaded area to the span of the slab) between 0.04
and 0.25:

1.16
Mot = --. (1)

c
3 +10-

b

The limits of applicability of the formula include all ordinary dimen-
sions of I-beam bridges.

The value of Mo1 is obtained by the relation

Mo1 = Ma - 0.080. (2)

Equations (1) and (2) differ from corresponding approximations
given by Westergaardt which were developed for a Poisson's ratio of
0.15. The formulas given here are for a Poisson's ratio of zero.

To keep in mind the relative magnitude of the moments due to
various causes, it is desirable to remember that for ordinary propor-
tions of I-beam bridges Mo, may vary between 0.20 and 0.28, while Mo1
may vary between 0.12 and 0.20.

*See preceding footnote.
tSee preceding reference, Equations (66) and (62).
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7. Transverse Moments in Slab at Center of Panel.-In studying
the moments in I-beam bridges it is helpful to make use of the concept
of an influence surface. Such a surface is a generalization of an influ-
ence line and is constructed from a base plane or datum plane on the
structure by laying off ordinates proportional in value at every point
to the particular influence caused by a unit load at the point. The
surface can be represented graphically by a contour map, in which
each contour line connects all points on the structure at which the
influence is the same. A cross-section of an influence surface is an
influence line for loads on a particular line on the structure.

Influence surfaces are shown for transverse moments at the centers
of panels of several structures in Figs. B-1 to B-5 inclusive, of Appen-
dix B. These moments, in the direction perpendicular to traffic, are
the most important moments in the slab as far as design is concerned.
The influence surfaces are characterized generally by a high peak
value at the point where the influence is considered. The peak value
is dependent on the value of Mo. The surfaces drop off to relatively
low values a short distance away. To obtain maximum positive mo-
ments from truck loads it is always necessary to have a heavy wheel
load at the particular point considered.

Common to all the influence surfaces for transverse moment at the
center of a panel, whether at mid-span or at the quarter-line, for
either interior or exterior panels, is the characteristic of a more or
less bowl-shaped depression of the surface in the same panel as the
high peak value, and only a short distance away. This characteristic,
and others, can be explained by a consideration of the behavior of the
slab, which may be thought of as divided into several component
actions, as follows:

(1) The behavior of the particular panel of the slab acting as a
single simply-supported rectangular slab. The long narrow rectangular
panel acts practically in the same way as an infinitely long slab. An
influence surface for transverse moment in an infinitely long slab has
been given by Westergaard.* There is a maximum negative trans-
verse moment at the center due to a load approximately one panel
length away, along the longitudinal center line. The peak influence
value has the magnitude Mot. The negative maximum is about -0.02
for a Poisson's ratio of zero.

(2) The effect of continuity of the panel with the adjacent panels,
with the beams assumed not to deflect. The effect of the continuity is
to reduce the moments in the loaded panel by an amount approxi-

*See preceding reference, upper left hand part of Fig. 14.
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'K

FIG. 2. INFLUENCE LINES FOR TRANSVERSE MOMENT IN SLAB AT BC
AT MID-SPAN, LOAD ON CENTER LINE

mately half as great as the reduction in the case of a panel with fixed
edges. The moments in all panels due to actions (1) and (2) may
be obtained from the tabulated influence values for H = infinity, cor-
responding to a slab continuous over non-deflecting supports.

(3) The effect of the deflections of the beams. In general, this
effect produces positive moments in a panel for load in the panel. The
secondary depression near the peak value, in the same panel, still
remains, as is shown in Figs. B-2, B-3, and B-5, and is caused chiefly
by action (1) since actions (2) and (3) are relatively smooth with no
major peaks or depressions.
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Ordinarily action (3) more or less counterbalances action (2), al-
though the magnitude of (3) may be greater or less than (2) depend-
ing on the stiffness of the beams. In almost every case action (1) is
predominant.

The effect of the relative stiffness of the beams on the transverse
moments at the center of an interior panel, at mid-span of the bridge,
is shown in Fig. 2, which gives the influence of load on the center line
for a number of values of H for bridges with b/a = 0.1 and 0.2. The
difference in ordinate between the curve for H = infinity and the curve
for any other value of H shows the magnitude of the effect of deflec-
tion of the beams. Naturally the effect is greater for small values of
H, or for the less stiff beams. The value of Mot used in Fig. 2 has been
arbitrarily taken as 0.232, which is a more or less representative value
corresponding to a 15 in. diameter of loaded area and a 6 ft. 3 in.
spacing of stringers.

From Fig. 2, there seems to be some correspondence in moments
between a structure with b/a = 0.2 having some particular value of H
and a structure with b/a = 0.1 having some larger value of H.

The values H 5 for b/a 0.1 and H-=2 for b/a:=0.2 cor-
respond to reasonable designs for bridges of about 60 ft. span and 30 ft.
span, respectively, for a roadway of about 24 ft. Evidently, for the pro-
portions ordinarily encountered, the effect of deflection of the beams,
action (3), is greater than the effect of continuity, action (2), al-
though both these effects are small compared with the value of Mot.
That is, the major part of the maximum moment is practically inde-
pendent of the relative stiffness of the beams, and to a certain extent,
of the proportions of the structure.

From Fig. 2 and from the influence surfaces Figs. B-1 to B-5
inclusive, it appears that negative transverse moments at the center
of one panel are generally obtained with loads in other panels. The
negative moments are small compared with the maximum positive
moment.

8. Transverse Moments in Slab Over a Beam.-Influence surfaces
for transverse moments in the slab over intermediate and center beams
at both mid-span and at quarter-point for a structure with H = 5 and
b/a = 0.1 are shown in Figs. B-6 to B-9 inclusive. Influence surfaces
at mid-span only for a structure with H = 2 and b/a = 0.2 are shown
in Figs. B-10 and B-11. The influence surfaces all have the same
general characteristics, with a peculiar singularity at the point where
the influence is computed. The nature of the singularity is best ex-
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FIG. 3. INFLUENCE LINES FOR TRANSVERSE MOMENT IN SLAB AT C
AT MID-SPAN, LOAD ON CENTER LINE

plained by reference to Fig. 3, which shows influence lines for trans-
verse moment over a center beam at mid-span, with load on the center
line, for a number of values of H for b/a = 0.1 and 0.2. Two curves,
differing only near C, are shown for each structure: the lower curve of
each pair refers to the theoretical effect of a truly concentrated load or
point load; the upper curve of each pair has a cusp, and indicates the
effect of a load distributed over a particular size of circular area. The
point marked with a symbol "x" for each value of H represents the
influence of a point load directly over the point C.

As a preliminary to the explanation of these curves for transverse



ILLINOIS ENGINEERING EXPERIMENT STATION

moments in the slab over a beam, it is desirable to consider the
moment transverse to the fixed edge of an infinitely large cantilever
slab, due to a point load on the slab. This problem has been studied
by Westergaard,* and the result is given in Equation (3):

P
Mt = -- cos2 0 (3)

where 0 is the angle between the normal to the fixed edge and the
line from the point where the moment is computed to the position
of the load P. The contour lines on the influence surface for Mt
are a series of radial lines. The maximum influence is on the normal

1
to the edge and is - = -0.318, for a unit load at any distance

from the edge. As the load approaches the support the influence
does not change, but when the load is directly over the support the
influence is, of course, zero. There is a singularity in the influence
surface at the point where the influence is considered.

The moment due to a load uniformly distributed over an area
can be obtained by integrating Equation (3). For example, the
moment due to a unit load uniformly distributed over a circular
area of diameter c tangent to the edge at the point where the in-

3
fluence is computed, is - -- = -0.239. When the center of the

47r

circle is over the edge, only half the circle is on the slab, and the
1"

moment is - -- = -0.080. Contour lines on the influence surface
47i

are no longer radial when the load is considered distributed over an
area.

Now consider the case of an infinitely large slab continuous over
a rigid beam. By a consideration of the moment distribution con-
cept, it is evident that the moment in the slab over the beam due
to a single load on the slab to one side of the beam, is exactly one-
half of the fixed-edge moment for a load on the slab cantilevered
from a fixed support. From these considerations, and the previous
integrations, the following results are obtained:

As a point load approaches a line support the maximum moment

*H. M. Westergaard, "Computation of Stresses in Bridge Slabs Due to Wheel Loads,"
Public Roads, Vol. 11, No. 1, March 1930, p. 1-23, esp. p. 20-21.
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over the support is constant for all positions of the load away from
the support, namely

1 P
-- - = -0.159P (4)

2 7r

but changes abruptly to zero when the load passes over the support.
For a load distributed uniformly over a circular area of diameter

c, when the circular area is balanced directly over the support, with
a semicircle of load on each side, the maximum moment over the
support is

1 P
-- - = -0.080P. (5)

4 r

With the circle tangent to the support, the maximum moment
over the support is

3 P
- -- = -0.119P = -0.159P + 0.040P. (6)8 7r

When the center of the circular area is at a distance c from the
support, the maximum moment over the support is approximately

P
-0.46-- = -0.146P = -0.159P + 0.013P. (7)

The following procedure was used to obtain the curves in Fig. 3
from the tabulated influence values. The curve for a point load was
drawn first, the point close to C being located at a distance correspond-
ing to 0.159 P below the point corresponding to a load directly upon
beam C. There is an abrupt change in ordinate at C, of course. Then
points were located at distances c/2 and c away from the beam. In the
figure, c was taken as one-fifth of the spacing of the beams. At the
distances c/2 and c from the beam, ordinates of 0.040 P, and 0.013 P,
respectively, were drawn from the curve corresponding to a concen-
trated load to get the curve corresponding to a load distributed over a
circular area. The influence surfaces in Figs. B-6 to B-11 inclusive
were obtained by drawing curves for other points in a manner similar
to that described.

In general, maximum negative transverse moments over a beam
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are obtained for loads on the same transverse lines as the point where
the moment is computed. Maximum positive moments may be ob-
tained either with a load directly over the point where the influence
is desired, or for loads at a considerable distance away. The maximum
positive value for a load directly over the beam should be used with-
out reduction because the width of the flange of the beam is likely to
be as great as the diameter of the loaded area.

The negative transverse moments over a beam increase as the stiff-
ness of the beams increases, or as the deflections decrease. Conse-
quently, the negative moments are greater at the quarter-point of the
span than at mid-span.

9. Longitudinal Moments in Slab.-Influence surfaces for longi-
tudinal moment in the slab at the centers of exterior and interior
panels are shown in Figs. B-12 to B-16 inclusive. The surfaces are
characterized by a high peak at the point where the influence is com-
puted, with the surface having relatively small elevations elsewhere.
The major part of the maximum longitudinal moment is the quantity
Mo0 which is the moment in an infinitely long simply-supported panel.

The longitudinal moments are computed on the basis that the slab
and the beams act independently in resisting longitudinal flexure.
Consequently, if there is any interaction, or so-called T-beam action
of the beams with the slab, the moments are not correct. The local
effect of a concentrated load, however, should not be greatly reduced
by T-beam action.

For small values of H the longitudinal moments in the slab be-
come large, since the slab may account for a large part of the longi-
tudinal flexural resistance of the structure. However, such low values
of H are not of practical importance in the I-beam bridge.

Longitudinal moments in the slab over a beam are related to the
moments in the beam, since at corresponding points the slab and the
beam have the same curvature in the longitudinal direction. For a
point over a beam the following relation applies, when Poisson's ratio
is zero:

N Mb
M -- Mb =-- (8)

El aH

Consequently, maximum longitudinal moments in the slab over a
beam may be computed from the maximum beam moments, but the
slab moments are not likely to be important.
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FIG. 4. INFLUENCE LINES FOR MOMENT IN CENTER BEAM AT
MID-SPAN, LOAD ON CENTER LINE

10. Moments in Beams.-Influence surfaces for moments at mid-
span of exterior, intermediate, and center beams are shown in Figs.
B-17, B-18, and B-19 for a structure with H 5 and b/a ==0.1, and
Figs. B-20, B-21, and B-22 for a structure with H = 2 and b/a = 0.2.
These influence surfaces have no unusually sharp peaks or singulari-
ties of the type found in the influence surfaces for moments in the slab.
Maximum moments at the center line will be obtained for loads on
the center line. For groups of concentrated loads a maximum mo-
ment in a certain beam may be obtained without placing a load on
that beam.

The influence surfaces for edge beams have a much higher and
steeper peak than the influence surfaces for other beams. If a con-
centrated load can come over an edge beam the maximum moment
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will be larger than the maximum moment in an interior beam. How-
ever, for a group of concentrated loads the net effect may be larger
for an interior beam than for the edge beam.

The influence surfaces may also be interpreted as moment diagrams
due to a concentrated load at the center of the particular beam con-
sidered, in view of the reciprocal relation between loads and longi-
tudinal curvatures described in Bulletin 304.* The moments at
various points in the beams are given directly; the longitudinal
moments in the slab are 1/aH times the numerical quantities re-
corded. It can be noted that the moments on any cross-section of the
structure tend to become more nearly uniformly distributed across the
section when the section is removed further from the point of applica-
tion of the load.

Typical influence lines for moment at mid-span of the center beam
for different stiffnesses of the beams are shown in Fig. 4 for structures
with b/a- 0.1 and 0.2. The moment for a single concentrated load
varies considerably with H, and, even for the highest values of H
considered, the maximum moment differs considerably from the maxi-
mum for infinitely stiff beams. These influence lines may also be
interpreted as moment diagrams in the manner described previously.
It appears that the moments tend to become more uniformly dis-
tributed across the structure as the beams become less stiff.

From the interpretation of the influence lines as moment dia-
grams it appears that the various curves in Fig. 4 are related in the
following way. The total moment on the center cross-section is

1
- Pa, which is determinable by statics. The sum of the beam
4

moments in the five beams (that is, the ordinates at A, B, C, D,
and E) plus the total longitudinal moment in the slab, which is

1
-- times the area under a particular curve, must equal the static
aH

moment of -Pa. The total longitudinal moment in the slab is
4

relatively small, and can be approximated on the assumption that
it is related to the total static moment in the same way that the

*"A Distribution Procedure for the Analysis of Slabs Continuous Over Flexible Beams,"
Univ. of Ill. Eng. Exp. Sta., Bul. 304, 1938; Theorem III, p. 94.
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FIG. 5. MOMENT DIAGRAMS FOR BEAMS, LOAD AT MID-SPAN ON
CENTER BEAM, H = 5, b/a = 0.1

total stiffness of the slab is related to the total stiffness of the struc-
ture. The relation can be expressed as follows:

total longitudinal moment in slab 4bN

static moment 5EbIb + 4bN

1 (9)

5 aH
1+---

4 b

For example, with b/a = 0.1 and H = 2, Equation (9) gives the
result that the total longitudinal moment carried by the slab is only
about 3.8 per cent of the total static moment.

A clearer idea of the way an I-beam bridge acts is obtained by a
study of the moment diagrams for all the beams in a bridge with
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TABLE II

OUTLINE OF TABLES OF INFLUENCE COEFFICIENTS FOR DEFLECTION OF BEAMS

Ratio of Spacing of Beams to Relative Stiffness of Beams Table Numbers
Span of Bridge, b/a H (Appendix A)

0.1 0.5 97
1 98
2 99
5 100

10 and 20 101

0.2 1 102
2 103
4 104
10 105

0.3 1.5 106
3 107
6 108

15 109

b/a = 0.1 and H = 5, for a concentrated load at the center of the
center beam. The diagrams are shown in Fig. 5. The moments at
mid-span of the various beams are as follows:

Beams A and E.......... 0.022Pa
Beams B and D.......... 0.050Pa
Beam C................ 0.101Pa
Total Moment in Beams = 0.245Pa
Total Moment in Slab = 0.005Pa.

The longitudinal moment carried by the slab is negligible.
These moments may be accounted for by the approximation of

assigning some proportion of the load to each of the beams: namely,
to the outside beams ................. 8.8 per cent
to the intermediate beams ............ 20.0 per cent
to the center beam (loaded beam)...... 40.4 per cent.

But this interpretation is valid only for computing the moments at
mid-span. Actually the loads on the various beams differ materially.

The moment diagrams for all beams except the center beam are
approximately sine curves, and the loads are therefore approximately
sine curves, with the load applied downward. However, for the
center beam part of the moment diagram is concave upward which
means that there is a distributed upward load on the center beam,
as well as a concentrated downward load. The moment diagram for
beam C is made up, approximately, of the triangular moment dia-
gram for the concentrated load P and a negative sine curve of moment
with maximum ordinate of 0.149Pa. Consequently, the load on
beam C consists of the load P downward and a distributed upward
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load, more or less of a sine curve, with intensity approximately three
times the downward load on beam B. The maximum tension

P
tending to separate the beam and the slab is roughly 1.5--

a

For a pair of loads, P, at the centers of beams B and C the maxi-
mum tension between the slab and beam C is roughly P/a. For H-20
loading on a 60 ft. span, neglecting the effect of the front wheels, the
tension between the center beam and the slab is of the order of 270 lb.
per ft. due to the live loading. This is less than the pressure between
the beam and the slab due to the weight of the slab, but for shorter
spans the effect may be greater, and there may be an actual tendency
for the slab to separate from the beams.

The explanation of the effect is simple. A concentrated load ap-
plied to a beam produces a relatively smooth deflection curve, but the
same load applied to a slab produces a larger local deflection with
smaller effects away from the load than in the beam. A concentrated
load applied to a combined slab and beam tends to pull the slab
away from the beam at some distance from the load.

11. Deflections of Beams.-Influence coefficients for deflections of
the beams at mid-span and at quarter-point for loads at mid-span
and at quarter-points, are given in Tables 97 to 109 inclusive of
Appendix A, for 14 structures. An outline of the tables of influence
coefficients for deflection is given in Table II. The coefficients given
are such that actual deflections for concentrated loads are obtained
by multiplying the tabulated coefficients by the quantity Pa 3 /EbIb.

In order to evaluate the trend in the numerical coefficients, the fol-
lowing values are given for load on a single simply supported beam of
span a:

Deflection in TermsDeflection at Load at of P 3 n/E rm

Center quarter-point 0.01432
center 0.02083

Quarter-point quarter-point 0.01172
center 0.01432
%-point 0.00911

A study of the influence tables for deflection indicates that the
deflections of the beams due to a single concentrated load are much
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more nearly alike than the moments in the beams. The uniformity of
the deflection is better for low values of H.

12. Approximate Method for Effect of T-Beam Action.-Although
the effect of T-beam action cannot be determined by the method of
analysis used herein, the principal effect of such action can be ap-
proximated. It is assumed that a full panel width of the slab acts
with the beam as a T-beam, either due to the bond between the con-
crete and the steel beam or due to shear connectors of one kind or
another. The value of EbIb is computed for the transformed section of
the T-beam, and H is determined in the usual way from the formula

H = EbI/aN.

Then the structure is analyzed as if the supporting beams actually
had the value of H computed.

The transverse moments in the slab are assumed to be resisted by
the slab, as if no T-beam action existed. The moments in the beams
are assumed to be resisted by the T-beam section. This assumption
leads to longitudinal stresses in the concrete, which are generally
fairly small. Local longitudinal flexure of the slab is assumed to take
place in the usual way for loads at the centers of panels. Further than
this, the writers are not at present prepared to go.

III. MOMENTS IN I-BEAM BRIDGES FOR STANDARD TRUCK LOADS

13. Description of Bridges Analyzed.-Live load moments in slab
and beams for standard truck loads were computed for over 50 struc-
tures of various dimensions from the influence coefficients given in
Appendix A. The structures analyzed have widths of roadway of 20,
24, 28, and 32 ft., corresponding to beam spacings of 5, 6, 7, and 8 ft.,
respectively. For the narrower roadways the possibility of loads com-
ing over the edge beams was taken into account. For all spacings,
values of b/a of 0.1, 0.2, and 0.3 were considered, giving spans of 80,
70, 60, 50, 40, 35, 30, 25, 263, 23%, 20, and 16% ft. The values of H
considered were 2, 5, 10, 20, and infinity for b/a = 0.1; 1, 2, 4, 10, and
infinity for b/a = 0.2; 1.5, 3, and infinity for b/a = 0.3. The low
values of H are generally below the values for which practical designs
can be made. Some of the structures analyzed represent extreme
conditions, but were investigated to determine trends in the moment
coefficients beyond the range of practical applications.
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All the bridges are simply supported at the ends, the slab as well as
the beams being supported at the abutments. The beams in each bridge
are assumed to have the same stiffness. The influence of interior dia-
phragms between beams is neglected. The edge beams are assumed
to be at the edge of the slab, and the effects of curbs, sidewalks, and
handrail are also neglected. The calculations are applicable to struc-
tures with T-beam action, providing a proper interpretation is made
of the results.

For each structure, moments were computed at mid-span and at
quarter-point in the slab, but only the maximum moments are re-
ported here. Moment coefficients were determined separately for rear
wheel loads and for front wheel loads of standard trucks placed in
the position producing maximum moments.

14. Standard Truck Loading.-The standard truck loading for
which moments are given is that specified as the H truck loading in
"Standard Specifications for Highway Bridges," The American Asso-
ciation of State Highway Officials, Third Edition, 1941. The standard
H truck has the wheels of each axle spaced 6 ft. apart, with front and
rear axles spaced 14 ft. apart. Each of the rear wheels carries a
weight which is four-tenths of the total weight of the truck, and each
of the front wheels carries a weight of one-tenth the total weight of the
truck or one-fourth the rear wheel weight. The weight of the truck
in tons is designated by a numeral following H, as H-20. The rear
wheel load P, in terms of which the maximum moment coefficients are
stated, is the weight on a rear wheel increased by a certain proportion,
the impact factor, given by the relation

50 ft.
L + 125 ft. with a maximum of 0.30,

where L is the length of the beams (for computing maximum moment
in the beams) or the spacing of the beams (for computing maximum
moment in the slab). The specified maximum value of 0.30 applies for
values of L less than 41 ft. 8 in. That is, the impact factor for slab
moments is always 0.30. The front wheel load is always taken as P/4.

Each truck is considered to occupy the central part of a 10 ft.
traffic lane. Therefore, the distance between the center of a wheel and
the face of a curb is taken as a minimum of 2 ft.; and the distance
between the centers of the nearest wheels of trucks in adjacent lanes
is taken as a minimum of 4 ft. For the purposes of spacing of the
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TABLE III
MAXIMUM TRANSVERSE MOMENTS AT CENTER OF PANEL OF SLAB

DUE TO TRUCK LOADING

Moments are given in terms of a coefficient to be multiplied by the rear wheel load, P, for standard
truck loadings according to 1941 A. A. S. H. 0. specifications. The relative magnitude of the front
wheel load, P/4, is taken into account in the coefficients. An asterisk (*) indicates that a wheel is
less than 2 ft. from an edge beam. Two lanes of loading are considered with trucks heading in either
direction in each lane.

Positive Moment

Moment Coefficient
in Terms of P

Spacing
of Beams

b
ft.

Span of
Bridge

a
ft.

Negative Moment

Relative
Stiffness
of Beams

H

2
5

10
20

infinity

2
5

10
20

infinity

2
5

10
20

infinity

2
5

10
20

infinity

1
2
4

10
infinity

1
2
4

10
infinity

1
2
4

10
infinity

1
2
4

10
infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

Moment Coefficient
in Terms of P

Maxi-
mum at

Mid-
span

at

BC
BC
BC
BC
AB

BC
BC
BC
AB
AB

BC
BC
BC
AB
AB

BC
BC

AB
AB

BC
BC
BC
AB
AB

BC
BC
BC
AB
AB

BC
BC
AB
AB
AB

BC
BC
AB
AB
AB

AB
AB
AB

AB
AB
AB

AB
AB
AB

AB
AB
AB

Rear
Wheels

Mo, +
0.088
0.061
0.031
0.000

-0.034

0.060
0.037
0.007

-0.014
-0.040

0.035
0.017
0.001

-0.016
-0.041

0.025
0.011

-0.004
-0.017
-0.036*

0.062
0.041
0.017

-0.007
-0.034

0.041
0.021
0.002

-0.014
-0.040

0.019
0.006

-0.007
-0.018
-0.041

0.011
-0.001
-0.011
-0.019
-0.036*

0.000
-0.007
-0.034

-0.006
-0.011
-0.040

-0.012
-0.016
-0.041

-0.017
-0.020
-0.036*

tCoefficients designated thus are for quarter-point of span; coefficients in parentheses are com-
puted for mid-span only.

Front
Wheels

0.029
0.023

0.023
0.019

0.014
0.012

0.011
0.009

0.000

0.012
0.012
0.004
0.002

-0.002

0.010
0.008
0.002
0.001

-0.001

0.001
0.001
0.001
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

Maxi-
mum at

Mid-
spant

at

BC
BC
BC
BC
BC

BC
BC
BC
BC
BC
BC
BC
BC
BC
BC

BC
BC
BC
BC
BC

BC
BC
BC
BC
BC

BC
BC
BC
BC
BC

BC
BC
BC
BC
BC

BC
BC
BC
BC
BC

BC
BC
BC

BC
BC
BC

BC
BC
BC

BC
BC
BC

80

70

60

50

40

35

30

25

26%

23½i

20

16%

Rear
Wheels

-0.039
-0.035t

(-0.027)
(-0.024)

-0.059

-0.041t
-0.038t

(-0.032)
(-0.033)

-0.062

-0.062*
-0.049*

(-0.046)*
(-0.045)*

-0.063

-0.057*t
-0.052*

(-0.054)*
(-0.044)*
-0.062*

-0.045
-0.038
-0.036
-0.048
-0.059

-0.041
-0.039
-0.041
-0.051
-0.062

-0.065*
-0.048*
-0.046*
-0.054
-0.063

-0.061*
-0.059*
-0.054*
-0.053*
-0.062*

-0.045
-0.051
-0.059

-0.049
-0.055
-0.062

-0.057
-0.056
-0.063

-0.059*
-0.056*
-0.062*

Front
Wheels

-0.006
-0.005

-0.010

-0.004
-0.004

-0.008

-0.006
-0.008

-0.002

-0.006
-0.003

-0.001

-0.005
-0.004
-0.003
-0.003

0.000

-0.002
-0.002
-0.002
-0.002

0.000

-0.001
-0.001
-0.002
-0.001

0.000

-0.001
-0.001
-0.001
-0.001

0.000

-0.002
-0.005

0.000

-0.002
-0.004

0.000

-0.001
-0.001

0.000

0.000
0.000
0.000
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loads the face of the curb has been considered to be over the edge
beam, but supplementary calculations have also been made with the
face of the curb 2 ft. outside of the edge beam for beam spacings of
5 and 6 ft.

One or two lanes of loading only, depending on which gives maxi-
mum moments, are considered in the calculations. Only one truck in
each lane is considered, but each truck is assumed to be traveling in
the direction which produces maximum effects. This takes account of
the possibility of one truck passing another truck in the adjacent lane.
The uniform lane loads described in the specifications have not been
considered, nor have truck train loadings been considered.

The specifications consider another type of truck loading, the H-S
truck, which is the same as a standard H truck with an extra pair of
heavy wheels 14 ft. from the first pair. The maximum moment co-
efficients given herein can be applied approximately to the H-S load-
ings by adding to the moment coefficients three to four times the front
wheel effects to take account of the added heavy pair of wheels.

The rear wheel load is assumed to be distributed uniformly over a
circular area of diameter c where c is taken as 15 in. for H-15 and
H-20 loadings.

15. Maximum Transverse Moments in Slab at Center of Panel.-
Maximum positive and negative transverse moments at the center of a
panel of the slab, due to standard truck loads, are given in Table III.
The moments due to front wheel loads are listed separately from those
due to rear wheel loads. The numerical values may be in error by
several units in the last decimal place recorded.

As an indication of the way in which trucks are placed to produce
maximum moments, the following data are given for a structure with
b/a = 0.1 and H = 5. The maximum positive moment is at BC, and
for beam spacings of 5 ft. and 6 ft., only one truck is on the bridge,
with one rear wheel at mid-span of BC, the other rear wheel on the
other side of C. For beam spacings of 7 ft. and 8 ft., two trucks are
on the bridge; one truck with one rear wheel at mid-span of BC, the
other rear wheel on the other side of B; and the second truck in an
adjacent lane with the rear wheels at about the third point of the span.
The maximum negative moment is at the quarter-point on line BC.
When wheels are not less than 2 ft. from the edge beam, one truck
straddles beam B at about the one-sixth point of the span, with a
wheel in or fairly close to the bowl-shaped depression in the influence
surface. The other truck is close to beam E near the quarter- or
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FIG. 6. MAXIMUM POSITIVE TRANSVERSE MOMENTS AT CENTER OF PANEL OF

SLAB DUE TO REAR WHEELS OF STANDARD TRUCKS

third-point of the span. For the 5 and 6 ft. beam spacings, somewhat
greater negative moments are obtained with wheels closer to the edge
beams. The largest moments are reported in Table III for all cases.

The maximum positive moment coefficients for rear wheel loads
should depend in some measure on the relative deflections of the
beams. Since the deflection of a beam loaded with a given total

a
3

load depends on the quantity -- , or, what amounts to the same
Eblb

thing, upon a2/H for a given slab, the coefficients were plotted
against values of a2/H to determine whether a functional relation
existed. A fairly well-defined trend was observed which indicated
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that a linear relation with the quantity a/V- H could be expected.
Therefore, in Fig. 6 are plotted values of the moment coefficient as

a
ordinates against values of as abscissas. The straight

10 ft. V H

line shown in Fig. 6 appears to represent the data reasonably well,
and is on the safe side for most practical cases. Hence, the following
empirical relation is proposed for the maximum positive transverse
moment in the slab due to rear wheels of standard trucks:

Mt a
S(for rear wheels only) = Mot - 0.040 + 0.024 afV . (10)

P 10 ft. H

The value of Mot is obtained from Equation (1), namely,

1.16
MOt =-- 3 + 10 c/b

The additional moment due to the front wheels of the truck
loading is given to a good degree of approximation by the relation

Mt a - 28 ft.
S(for front wheels only) = 0.010 - ft . (11)

P 10 ft. \H

Equation (11) is applicable only to spans greater than 28 ft. In
Equation (11) account is taken of the fact that the front wheel
loads are one-fourth of the rear wheel loads.

Then, for standard H truck loads, the maximum positive trans-
verse moment at centers of panels of the slab is as follows:

S 1.16
M = P -- - 0.040

L 3 + 10 c/b
a a - 28 ft.

+ 0.024 -ft. - + 0.010 1 ft. H (12)
10 ft. Vg 10 ft. / H-

where the last term is to be dropped for spans less than 28 ft.
The maximum positive moment at the quarter-point of the span

differs very little from that at mid-span. A rough measure of the
moment at the quarter-point is obtained by use of Equation (12)
with a fictitious value of H twice the actual value.
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TABLE IV
MAXIMUM TRANSVERSE MOMENTS IN SLAB OVER A BEAM DUE TO

TRUCK LOADING

Moments are given in terms of a coefficient to be multiplied by the rear wheel load, P, for standard
truck loadings according to 1941 A. A. S. H. 0. specifications. The relative magnitude of the front
wheel load, P/4, is taken into account in the coefficients. An asterisk (*) indicates that a wheel is
less than 2 ft. from an edge beam. Two lanes of loading are considered with trucks heading in either
direction in each lane.

Span of
Bridge

a
ft.

80

70

60

50

40

35

30

25

26%

23M

20

16%

Spacing
of Beams

b
ft.

Relative
Stiffness
of Beams

H

2
5

10
20

infinity

2
5

10
20

infinity

2
5

10
20

infinity

2
5

10
20

infinity

1
2
4

10
infinity

1
2
4

10
infinity

1
2
4

10
infinity

1
2
4

10
infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

mid-span only, for rear wheels only.

Moment Coefficient in Terms of P

Positive

Maximum
at Mid-
span at

All
Wheels

0.180
0.169

(0.124)
(0.091)
0.026

0.161
0.140

(0.100)
(0.072)
0.011

0.133
0.105

(0.070)
(0.056)
0.010

0.122
0.102

(0.073)
(0.057)
0.012

0.175
0.135
0.104
0.064
0.026

0.156
0.114
0.092
0.053
0.011

0.139
0.108
0.080
0.050
0.010

0.135
0.107
0.081
0.053
0.012

0.102
0.061
0.026

0.102
0.067
0.011

0.104
0.072
0.010

0.105
0.076
0.012

Negative

Positive
All
heels

Maxin
at Y-

at

B
B
B
B
B

B
B
B
B
C

B
C
B
C
C

B
C
C
C
C

B
B
B
C
B

B
B
B
C
C

C
B
C
C
C

C
C
C
C
C

B, 4
B
B

B, I
B,

C

C
C
C

C
C
C

tCoefficients designated thus are for mid-span; coefficients in parent
-------· mi-pnony o ra hel ny--- L~ ~

0.134
0.164
0. 179)t
0.188)t
0.267

0.137
0.162
0.174)t
0.178)t
0.244

0.142*
0.160
0.169)*t
0.170)f
0.222

0.138't
0.162
0.154)t
3.170)t
0.198

0.130
0.160
0.192
0.230
0.267

0.130
0.154
0.182
0.219
0.244

0.136*t
0.148
0.175
0.206
0.222

0.134"j
0.146
0.168
0.190
0.198

0.164
0.196
0.267

0.160
0.186
0.244

0.154
0.178
0.222

0.146
0.168
0.198
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The maximum negative moment at the center of a panel of the
slab varies rather erratically, but does not become appreciably
larger than -0.065P for any case of loading considered. If no wheel
is less than 2 ft. from an edge beam, a somewhat better approxima-
tion for the effect of all wheels, reasonably on the safe side, is as
follows:

a
Mt = -0.065P + 0.004- P. (13)

10ft.V H

For wheels over edge beams, the last term in Equation (13) should
be dropped.

Only maximum moments are considered here, but the moments in
the various panels of the bridges analyzed do not differ enough to
warrant special treatment for interior and exterior panels.

16. Maximum Transverse Moments in Slab Over a Beam.-Maxi-
mum positive and negative transverse moments in the slab over a
beam, due to standard truck loads, are given in Table IV. The co-
efficients are given for the effect of all wheels. The numerical values
may be in error by as much as one unit in the second decimal place,
because of difficulty in determining the exact positions of the trucks
to give maximum moments.

The maximum negative moments are at the quarter-point of the
span, but the negative moments at mid-span are not very much less
than those at the quarter-point. The moments over the various beams
do not differ greatly either. The maximum negative moments are
generally obtained with the rear wheels of a truck or of two trucks
on the quarter-line. The contributions from the front wheels are
generally small, and are usually such as to reduce the negative moment
due to the rear wheels.

The following empirical relation summarizes fairly well the maxi-
mum negative transverse moments over a beam:

( 0.110
M= -P 0.240 - --- . (14)

The maximum positive transverse moments in the slab over a beam
are found at mid-span, but do not differ greatly for the various beams.
The moments at the quarter-point may be from 10 to 20 per cent less
than those at mid-span. The moments due to the front wheels may
be as much as one-fifth the total moment for the longer span struc-
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TABLE V

MAXIMUM LONGITUDINAL MOMENTS AT CENTER OF PANEL OF SLAB
DUE TO TRUCK LOADING

Moments are given in terms of a coefficient to be multiplied by the rear wheel load, P, for standard
truck loadings according to 1941 A. A. S. H. 0. specifications. The relative magnitude of the front
wheel load, P/4, is taken into account in the coefficients. An asterisk (*) indicates that a wheel is
less than 2 ft. from an edge beam. Two lanes of loading are considered with trucks heading in either
direction in each lane.

Moment Coefficient in Terms of P

Rear Wheels

Mi+
0.099
0.032
0.007

-0.002
-0.014,

0.090
0.027
0.005

-0.003
-0.016

0.081
0.025
0.004

-0.005
-0,016

0.076*
0.020*
0.002*

-0.007*
-0.013

0.199
0.108
n n48

Front Wheels

0.020
0.011

0.002

0.018
0.008

0.001

0.015
0.006

0.001

0.013
0.005

0.000

0.017
0.011
n nn0

Span of
Bridge

a
ft.

80

70

60

50

40

35

30

25

2635

2311

20

16h

Spacing
of Beams

b
ft.

8

7

6

5

8

7

6

5

8

7

6

5

Relative
Stiffness

of Beams
H

2
5

10
20

infinity

2
5
10
20

infinity

2
5

10
20

infinity

2
5

10
20

infinity

1
2
4
10

infinity

1
2
4
10

infinity

1
2
4

10
infinity

1
2
4
10

infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

1.5
3

infinity

Maximum
Moment at
Mid-span

at

AB
AB
AB
AB
AB

AB
AB
AB
AB
AB

AB
AB
AB
AB
AB

BC
BC
AB
AB
AB

BC
BC
BC
BC
AB

BC
BC
BC
AB
AB

BC
BC
BC
AB
AB

BC
BC
BC
AB
AB

BC
BC
AB

BC
BC
AB

BC
BC
AB

BC
BC
AB

0.186
0.098
0.043
0.002

-0.016

0.170
0.087
0.035
0.001

-0.016

0.152*
0.073*
0.027*
0.001

-0.013

0.142
0.072

-0.014

0.128
0.062

-0.016

0.113
0.054

-0.016

0.095*
0.041*

-0.013

0.011
0.007
0.005
0.002
0.001

0.004
0.002
0.002
0.001
0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.007 0.005
-0.014 0.001



MOMENTS IN I-BEAM BRIDGES

tures. The maximum moments may be obtained with a truck having
a rear wheel load at mid-span over the point considered, or alterna-
tively, for trucks at other points on the span in the bulb-shaped region
of the influence surface, or with combinations of one truck at mid-span,
and the other near the third-point of the span.

The following empirical relation may be used as a reasonable ap-
proximation for the maximum positive transverse moments over a
beam:

S0.150 a - 30 ft.
Mt = P {H-- + . (15)

\ H/ 3  1000 ft. /

17. Maximum Longitudinal Moments in Slab.-Maximum longi-
tudinal moments at the center of a panel of the slab are given in
Table V for front and rear wheels of standard truck loadings. The
numerical values may be in error by several units in the last decimal
place recorded. It is practically impossible to load the structures so
as to obtain negative longitudinal moments; consequently no negative
values are reported. The longitudinal moments do not differ materially
between inner and outer panels of the structure. However, the maxi-
mum moment is at mid-span of the structure, and is generally obtained
with two trucks having rear wheels at the center line of the bridge.

The following empirical relation is proposed for the maximum
longitudinal moment at the centers of panels of the slab, due to the
rear wheels only of standard trucks:

b
0.070 -

MI 50 ft.
S(for rear wheels only) = M01 - 0.015 + .(16)

P H

The value of Mo. is obtained from Equations (1) and (2), namely,

1.16
Ma1 = - - 0.080.

3 + 10 c/b

The additional moment due to the front wheels of the truck
loading is given to a good degree of approximation by the relation

b
0.070 +

M, 28 ft. 50 ft.
-- (for front wheels only) = 0.3 1 - - ) . (17)
P (17) is applicable only to spans greater than 28 ft.

Equation (17) is applicable only to spans greater than 28 ft.
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TABLE VI
MAXIMUM MOMENTS AT MID-SPAN OF BEAMS DUE TO TRUCK LOADING

Moments are given in terms of a coefficient to be multiplied by the product of the rear wheel
load P and the span a, for standard truck loadings according to 1941 A. A. S. H. 0. specifications.
The relative magnitude of the front wheel load, P/4, is taken into account in the coefficients. An
asterisk (*) indicates that a wheel is less than 2 ft. from an edge beam. Two lanes of loading are
considered with trucks heading in either direction in each lane.

Moment Coefficient in Terms of Pa

Rear Wheels

0.278
0.307
0.327
0.354
0.452

0.254
0.277
0.297
0.331
0.381

0.226
0.267*
0.252
0.278*
0.263
0.283*
0.301
0.315

0.212
0.238*
0.228
0.246*
0.230
0.245*
0.259
0.283

0.258
0.296
0.328
0.372
0.444

Then, for standard H truck loads the maximum
moment at centers of panels of the slab is as follows:

Spacing
of Beams

b
ft.

8

7

6

5

[ 1.16 (007 b 1
M = P - 0.095 + 0.070+ 50ft. )

3 + 10 c/b 50 ft. H

( 28 ft. / b \ 1
+0.3 1- (0.070 +- (18)

a \ 50 ft./ H

where the last term is to be dropped for spans less than 28 ft.
The maximum longitudinal moment in the slab at the quarter-line

is generally from 75 to 80 per cent of the maximum longitudinal
moment at mid-span.

Span of
Bridge

ft.

80

70

60

50

40

Relative
Stiffness

of Beams
H

2
5

10
20

infinity

2
5

10
20

infinity

2

5

10

20
infinity

2

5

10

20
infinity

1
2
4

10
infinity

Maximum
Moment
in Beam

B
B
B
C
B

B
B
B
C
C

C
A
C
A
C
B
C
C

C
A
C
A
C
A
C
C

B
B
B
B
B

Front Wheels

0.040
0.045

0.078

0.035
0.039

0.059

0.027
0.037
0.031
0.039

0.046

0.022
0.027
0.024
0.028

0.031

0.017
0.020
0.023
0.027
0.029

longitudinal

------~
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TABLE VI-(CONCLUDED)

MAXIMUM MOMENTS AT MID-SPAN OF BEAMS DUE TO TRUCK LOADING

Spacing
of Beams

b
ft.

Relative
Stiffness

of Beams
H

Span of
Bridge

a
ft.

35

30

25

26%

2311

20

Maximum
Moment
in Beam

B
B,C

C
C
B

C
A
C
B
C
B
C
C

C
A
C
A
C
C
C

B
C
B

C
C

B, C

C
B
C
C

C
A
C
C
C

Moment Coefficient in Terms of Pa

Rear Wheels Front Wheels

0.234 0.011
0.267 0.013
0.306 0.015
0.337 0.015
0.371 0.016

0.214 0.003
0.238* 0.004
0.243 0.004
0.258* 0.004
0.275 0.005
0.277* 0.005
0.303 0.005
0.313 0.006

0.190 0.000
0.214* 0.000
0.214 0.000
0.229* 0.000
0.239 0.000
0.258 0.000
0.280 0.000

0.286 0.000
0.328 0.000
0.438 0.000

0.255 0.000
0.306 0.000
0.363 0.000

0.235 0.000
0.242* 0.000
0.269 0.000
0.310 0.000

0.200 0.000
0.215* 0.000
0.230 0.000
0.233* 0.000
0.275 0.000

18. Maximum Moments in Beams.- -Maximum moments at mid-
span of the beams due to standard truck loads are given in Table VI.
The moments due to front and rear wheel loads are listed separately.
Coefficients are given only for the beam having the greatest moment in
a particular structure. Generally, the maximum moments in the in-
terior beams do not differ markedly. In all cases, coefficients are given
for load positions with no wheel less than 2 ft. from an edge beam.
Where a greater moment is obtained with a wheel less than 2 ft. from
an edge beam, the larger moment is also tabulated. The moment
coefficients may be in error by several units in the last decimal place
recorded.

The greatest beam moments are probably obtained at the section
where the total moment in the bridge is greatest, but only moments at

7 1
2
4
10

infinity

6 1

2

4

10
infinity

5 1

2

4
10

infinity

8 1.5
3

infinity

7 1.5
3

infinity

6 1.5

3
infinity

5 1.5

3

infinity

It.
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FIa. 7. EFFECTIVE PROPORTION OF WHEEL LOAD TO BE USED IN COMPUTING
MAXIMUM MOMENTS AT MID-SPAN OF INTERIOR BEAMS

DUE TO REAR WHEELS OF STANDARD TRUCKS

mid-span were computed. The difference between the moment at mid-
span and the greatest moment is negligible, as can be seen by a study
of the total moments at the corresponding points, as follows: For
spans of less than 26.5 ft. the maximum moment in the bridge occurs
at mid-span, for only rear wheels on the bridge. For spans greater
than 26.5 ft., the maximum moment in the bridge occurs at a point

0
"'
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1.4 ft. from the center of the bridge. The maximum moment at this
point differs from the maximum moment at the center of the bridge
by amounts, in terms of the center moment, varying from zero at 26.5
ft. to a maximum of 1.24 per cent at 28 ft., and then decreasing with
the span to values of 1.06 per cent at 30 ft., 0.56 per cent at 40 ft.,
0.24 per cent at 60 ft., and 0.14 per cent at 80 ft.

The maximum moments in the beams can be most conveniently
stated in terms of an effective proportion, k, of a single rear wheel load
which, acting alone on a beam, would produce the same moment.
That is,

1
Mb (for rear wheels only) = - kPa. (19)

4

Since there are 4 wheel loads on the bridge and 5 beams, the value
of k should not be less than 0.8, which corresponds to an equal
division of moment between the beams, neglecting the moment
carried by the slab.

However, the moments will generally not be equally apportioned
between the beams. It is expedient to express k in the following
way:

b b
k = - 1 - - (20)

s \ aH )

where s is some length which depends on the characteristics of the
b

structure. The quantity 1 - - in Equation (20) takes ac-( aH

count approximately of the part of the total moment carried by a
panel of the slab. If the longitudinal flexural resistance of the slab
is to be neglected the term is to be dropped from Equation (20).

In Fig. 7 are plotted values of s, computed from the actual
moments given in Table VI for loads not less than 2 ft. from an

a
edge beam, against values of . The points lie in a

10 ft. \/ H

fairly well-defined band. A reasonably safe value of s appears to
be given by the following empirical relation:

a
s = 4.40 ft. + 0.42

u10 /
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When loads may approach an edge beam, a similar relation can
be derived, which is valid for values of b of 6 ft. or less:

a
s = 4.40 ft. + 0.21 (22)

10 V H

The effect of the front wheel loads can be stated in much the
same fashion, in terms of the total moment at the center of the
bridge due to 4 front wheels at a distance of 14 ft. from the center;

1
Mb (for front wheels only) = -- kP (a - 28 ft.) (23)

16

where the value of k is the same as for the rear wheels, with a mini-
mum value of 0.8. Equation (23) is applicable only to spans greater
than 28 ft.

To summarize, for standard truck loading, the maximum moment
in the beams is obtained by the following relation:

Mb = k -Pa + -P (a - 28 ft.) (24)
14 16 1

where the last term is to be dropped for spans less than 28 ft., and
where k is given by the following equation:

b (1 b)

ak = , (25)

4.40 ft. + 0.42
10 / H

for loads not less than 2 ft. from an edge beam; and by Equation (26),

b (1- b )
k= , (26)

a
4.40 ft. + 0.21

10 H
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for loads over or approaching an edge beam when b is 6 ft. or less.
In either case, k is not to be taken as less than 0.8 for a 5-beam
bridge, or in general, not less than the number of rear wheels on the
bridge divided by the number of beams.

IV. DEAD LOAD MOMENTS IN I-BEAM BRIDGES

19. Effects to Be Considered.-The dead load moments in I-beam
bridges are dependent upon the manner in which the bridge is con-
structed. For example, consider the most common type of construc-
tion, a bridge having steel beams with a concrete slab resting on the
beams. The beams are erected first and carry their own weight. Then
the form-work for the slab is placed on the beams, which puts an ad-
ditional temporary load on each beam. The slab is cast, adding to the
load carried by the beams, since each beam carries the part of the
weight of the slab transferred to it by the forms. The edge beams
may have less load than interior beams at this stage of construction
since the curb, handrail, and sidewalks may not be constructed until
later. All of the longitudinal flexure due to the weight of the concrete
must be carried by the beams. When the concrete has hardened and
the forms are removed, the structure acts as an I-beam bridge. A load
applied to or removed from any one beam affects the whole structure.
This means that removal of the form-work may produce stresses some-
what different from those put in the beams when the forms were built.
Furthermore, when the forms are removed the concrete slab acts to
carry its own weight in the transverse direction, as a beam continuous
over several supports. If deflections of the beams are temporarily
prevented, the action of the concrete slab is to change the loads on
the beams due to the weight of the concrete. The load on the outside
and center beams is reduced, that on the intermediate beams is in-
creased. The change in load on the beams causes relative deflections of
the beams in the bridge, and changes in moments in the structure, both
in the beams and in the slab. The effect may be large. Finally, the
construction of any edge details such as a curb or handrail puts a
load on the outside beams, and produces stresses throughout the
structure.

If T-beam action is considered, it should be remembered that the
stresses in the beams have a different distribution for moments applied
before the concrete has set and for moments applied afterward when
T-beam action can take place. This is of considerable importance
when the beams are shored during the construction of the slab.

For a structure with concrete beams and slab the action is different
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since the whole weight of the structure is carried by the form-work
until the structure is capable of acting as a unit. In such a case, the
loads on the structure may be considered to be line loads on the beams
due to the weight of the beams, curbs, and other edge details, and a
uniform load on the slab due to the weight of the slab.

The influence tables given in Appendix A make it possible to com-
pute moments in I-beam bridges due to line loads and uniform loads.
The following procedure is recommended:

For a uniform line load on any beam the influence may be computed
from the area under the influence diagram drawn for that beam. How-
ever, it is accurate enough for practical purposes to divide the line
load up into arbitrary concentrations acting at the twelfth, sixth, or
quarter points, along the span, depending on the data given in the in-
fluence tables, and to take the sum of the effects of the individual
concentrations as the effect of the line load.

For a uniform load on the slab the best procedure is to compute
the line reactions on the beams assuming temporarily no deflections
of the beams. The slab may be considered as a wide beam spanning
in the transverse direction, continuous over several supports. The line
reactions on the beams are then applied to the composite structure
by the method described in the preceding paragraph. The moments
in the beams are obtained from the line loads alone; the moments in
the slab are the sums of the moments due to the action of the slab
as a wide transverse beam, and the moments due to the effect of the
line loads on the beams.

The following approximate relation permits some simplification in
dealing with line loads and distributed loads: It is assumed that uni-
form line loads of equal magnitude on all beams produce only negli-
gible stresses in the structure except in the beams, and the beam
stresses are equal and may be computed as if each beam carries its
own line load independently.

The moments at the centers of panels and over the beams, in a slab
carrying a uniform load per unit of area, w, and continuous over 5 rigid
supports spaced at a distance b apart, are as follows:

Point A and E AB and DE B and D BC and CD C

Moment in Slab 0 0.071wb2 -0.107wb 2 0.036wb2 -0.071wb 2
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The reactions per unit of length on the supports for the loading con-
sidered are as follows, where a positive sign indicates a downward force
on the support:

Support A and E B and D C

Simple Beam Reaction - wb wb wb
2

3 4 2
Change in Reaction Due to Continuity -- wb wb -2-wb

28 28 28

The changes in reaction on the supports due to continuity of the
slab are the quantities that need to be taken into account in estimating
the effect of removing the form-work from the I-beam bridge with steel
beams and concrete slab.

20. Moments in Beams.-The dead load moments in the beams
may be estimated reasonably well by dividing the total dead load mo-
ment at the center of the bridge equally among the beams. In general,
this amounts to the same thing as considering each beam to carry its
own weight and the weight of one panel of the slab. The added weight
of the curbs, sidewalk, and handrails will more or less make up for the
fact that only a half panel of the slab is carried by an edge beam.

If the beams are rigid the effect of the changes in the reactions due
to the weight of the slab, when the form-work is removed, is to in-
crease the moment in the intermediate beams by an amount of one-
seventh the moment due to the weight of one panel of the slab; but
for ordinary stiffnesses of the beams the increase is much less. For
example, the changes in the moments in the beams for a structure
with b/a = 0.1 and H = 5, in terms of the moment wba2/8 due to the
weight of one panel of the slab, are as follows: at A, a decrease of 1.9
per cent; at B, an increase of 1.0 per cent; and at C, an increase of
2.1 per cent.

Corresponding changes for a structure with b/a = 0.2 and H = 2
are: at A, a decrease of 3.4 per cent; at B, an increase of 1.9 per cent;
and at C, an increase of 2.5 per cent.

The following empirical equations represent fairly well the relative
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changes in moments in the beams due to the changed reactions caused
by removal of the form-work, in terms of the moment wba 2/8:

0.107H
beam A,

a
2

-- + H
5b2

0.143H
beam B, 3

3a2

-+H
5b2

0.214H 0.286H
beam C, 2 3

a2  3a2

-- + H -- + H
5b2 5b2

(27)

The equations give correct values for H = 0, and for H = infinity,
and agree reasonably well with moments computed for the structures
for which influence tables are available. However, for ordinary values
of H, it does not appear necessary to consider the changes in moment.

21. Moments in Slab.-The only dead load moments of any
importance in the slab are the transverse moments. These are subject
to a great deal of uncertainty, but fortunately the moments are small
compared with the maximum live load moments. An indication of the
possible variations in dead load moments in the slab is shown in
Table VII, which gives, for several structures, the transverse moments
in the slab, at mid-span and at quarter-point, for the following cases
of loading:

(1) A uniform load per unit of area, w, corresponding to the dead
load of the slab, taking into account the effect of the weight of the
slab due to removing the form-work.

(2) A uniform load per unit of area, wl, corresponding to a load
applied over the entire slab to the completed composite structure. Such
a load might be produced by additional paving material placed on the
completed structure.

(3) A uniform line load per unit of length, q, applied to the edge
beams on both sides of the bridge. Such a load might correspond to
the weight of the curbs, handrails, and sidewalk placed on the structure
after the concrete slab is hardened.

It is difficult to draw any general conclusions regarding the mag-
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TABLE VII

TRANSVERSE MOMENTS IN SLAB DUE TO SEVERAL TYPES OF DEAD LOAD

(1) The load w is a uniform load per unit of area corresponding to the dead load of the slab,
taking into account the effect of the weight of the slab due to removing the form-work.

(2) The load wi is a uniform load per unit of area applied to the entire slab on the composite
structure.

(3) The load q is a line load per unit of length applied to the edge beams, A and E, only.

Moments at Mid-Span Moments at Quarter-Point

b/a H

AB B BC C AB B BC C

(1) Moments Due to w, in Terms of wb
2

0.1 2 0.117 -0.013 0.107 -0.021 0.109 -0.030 0.087 -0.044
5 0.113 -0.022 0.094 -0.039 0.103 -0.039 0.077 -0.055

20 0.102 -0.044 0.064 -0.076
0.2 2 0.097 -0.050 0.058 -0.07S 0.090 -0.064 0.051 -0.079

10 0.089 -0.069 0.042 -0.096 0.083 -0.080 0.040 -0.089
0.3 1.5 0.088 -0.066 0.044 -0.090 0.083 -0.076 0.041 -0.086
all inf. 0.071 -0.107 0.036 -0.071 0.071 -0.107 0.036 -0.071

(2) Moments Due to wi, in Terms of wib
2

0.1 2 0.240 0.236 0.396 0.305 0.203 0.159 0.295 0.191
5 0.217 0.189 0.329 0.227 0.181 0.118 0.245 0.134

20 0.164 0.081 0.188 0.053
0.2 2 0.150 0.055 0.160 0.037 0.129 0.013 0.122 -0.002

10 0.114 -0.017 0.078 -0.067 0.100 -0.043 0.065 -0.070
0.3 1.5 0.117 -0.006 0.089 -0.044 0.104 -0.033 0.073 -0.055
all inf. 0.071 -0.107 0.036 -0.071 0.071 -0.107 0.036 -0.071

(3) Moments Due to q, in Terms of qb

0.1 2 -0.247 -0.498 -0.579 -0.652 -0.189 -0.379 -0.416 -0.471
5 -0.209 -0.422 -0.470 -0.533 -0.156 -0.315 -0.337 -0.378

20 -0.123 -0.251 -0.249 -0.259
0.2 2 -0.106 -0.211 -0.204 -0.230 -0.078 -0.155 -0.142 -0.155

10 -0.051 -0.104 -0.073 -0.058 -0.034 -0.074 -0.050 -0.038
0.3 1.5 -0.059 -0.121 -0.090 -0.092 -0.043 -0.087 -0.063 -0.062
all inf. 0 0 0 0 0 0 0

nitude of the dead load moments in the slab without referring to a
particular construction procedure. The dead load moments can
vary over a wide range of values depending on when the curb, hand-
rail, and sidewalk are cast; that is, whether they are constructed
with the slab or afterward. However, the magnitude of the dead
load moments in the slab is not likely to be of great importance in
comparison with that of the maximum live load moments. For this
reason, it is felt that, in general, provision should be made in the

1
design for a positive transverse moment of -wb 2 at the centers of

8 1
1

panels of the slab, and for a negative transverse moment of - wb2

10

over the beams, when no more definite provisions for the structure
can be made.
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V. DISCUSSION OF RESULTS

22. Significance of Results.-The design of an I-beam bridge, after
the span and the beam spacing has been chosen, is fundamentally con-
trolled by the maximum moment at the center of the panels of the
slab and the maximum moments in the beams. The former influences
the depth of the slab; the latter, the cross-section of the supporting
beams. Both these moments depend to some extent on the relative
stiffness of the beams, that is, upon the quantity H; consequently, the
design cannot be made directly unless H can be estimated in advance.

However, the effect of H upon the moments controlling the design
is small. This is fortunate, since the magnitude of H for an I-beam
bridge is subject to some uncertainty; its value depends on the
quantity N, which in turn depends on the modulus of elasticity and
the moment of inertia of the concrete slab. Since the behavior of the
structure is influenced by the overall or average moment of inertia,
it is reasonable to use for I of the slab the relation

h3

I =

12

which applies to a homogeneous slab of depth h, rather than the mo-
ment of inertia of the net section considering cracking to have taken
place.

In choosing the modulus of elasticity of the concrete to be used in
the calculations, it should be remembered that for live load effects the
instantaneous .modulus applies, and not the modulus of deformation
for long continued loading, which may be considerably less.

Since H varies inversely as the cube of the depth of the slab, it is
apparent that the depth of the slab will have a large influence. For
example, changing the depth from 6/2 in. to 7 in., other things being
equal, will reduce H by very nearly 20 per cent. The foregoing infor-
mation should be kept in mind in interpreting the following results.

A number of designs of structures of different spans, from 25 ft. to
80 ft., were made for both H-15 and H-20 loading. The depth of the
slab was determined by use of working stresses of 18 000 lb. per sq. in.
in the steel and 1200 lb. per sq. in. in the concrete. A paving allowance
of 25 lb. per sq. ft. was considered as an addition to the dead load
of the slab. In determining H the modulus of elasticity of the concrete
was taken as 3 500 000 lb. per sq. in. Wide-flange beams were used,
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with depths up to 36 in., as required by the moments, for stresses of
18 000 lb. per sq. in., with no T-beam action assumed. The values of
H appeared to fall in the range given by the following relation:

a
H - (0.5 to 0.8) 10 ft(28)

The slab thicknesses varied from 6 in. to 71 in.; the differences in
thickness required for H-15 and H-20 loads apparently had the effect
of making the values of H for the two loadings very nearly the same.

A study of some representative designs of bridges for which no
paving allowance was made indicated values of H in the same range,
but somewhat less in comparable structures.

That is, for a 30-ft. span with 6-ft. spacing, the value of H is likely
to be in the range from 1.5 to 2.4; and for a 60-ft. span with 6-ft.
spacing, the value of H is likely to be in the range from 3.0 to 4.8.

With a structure designed neglecting T-beam action, the effect of
such action is to increase the value of H to about 2 or 3 times its
assumed value, with a consequent slight reduction in stresses in the
slab, an increase in beam moment, but a decrease in stresses in the
beam due to the increase in section modulus. For a structure designed
to take advantage of T-beam action, lighter beams may be used. The
value of H for such a design will generally fall in the same range as
for a design neglecting interaction.

The general trend of the influence values as shown by the influence
surfaces in Appendix B seems to indicate that the maximum moments
obtained in this study may be adapted for use in structures with more
than five beams. The effect of additional lanes of load coming on a
wider bridge should be relatively small, and might be balanced against
the improbability of having heavy trucks with full impact simultane-
ously in all lanes in position to produce maximum moments.

23. Design of Beams.-The total moment in a beam is made up
of the dead load moment due to the weight of the beam, the dead load
moment due to the weight of the slab, and the live load moment. For
a preliminary design the depth of the slab may be estimated as being
from 6 to 8 in., depending on the loading and the dimensions of the
bridge. The dead load moment may be determined reasonably well
for the weight of one panel of the slab and the estimated weight of the
beam, plus any paving allowance that may be considered. The live
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load moment is given by Equations (24), (25) and (26). The value
of H to be used may be estimated from Equation (28), modified for
the design conditions that are contemplated. Alternatively, one may
estimate k in Equation (24) from the rather crude approximation,

b

6 ft.

Experience with a given type of design and given working stresses may
indicate a better approximation than this.

If provision is made for shear connectors, so that T-beam action
may be counted on, it should be noted that unless the beams are sup-
ported during construction, the dead load moment is carried by the
steel beam alone; the live load moment is carried by the composite
section. A more efficient section for T-beam action would have a
heavier lower flange than top flange. The same effect may be obtained
by using a cover plate on the bottom of the beam.

24. Design of Slab.-As a first approximation to determine the
thickness of the slab for ordinary designs the maximum positive live
load moment at the center of the panel may be estimated from the
following approximate relation:

( 1.16 a )
Mt- - ------ + ---- }P

3 + 10 c/b 1000 ft. /

1
instead of Equation (12). The estimated dead load moment, -wb 2 ,

8
may be assumed to add an amount of about ten per cent to the live
load moment. With these assumptions the thickness of the slab can be
determined, and consequently the value of H, after the beam is de-
signed. For ordinary designs no further revision is necessary, but in
any case not more than two trials should be required to determine the
depth of the slab and the cross-section of the beams.

For ordinary designs, approximately one-fourth as much steel
should be used for negative reinforcement in the transverse direction
at the centers of the panels as is used for positive reinforcement. Over
the beams, generally, the transverse reinforcement at the bottom
should be about one-half, and that at the top about two-thirds to
three-quarters, of the positive transverse steel at the center of a panel.
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The longitudinal reinforcement required at the center of a panel
in the slab may be nearly as much as the maximum transverse steel
for short span structures, but is considerably less for long span struc-
tures. Whether the structure is seriously impaired if the longitudinal
steel furnished is not adequate is a matter open to discussion, and the
answer cannot be settled by analysis alone. As a tentative recom-
mendation it is suggested that the ratio of longitudinal to transverse
reinforcement in the central part of panels, for ordinary designs, be
approximately as follows:

longitudinal reinforcement a

transverse reinforcement 200 ft.

The longitudinal reinforcement to be provided over the beams is a
function of several factors which are difficult to estimate easily. When
nothing is done to insure T-beam action it is suggested that in the
outer parts of the panel provision be made for a moment of about
P/4H, which in most cases will require about half the longitudinal re-
inforcement used in the central part of the panel. With full T-beam
action assured, little or no longitudinal steel is required over or near
the beams.

25. Moments in Continuous I-Beam Bridges.-No analyses of con-
tinuous I-beam bridges are available. It is felt, however, that the
magnitudes of the maximum moments in continuous bridges may be
approximately determined by suitable modifications of the relations
derived herein for simple span bridges. The following principles seem
to offer a reasonable basis for an analysis of a continuous bridge:

(1) Maximum moments in the slab in the interior of a span may
be computed as for a simple-span bridge with the same beams, but
with a span equal to the distance between the "points of inflection"
for the continuous bridge. Maximum moments in the slab near a sup-
port may possibly be determined on the basis that the beams are rigid.
This may not be on the safe side; consequently, it may be desirable
to use the same design of the slab that is developed for the central
parts of the spans.

(2) The proportion of a single wheel load to be used in determining
moments in the beams may be computed also as for a simple-span
bridge with the same beams but with a span equal to the distance
between "points of inflection" for the continuous bridge. The moments
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due to a wheel load should be determined in the usual way for a con-
tinuous beam. This procedure should give reasonably good results for
positive moments in the beams, and will probably be on the safe side
for negative moments in the beams, since the position of loads pro-
ducing maximum negative moments is a considerable distance away
from the supports, and the maximum negative moments are likely
to be fairly uniformly distributed across the structure.

Longitudinal reinforcement in the slab for negative moments should
be provided in the region where the beam moments are negative.

VI. SUMMARY

26. Summary.-This bulletin contains the results of analyses of the
type of bridge commonly called the I-beam bridge, which consists of
a slab continuous over supporting beams, with the beams running in
the direction of traffic. Influence values are given for moments in the
slab and in the beams for twenty simple-span right bridges of basically
different proportions, each having five identical parallel beams, uni-
formly spaced. The flexibility of the beams is taken into account in
the analyses. Maximum moments due to standard truck loadings are
determined for 52 bridges of various spans and different relative
stiffnesses of beams. Moments due to dead load are considered also.

From the results of the analyses, empirical relations are derived
upon which the design of the slab and the beams can be based.
Formulas for maximum moments in the slab in the direction transverse
to the beams, both at the center of a panel and over a beam, for
maximum longitudinal moments in the slab, and for maximum mo-
ments in the beams, are given in Chapters III and IV.

For the particular type of structure having a concrete slab and
steel beams, with usual working stresses and loads, simple approxi-
mate rules for design are given in Chapter V. The moments govern-
ing the thickness of the slab and the design of the beams are dis-
cussed in Sections 23 and 24, and the most desirable arrangement of
the reinforcing steel is described in Section 24. Principles are formu-
lated in Section 25 for extending the applicability of the rules for
design to continuous I-beam bridges.

It appears from the character of the results obtained in the analyses
that the moment coefficients for the structure with five supporting
beams may also be used for wider bridges having more than five beams.

The influence values given in this bulletin may also be used to
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compute moments in structures in which the traffic runs in the direc-
tion transverse to the beams. However, no consideration was given
to such structures in the present work.

The results of the analyses are applicable also to structures with
concrete instead of steel beams, and to structures in which T-beam
action between the steel beams and the concrete slab is assured by
means of anchors or shear connectors.

The analyses contained herein have been supplemented by tests of
¼-scale models of a number of I-beam bridges. The experimental
studies in general support the validity of the analyses. A report of the
experimental work will be made in a later publication.
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TABLES OF INFLUENCE COEFFICIENTS FOR MOMENTS IN SLAB,

MOMENTS IN BEAMS, AND DEFLECTIONS OF BEAMS
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TABLE 1

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

Numerical values of transverse moment per unit of length in slab on various longitudinal lines
due to a unit concentrated load applied along various longitudinal lines A, AB, B, etc., as shown in
Fig. 1. The longitudinal position of the load is indicated by the distance from the left end of the
bridge, shown as a proportion of the span. The quantities H, b, and a are defined in Section 4. Poisson's
ratio is zero. The values of Mot are given in Table 96.

Lon-
gitu-
dinal
Posi-
tion
of

Load

3M2

s12
quarter

'12

is2

center

4M2

%2

quarter
+s2
M2

center

Mi
M32

quarter
<12

3i2

center

M42
qi2

quarter

3M2
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.003
-0.006
-0.012
-0.021
-0.033

-0.044

-0.005
-0.012
-0.023
-0.040
-0.066
-0.083

-0.008
-0.018
-0.031
-0.047
-0.063

-0.070

-0.011
-0.023
-0.037
-0.052
-0.064
-0.068

AB B

0.000 0.003
0.001 0.007
0.003 0.014
0.003 0.027

-0.017 0.044

ma 8 0.049

0.000 0.004
0.001 0.011
0.005 0.024
0.015 0.048
0.025 0.090

-0.049 0.152

-0.001 0.005
-0.002 0.011
-0.003 0.020
-0.004 0.033
-0.013 0.045

-0.023 0.048

-0.002 0.005
-0.005 0.010
-0.010 0.014
-0.021 0.014
-0.034 0.003
-0.038 -0.011

BC

0.004
0.009
0.015
0.022
0.022

0.016

0.007
0.016
0.029
0.047
0.063

-0.005

0.009
0.019
0.031
0.042
0.027
fM., +
M0.033

0.009
0.019
0.032
0.049
0.065

-0.003

C

0.004
0.008
0.011
0.011
0.007

0.005

0.007
0.015
0.023
0.026
0.018
0.005

0.009
0.019
0.032
0.047
0.062

0.066

0.010
0.022
0.038
0.065
0.109
0.172

CD

0.002
0.004
0.004
0.002

-0.001

-0.003

0.005
0.009
0.010
0.006

-0.003
-0.005

0.007
0.014
0.021
0.026
0.022

0.015

0.009
0.019
0.032
0.049
0.065

-0.003

D

0.000
-0.001
-0.002
-0.005
-0.008

-0.009

0.001
0.000

-0.003
-0.009
-0.015
-0.018

0.002
0.004
0.004
0.000

-0.007

-0.011

0.005
0.010
0.014
0.014
0.003

-0.011

DE

-0.002
-0.005
-0.008
-0.011
-0.013

-0.014

-0.004
-0.009
-0.015
-0.022
-0.027
-0.029

-0.004
-0.008
-0.014
-0.022
-0.029

-0.032

-0.002
-0.005
-0.010
-0.021
-0.034
-0.038

E

-0.005
-0.009
-0.013
-0.016
-0.019

-0.019

-0.009
-0.018
-0.026
-0.033
-0.038
-0.039

-0.010
-0.021
-0.032
-0.042
-0.049

-0.052

-0.011
-0.023
-0.037
-0.052
-0.064
-0.068

BC

~

-- ---- ~-------
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TABLE 2

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

Numerical values of longitudinal moment per unit of width in slab on various longitudinal lines
due to a unit concentrated load applied along various longitudinal lines A, AB, B, etc., as shown in
Fig. 1. The longitudinal position of the load is indicated by the distance from the left end of the
bridge, shown as a proportion of the span. The quantities H, b, and a are defined in Section 4. Poisson's
ratio is zero. The values of Mo are given in Table 96. Longitudinal moment in the slab over a beam
may be obtained from the moment in the beam by use of Equation (8) of Section 9.

Longitu-
dinal

Position
of Load

lii
3i2

quarter
412
/12

center

32

quarter
$i2
15/

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.021
0.043
0.066
0.093
0.123

0.148

0.018
0.036
0.054
0.070
0.081

0.085

AB

0.019
0.039
0.060
0.089
0.156
M.I+
0. 126

0.016
0.032
0.049
0.067
0.086

0.090

B

0.018
0.035
0.053
0.073
0.097

0.124

0.015
0.029
0.045
0.062
0.085

0.109

BC

0.016
0.032
0.049
0.067
0.086

0.090

0.014
0.027
0.043
0.067
0.131
Mo 92
0.092

CD

0.013
0.026
0.039
0.050
0.057

0.059

0.013
0.027
0.041
0.057
0.075

0.078

D

0.012
0.023
0.033
0.040
0.045

0.047

0.013
0.027
0.041
0.054
0.065

0.068

DE

0.009
0.018
0.026
0.032
0.035

0.036

0.013
0.026
0.039
0.050
0.057

0.059

E

0.007
0.014
0.019
0.023
0.025

0.026

0.013
0.025
0.036
0.045
0.050

0.051

TABLE 3

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

Numerical values of moment in beams divided by span of bridge due to a unit concentrated load
applied along various longitudinal lines A, AB, B, etc., as shown in Fig. 1. The longitudinal position
of the load is indicated by the distance from the left end of the bridge, shown as a proportion of the
span. The quantities H, b, and a are defined in Section 4. Poisson's ratio is zero.

Longitu-
dinal

Position
of Load

li2
%2

quarter

342
center

M2
12

quarter
12

center

Ms

%2
quarter

M2
center

Values of Influence Coefficient for Moment

Transverse Location of Load

0.011
0.022
0.035
0.051
0.072
0.104

0.010
0.020
0.031
0.041
0.051
0.055

0.008
0.016
0.023
0.028
0.032
0.033

0.011
0.021
0.033
0.046
0.062
0.074

0.009
0.018
0.027
0.036
0.049
0.062

0.007
0.015
0.022
0.030
0.035
0.037

0.010
0.020
0.031
0.041
0.051
0.055

0.008
0.016
0.024
0.032
0.045
0.071

0.007
0.014
0.022
0.030
0.038
0.042

0.009
0.018
0.027
0.035
0.041
0.043

0.007
0.015
0.022
0.031
0.042
0.055

0.007
0.013
0.020
0.029
0.039
0.051

0.008
0.016
0.023
0.028
0.032
0.033

0.007
0.014
0.022
0.030
0.038
0.042

0.006
0.013
0.020
0.027
0.039
0.064

CD

0.007
0.013
0.018
0.022
0.025
0.026

0.007
0.014
0.020
0.027
0.032
0.034

0.007
0.013
0.020
0.029
0.039
0.051

D

0.005
0.010
0.014
0.017
0.019
0.019

0.006
0.013
0.019
0.024
0.027
0.028

0.007
0.014
0.022
0.030
0.038
0.042

DE

0.004
0.007
0.010
0.012
0.013
0.013

0.006
0.011
0.016
0.020
0.023
0.024

0.007
0.015
0.022
0.030
0.035
0.037

E

0.002
0.004
0.006
0.007
0.007
0.008

0.005
0.010
0.014
0.017
0.019
0.019

0.008
0.016
0.023
0.028
0.032
0.033

Moment
on

Line

AB

BC

Moment
in

Beam

--- --- -~------
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TABLE 4

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Mo-
ment

on
Line

AB

B

BC

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-
dinal
Posi-
tion

of
Load

31z

quarter

ýi2
512

center

M25§12

912

M 2
quarter

142
ýi2

center
12

%2

'9i
19H
342312

luarter

312
M25

center
T12

'9s

142

%2

H2
3i2

center
342M
912

1i2"A93

A

-0.014
-0.029

-0.042

-0.032
-0.020
-0.012
-0.007
-0.004
-0.002
-0.001

0.000

-0.027
-0.058
-0.079
-0.064
-0.039
-0.023
-0.013
-0.007
-0.004
-0.002
-0.001

-0.027
-0.051

-0.063

-0.059
-0.045
-0.031
-0.020
-0.012
-0.007
-0.004
-0.002

-0.027
-0.048
-0.058
-0.058
-0.050
-0.037
-0.025
-0.016
-0.009
-0.005
-0.002

AB

0.002
-0.017

M o -
0.008

-0.017
0.003
0.003
0.001
0.001
0.000
0.000
0.000

0.014
0.025

-0.049
0.025
0.015
0.005
0.001
0.000
0.000
0.000
0.000

-0.002
-0.011

-0.022

-0.012
-0.004
-0.003
-0.002
-0.002
-0.001
-0.001

0.000

-0.015
-0.031
-0.036
-0.033
-0.020
-0.010
-0.006
-0.004
-0.002
-0.001
-0.001

B

0.020
0.040

0.047

0.043
0.026
0.014
0.007
0.004
0.002
0.001
0.001

0.036
0.083
0.148
0.088
0.047
0.024
0.012
0.006
0.004
0.002
0.001

0.020
0.038

0.044

0.043
0.032
0.020
0.012
0.007
0.004
0.002
0.001

0.004
-0.004
-0.015

0.001
0.013
0.014
0.010
0.007
0.004
0.002
0.001

BC

0.013
0.016

0.012

0.020
0.021
0.015
0.010
0.006
0.003
0.002
0.001

0.029
0.053

-0.011
0.060
0.045
0.029
0.018
0.010
0.006
0.003
0.001

0.022
0.014
Mat +
0.026
0.022
0.041
0.031
0.021
0.013
0.008
0.004
0.002

0.028
0.052

-0.011
0.060
0.047
0.032
0.021
0.013
0.008
0.004
0.002

CD

-0.003
-0.005

-0.005

-0.003
0.001
0.004
0.005
0.004
0.003
0.002
0.001

-0.004
-0.011
-0.010
-0.006

0.005
0.010
0.010
0.008
0.005
0.003
0.001

0.010
0.011

0.008

0.018
0.024
0.021
0.016
0.011
0.007
0.004
0.002

0.028
0.052

-0.011
0.060
0.047
0.032
0.021
0.013
0.008
0.004
0.002

C

0.003
0.002

0.001

0.005
0.010
0.011
0.008
0.006
0.004
0.002
0.001

0.010
0.007

-0.001
0.014
0.025
0.023
0.017
0.011
0.007
0.004
0.002

0.026
0.048

0.057

0.057
0.045
0.032
0.022
0.014
0.008
0.005
0.002

0.041
0.094
0.163
0.104
0.063
0.038
0.024
0.015
0.009
0.005
0.002

D DE

-0.005 -0.006
-0.008 -0.010

-0.009 -0.012

-0.008 -0.012
-0.005 -0.011
-0.002 -0.008

0.000 -0.005
0.001 -0.003
0.001 -0.002
0.001 -0.001
0.000 -0.001

-0.010 -0.012
-0.017 -0.021
-0.019 -0.025
-0.016 -0.025
-0.010 -0.021
-0.003 -0.015

0.001 -0.010
0.002 -0.006
0.002 -0.004
0.001 -0.002
0.001 -0.001

-0.005 -0.013
-0.011 -0.024

-0.014 -0.029

-0.008 -0.028
0.000 -0.021
0.004 -0.014
0.005 -0.009
0.004 -0.005
0.003 -0.003
0.002 -0.002
0.001 -0.001

0.004 -0.015
-0.004 -0.031
-0.015 -0.036

0.001 -0.033
0.013 -0.020
0.014 -0.010
0.010 -0.006
0.007 -0.004
0.004 -0.002
0.002 -0.001
0.001 -0.001

E

-0.006
-0.011

-0.014

-0.016
-0.015
-0.013
-0.010
-0.007
-0.005
-0.003
-0.001

-0.013
-0.024
-0.030
-0.032
-0.031
-0.026
-0.020
-0.014
-0.009
-0.005
-0.003

-0.019
-0.034

-0.042

-0.044
-0.039
-0.032
-0.023
-0.016
-0.010
-0.006
-0.003

-0.027
-0.048
-0.058
-0.058
-0.050
-0.037
-0.025
-0.016
-0.009
-0.005
-0.002

Values of Influence Coefficient for MomentTransverse Location of Load
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TABLE 5

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

M2
312

quarter

M2
center

M2
M2

4i2
'912
'M4

M2

quarter

%2

42
center

3V2

1%21942Mis

Values of Influence Coefficient for Moment

Transverse Location of Load
Moment

on
Line

AB

BC

AB

0.041
0.119
M.i+
0.099
0.138
0.080
0.060
0.048
0.037
0.027
0.018
0.009

0.027
0.054

0.066

0.071
0.059
0.049
0.040
0.032
0.024
0.016
0.008

B

0.029
0.063

0.098

0.081
0.064
0.053
0.043
0.034
0.025
0.017
0.008

0.025
0.055

0.087

0.070
0.055
0.045
0.037
0.029
0.022
0.015
0.007

BC

0.027
0.054

0.066

0.071
0.059
0.049
0.040
0.032
0.024
0.016
0.008

0.032
0.104
M.1+
0.071
0.117
0.060
0.043
0.034
0.027
0.021
0.014
0.007

C

0.022
0.040

0.052

0.055
0.052
0.045
0.037
0.030
0.022
0.015
0.007

0.024
0.052

0.083

0.066
0.050
0.041
0.033
0.026
0.020
0.013
0.007

nCD D

0.017
0.030

0.039

0.043
0.043
0.039
0.033
0.027
0.020
0.014
0.007

0.024
0.048

0.058

0.062
0.050
0.041
0.033
0.026
0.020
0.013
0.007

0.012
0.022

0.029

0.033
0.034
0.033
0.029
0.024
0.018
0.012
0.006

0.021
0.038

0.048

0.052
0.048
0.041
0.034
0.027
0.020
0.013
0.007

DE

0.008
0.015

0.021

0.024
0.026
0.026
0.024
0.020
0.016
0.011
0.006

0.017
0.030

0.039

0.043
0.043
0.039
0.033
0.027
0.020
0.014
0.007

E

0.005
0.009

0.013

0.016
0.018
0.019
0.018
0.016
0.013
0.009
0.005

0.012
0.023

0.031

0.036
0.038
0.036
0.032
0.027
0.021
0.014
0.007

A

0.041
0.083

0.119

0.104
0.084
0.066
0.052
0.040
0.029
0.019
0.009

0.025
0.046

0.059

0.064
0.061
0.054
0.045
0.035
0.026
0.017
0.009

Values of Influence Coefficient for MomentTransverse Location of Load
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TABLE 6

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Moment Longitu-
n p in Transverse Location of LoadBea Position

Beam of Load

A AB B BC C CD D DE E

A M
4  

0.024 0.020 0.017 0.013 0.009 0.006 0.004 0.002 0.001
3ýs 0.052 0.042 0.032 0.023 0.016 0.011 0.008 0.005 0.002

quarter 0.089 0.059 0.041 0.030 0.021 0.015 0.011 0.007 0.003
12 0.062 0.052 0.042 0.032 0.024 0.018 0.013 0.008 0.004
42 0.046 0.042 0.037 0.031 0.024 0.019 0.014 0.009 0.005

center 0.035 0.033 0.031 0.027 0.023 0.018 0.014 0.010 0.006
i2 0.027 0.026 0.025 0.022 0.020 0.016 0.013 0.009 0.006
i42 0.021 0.020 0.019 0.018 0.016 0.014 0.011 0.008 0.005
53, 0.015 0.014 0.014 0.013 0.012 0.010 0.009 0.007 0.005

1912 0.010 0.009 0.009 0.009 0.008 0.007 0.006 0.005 0.003
132 0.005 0.005 0.005 0.004 0.004 0.004 0.003 0.002 0.002

B M2 0.017 0.015 0.013 0.013 0.012 0.010 0.008 0.006 0.004
i2 0.032 0.032 0.030 0.028 0.024 0.019 0.015 0.011 0.008

quarter 0.041 0.049 0.059 0.044 0.032 0.024 0.019 0.015 0.011
12i 0.042 0.040 0.037 0.035 0.031 0.026 0.021 0.017 0.013
12 0.037 0.032 0.029 0.027 0.026 0.024 0.021 0.017 0.014

center 0.031 0.027 0.024 0.022 0.022 0.020 0.019 0.016 0.014
%2 0.025 0.022 0.020 0.018 0.018 0.017 0.016 0.014 0.013
M2 0.019 0.017 0.016 0.015 0.014 0.013 0.013 0.012 0.011
3,2 0.014 0.013 0.012 0.011 0.010 0.010 0.010 0.009 0.009

1912 0.009 0.008 0.008 0.007 0.007 0.007 0.006 0.006 0.006
112 0.005 0.004 0.004 0.004 0.004 0.003 0.003 0.003 0.003

C M2 0.009 0.011 0.012 0.012 0.011 0.012 0.012 0.011 0.009
Yi2 0.016 0.020 0.024 0.026 0.026 0.026 0.024 0.020 0.016

quarter 0.021 0.026 0.0j2 0.042 0.055 0.012 0.03.2 0.026 0.021
42 0.024 0.028 0.031 0.0333 0.03 0.034 0.031 0.028 0.024
12 0.024 0.026 0.026 0.025 0.024 0.02J 0.026 0.026 0.024

center 0.023 0.022 0.022 0.O 0 0.02 0.0200 0. 22 0.022 0.023
M2 0.020 0.019 0.018 0.017 0.016 0.017 0.018 0.019 0.020
i2s 0.016 0.015 0.014 0.013 0.011 0.013 0.014 0.015 0.016

92s 0.012 0.011 0.010 0.010 0.010 0.010 0.010 0.011 0.012
2i39 0.008 0.007 0.007 0.007 0.007 0.037 0.097 0.007 0.008
'Ms 0.001 0.004 0.004 0.001 0.033 0.033 0.004 0.004 0.004
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TABLE 7

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Mo-
ment

on
Line

AB

B

BC

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-
dinal
Posi-
tion

of
Load

312
quarter

ji1
1%2

center

Mh2
;12

quarter
ý12

ýMi
center

V12

HA2
quarter

412
Si2

center

312
quarter

M12

ý12
center

AB

0.000
0.001
0.004
0.003

-0.017
fM.I-
0.007

0.000
0.002
0.006
0.017
0.024

-0.059

-0.001
-0.002
-0.002
-0.004
-0.012

-0.022

-0.002
-0.006
-0.011
-0.021
-0.032
-0.032

B

0.003
0.008
0.016
0.028
0.042

0.047

0.005
0.014
0.028
0.052
0.087
0.126

0.006
0.013
0.022
0.033
0.043

0.046

0.006
0.011
0.014
0.012
0.002

-0.008

BC

0.005
0.010
0.016
0.022
0.020

0.014

0.009
0.019
0.032
0.048
0.059

-0.016

0.010
0.021
0.033
0.042
0.023

0.029

0.010
0.021
0.034
0.050
0.061

-0.014

C

0.004
0.008
0.011
0.010
0.007

0.005

0.009
0.017
0.023
0.024
0.016
0.006

0.010
0.021
0.033
0.047
0.059

0.062

0.011
0.025
0.042
0.069
0.106
0.147

CD

0.002
0.004
0.004
0.002
0.000

-0.001

0.005
0.009
0.009
0.005

-0.002
-0.001

0.008
0.015
0.021
0.025
0.021

0.014

0.010
0.021
0.034
0.050
0.061

-0.014

D

0.000
-0.001
-0.002
-0.004
-0.006

-0.007

0.000
-0.001
-0.004
-0.009
-0.012
-0.014

0.003
0.004
0.004
0.001

-0.005

-0.008

0.006
0.011
0.014
0.012
0.002

-0.008

DE

-0.002
-0.005
-0.007
-0.009
-0.011

-0.012

-0.004
-0.009
-0.014
-0.019
-0.022
-0.024

-0.004
-0.008
-0.013
-0.020
-0.026

-0.027

-0.002
-0.006
-0.011
-0.021
-0.032
-0.032

E

-0.004
-0.008
-0.011
-0.014
-0.016

-0.016

-0.008
-0.016
-0.023
-0.029
-0.032
-0.033

-0.010
-0.020
-0.030
-0.038
-0.044

-0.046

-0.012
-0.024
-0.037
-0.049
-0.058
-0.060

A

-0.004
-0.008
-0.014
-0.022
-0.031

-0.038

-0.007
-0.015
-0.027
-0.043
-0.064
-0.076

-0.010
-0.020
-0.033
-0.046
-0.059

-0.064

-0.012
-0.024
-0.037
-0.049
-0.058
-0.060

I
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TABLE 8
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.013
0.027
0.042
0.058
0.075

0.088

0.011
0.021
0.030
0.039
0.044

0.045

AB B BC C

0.012 0.010 0.009 0.008
0.024 0.020 0.018 0.016
0.037 0.031 0.028 0.024
0.057 0.042 0.038 0.032
0.112 0.057 0.050 0.037

O +7 
0

.072 0.047 0.038

0.009 0.008 0.007 0.007
0.018 0.016 0.015 0.014
0.028 0.025 0.024 0.022
0.038 0.035 0.041 0.032
0.050 0.049 0.096 0.045

0.047 0.063 ('M04 0.0590.4

CD

0.007
0.013
0.020
0.024
0.027

0.029

0.007
0.014
0.022
0.031
0.042

0.039

D

0.005
0.010
0.014
0.018
0.020

0.020

0.007
0.014
0.022
0.029
0.033

0.035

DE

0.004
0.007
0.009
0.011
0.013

0.013

0.007
0.013
0.020
0.024
0.027

0.029

E

0.002
0.003
0.004
0.005
0.006

0.006

0.006
0.012
0.017
0.020
0.022

0.023

TABLE 9

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.014
0.030
0.046
0.066
0.092
0.126

0.012
0.025
0.037
0.049
0.058
0.062

0.008
0.016
0.023
0.029
0.032
0.033

AB

0.013
0.027
0.042
0.058
0.075
0.088

0.010
0.020
0.031
0.042
0.057
0.072

0.008
0.016
0.024
0.032
0.037
0.038

B

0.012
0.025
0.037
0.049
0.058
0.062

0.009
0.017
0.026
0.037
0.054
0.083

0.008
0.015
0.024
0.033
0.041
0.045

BC

0.011
0.021
0.030
0.039
0.044
0.045

0.008
0.016
0.025
0.035
0.049
0.063

0.007
0.014
0.022
0.032
0.045
0.059

C

0.008
0.016
0.023
0.029
0.032
0.033

0.008
0.015
0.024
0.033
0.041
0.045

0.007
0.014
0.021
0.031
0.046
0.074

CD

0.006
0.012
0.017
0.020
0.022
0.023

0.007
0.014
0.022
0.029
0.033
0.035

0.007
0.014
0.022
0.032
0.045
0.059

D

0.004
0.007
0.010
0.012
0.014
0.014

0.006
0.013
0.018
0.023
0.026
0.027

0.008
0.015
0.024
0.033
0.041
0.045

DE

0.002
0.003
0.004
0.005
0.006
0.006

0.005
0.010
0.014
0.018
0.020
0.020

0.008
0.016
0.024
0.032
0.037
0.038

E

0.000
-0.001
-0.001
-0.001
-0.002
-0.002

0.004
0.007
0.010
0.012
0.014
0.014

0.008
0.016
0.023
0.029
0.032
0.033

Moment
on

Line

AB

BC

Longitu-
dinal

Position
of Load

12
312

quarter

Lci,

5i2

center

"12

center

Moment
in

Beam

Longitu-
dinal

Position
of Load

12
ý12

quarter
i12

32
center

M12

342

quarter
%2
M42

center

M2112
1s

quarter
812
Mlicenter

center

---
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TABLE 10

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H= 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-
dinal
Posi-
tion

of
Load

M2
Mi2

quarter

is2
%2

center

Mi2
4M2

%2
'912
142

Mýi
M•

quartei

%2
center

912

%2
%2912

M2

?/i2

quarter

s12

M12
center

M4
s12

92

Ms2

?12
quarter

M2

center

1912
M12

AB BA

-0.013
-0.026

-0.035

-0.030
-0.021
-0.014
-0.009
-0.005
-0.003
-0.002
-0.001

-0.027
-0.054
-0.070
-0.060
-0.042
-0.027
-0.016
-0.010
-0.006
-0.003
-0.001

-0.024
-0.044

-0.055

-0.053
-0.044
-0.033
-0.023
-0.015
-0.010
-0.006
-0.003

-0.022
-0.039
-0.048
-0.051
-0.046
-0.037
-0.028
-0.019
-0.012
-0.007
-0.003

0.019
0.037

0.044

0.041
0.027
0.016
0.008
0.004
0.002
0.001
0.001

0.037
0.079
0.122
0.085
0.051
0.028
0.014
0.008
0.004
0.002
0.001

0.018
0.034

0.040

0.040
0.031
0.022
0.014
0.009
0.005
0.003
0.001

0.000
-0.007
-0.014
-0.001

0.011
0.014
0.012
0.009
0.006
0.003
0.001

0.011
0.013

0.010

0.018
0.021
0.016
0.011
0.007
0.004
0.002
0.001

0.027
0.047

-0.023
0.055
0.046
0.032
0.021
0.013
0.008
0.004
0.002

0.019
0.008
Moa +
o0.020
0.017
0.040
0.033
0.023
0.015
0.010
0.006
0.003

0.026
0.045

-0.025
0.055
0.047
0.034
0.024
0.016
0.010
0.006
0.003

0.001
0.000

0.000

0.005
0.009
0.011
0.009
0.007
0.005
0.003
0.001

0.005
0.002

-0.003
0.011
0.022
0.023
0.019
0.014
0.009
0.005
0.002

0.023.
0.042

0.052

0.053
0.044
0.033
0.024
0.017
0.011
0.006
0.003

0.041
0.087
0.135
0.099
0.065
0.042
0.028
0.018
0.012
0.007
0.003

-0.003
-0.005

-0.005

-0.003
0.001
0.004
0.005
0.005
0.003
0.002
0.001

-0.006
-0.012
-0.008
-0.007

0.003
0.009
0.011
0.009
0.007
0.004
0.002

0.008
0.008

0.005

0.016
0.02L
0.021
0.017
0.013
0.009
0.006
O.00J

0.026
0.045

-0.025
0.05
0.047
0.034
0.024
0.016
0.010
0.006
0.003

D

-0.004
-0.007

-0.008

-0.007
-0.005
-0.002

0.000
0.001
0.001
0.001
0.001

-0.009
-0.015
-0.016
-0.014
-0.010
-0.004

0.000
0.002
0.003
0.002
0.001

-0.005
-0.010

-0.012

-0.008
-0.001

0.004
0.006
0.005
0.004
0.003
0.001

0.000
-0.007
-0.014
-0.001

0.011
0.014
0.012
0.009
0.006
0.003
0.001

DE

-0.004
-0.008

-0.010

-0.010
-0.009
-0.007
-0.005
-0.003
-0.002
-0.001
-0.001

-0.009
-0.016
-0.020
-0.020
-0.018
-0.014
-0.010
-0.006
-0.004
-0.002
-0.001

-0.011
-0.020

-0.024

-0.024
-0.019
-0.013
-0.009
-0.005
-0.003
-0.002
-0.001

-0.015
-0.028
-0.029
-0.OdO
-0.021
-0.011
-0.006
-0.001
-0.002
-0.002
-0.001

0.002
-0.017
SM. ,-
0.004
0.004
0.001
0.000
0.001
0.000
0.000

0.015
0.024

0.058
0.024
0.017
0.006
0.001
0.000
0.001
0.000-0.001

0.002
0.000

-0.020
-0.011
-0.003
-0.002
-0.002
-0.002
-0.002
-0.001-0.002
-0.001
-0.001

-0.015
-0.028
-0.029
-0.030
-0.021
-0.011
-0.006
-0.004
-0.002
-0.002
-0.001

E

-0.004
-0.008

-0.011

-0.012
-0.012
-0.011
-0.010
-0.008
-0.005
-0.003
-0.002

-0.009
-0.017
-0.023
-0.025
-0.026
-0.023
-0.020
-0.015
-0.011
-0.007
-0.003

-0.015
-0.026

-0.034

-0.037
-0.035
-0.030
-0.024
-0.017
-0.012
-0.007
-0.003

-0.022
-0.039
-0.048
-0.001
-0.046
-0.037
-0.023
-0.019
-0.012
-0.001
-0.003

Values of Influence Coefficient for Moment
Transverse Location of Load 1

--

--



MOMENTS IN I-BEAM BRIDGES

TABLE 11

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

V12

512

quarter

112
s12

center

912
912

IM2
112

?i2

quarter

ý2

%2

/i2
9%2
'912
I 15

Values of Influence Coefficient for Moment

Transverse Location of Load
Moment

on
Line

AB

BC

AB B

0.027 0.017
0.089 0.037
M0 +5 0.057
10.055
0.101 0.047
0.051 0.037
0.037 0.031
0.029 0.025
0.023 0.020
0.017 0.015
0.011 0.010
0.006 0.005

0.015 0.015
0.031 0.033

0.033 0.051

0.040 0.041
0.034 0.031
0.028 0.025
0.023 0.020
0.018 0.016
0.014 0.012
0.009 0.008
0.005 0.004

BC

0.015
0.031

0.033

0.040
0.034
0.028
0.023
0.018
0.014
0.009
0.005

0.023
0.081

0.036
0.088
0.038
0.024
0.018
0.014
0.011
0.007
0.004

C

0.011
0.021

0.026

0.029
0.028
0.024
0.020
0.016
0.012
0.008
0.004

0.014
0.031

0.049

0.038
0.029
0.022
0.018
0.014
0.010
0.007
0.003

CD

0.008
0.014

0.018

0.020
0.021
0.020
0.017
0.014
0.010
0.007
0.004

0.014
0.028

0.029

0.035
0.028
0.022
0.018
0.014
0.010
0.007
0.003

D

0.005
0.009

0.012

0.014
0.015
0.014
0.013
0.011
0.008
0.006
0.003

0.011
0.020

0.024

0.027
0.025
0.022
0.018
0.014
0.010
0.007
0.003

DE

0.002
0.005

0.007

0.008
0.009
0.009
0.009
0.008
0.006
0.004
0.002

0.008
0.014

0.018

0.020
0.021
0.020
0.017
0.014
0.010
0.007
0.004

E

0.001
0.001

0.002

0.003
0.004
0.004
0.005
0.004
0.004
0.003
0.001

0.005
0.009

0.012

0.015
0.016
0.017
0.015
0.013
0.010
0.007
0.004

A

0.024
0.049

0.069

0.063
0.052
0.042
0.033
0.026
0.019
0.012
0.006

0.013
0.023

0.030

0.034
0.033
0.030
0.026
0.021
0.016
0.010
0.005
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TABLE 12

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Sitffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Moment
in

Beam

A

B

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Longitu-
dinal

Position
of Load

M2

;i2
quarter

M12
i 2

center
fit2

192%2
'912

HM2

M4s
M'

quarter

912

center

912942

1912

1 42

42

'2
quarter

flt
%i2

center

% 2

'bi192
IM2

AB

0.024
0.049
0.069
0.063
0.052
0.042
0.033
0.026
0.019
0.012
0.006

0.017
0.037
0.057
0.047
0.037
0.031
0.025
0.020
0.015
0.010
0.005

0.011
0.021
0.026
0.029
0.028
0.024
0.020
0.016
0.012
0.008
0.004

B

0.019
0.035
0.045
0.047
0.043
0.037
0.030
0.024
0.017
0.011
0.006

0.016
0.036
0.069
0.045
0.033
0.026
0.022
0.018
0.013
0.009
0.004

0.014
0.027
0.034
0.034
0.029
0.024
0.019
0.015
0.011
0.007
0.004

BC

0.013
0.023
0.030
0.034
0.033
0.030
0.026
0.021
0.016
0.010
0.005

0.015
0.033
0.051
0.041
0.031
0.025
0.020
0.016
0.012
0.008
0.004

0.014
0.031
0.049
0.038
0.029
0.022
0.018
0.014
0.010
0.007
0.003

C

0.008
0.015
0.020
0.023
0.024
0.023
0.021
0.017
0.013
0.009
0.005

0.014
0.027
0.034
0.034
0.029
0.024
0.019
0.015
0.011
0.007
0.004

0.014
0.032
0.064
0.039
0.027
0.021
0.017
0.013
0.010
0.007
0.003

CD

0.005
0.009
0.012
0.015
0.016
0.017
0.015
0.013
0.010
0.007
0.004

0.011
0.020
0.024
0.027
0.025
0.022
0.018
0.014
0.010
0.007
0.003

0.014
0.031
0.049
0.038
0.029
0.022
0.018
0.014
0.010
0.007
0.003

D

0.002
0.005
0.007
0.009
0.010
0.010
0.010
0.009
0.007
0.005
0.003

0.007
0.013
0.018
0.020
0.020
0.018
0.016
0.013
0.009
0.006
0.003

0.014
0.027
0.034
0.034
0.029
0.024
0.019
0.015
0.011
0.007
0.004

DE

0.001
0.001
0.002
0.003
0.004
0.004
0.005
0.004
0.004
0.003
0.001

0.005
0.009
0.012
0.014
0.015
0.014
0.013
0.011
0.008
0.006
0.003

0.011
0.021
0.026
0.029
0.028
0.024
0.020
0.016
0.012
0.008
0.004

E

-0.001
-0.002
-0.002
-0.002
-0.002
-0.001
-0.001
0.000
0.000
0.000
0.000

0.002
0.005
0.007
0.009
0.010
0.010
0.010
0.009
0.007
0.005
0.003

0.008
0.015
0.020
0.023
0.024
0.023
0.021
0.017
0.013
0.009
0.005

A

0.031
0.065
0.107
0.079
0.060
0.046
0.036
0.027
0.020
0.013
0.006

0.019
0.035
0.045
0.047
0.043
0.037
0.030
0.024
0.017
0.011
0.006

0.008
0.015
0.020
0.023
0.024
0.023
0.021
0.017
0.013
0.009
0.005



MOMENTS IN I-BEAM BRIDGES

TABLE 13
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

Mo-
ment

on
Line

AB

B

BC

C

Lon-
gitu-
dinal
Posi-
tion

of
Load

M2

%2
quarter

Yi2
5/1

center

412
ý12

quarter
4s2
1s2

center

/12

quarter
c12

center

M2
i12

quarter

center

B

0.004
0.009
0.017
0.028
0.039

0.043

0.007
0.017
0.032
0.054
0.081
0.105

0.007
0.014
0.023
0.032
0.039

0.042

0.006
0.011
0.013
0.009
0.001

-0.007

BC

0.005
0.011
0.017
0.021
0.018

0.011

0.010
0.021
0.033
0.047
0.054

-0.026

0.011
0.022
0.034
0.040
0.018

0.023

0.011
0.022
0.035
0.049
0.056

-0.025

C

0.004
0.008
0.010
0.009
0.006

0.005

0.009
0.016
0.021
0.020
0.013
0.006

0.011
0.022
0.033
0.045
0.054

0.057

0.012
0.027
0.045
0.069
0.099
0.124

CD

0.002
0.003
0.003
0.001
0.000

0.000

0.004
0.007
0.007
0.002

-0.002
0.002

0.007
0.014
0.020
0.024
0.019

0.012

0.011
0.022
0.035
0.049
0.056

-0.025

D

-0.001
-0.001
-0.003
-0.004
-0.005

-0.005

-0.001
-0.002
-0.005
-0.008
-0.010
-0.010

0.002
0.004
0.003
0.000

-0.004

-0.007

0.006
0.011
0.013
0.009
0.001

-0.007

DE

-0.002
-0.004
-0.006
-0.008
-0.009

-0.009

-0.004
-0.009
-0.013
-0.016
-0.018
-0.019

-0.004
-0.008
-0.013
-0.018
-0.022

-0.023

-0.003
-0.006
-0.012
-0.022
-0.029
-0.026

E

-0.004
-0.007
-0.010
-0.012
-0.013

-0.013

-0.007
-0.014
-0.020
-0.024
-0.026
-0.027

-0.010
-0.019
-0.027
-0.034
-0.038

-0.039

-0.012
-0.025
-0.036
-0.045
-0.051
-0.053

A

-0.004
-0.009
-0.015
-0.022
-0.029

-0.034

-0.008
-0.018
-0.030
-0.044
-0.060
-0.069

-0.011
-0.022
-0.033
-0.045
-0.054

-0.058

-0.012
-0.025
-0.036
-0.045
-0.051
-0.053

AB

0.001
0.002
0.004
0.003

-0.018
m -
0.001

0.001
0.003
0.008
0.018
0.021

-0.068

-0.001
-0.002
-0.002
-0.004
-0.012

-0.021

-0.003
-0.006
-0.012
-0.022
-0.029
-0.026

Values of Influence Coefficient for Moment
Transverse Location of Load
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TABLE 14
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

H'1
12

quarter
M2

center

312

312

quarter
c12

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.008
0.017
0.025
0.034
0.043

0.050

0.006
0.011
0.016
0.020
0.022

0.023

AB

0.007
0.014
0.022
0.036
0.083
M.1 +
0.037

0.005
0.010
0.015
0.021
0.028

0.022

B

0.006
0.011
0.017
0.024
0.032

0.041

0.004
0.009
0.014
0.020
0.027

0.035

BC

0.005
0.010
0.015
0.021
0.028

0.022

0.004
0.008
0.014
0.027
0.075

0.019

C

0.004
0.009
0.013
0.016
0.018

0.019

0.004
0.008
0.012
0.018
0.025

0.033

CD D

0.003 0.002
0.007 0.004
0.009 0.006
0.011 0.007
0.012 0.008

0.013 0.008

0.004 0.004
0.008 0.008
0.012 0.011
0.018 0.015
0.024 0.017

0.018 0.017

DE

0.001
0.002
0.003
0.003
0.003

0.003

0.003
0.007
0.009
0.011
0.012

0.013

E

0.000
0.000

-0.001
-0.001
-0.001

-0.001

0.003
0.005
0.007
0.008
0.009

0.009

TABLE 15

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Transverse Location of Load

B

0.014
0.028
0.042
0.054
0.063
0.067

0.009
0.018
0.029
0.042
0.062
0.094

0.008
0.017
0.026
0.036
0.044
0.048

BC

0.011
0.022
0.032
0.040
0.044
0.045

0.008
0.017
0.027
0.039
0.055
0.070

0.008
0.016
0.025
0.036
0.051
0.066

C

0.008
0.016
0.022
0.027
0.029
0.030

0.008
0.017
0.026
0.036
0.044
0.048

0.007
0.015
0.023
0.035
0.053
0.084

CD

0.005
0.010
0.013
0.016
0.017
0.018

0.008
0.015
0.023
0.029
0.033
0.034

0.008
0.016
0.025
0.036
0.051
0.066

D

0.002
0.004
0.006
0.007
0.007
0.008

0.006
0.012
0.018
0.021
0.024
0.024

0.008
0.017
0.026
0.036
0.044
0.048

DE

0.000
-0.001
-0.001
-0.001
-0.001
-0.001

0.004
0.008
0.012
0.014
0.015
0.016

0.008
0.017
0.025
0.032
0.036
0.037

Moment
on

Line

AB

BC

Moment
in

Beam

A

B

C

Longitu-
dinal

Position
of Load

M2
3is

quarter
412

si2
center

1Ms
1s2

quarter

512
Ms

center

Ms2
312

quarter
ý12
M12

center

A

0.018
0.037
0.058
0.082
0.111
0.147

0.014
0.028
0.042
0.054
0.063
0.067

0.008
0.016
0.022
0.027
0.029
0.030

AB

0.016
0.033
0.050
0.068
0.086
0.100

0.011
0.023
0.034
0.048
0.065
0.081

0.008
0.017
0.025
0.032
0.036
0.037

E

-0.003
-0.005
-0.007
-0.009
-0.010
-0.010

0.002
0.004
0.006
0.007
0.007
0.008

0.008
0.016
0.022
0.027
0.029
0.030



MOMENTS IN I-BEAM BRIDGES

TABLE 16
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

~

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-

dinal
Posi-
tion

of
Load

/12
12

quartei

312

center
9i2
912
%2
1%2
'As

M•2

1/2
quarter

*12
M12

center
%2

%2
'9%2

12
%2

quarter

*12

1%2

center

%2
9/12

'912

912

quarter
*2
Mi2

center
Hi912

9is912

%2'291

B

0.018
0.033

0.040

0.037
0.027
0.017
0.010
0.006
0.003
0.002
0.001

0.036
0.071
0.100
0.078
0.053
0.032
0.018
0.010
0.005
0.003
0.001

0.016
0.029

0.035

0.036
0.030
0.023
0.016
0.011
0.007
0.004
0.002

-0.003
-0.010
-0.014
-0.004

0.007
0.013
0.013
0.010
0.007
0.005
n m09

-0 0

A AB

-0.012 0.002
-0.023 -0.019

-0.030 JM
-0.027 -0.018
-0.021 0.004
-0.015 0.004
-0.010 0.002
-0.007 0.000
-0.004 0.000
-0.003 0.000
-0.001 0.000

-0.024 0.015
-0.047 0.020
-0.060 -0.068
-0.055 0.020
-0.042 0.018
-0.030 0.008
-0.020 0.003
-0.013 0.001
-0.008 0.000
-0.005 0.000
-0.002 0.000

-0.020 -0.001
-0.036 -0.010

-0.046 -0.019

-0.047 -0.011
-0.041 -0.003
-0.033 -0.002
-0.025 -0.002
-0.018 -0.002
-0.012 -0.002
-0.007 -0.001
-0.004 -0.001

-0.016 -0.015
-0.029 -0.025
-0.038 -0.023
-0.042 -0.027
-0.041 -0.021
-0.036 -0.012
-0.029 -0.007
-0.022 -0.004
-0.015 -0.003
-0.010 -0.002
-0. ft5 -n nni

C CD

0.000 -0.003
-0.001 -0.005

-0.001 -0.004

0.003 -0.003
0.007 0.000
0.010 0.003
0.009 0.004
0.008 0.005
0.006 0.004
0.004 0.003
0.002 0.001

0.001 -0.008
-0.003 -0.012
-0.005 -0.007

0.006 -0.008
0.017 -0.001
0.021 0.007
0.020 0.010
0.016 0.010
0.011 0.008
0.007 0.006
0.003 0.003

0.019 0.006
0.035 0.004

0.044 0.001

0.046 0.012
0.041 0.020
0.033 0.020
0.026 0.018
0.019 0.015
0.013 0.011
0.008 0.007
0.004 0.004

0.038 0.023
0.077 0.037
0.110 -0.038
0.089 0.048
0.065 0.045
0.045 0.035
0.031 0.026
0.022 0.019
0.015 0.013
0.009 0.008
0.005 0.004

D

-0.003
-0.005

-0.006

-0.006
-0.005
-0.003
-0.001

0.001
0.001
0.001
0.001

-0.007
-0.012
-0.013
-0.012
-0.009
-0.005
-0.001
0.002
0.003
0.002
0.001

-0.005
-0.010

-0.011

-0.008
-0.002

0.003
0.005
0.006
0.005
0.003
0.002

-0.003
-0.010
-0.014
-0.004

0.007
0.013
0.013
0.010
0.007
0.005
0.002

DE

-0.003
-0.006

-0.007

-0.008
-0.007
-0.006
-0.005
-0.004
-0.002
-0.001
-0.001

-0.006
-0.012
-0.015
-0.016
-0.015
-0.013
-0.010
-0.007
-0.004
-0.002
-0.001

-0.010
-0.016

-0.019

-0.020
-0.017
-0.013
-0.009
-0.006
-0.004
-0.002
-0.001

-0.015
-0.025
-0.023
-0.027
-0.021
-0.012
-0.007
-0.004
-0.003
-0.002
-0.001

E

-0.003
-0.006

-0.008

-0.009
-0.010
-0.010
-0.009
-0.007
-0.006
-0.004
-0.002

-0.006
-0.012
-0.016
-0.019
-0.020
-0.020
-0.018
-0.015
-0.011
-0.008
-0.004

-0.011
-0.020

-0.026

-0.029
-0.030
-0.027
-0.023
-0.018
-0.013
-0.009
-0.004

-0.016
-0.029
-0.038
-0.042
-0.041
-0.036
-0.029
-0.022
-0.015
-0.010
-0.005

0.009
0.010

0.006

0.015
0.020
0.017
0.012
0.008
0.005
0.003
0.001

0.023
0.038

-0.036
0.048
0.044
0.033
0.023
0.016
0.010
0.006
0.003

0.015
0.000
M01 +
0.011
0.011
0.037
0.034
0.025
0.018
0.012
0.007
0.003

0.023
0.037

-0.038
0.048
0.045
0.035
0.026
0.019
0.013
0.008
0.004

Values of Influence Coefficient for MomentTransverse Location of Load

0. 00
---



ILLINOIS ENGINEERING EXPERIMENT STATION

TABLE 17
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

112
%s2

quarter

$12
M2

center
/12

M12

/12

912

quarter

*12

9i2
center

712
%2

1221%2

Values of Influence Coefficient for Moment

Transverse Location of Load
Moment

on
Line

AB

BC

AB

0.019
0.070

0.027
0.077
0.032
0.022
0.017
0.013
0.010
0.007
0.003

0.009
0.018

0.014

0.023
0.019
0.015
0.012
0.010
0.007
0.005
0.003

B

0.010
0.021

0.032

0.027
0.021
0.017
0.014
0.011
0.009
0.006
0.003

0.009
0.019

0.029

0.023
0.018
0.014
0.011
0.008
0.006
0.004
0.002

BC

0.009
0.018

0.014

0.023
0.019
0.015
0.012
0.010
0.007
0.005
0.003

0.017
0.067

0.014
0.071
0:025
0.014
0.010
0.007
0.005
0.004
0.002

C

0.006
0.010

0.012

0.014
0.014
0.013
0.011
0.008
0.006
0.004
0.002

0.009
0.018

0.028

0.022
0.016
0.012
0.010
0.007
0.005
0.003
0.002

CD

0.003
0.006

0.008

0.009
0.010
0.009
0.008
0.007
0.005
0.003
0.002

0.008
0.016

0.013

0.020
0.016
0.012
0.010
0.007
0.005
0.003
0.002

D

0.002
0.003

0.004

0.005
0.006
0.006
0.005
0.005
0.004
0.003
0.001

0.005
0.009

0.012

0.013
0.013
0.011
0.009
0.007
0.005
0.003
0.002

DE

0.001
0.001

0.002

0.002
0.002
0.003
0.003
0.002
0.002
0.001
0.001

0.003
0.006

0.008

0.009
0.010
0.009
0.008
0.007
0.005
0.003
0.002

E

0.000
-0.001

-0.001

-0.001
-0.001
-0.001

0.000
0.000
0.000
0.000
0.000

0.001
0.003

0.004

0.005
0.006
0.007
0.007
0.006
0.005
0.003
0.002

A

0.014
0.027

0.038

0.036
0.030
0.025
0.020
0.016
0.012
0.008
0.004

0.006
0.011

0.014

0.016
0.017
0.016
0.014
0.012
0.009
0.006
0.003



MOMENTS IN I-BEAM BRIDGES

TABLE 18

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Moment
in

Beam

A

B

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Longitu-
dinal

Position
of Load

Ms
412

quarter

912
center

192

%42'912

4M2

M2

quarter
yi2

§2
center

7A2
M2

%2
9%2

IM2

M12

112
quarter

M2
M2

center
M2

M§2
142

'912
' M2

AB

0.028
0.055
0.077
0.071
0.061
0.050
0.041
0.031
0.023
0.015
0.008

0.019
0.042
0.064
0.053
0.042
0.034
0.028
0.023
0.017
0.011
0.006

0.011
0.020
0.025
0.028
0.028
0.025
0.021
0.017
0.013
0.008
0.004

B

0.019
0.035
0.046
0.049
0.047
0.042
0.035
0.028
0.021
0.014
0.007

0.019
0.043
0.080
0.052
0.037
0.029
0.023
0.019
0.014
0.009
0.005

0.015
0.028
0.036
0.037
0.032
0.026
0.021
0.016
0.011
0.007
0.004

BC

0.012
0.021
0.028
0.032
0.034
0.032
0.028
0.023
0.018
0.012
0.006

0.018
0.038
0.058
0.047
0.035
0.027
0.021
0.017
0.012
0.008
0.004

0.017
0.037
0.056
0.044
0.033
0.025
0.019
0.014
0.010
0.007
0.003

C

0.006
0.012
0.016
0.020
0.022
0.022
0.021
0.018
0.014
0.010
0.005

0.015
0.028
0.036
0.037
0.032
0.026
0.021
0.016
0.011
0.007
0.004

0.017
0.040
0.075
0.047
0.032
0.023
0.018
0.014
0.010
0.006
0.003

CD

0.003
0.006
0.008
0.011
0.012
0.013
0.013
0.012
0.010
0.007
0.003

0.011
0.019
0.024
0.026
0.026
0.023
0.019
0.014
0.010
0.007
0.003

0.017
0.037
0.056
0.044
0.033
0.025
0.019
0.014
0.010
0.007
0.003

D

0.001
0.002
0.003
0.004
0.005
0.006
0.006
0.006
0.005
0.004
0.002

0.006
0.011
0.015
0.018
0.018
0.018
0.015
0.012
0.009
0.006
0.003

0.015
0.028
0.036
0.037
0.032
0.026
0.021
0.016
0.011
0.007
0.004

DE

-0.001
-0.001
-0.002
-0.002
-0.001
-0.001
0.000
0.000
0.000
0.000
0.000

0.003
0.006
0.009
0.010
0.011
0.012
0.011
0.009
0.007
0.005
0.003

0.011
0.020
0.025
0.028
0.028
0.025
0.021
0.017
0.013
0.008
0.004

E

-0.002
-0.004
-0.006
-0.007
-0.007
-0.007
-0.006
-0.006
-0.004
-0.003
-0.002

0.001
0.002
0.003
0.004
0.005
0.006
0.006
0.006
0.005
0.004
0.002

0.006
0.012
0.016
0.020
0.022
0.022
0.021
0.018
0.014
0.010
0.005

A

0.037
0.077
0.122
0.095
0.074
0.058
0.045
0.034
0.025
0.016
0.008

0.019
0.035
0.046
0.049
0.047
0.042
0.035
0.028
0.021
0.014
0.007

0.006
0.012
0.016
0.020
0.022
0.022
0.021
0.018
0.014
0.010
0.005

Values of Influence Coefficient for MomentTransverse Location of Load
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TABLE 19

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Mo-
ment

on
Line

AB

B

BC

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-
dinal
Posi-
tion
of

Load

$12
fi2

quarter
%i2

center

i2
is2

quarter
is
ý12

center

quarter
Mst

center

'is2
?12

quarter
M11

12

center

AB

0.001
0.003
0.005
0.003

-0.020

0.011

0.002
0.006
0.011
0.019
0.017

-0.079

-0.001
-0.001
-0.001
-0.003
-0.012

-0.021

-0.003
-0.007
-0.013
-0.021
-0.024
-0.018

B

0.005
0.011
0.018
0.026
0.034

0.037

0.010
0.021
0.035
0.052
0.070
0.083

0.007
0.014
0.021
0.028
0.033

0.035

0.004
0.007
0.008
0.004

-0.002
-0.006

BC

0.005
0.010
0.015
0.019
0.013

0.006

0.010
0.021
0.031
0.042
0.044

-0.043

0.010
0.021
0.031
0.034
0.008
M., +
0.011

0.010
0.021
0.032
0.043
0.044

-0.044

C

0.003
0.006
0.007
0.006
0.004

0.003

0.007
0.012
0.015
0.013
0.008
0.004

0.010
0.020
0.029
0.038
0.044

0.047

0.013
0.027
0.044
0.064
0.084
0.097

CD

0.001
0.001
0.000

-0.001
-0.001

0.000

0.002
0.003
0.001

-0.002
-0.003

0.003

0.006
0.012
0.016
0.018
0.013

0.006

0.010
0.021
0.032
0.043
0.044

-0.044

D

-0.001
-0.002
-0.003
-0.004
-0.004

-0.004

-0.002
-0.004
-0.006
-0.008
-0.009
-0.009

0.001
0.001
0.000

-0.002
-0.005

-0.006

0.004
0.007
0.008
0.004

-0.002
-0.006

DE

-0.002
-0.004
-0.005
-0.006
-0.007

-0.007

-0.004
-0.008
-0.011
-0.012
-0.014
-0.015

-0.004
-0.008
-0.012
-0.016
-0.018

-0.018

-0.003
-0.007
-0.013
-0.021
-0.024
-0.018

E

-0.002
-0.005
-0.007
-0.008
-0.009

-0.009

-0.005
-0.010
-0.014
-0.016
-0.018
-0.019

-0.008
-0.015
-0.021
-0.026
-0.029

-0.030

-0.011
-0.021
-0.030
-0.037
-0.040
-0.042

A

-0.005
-0.010
-0.015
-0.021
-0.025

-0.028

-0.009
-0.019
-0.030
-0.042
-0.052
-0.057

-0.010
-0.020
-0.030
-0.039
-0.045

-0.048

-0.011
-0.021
-0.030
-0.037
-0.040
-- 0.042

Values of Influence Coefficient for MomentTransverse Location of Load

-0.042 -0.018



MOMENTS IN I-BEAM BRIDGES

TABLE 20

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

l4i
12

quarter
5/i2

center

1~12

3'12
quarter
Me2
%2

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.004
0.008
0.012
0.016
0.019

0.022

0.002
0.004
0.006
0.007
0.008

0.008

AB

0.003
0.006
0.010
0.020
0.062

0.011

0.002
0.004
0.006
0.010
0.013

0.004

B

0.002
0.005
0.008
0.011
0.015

0.018

0.002
0.004
0.006
0.009
0.013

0.016

BC

0.002
0.004
0.006
0.010
0.013

0.004

0.002
0.004
0.007
0.017
0.060

0.001

C

0.002
0.004
0.005
0.006
0.007

0.007

0.002
0.004
0.006
0.009
0.012

0.016

CD

0.001
0.002
0.003
0.004
0.004

0.005

0.002
0.004
0.006
0.009
0.012

0.003

D

0.001
0.001
0.002
0.002
0.002

0.002

0.002
0.003
0.005
0.006
0.007

0.007

DE

0.000
0.000
0.000
0.000
0.000

0.000

0.001
0.002
0.003
0.004
0.004

0.005

E

0.000
-0.001
-0.001
-0.001
-0.002

-0.002

0.001
0.001
0.001
0.002
0.002

0.002

TABLE 21

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Transverse Location of Load

B

0.016
0.030
0.044
0.056
0.064
0.067

0.010
0.020
0.033
0.049
0.073
0.107

0.010
0.020
0.031
0.040
0.048
0.050

BC

0.011
0.021
0.030
0.036
0.039
0.040

0.010
0.020
0.032
0.046
0.063
0.080

0.009
0.019
0.030
0.044
0.061
0.077

C

0.006
0.012
0.017
0.020
0.022
0.022

0.010
0.020
0.031
0.040
0.048
0.050

0.008
0.018
0.029
0.044
0.067
0.101

CD

0.003
0.005
0.007
0.008
0.009
0.009

0.009
0.017
0.024
0.030
0.033
0.033

0.009
0.019
0.030
0.044
0.061
0.077

D

0.000
0.000
0.000
0.000
0.000
0.000

0.006
0.011
0.016
0.019
0.021
0.021

0.010
0.020
0.031
0.040
0.048
0.050

DE

-0.002
-0.004
-0.005
-0.007
-0.007
-0.008

0.003
0.006
0.008
0.009
0.010
0.010

0.009
0.017
0.025
0.031
0.034
0.034

Moment
on

Line

Moment
in

Beam

Longitu-
dinal

Position
of Load

31i
2

quarter

is2
center

Ms2
?12

quarter
it

ýi2M3s
center

312
M1

quarter
j12

M 41
center

A

0.023
0.047
0.072
0.101
0.134
0.172

0.016
0.030
0.044
0.056
0.064
0.067

0.006
0.012
0.017
0.020
0.022
0.022

AB

0.020
0.039
0.059
0.078
0.097
0.111

0.012
0.024
0.037
0.053
0.073
0.091

0.009
0.017
0.025
0.031
0.034
0.034

E

-0.004
-0.007
-0.010
-0.012
-0.013
-0.014

0.000
0.000
0.000
0.000
0.000
0.000

0.006
0.012
0.017
0.020
0.022
0.022

--
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TABLE 22
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H= 5
Relative Proportions of Bridge b/a= 0.1

See sub-headine of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

Lon-
gitu-
dinal
Posi-
tion

of
Load

Ms
412

quartes

M42
312

center
?i2
Mi2

%2%42

1942
1M/1

342
quartei

342
4%2

center

?i21%2
32
1992342

'M2

quarter

342
142

center
?l2

3%2
%2

2942

32

quartei
142
s%2

center

%2

3%2

342

B

0.014
0.026

0.032

0.031
0.025
0.018
0.012
0.007
0.004
0.002
0.001

0.030
0.057
0.075
0.066
0.051
0.035
0.023
0.014
0.008
0.004
0.002

0.011
0.021

0.027

0.028
0.026
0.021
0.017
0.012
0.008
0.005
0.002

-0.006
-0.012
-0.014
-0.008

0.001
0.008
0.010
0.010
0.008
0.006
0.003

BC C

0.006 -0.002
0.004 -0.003

-0.001 -0.003

0.009 0.000
0.017 0.004
0.015 0.007
0.012 0.008
0.009 0.007
0.006 0.006
0.004 0.004
0.002 0.002

0.017 -0.003
0.026 -0.007

-0.056 -0.008
0.036 0.000
0.038 0.009
0.031 0.015
0.025 0.016
0.018 0.015
0.012 0.012
0.008 0.008
0.004 0.004

0.009 0.014
-0.011 0.025

0. 0.032

-0.001 0.035
0.030 0.033
0.031 0.029
0.025 0.024
0.019 0.019
0.014 0.014
0.009 0.009
0.004 0.005

0.017 0.032
0.025 0.060

-0.058 0.081
0.035 0.073
0.038 0.059
0.032 0.044
0.026 0.032
0.020 0.023
0.014 0.016
0.009 0.010
0.005 0.005

CD

-0.003
-0.004

-0.004

-0.003
-0.002

0.000
0.002
0.003
0.003
0.003
0.001

-0.008
-0.011
-0.004
-0.009
-0.005

0.001
0.006
0.007
0.007
0.005
0.003

0.003
-0.001

-0.005

0.006
0.015
0.016
0.015
0.013
0.011
0.007
0.004

0.017
0.025

-0.058
0.035
0.038
0.032
0.026
0.020
0.014
0.009
0.005

D

-0.002
-0.004

-0.004

-0.005
-0.004
-0.003
-0.002
-0.001

0.000
0.000
0.000

-0.005
-0.008
-0.009
-0.010
-0.009
-0.006
-0.004
-0.001

0.000
0.001
0.001

-0.005
-0.009

-0.010

-0.008
-0.004

0.000
0.003
0.004
0.004
0.003
0.002

-0.006
-0.012
-0.014
-0.008

0.001
0.008
0.010
0.010
0.008
0.006
0.003

DE

-0.002
-0.003

-0.005

-0.005
-0.005
-0.005
-0.005
-0.004
-0.003
-0.002
-0.001

-0.003
-0.007
-0.010
-0.011
-0.011
-0.011
-0.009
-0.007
-0.005
-0.003
-0.002

-0.007
-0.011

-0.013

-0.015
-0.015
-0.012
-0.009
-0.006
-0.004
-0.003
-0.001

-0.013
-0.019
-0.015
-0.022
-0.020
-0.013
-0.008
-0.005
-0.003
-0.002
-0.001

E

-0.002
-0.003

-0.005

-0.006
-0.006
-0.007
-0.006
-0.006
-0.005
-0.003
-0.002

-0.003
-0.006
-0.009
-0.012
-0.013
-0.014
-0.013
-0.012
-0.010
-0.007
-0.004

-0.006
-0.012

-0.017

-0.020
-0.021
-0.021
-0.019
-0.017
-0.013
-0.009
-0.005

-0.010
-0.019
-0.025
-0.029
-0.031
-0.030
-0.027
-0.022
-0.017
-0.011
-0.006

A

-0.009
-0.017

-0.022

-0.022
-0.019
-0.015
-0.012
-0.008
-0.006
-0.004
-0.002

-0.019
-0.036
-0.046
-0.045
-0.039
-0.030
-0.023
-0.016
-0.011
-0.007
-0.003

-0.014
-0.026

-0.034

-0.036
-0.034
-0.030
-0.025
-0.019
-0.014
-0.009
-0.004

-0.010
-0.019
-0.025
-0.029
-0.031
-0.030
-0.027
-0.022
-0.017
-0.011
-0.006

~

AB

0.001
0.021

-0.020
0.004
0.005
0.003
0.001
0.000
0.000
0.000

0.014
0.015

-0.078
0.017
0.020
0.011
0.005
0.001

-0.001
-0.001
-0.001

-0.001
-0.010

-0.019

-0.010
-0.002
-0.001
-0.002
-0.002
-0.002
-0.001
-0.001

-0.013
-0.019
-0.015
-0.022
-0.020
-0.013
-0.008
-0.005
-0.003
-0.002
-0.001
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TABLE 23

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

M 2
;12

quarter

342
/192

center
M3
%2

12
19i2
iJM2

Ms24'2

quarter

4M2
ýi2

center
/%2

/12

Values of Influence Coefficient for Moment

Transverse Location of Load
Moment

on
Line

AB

BC

1i2 0.001

AB

0.012
0.056

0.006
0.059
0.018
0.010
0.008
0.006
0.005
0.003
0.002

0.004
0.009

0.001

0.011
0.009
0.006
0.005
0.004
0.003
0.002
0.001

B

0.005
0.010

0.015

0.012
0.009
0.008
0.006
0.005
0.004
0.002
0.001

0.004
0.009

0.013

0.011
0.008
0.006
0.005
0.004
0.003
0.002
0.001

BC

0.004
0.009

0.001

0.011
0.009
0.006
0.005
0.004
0.003
0.002
0.001

0.012
0.057

0.003
0.059
0.016
0.007
0.005
0.003
0.002
0.002
0.001

C

0.002
0.003

0.004

0.005
0.005
0.005
0.004
0.004
0.003
0.002
0.001

0.004
0.009

0.013

0.011
0.008
0.006
0.005
0.003
0.002
0.002
0.001

CD

0.001
0.001

0.003

0.003
0.003
0.003
0.003
0.003
0.002
0.001
0.001

0.004
0.008

0.001

0.010
0.008
0.006
0.005
0.004
0.003
0.002
0.001

D

0.000
0.001

0.001

0.001
0.001
0.002
0.002
0.001
0.001
0.001
0.000

0.002
0.003

0.004

0.005
0.005
0.005
0.004
0.003
0.003
0.002
0.001

DE

0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.001

0.003

0.003
0.003
0.003
0.003
0.003
0.002
0.001
0.001

E

0.000
-0.001

-0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.000
0.000

0.000
0.000

0.001

0.001
0.001
0.001
0.002
0.001
0.001
0.001
0.001

A

0.006
0.012

0.017

0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002

0.002
0.003

0.004

0.005
0.006
0.006
0.006
0.005
0.004
0 0n3

Vauso-nlec oefcetfrM mn
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TABLE 24

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 5
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Mo-
ment

in
Beam

A

B

C

Values of Influence Coefficient for Moment

Transverse Location of Load

Longitu-
dinal

Position
of Load

4%2

quarter
S12

9I2
center

94:2
1%2

4192

Ms2

'12
quarter

%2
center

H2

1MsMs

IM2

912

quarter
942

center

M2

192

AB

0.030
0.059
0.083
0.078
0.069
0.059
0.048
0.038
0.028
0.019
0.009

0.023
0.049
0.073
0.061
0.047
0.037
0.030
0.024
0.018
0.012
0.006

0.010
0.017
0.021
0.025
0.027
0.025
0.022
0.017
0.013
0.009
0.004

B

0.017
0.033
0.043
0.048
0.048
0.044
0.039
0.032
0.024
0.016
0.008

0.025
0.054
0.094
0.064
0.045
0.033
0.025
0.019
0.014
0.010
0.005

0.016
0.029
0.037
0.039
0.036
0.031
0.024
0.018
0.013
0.008
0.004

BC

0.009
0.016
0.021
0.027
0.030
0.030
0.027
0.023
0.018
0.013
0.006

0.022
0.045
0.067
0.055
0.042
0.032
0.024
0.018
0.013
0.008
0.004

0.021
0.044
0.065
0.053
0.040
0.030
0.023
0.017
0.012
0.008
0.004

C

0.003
0.007
0.010
0.013
0.015
0.017
0.016
0.015
0.012
0.009
0.004

0.016
0.029
0.037
0.039
0.036
0.031
0.024
0.018
0.013
0.008
0.004

0.023
0.051
0.089
0.059
0.041
0.029
0.021
0.016
0.011
0.008
0.004

CD

0.001
0.002
0.003
0.005
0.006
0.007
0.007
0.007
0.006
0.005
0.002

0.009
0.016
0.021
0.025
0.026
0.024
0.021
0.017
0.012
0.008
0.004

0.021
0.044
0.065
0.053
0.040
0.030
0.023
0.017
0.012
0.008
0.004

D

-0.001
-0.001
-0.001
-0.001
-0.001

0.000
0.000
0.001
0.001
0.001
0.001

0.004
0.008
0.011
0.014
0.016
0.016
0.015
0.013
0.010
0.007
0.003

0.016
0.029
0.037
0.039
0.036
0.031
0.024
0.018
0.013
0.008
0.004

DE

-0.002
-0.003
-0.004
-0.005
-0.005
-0.005
-0.005
-0.004
-0.003
-0.002
-0.001

0.001
0.003
0.005
0.006
0.007
0.008
0.008
0.007
0.006
0.004
0.002

0.010
0.017
0.021
0.025
0.027
0.025
0.022
0.017
0.013
0.009
0.004

E

-0.003
-0.005
-0.007
-0.008
-0.009
-0.010
-0.009
-0.008
-0.007
-0.005
-0.003

-0.001
-0.001
-0.001
-0.001
-0.001

0.000
0.000
0.001
0.001
0.001
0.001

0.003
0.007
0.010
0.013
0.015
0.017
0.016
0.015
0.012
0.009
0.004

A

0.044
0.090
0.140
0.113
0.091
0.072
0.057
0.043
0.031
0.021
0.010

0.017
0.033
0.043
0.048
0.048
0.044
0.039
0.032
0.024
0.016
0.008

0.003
0.007
0.010
0.013
0.015
0.017
0.016
0.015
0.012
0.009
0:004
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TABLE 25

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB, LONGITUDINAL
MOMENT IN SLAB, AND MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.1

See sub-headings of Tables 1, 2, and 3. Influence coefficients are given only for loads at mid-span.

Values of Influence Coefficient for Moment

Moment
on Transverse Location of Load at Mid-span

Line

A AB B BC C CD D DE E

Transverse Moment in Slab

AB -0.023 {•012 0.032 0.001 0.001 -0.001 -0.005 -0.006 -0.006

B -0.047 -0.082 0.069 -0.052 0.001 0.001 -0.009 -0.012 -0.012

BC -0.038 -0.019 0.029 {0M• + 0.037 -. 001 -0.008 -0.014 -0.021

C -0.031 -0.012 -0.007 -0.054 0.078 -0.054 -0.007 -0.012 -0.031

Longitudinal Moment in Slab

AB 0.012 { 00)2 0.010 -0.002 0.003 0.002 0.001 0.000 -0.001

BC 0.003 -0.002 0.009 {M' .7 0.008 -0.002 0.003 0.002 0.000

Moment in Beams

A 0.189 0.116 0.063 0.031 0.013 0.002 -0.005 -0.009 -0.011
B 0.063 0.096 0.119 0.088 0.053 0.032 0.019 0.007 -0.005
C 0.013 0.030 0.053 0.079 0.116 0.079 0.053 0.030 0.013
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TABLE 26
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB, LONGITUDINAL

MOMENT IN SLAB, AND MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 20
Relative Proportions of Bridge b/a = 0.1

See sub-headings of Tables 1, 2, and 3. Influence coefficients are given only for loads at mid-span.

Values of Influence Coefficient for Moment

Moment
on Transverse Location of Load at Mid-span

Line

A AB B BC C CD D DE E

Transverse Moment in Slab

AB -0.018 '13 0.027 -0.003 -0.002 -0.003 -0.005 -0.004 -0.003
B -0.037 -0.085 0.057 -0.061 -0.004 -0.001 -0.009 -0.010 -0.006

BC -0.027 -0.018 0.023 {M08 0.026 -0.00 .-0.009 -0.010 -0.012

C -0.020 -0.006 -0.010 -0.066 0.059 -0.066 -0.010 -0.006 -0.020

Longitudinal Moment in Slab

AB 0.006 {M04 0.005 -0.005 0.001 0.001 0.000 0.000 0.000

BC 0.001 -0.005 0.005 {M 0.005 -0.004 0.002 0.001 0.000

Moment in Beams

A 0.204 0.118 0.055 0.021 0.004 -0.005 -0.008 -0.008 -0.006
B 0.055 0.102 0.131 0.097 0.055 0.030 0.015 0.003 -0.008
C 0.004 0.025 0.055 0.099 0.132 0.099 0.055 0.025 0.004
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TABLE 27

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Moment
on

Line

AB

B

BC

C

Values of Influence Coefficient for Moment

Transverse Location of Load
Longitudinal

Position
of Load

Mi2
M2

quarter
42

12

center

M'2
312

quarter
ý12
Ms1

center

Msz
12

quarter
i2s

center

1Ms2
%2

quarter

12c
cn2

center

AB

0.000
0.000

-0.001
-0.006
-0.033

0.025

0.000
0.000
0.000
0.000

-0.012
-0.011

0.000
0.000
0.000

-0.002
-0.011

-0.019

0.000
0.000
0.000
0.001
0.007

B BC

0 0.000
0 0.000
0 0.000
0 -0.002
0 -0.011

0 -0.019

0 0.000
0 0.000
0 0.000
0 0.000
0 -0.005
0 -0.093

0 0.000
0 0.000
0 -0.001
0 -0.007
0 -0.041

0 [M83-

0 0.000
0 0.000
0 0.000
0 0.000
0 0.0070 -0.007

A

0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0

0

0

0
0
0
0
0

C

0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0

CD

0.000
0.000
0.000
0.001
0.003

0.005

0.000
0.000
0.000
0.000
0.005
0.014

0.000
0.000
0.000

-0.001
-0.009

-0.016

0.000
0.000
0.000
0.000

-0.007
-0.097

D

0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0

DE

0.000
0.000
0.000
0.000

-0.001

-0.001

0.000
0.000
0.000
0.000

-0.002
-0.004

0.000
0.000
0.000
0.001
0.003

0.005

0.000
0.000
0.000
0.001
0.007
0.018

E

0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0u0.08 O --u.u0
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TABLE 28

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitudinal
Position
of Load

Ms
/12

quarter

5i1

center

Mýi
1i

quarter
e2

2enter
center

Values of Influence Coefficient for Moment

Transverse Location of Load

AB B

0.000 0
0.000 0
0.001 0
0.007 0
0.045 0
{M.

0
-

0.009 0

0.000 0
0.000 0
0.000 0
0.001 0
0.002 0

-0.008 0

BC

0.000
0.000
0.000
0.001
0.002

-0.008

0.003
0.000
0.001
0.008
0.047

0.016

C CD

0 0.000
0 0.000
0 0.000
0 0.000
0 0.000

0 0.001

0 0.000
0 0.000
0 0.000
0 0.001
0 0.002

0 -0.007

D DE

0 0.000
0 0.000
0 0.000
0 0.000
0 0.000

0 0.000

0 0.000
0 0.000
0 0.000
0 0.000
0 0.000

0 0.001

TABLE 29

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Longitu-
dinal

Position
of Load

'i2
<12

quarter
12Rit

M12
center

Y1
quarter

ýi2
Mi

center

M2
M12

quarter
Hi
enterM2

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.042
0.083
0.125
0.167
0.208
0.250

0
0
0
0
0
0

0
0
0
0
0
0

AB

0.017
0.033
0.050
0.067
0.084
0.097

0.030
0.061
0.091
0.121
0.152
0.174

-0.007
-0.013
-0.020
-0.027
-0.033
-0.037

B

0
0
0
0
0
0

0.042
0.083
0.125
0.167
0.208
0.250

0
0
0
0
0
0

BC

-0.003
-0.006
-0.009
-0.012
-0.015
-0.017

0.024
0.047
0.071
0.095
0.119
0.137

0.025
0.051
0.076
0.101
0.127
0.146

C

0
0
0
0
0
0

0
0
0
0
0
0

0.042
0.083
0.125
0.167
0.208
0.250

CD

0.001
0.002
0.003
0.003
0.004
0.005

-0.005
-0.010
-0.015
-0.020
-0.025
-0.028

0.025
0.051
0.076
0.101
0.127
0.146

DE

0.000
-0.001
-0.001
-0.001
-0.001
-0.002

0.002
0.003
0.005
0.007
0.008
0.009

-0.007
-0.013
-0.020
-0.027
-0.033
-0.037

Moment
on

Line

AB

BC

Mo-
ment

in
Beam

A

B

C
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TABLE 30

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 1

Moment
on

Line

AB

B

BC

C

Values of Influence Coefficient for Moment

Transverse Location of Load
Longitudinal

Position
of Load

M2
912

quarter

Msj
'/12

center
712
M!
%9i2

'912
i42

%12
quarter

912
1%2

center
912
912
912

19/12
"/12

'/i2
;12

quarter

912

center
912
§12
'912

'912
'i2

M12

quarter
112
h2

center
M2
:12

112

A

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0

0
0

0

0
0
0
0
0

0

0

0
0

0
0
0

AB

-0.006
-0.033
M.t -
0.025

-0.033
-0.006
-0.001

0.000
0.000
0.000
0.000
0.000

0.000
-0.012
-0.111
-0.012

0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.002
-0.011

-0.019

-0.011
-0.002

0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.007
0.018
0.007
0.001
0.000
0.000
0.000
0.000
0.000
0.000

BC

-0.002
-0.011

-0.019

-0.011
-0.002

0.000
0.000
0.000
0.000
0.000
0.000

0.000
-0.005
-0.093
-0.005

0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.007
-0.041

0.M039
-0.041
-0.007
-0.001

0.000
0.000
0.000
0.000
0.000

0.000
-0.007
-0.097
-0.007

0.000
0.000
0.000
0.000
0.000
0.000
0.000

C

0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
O
0
0
0

0
0
0

B

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

o

0o
o
0o
o
0o
o

CD

0.001
0.003

0.005

0.003
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.005
0.014
0.005
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.001
-0.009

-0.016

-0.009
-0.001

0.000
0.000
0.000
0.000
0.000
0.000

0.000
-0.007
-0.097
-0.007

0.000
0.000
0.000
0.000
0.000
0.000
0.000

D

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0

DE

0.000
-0.001

-0.001

-0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
-0.002
-0.004
-0.002

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.003

0.005

0.003
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.007
0.018
0.007
0.001
0.000
0.000
0.000
0.000
0.000
0.000

E

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

___

-- ~------~-----
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TABLE 31

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 2

Longitudinal
Position
of Load

;12

quarter

Ms$A2
Ms

center
N2

2912

942'912

I/i

%2

ýi2
ý12

center

Mls%2

A2

Values of Influence Coefficient for Moment

Transverse Location of Load
Moment

on
Line

AB

BC

AB B

0.007 0
0.045 0

0.009
0.045 0
0.007 0
0.001 0
0.000 0
0.000 0
0.000 0
0.000 0
0.000 0

0.001 0
0.002 0

-0.008 0

0.002 0
0.001 0
0.000 0
0.000 0
0.000 0
0.000 0
0.000 0
0.000 0

BC

0.001
0.002

-0.008

0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.008
0.047

0.016
0.047
0.008
0.001
0.000
0.000
0.000
0.000
0.000

C

0
0

0

0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

CD

0.000
0.000

0.001

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.002

-0.007

0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.000

D

0
0

0

0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

DE

0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.001

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

E

0
0

0

0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

A

0
0

0

0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0
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TABLE 32
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF

SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.1

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Transverse Location of Load

Mo-
ment

in
Beam

A

B

C

Longitu-
dinal

Position
of Load

Ms2
512

quarter
912
9%2

center

4%2

912AMs

Ms2
912

quarter
h12

M2
center

M2
912

%i2
1%2

M2
912

quarter
s12

912
center

12
M•i
912

1912
IMs

D

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

DE

0.000
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
0.000
0.000
0.000

0.003
0.005
0.006
0.007
0.006
0.005
0.004
0.003
0.003
0.002
0.001

-0.010
-0.020
-0.027
-0.027
-0.024
-0.020
-0.017
-0.013
-0.010
-0.007
-0.003

E

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

AB B

0.025 0
0.051 0
0.072 0
0.067 0
0.058 0
0.050 0
0.042 0
0.033 0
0.025 0
0.017 0
0.008 0

0.046 0.063
0.091 0.125
0.129 0.188
0.121 0.167
0.106 0.146
0.091 0.125
0.076 0.104
0.061 0.083
0.046 0.063
0.030 0.042
0.015 0.021

-0.010 0
-0.020 0
-0.027 0
-0.027 0
-0.024 0
-0.020 0
-0.017 0
-0.013 0
-0.010 0
-0.007 0
-0.003 0

BC C CD

-0.005 0 0.001
-0.009 0 0.003
-0.013 0 0.003
-0.012 0 0.003
-0.011 0 0.003
-0.009 0 0.003
-0.008 0 0.002
-0.006 0 0.002
-0.005 0 0.001
-0.003 0 0.001
-0.002 0 0.000

0.036 0 -0.008
0.071 0 -0.015
0.102 0 -0.020
0.095 0 -0.020
0.083 0 -0.018
0.071 0 -0.015
0.059 0 -0.013
0.047 0 -0.010
0.035 0 -0.008
0.024 0 -0.005
0.012 0 -0.003

0.038 0.063 0.038
0.076 0.125 0.076
0.108 0.188 0.108
0.101 0.167 0.101
0.089 0.146 0.089
0.076 0.125 0.076
0.063 0.104 0.063
0.051 0.083 0.051
0.038 0.063 0.038
0.025 0.042 0.025
0.013 0.021 0.013

A

0.063
0.125
0.188
0.167
0.146
0.125
0.104
0.083
0.063
0.042
0.021

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

Values of Influence Coefficient for MomentTransverse Location of Load
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TABLE 33
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a= 0.2

See sub-heading of Table 1

Lon-
gitu-

dinal
Posi-
tion
of

Load

?12
quarter

ýi2

center

M12
quarter

si2

center

312

quarter
112

center

h12
quarter

M12
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.014
-0.021
-0.028

-0.040

-0.027
-0.041
-0.057
-0.076

-0.025
-0.037
-0.047

-0.056

-0.025
-0.035
-0.043
-0.049

AB

0.002
-0.004
-0.017
IM.I -
10.008

0.014
0.022
0.025

-0.050

-0.002
-0.005
-0.011

-0.021

-0.014
-0.022
-0.029
-0.034

B

0.019
0.029
0.039

0.045

0.035
0.057
0.082
0.145

0.019
0.028
0.036

0.040

0.003
0.000

-0.006
-0.018

BC

0.012
0.015
0.014

0.009

0.028
0.041
0.049

-0.017

0.020
0.021
0.010
M.t +
0.018

0.027
0.040
0.047

-0.019

C

0.002
0.001
0.000

-0.003

0.008
0.008
0.003

-0.008

0.024
0.034
0.044

0.049

0.039
0.062
0.089
0.154

CD

-0.003
-0.005
-0.007

-0.008

-0.005
-0.009
-0.014
-0.015

0.008
0.010
0.008

0.001

0.027
0.040
0.047

-0.019

D

-0.005
-0.007
-0.009

-0.010

-0.010
-0.015
-0.018
-0.021

-0.005
-0.009
-0.013

-0.017

0.003
0.000

-0.006
-0.018

DE

-0.005
-0.007
-0.009

-0.010

-0.011
-0.016
-0.019
-0.022

-0.013
-0.018
-0.022

-0.026

-0.014
-0.022
-0.029
-0.034

E

-0.005
-0.007
-0.008

-0.010

-0.011
-0.015
-0.018
-0.021

-0.016
-0.023
-0.028

-0.032

-0.025
-0.035
-0.043
-0.049

TABLE 34

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on dinal Transverse Location of Load

Line Position
of Load

A AB B BC C CD D DE E

AB its 0.032 0.033 0.021 0.019 0.015 0.010 0.006 0.002 0.000
quarter 0.048 0.059 0.033 0.029 0.021 0.014 0.008 0.003 0.000

M2 0.064 0.101 0.046 0.039 0.026 0.016 0.009 0.004 0.000

center 0.090 •J'72 0.073 0.042 0.029 0.019 0.011 0.005 0.000

BC ;2 0.017 0.019 0.018 0.026 0.017 0.017 0.014 0.010 0.005
quarter 0.024 0.029 0.029 0.049 0.027 0.026 0.020 0.014 0.007

fis 0.029 0.039 0.041 0.090 0.039 0.035 0.025 0.016 0.009

center 0.033 0.042 0.065 {M.• 0.063 0.039 0.029 0.019 0.010~0.051
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TABLE 35

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Longitu-
dinal

Position
of Ioad

ýi2
quarter

M2
center

quarter
142

center

ý12
quarter

142
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A AB

0.038 0.032
0.059 0.048
0.084 0.064
0.149 0.090

0.025 0.021
0.036 0.033
0.045 0.046
0.055 0.073

0.010 0.015
0.014 0.021
0.017 0.026
0.019 0.029

B

0.025
0.036
0.045
0.055

0.018
0.029
0.044
0.095

0.018
0.026
0.034
0.042

BC C

0.017 0.010
0.024 0.014
0.029 0.017
0.033 0.019

0.018 0.018
0.029 0.026
0.041 0.034
0.065 0.042

0.017 0.016
0.027 0.026
0.039 0.039
0.063 0.090

CD

0.005
0.007
0.009
0.010

0.014
0.020
0.025
0.029

0.017
0.027
0.039
0.063

D

0.002
0.003
0.003
0.004

0.010
0.013
0.016
0.019

0.018
0.026
0.034
0.042

DE

0.000
0.000
0.000
0.000

0.006
0.008
0.009
0.011

0.015
0.021
0.026
0.029

E

-0.002
-0.002
-0.003
-0.003

0.002
0.003
0.003
0.004

0.010
0.014
0.017
0.019

TABLE 36

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

B

0.034

0.029
0.011

0.127
0.057
0.018

0.026

0.028
0.013

-0.026
0.000
0.007

BC

-0.001

0.015
0.010

-0.036
0.041
0.019

M0 1 +

0.021
0.019

-0.037
0.040
0.018

C

-0.007

0.001
0.005

-0.020
0.008
0.012

0.031

0.034
0.018

0.132
0.062
0.023

CD

-0.008

-0.005
0.000

-0.017
-0.009

0.002

-0.008

0.010
0.009

-0.037
0.040
0.018

D

-0.007

-0.007
-0.003

-0.015
-0.015
-0.006

-0.016

-0.009
-0.001

-0.026
0.000
0.007

Moment
in

Beam

A

B

C

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
92

quarter
center

9%2

quarter

center
9i2

quarter
center

9%2

A

-0.032

-0.021
-0.008

-0.060
-0.041
-0.016

-0.037

-0.037
-0.019

-0.028
-0.035
-0.021

AB

0.011
-0.004

0.003

-0.055
0.022
0.005

-0.020

-0.005
-0.001

-0.027
-0.022
-0.007

DE

-0.006

-0.007
-0.005

-0.012
-0.016
-0.009

-0.017

-0.018
-0.009

-0.027
-0.022
-0.007

E

-0.005

-0.007
-0.005

-0.010
-0.015
-0.011

-0.017

-0.023
-0.015

-0.028
-0.035
-0.021

MomentinBeam
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TABLE 37

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
dinal

on Position Transverse Location of Load
Line of Load

A AB B BC C CD D DE E

AB quarter 0.068 .53 0.058 0.029 0.018 0.010 0.005 0.002 0.000

center 0.048 0.059 0.033 0.029 0.021 0.014 0.008 0.003 0.000
i2 0.022 0.019 0.015 0.013 0.011 0.009 0.006 0.003 0.000

BC quarter 0.019 0.029 0.054 0 39 0.052 0.027 0.017 0.010 0.005

center 0.024 0.029 0.029 0.049 0.027 0.026 0.020 0.014 0.007
92 0.014 0.013 0.012 0.012 0.011 0.012 0.011 0.009 0.005

TABLE 38

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 1
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Moment Longitu-
in Position Transverse Location of Load

m of Load

A AB B BC C CD D DE E

A quarter 0.123 0.068 0.036 0.019 0.010 0.005 0.002 0.000 -0.002
center 0.059 0.048 0.036 0.024 0.014 0.007 0.003 0.000 -0.002

%2 0.025 0.022 0.019 0.014 0.009 0.005 0.002 0.000 -0.002

B quarter 0.036 0.058 0.083 0.054 0.030 0.017 0.010 0.005 0.002
center 0.036 0.033 0.029 0.029 0.026 0.020 0.013 0.008 0.003
91 0.019 0.015 0.012 0.012 0.012 0.011 0.009 0.006 0.002

C quarter 0.010 0.018 0.030 0.052 0.079 0.052 0.030 0.018 0.010
center 0.014 0.021 0.026 0.027 0.026 0.027 0.026 0.021 0.014

912 0.009 0.011 0.012 0.011 0.010 0.011 0.012 0.011 0.009
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TABLE 39
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.013
-0.019
-0.024

-0.032

-0.025
-0.038
-0.051
-0.065

-0.021
-0.031
-0.038

-0.045

-0.019
-0.026
-0.032
-0.036

AB

0.002
-0.004
-0.017

{M. -
0.007

0.016
0.023
0.024

-0.058

-0.001
-0.004
-0.009

-0.019

-0.014
-0.021
-0.026
-0.027

B BC C

0.019 0.010 0.000
0.028 0.013 -0.001
0.036 0.011 -0.002

0.042 0.006 -0.004

0.036 0.025 0.003
0.056 0.037 0.001
0.077 0.042 -0.003
0.118 -0.031 -0.012

0.017 0.016 0.020
0.025 0.015 0.029
0.031 0.002 0.036

0.035 0.!0 0.041

-0.001 0.023 0.038
-0.005 0.034 0.058
-0.010 0.039 0.080
-0.020 -0.035 0.123

CD D

-0.004 -0.005
-0.006 -0.006
-0.007 -0.008

-0.008 -0.009

-0.008 -0.010
-0.013 -0.014
-0.016 -0.016
-0.015 -0.018

0.005 -0.006
0.006 -0.010
0.003 -0.013

-0.004 -0.016

0.023 -0.001
0.034 -0.005
0.039 -0.010

-0.035 -0.020

DE

-0.004
-0.005
-0.006

-0.007

-0.008
-0.012
-0.014
-0.016

-0.011
-0.015
-0.018

-0.021

-0.014
-0.021
-0.026
-0.027

E

-0.003
-0.004
-0.005

-0.005

-0.006
-0.009
-0.011
-0.012

-0.011
-0.016
-0.019

-0.022

-0.019
-0.026
-0.032
-0.036

TABLE 40
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on Position Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB is2 0.018 0.022 0.012 0.011 0.007 0.004 0.002 0.000 -0.001
quarter 0.028 0.042 0.019 0.017 0.011 0.006 0.003 0.000 -0.001

12 0.037 0.078 0.027 0.022 0.013 0.007 0.003 0.001 -0.001
center 0.051 38 0.042 0.020 0.014 0.008 0.004 0.001 -0.002

BC M2 0.007 0.011 0.011 0.019 0.011 0.011 0.008 0.004 0.001
quarter 0.010 0.017 0.018 0.039 0.017 0.016 0.011 0.006 0.001

Ms 0.013 0.022 0.C25 0.C74 0.025 0.022 0.013 0.007 0.002
center 0.014 0.020 0.039 {M 2 0.039 0.019 0.014 0.008 0.002center 0 .014 0.020 0,039 [0.025

Lon-
gitu-

dinal
Posi-
tion
of

Load

i2
quarter

112

center

ýi 2
quarter

th2
center

;i2

quarter
S12

center

;l2
quarter

center
center

BC

~

-~----
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TABLE 41

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Longitu-
dinal

Position
of Load

3i2

quarter
h12

center

?is
quarter

412
center

is2
quarter

l2i

Values of Influence Coefficient for Moment

Transverse Location of Load

0.048
0.075
0.104
0.174

0.026
0.037
0.046
0.055

0.007
0.009
0.011

center 0.013

AB

0.037
0.055
0.074
0.101

0.024
0.038
0.054
0.084

0.015
0.021
0.025
0.028

B

0.026
0.037
0.046
0.055

0.022
0.036
0.054
0.112

0.021
0.031
0.039
0.047

BC

0.015
0.021
0.025
0.028

0.023
0.035
0.050
0.078

0.022
0.035
0.049
0.077

C

0.007
0.009
0.011
0.013

0.021
0.031
0.039
0.047

0.021
0.034
0.052
0.109

CD

0.002
0.003
0.003
0.004

0.015
0.021
0.026
0.029

0.022
0.035
0.049
0.077

D

-0.001
-0.001
-0.001
-0.001

0.009
0.012
0.014
0.016

0.021
0.031
0.039
0.047

DE E

-0.002 -0.002
-0.002 -0.003
-0.003 -0.004
-0.003 -0.004

0.004 -0.001
0.005 -0.001
0.006 -0.001
0.007 -0.001

0.015 0.007
0.021 0.009
0.025 0.011
0.028 0.013

TABLE 42

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

A AB B

-0.024 {M 0.031

-0.019 -0.004 0.028
-0.009 0.004 0.012

-0.048 -0.065 0.098
-0.038 0.023 0.056
-0.017 0.007 0.021

-0.028 -0.019 0.022

-0.031 -0.004 0.025
-0.017 0.000 0.013

-0.019 -0.020 -0.024
-0.026 -0.021 -0.005
-0.017 -0.007 0.005

BC

-0.004

0.013
0.009

-0.050
0.037
0.019

SM.,-
0.007
0.015
0.017

-0.052
0.034
0.017

C

-0.007

-0.001
0.003

-0.020
0.001
0.008

0.025

0.029
0.016

0.100
0.058
0.023

CD

-0.006

-0.006
-0.002

-0.013
-0.013
-0.002

-0.011

0.006
0.007

-0.052
0.034
0.017

D DE E

-0.005 -0.004 -0.003

-0.006 -0.005 -0.004
-0.004 -0.004 -0.003

-0.011 -0.008 -0.006
-0.014 -0.012 -0.009
-0.007 -0.008 -0.006

-0.014 -0.013 -0.011

-0.010 -0.015 -0.016
-0.002 -0.008 -0.011

-0.024 -0.020 -0.019
-0.005 -0.021 -0.026

0.005 -0.007 -0.017

Mo-
ment

in
Beam

A

B

C

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
912

quarter
center

9%2

quarter

center
912

quarter
center

ý12

-- ----

--
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TABLE 43

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on Positi Transverse Location of Loadone Position

Line of Load

A AB B BC C CD D DE F

AB quarter 0.037 0M" ' 0.034 0.013 0.008 0.004 0.002 0.000 -0.001

center 0.028 0.042 0.019 0.017 0.011 0.006 0.003 0.000 -0.001
%2 0.014 0.011 0.008 0.007 0.006 0.004 0.002 0.000 -0.001

BC quarter 0.007 0.013 0.032 •0M 1 0.031 0.012 0.008 0.004 0.001

center 0.010 0.017 0.018 0.039 0.017 0.016 0.011 0.006 0.001
9i2 0.007 0.007 0.007 0.008 0.007 0.007 0.006 0.004 0.001

TABLE 44

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 2
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Mo- Longitu-

ment dinal Transverse Location of Loadin Position
Beam of Load

A AB B BC C CD D DE E

A quarter 0.141 0.074 0.034 0.015 0.006 0.001 -0.001 -0.002 -0.002
center 0.075 0.055 0.037 0.021 0.009 0.003 -0.001 -0.002 -0.003

12 0.033 0.027 0.021 0.014 0.007 0.002 0.000 -0.002 -0.002

B quarter 0.034 0.068 0.099 0.064 0.032 0.016 0.008 0.003 -0.001
center 0.037 0.038 0.036 0.035 0.031 0.021 0.012 0.005 -0.001
912 0.021 0.016 0.013 0.014 0.015 0.013 0.008 0.004 0.000

C quarter 0.006 0.016 0.032 0.063 0.096 0.063 0.032 0.016 0.006
center 0.009 0.021 0.031 0.035 0.034 0.035 0.031 0.021 0.009

912 0.007 0.012 0.015 0.014 0.013 0.014 0.015 0.012 0.007
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TABLE 45

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

BC C

0.008 -0.002
0.009 -0.003
0.007 -0.005

0.001 -0.007

0.021 -0.003
0.030 -0.006
0.033 -0.010

-0.046 -0.016

0.011 0.015
0.008 0.021

-0.007 0.027

{O.o01 0.030

0.019 0.034
0.027 0.051
0.029 0.068

-0.051 0.095

CD

-0.005
-0.007
-0.008

-0.008

-0.011
-0.015
-0.018
-0.015

0.002
0.001

-0.003

-0.010

0.019
0.027
0.029

-0.051

D DE E

-0.004 -0.002 -0.001
-0.005 -0.003 -0.002
-0.006 -0.004 -0.002

-0.007 -0.005 -0.002

-0.009 -0.005 -0.002
-0.012 -0.007 -0.003
-0.014 -0.009 -0.004
-0.016 -0.011 -0.005

-0.007 -0.009 -0.006
-0.010 -0.012 -0.009
-0.013 -0.014 -0.011

-0.016 -0.016 -0.013

-0.005 -0.014 -0.012
-0.009 -0.020 -0.016
-0.014 -0.023 -0.020
-0.022 -0.020 -0.023

TABLE 46
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Transverse Location of Load

B BC

0.007 0.006
0.011 0.010
0.015 0.013

0.024 0.007

0.007 0.015
0.011 0.032
0.015 0.064

0.023 {0 09

C

0.004
0.005
0.006

0.006

0.007
0.011
0.015

0.023

CD

0.001
0.002
0.002

0.003

0.006
0.010
0.013

0.008

D DE E

0.000 0.000 -0.001
0.000 0.000 -0.001
0.001 0.000 -0.001

0.001 0.000 -0.001

0.004 0.001 0.000
0.005 0.002 0.000
0.006 0.002 -0.001

0.007 0.003 -0.001

Mo-
ment

on
Line

AB

B

BC

C

Lon-
gitu-
dinal
Posi-
tion
of

Load

2
quarter

t2
center

Ii2
quarter

412

center

Ii2
quarter

M 2
center

1s2
quarter

center

A

-0.011
-0.016
-0.020

-0.025

-0.022
-0.033
-0.042
-0.052

-0.016
-0.023
-0.029

-0.034

-0.012
-0.016
-0.020
-0.023

AB

0.002
-0.004
-0.018

{0.008

0.015
0.021
0.020

-0.068

-0.001
-0.003
-0.009

-0.017

-0.014
-0.020
-0.023
-0.020

B

0.017
0.025
0.032

0.037

0.035
0.052
0.069
0.095

0.014
0.020
0.025

0.028

-0.005
-0.009
-0.014
-0.022

Moment
on

Line

AB

BC

Longitu-
dinal

Position
of Load

32
quarter

ýi2

center

312
quarter

c2

center

A

0.010
0.015
0.020

0.027

0.003
0.004
0.005

0.005

AB

0.015
0.031
0.063
M.1+
0.017

0.006
0.010
0.013

0.007

--- ~-

Values of Influence Coefficient for MomentTransverse Location of Load

-------
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TABLE 47

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Transverse Location of Load

B

0.024
0.034
0.043
0.050

0.028
0.046
0.068
0.131

0.023
0.034
0.042
0.050

BC C

0.011 0.003
0.015 0.003
0.018 0.004
0.019 0.005

0.028 0.023
0.043 0.034
0.060 0.042
0.091 0.050

CD

-0.001
-0.002
-0.002
-0.002

0.015
0.020
0.024
0.026

D

-0.002
-0.003
-0.004
-0.004

0.006
0.009
0.011
0.012

Mo-
ment

in
Beam

A

B

C

DE

-0.002
-0.003
-0.003
-0.004

0.001
0.002
0.002
0.003

0.014
0.019
0.022
0.024

TABLE 48

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Lon-
gitu-
dinal
Posi-
tion
of

Load

quarter

center
942

quarter
center

912

quarter

center
9/12

quarter
center

ýi2

values or Inluence C;oemfcient for Mvoment

Transverse Location of Load

A

-0.017

-0.016
-0.008

-0.036
-0.033
-0.016

-0.020

-0.023
-0.013

-0.011
-0.016
-0.012

AB

0.012
-0.004

0.005

-0.076
0.021
0.008

-0.018

-0.003
0.001

-0.012
-0.020
-0.008

B

0.025

0.025
0.012

0.073
0.052
0.023

0.017

0.020
0.011

-0.022
-0.009

0.001

BC

-0.007

0.009
0.008

-0.063
0.030
0.017

0.015
0.008
0.014

-0.065
0.027
0.014

C

-0.007

-0.003
0.001

-0.019
-0.006

0.003

0.018

0.021
0.012

0.073
0.051
0.022

CD

-0.005

-0.007
-0.003

-0.009
-0.015
-0.006

-0.013

0.001
0.004

-0.065
0.027
0.014

D

-0.004

-0.005
-0.004

-0.008
-0.012
-0.008

-0.012

-0.010
-0.004

-0.022
-0.009

0.001

DE E

-0.002 -0.001

-0.003 -0.002
-0.003 -0.001

-0.005 -0.002
-0.007 -0.003
-0.006 -0.003

-0.009 -0.006

-0.012 -0.009
-0.007 -0.006

-0.012 -0.011
-0.020 -0.016
-0.008 -0.012

Longitu-
dinal

Position
of Load

2
quarter

h 2

center

212
quarter

Y4l2
center

2/12
quarter

it2
center

0.027 0.028 0.027 0.023
0.043 0.045 0.043 0.034
0.060 0.066 0.060 0.042
0.091 0.129 0.091 0.050

A

0.058
0.088
0.121
0.196

0.024
0.034
0.043
0.050

0.003
0.003
0.004
0.005

AB

0.040
0.060
0.079
0.108

0.027
0.043
0.061
0.095

0.014
0.019
0.022
0.024

E

-0.001
-0.002
-0.002
-0.003

-0.002
-0.003
-0.004
-0.004

0.003
0.003
0.004
0.005

Mo-
ment

on
Line

AB

B

BC

C

I-

Values of Influence Coefficient for MmnentTransverse Location of Load
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TABLE 49

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on Piion Transverse Location of Load

Line Position
of Load

A AB B BC C CD D DE E

AB quarter 0.019 0'.10 0.019 0.003 0.003 0.001 0.000 0.000 -0.001

center 0.015 0.031 0.011 0.010 0.005 0.002 0.000 0.000 -0.001
%2 0.008 0.007 0.004 0.004 0.003 0.002 0.000 0.000 -0.001

BC quarter 0.002 0.003 0.018 M0.03 0.018 0.003 0.003 0.001 0.000

center 0.004 0.010 0.011 0.032 0.011 0.010 0.005 0.002 0.000
,2 0.003 0.004 0.005 0.006 0.005 0.004 0.003 0.002 0.000

TABLE 50

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 4
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Mo-
ment

in
Beam

A

B

C

Longitu-
dinal

Position
of Load

quarter
center

942

quarter
center

942

quarter
center

M2

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.156
0.088
0.040

0.030
0.034
0.021

0.001
0.003
0.003

AB

0.077
0.060
0.030

0.077
0.043
0.018

0.012
0.019
0.013

B

0.030
0.034
0.021

0.115
0.046
0.016

0.032
0.034
0.018

BC

0.009
0.015
0.011

0.073
0.043
0.018

0.073
0.043
0.018

C

0.001
0.003
0.003

0.032
0.034
0.018

0.113
0.045
0.016

CD

-0.001
-0.002
-0.001

0.013
0.020
0.014

0.073
0.043
0.018

D

-0.002
-0.003
-0.002

0.005
0.009
0.007

0.032
0.034
0.018

DE

-0.002
-0.003
-0.002

0.001
0.002
0.002

0.012
0.019
0.013

E

-0.001
-0.002
-0.001

-0.002
-0.003
-0.002

0.001
0.003
0.003
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TABLE 51

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Lon-
gitu-

dinal
Posi-
tion
of

Load

Ms2

quarter
li2

center

ýi2
quarter

fi2
center

S12
quarter

l12
center

ý12
quarter

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.008
-0.011
-0.014

-0.017

-0.016
-0.023
-0.029
-0.035

-0.010
-0.014
-0.017

-0.020

-0.005
-0.006
-0.008
-0.009

AB

0.001
-0.006
-0.021

0.011

0.015
0.020
0.016

-0.078

-0.001
-0.003
-0.009

-0.018

-0.012
-0.016
-0.017
-0.012

B BC

0.013
0.019
0.024

0.028

0.028
0.041
0.053
0.067

0.009
0.013
0.016

0.018

-0.009
-0.013
-0.018
-0.022

0.004
0.004
0.000

-0.007

0.014
0.019
0.018

-0.068

0.005
-0.002
-0.020

M.o -
0.016

0.012
0.017
0.015

-0.072

C

-0.004
-0.006
-0.007

-0.009

-0.008
-0.011
-0.015
-0.020

0.009
0.013
0.016

0.018

0.026
0.039
0.050
0.065

CD

-0.005
-0.006
-0.007

-0.007

-0.011
-0.015
-0.016
-0.011

-0.001
-0.003
-0.008

-0.016

0.012
0.017
0.015

-0.072

D

-0.002
-0.003
-0.004

-0.004

-0.005
-0.007
-0.009
-0.010

-0.007
-0.010
-0.012

-0.014

-0.009
-0.013
-0.018
-0.022

DE

-0.001
-0.001
-0.002

-0.002

-0.002
-0.003
-0.004
-0.005

-0.006
-0.008
-0.009

-0.009

-0.012
-0.016
-0.017
-0.012

E

0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000

-0.002
-0.003
-0.003

-0.004

-0.005
-0.006
-0.008
-0.009

TABLE 52

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Mo- Longitu-
ment dinal Transverse Location of Load

on Position
Line of Load

A AB B BC C CD D DE E

AB •2 0.004 0.011 0.003 0.003 0.001 0.000 0.000 0.000 0.000
quarter 0.006 0.024 0.005 0.006 0.001 0.000 0.000 0.000 0.000

2z 0.008 0.053 0.007 0.007 0.002 0.000 0.000 0.000 0.000

center 0.011 (•o 0.011 -0.002 0.002 0.001 0.000 0.000 0.000

BC s12 0.001 0.003 0.004 0.012 0.003 0.003 0.001 0.000 0.000
quarter 0.001 0.006 0.005 0.026 0.005 0.005 0.001 0.000 0.000

M2 0.001 0.007 0.007 0.055 0.007 0.007 0.002 0.000 -0.001

center 0.001 -0.002 0.011 Mo 0.011 -0.002 0.002 0.001 -0.001center 0.001--0.002.0 01 1 I0.005
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TABLE 53

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Lon-
gitu-
dinal
Posi-
tion
of

Load

M12

quarter
Ms

center

vi2
quarter

Ml2
center

i2

quarter
e2e

center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.068
0.103
0.139
0.218

0.019
0.027
0.033
0.039

-0.002
-0.003
-0.003
-0.004

AB

0.041
0.061
0.081
0.109

0.034
0.052
0.073
0.110

0.011
0.014
0.016
0.016

B BC

0.019 0.005
0.027 0.006
0.033 0.007
0.039 0.006

0.040 0.035
0.063 0.054
0.090 0.074
0. 159 0.108

0.024 0.034
0.034 0.052
0.042 0.072
0.049 0.106

C

-0.002
-0.003
-0.003
-0.004

0.024
0.034
0.042
0.049

0.038
0.061
0.087
0.156

CD

-0.003
-0.004
-0.005
-0.006

0.011
0.014
0.016
0.017

0.034
0.052
0.072
0.106

D

-0.002
-0.003
-0.004
-0.004

0.002
0.002
0.003
0.003

0.024
0.034
0.042
0.049

DE

-0.001
-0.002
-0.002
-0.002

-0.002
-0.002
-0.002
-0.002

0.011
0.014
0.016
0.016

E

0.000
0.000
0.000
0.000

-0.002
-0.003
-0.004
-0.004

-0.002
-0.003
-0.003
-0.004

TABLE 54

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

B

0.017

0.019
0.011

0.046
0.041
0.022

0.010

0.013
0.008

-0.018
-0.013
-0.005

BC

-0.012

0.004
0.005

-0.079
0.019
0.011

0.025
-0.002

0.009

-0.082
0.017
0.010

C

-0.007

-0.006
-0.002

-0.017
-0.011
-0.004

0.011

0.013
0.008

0.045
0.039
0.020

CD

-0.003

-0.006
-0.004

-0.003
-0.015
-0.008

-0.016

-0.003
0.001

-0.082
0.017
0.010

D

-0.002

-0.003
-0.003

-0.004
-0.007
-0.006

-0.009

-0.010
-0.005

-0.018
-0.013
-0.005

Mlo-
ment

in
Beam

A

B

C

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
912

quarter
center

912

quarter

center
912

quarter
center
912

A

-0.010

-0.011
-0.006

-0.023
-0.023
-0.013

-0.011

-0.014
-0.008

-0.004
-0.006
-0.005

AB

0.015
-0.006
0.005

-0.089
0.020
0.011

-0.018

-0.003
0.001

-0.003
-0.016
-0.009

DE

-0.001

-0.001
-0.001

-0.003
-0.003
-0.002

-0.004

-0.008
-0.005

-0.003
-0.016
-0.009

0.000

0.000
0.000

0.000
0.000
0.000

-0.002

-0.003
-0.002

-0.004
-0.006
-0.005
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TABLE 55

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Mo- Longitu-
ment Pdinn Transverse Location of Loadon Position
Line of Load

A AB B BC C CD D DE E

AB quarter 0.008 {0.002 0.009 -0.004 0.001 0.001 0.000 0.000 0.000

center 0.006 0.024 0.005 0.006 0.001 0.000 0.000 0.000 0.000
9e2 0 0.00 0.003 0.002 0.002 0.001 0.000 0.000 0.000 0.000

BC quarter 0.000 -0.004 0.009 {M09 0.008 -0.004 0.001 0.001 0.000
center 0.001 0.006 0.005 0.026 0.005 0.005 0.001 0.000 0.000

i2 0.001 0.002 0.002 0.003 0.002 0.002 0.001 0.000 0.000

TABLE 56

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 10
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Lon- Values of Influence Coefficient for Moment

S gitu-
- dinalment Posi- Transverse Location of Loadin tion

Beam of

Load A AB B BC C CD D DE E

A quarter 0.164 0.078 0.022 0.001 -0.003 -0.003 -0.002 -0.001 0.000
center 0.103 0.061 0.027 0.006 -0.003 -0.004 -0.003 -0.002 0.000

9/i 0.054 0.032 0.017 0.005 -0.001 -0.003 -0.002 -0.001 0.000

B quarter 0.022 0.088 0.130 0.083 0.028 0.006 0.001 -0.001 -0.002
center 0.027 0.052 0.063 0.054 0.034 0.014 0.002 -0.002 -0.003

91i 0.017 0.021 0.029 0.024 0.020 0.011 0.002 -0.001 -0.002

C quarter -0.003 0.005 0.028 0.083 0.127 0.083 0.028 0.005 -0.003
center -0.003 0.014 0.034 0.052 0.061 0.052 0.034 0.014 -0.003

912 -0.001 0.011 0.020 0.023 0.029 0.023 0.020 0.011 -0.001
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TABLE 57

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Values of Influence Coefficient for Moment

Transverse Location of Load

AB

-0.006
-0.016
-0.033

0.025

0.000
-0.002
-0.012
-0.111

-0.002
-0.005
-0.011

-0.019

0.001
0.002
0.007
0.018

B BC C

0 -0.002 0
0 -0.005 0
0 -0.011 0

0 -0.019 0

0 0.000 0
0 0.000 0
0 -0.005 0
0 -0.093 0

0 -0.007 0
0 -0.019 0
0 -0.041 0

0 039

0 0.000 0
0 -0.001 0
0 -0.007 0
0 -0.097 0

CD

0.001
0.002
0.003

0.005

0.000
0.001
0.005
0.014

-0.001
-0.004
-0.009

-0.016

0.000
-0.001
-0.007
-0.097

D DE

0.000
-0.001
-0.001

-0.001

0.000
-0.001
-0.002
-0.004

0.001
0.002
0.003

0.005

0.001
0.002
0.007
0.018

E

TABLE 58

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Transverse Location of Load

AB

0.007
0.018
0.045

0.001

0.009
0.001
0.002
-0,002

-0.008

B BC C

0.001 0
0.002 0
0.002 0

-0.008 0

0.008 0
0.020 0
0.047 0

0.016 O

CD

0.000
0.000
0.000

0.001

0.001
0.002
0.002

-0.007

D DE

0.000
0.000
0.000

0.000

0.000
0.000
0.000

0.001

Moment
on

Line

AB

B

BC

C

Longitudinal
Position
of Load

Y12
quarter

Y12

center

32
quarter

tl2
center

312
quarter

j1t

center

12

quarter
Yi2

center

Moment
on

Line

Longitudinal
Position
of Load

312
quarter

ii2
center

312
quarter

center
center
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TABLE 59
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Longitu-
dinal

Position
of Load

2/12
quarter

M12
center

912
quarter

4/2
center

312
quarter

c12
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A AB B BC C CD

0.083 0.033 0 -0.006 0 0.002
0.125 0.050 0 -0.009 0 0.003
0.167 0.068 0 -0.012 0 0.003
0.250 0.094 0 -0.016 0 0.004

0 0.061 0.083 0.047 0 -0.010
0 0.091 0.125 0.071 0 -0.015
0 0.122 0.167 0.095 0 -0.020
0 0.166 0.250 0.133 0 -0.026

0 -0.013 0 0.051 0.083 0.051
0 -0.020 0 0.076 0.125 0.076
0 -0.026 0 0.102 0.167 0.102
0 -0.033 0 0.141 0.250 0.141

D DE

0 -0.001
0 -0.001
0 -0.001
0 -0.001

0 0.003
0 0.005
0 0.006
0 0.008

0 -0.013
0 -0.020
0 -0.026
0 -0.033

E

0
0
0
0

0
0
0
0

0
0
0
0

TABLE 60

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 1

Longitudinal
Position
of Load

quarter

center
912

quarter
center

9/i2

quarter

center
9/is

quarter
center

'/2

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0

0
0

0
0
0

0

0
0

0
0
0

AB

0t.024
-0.016
-0.001

-0.111
-0.002

0.000

-0.019

-0.005
0.000

0.018
0.002
0.000

B

0

0
0

0
0
0

0

0
0

0
0
0

BC

-0.019

-0.005
0.000

-0.093
0.000
0.000

(M. -
0.039

-0.019
-0.001

-0.097
-0.001

0.000

C

0

0
0

0
0
0

0

0
0

0
0
0

CD

0.004

0.002
0.000

0.014
0.001
0.000

-0.016

-0.004
0.000

-0.097
-0.001

0.000

D

0

0
0

0
0
0

0

0
0

0
0
0

DE

-0.001

-0.001
0.000

-0.004
-0.001

0.000

0.004

0.002
0.000

0.018
0.002
0.000

E

0

0
0

0
0
0

0

0
0

0
0
0

Moment
in

Beam

A

B

C

Moment
on

Line

AB

B

BC

C
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TABLE 61
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitudinal
on Position Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB quarter 0 {0• l 0 -0.008 0 0.001 0 0.000 0

center 0 0.018 0 0.002 0 0.000 0 0.000 0
9i2 0 0.001 0 0.000 0 0.000 0 0.000 0

BC quarter 0 -
0

.
0 0 8  

0 0 17 -0.007 0 0.001

center 0 0.002 0 0.020 0 0.002 0 0.000 0
912 0 0.000 0 0.001 0 0.000 0 0.000 0

TABLE 62

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.2

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Moment Longit
u

-
in sitin Transverse Location of Load

Beam of Load

A AB B BC C CD D DE E

A quarter 0.188 0.069 0 -0.011 0 0.033 0 -0.001 0
center 0.125 0.050 0 -0.009 0 0.003 0 -0.001 0
912 0.063 0.025 0 -0.005 0 0.001 0 0.000 0

B quarter 0 0.121 0.188 0.098 0 -0.018 0 0.005 0
center 0 0.091 0.125 0.071 0 -0.015 0 0.005 0

912 0 0.046 0.063 0.035 0 -0.008 0 0.003 0

C quarter 0 -0.023 0 0.103 0.188 0.103 0 -0.023 0
center 0 -0.020 0 0.076 0.125 0.076 0 -0.020 0
912 0 -0.010 0 0.038 0.063 0.038 0 -0.010 0
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TABLE 63
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB, LONGITUDINAL

MOMENT IN SLAB AND MOMENT IN BEAMS AT MID-SPAN OF BRIDGE,
STRUCTURE WITH STIFFENED EDGE BEAMS

Relative Stiffness of Edge Beams H = 4.8
Relative Stiffness of Interior Beams H = 4.0

Relative Proportions of Bridge b/a = 0.2
See sub-headings of Tables 1, 2, and 3. Influence coefficients are given only for loads at mid-span.

Values of Influence Coefficient for Moment

Transverse Location of Load at Mid-span

B BC C CD D DE E

Transverse Moment in Slab

AB -0.022 {OM'6 0.038 0.001 -0.006 -0.008 -0.007 -0.005 -0.002

B -0.045 -0.061 0.097 -0.045 -0.016 -0.015 -0.016 -0.011 -0.004

BC -0.029 -0.014 0.030 {M+00 0.030 -0.009 -0.015 -0.014 -0.011

C -0.020 -0.017 -0.019 -0.050 0.095 0.050 -0.019 -0.017 -0.020

Longitudinal Moment in Slab

A 0.042 0.023 0.011 0.004 0.001 0.000 -0.001 -0.001 -0.001

AB 0.023 fMol+ 0.023 0.006 0.006 0.003 0.001 0.000 -0.001l0.015
B 0.011 0.023 0.032 0.023 0.012 0.007 0.003 0.001 -0.001

BC 0.004 0.006 0.023 0 009 0.023 0.007 0.007 0.003 0.000

C 0.001 0.006 0.012 0.023 0.032 0.023 0.012 0.006 0.001

Moment in Beams

A 0.203 0.112 0.052 0.020 0.005 -0.002 -0.004 -0.004 -0.002
B 0.044 0.090 0.129 0.090 0.050 0.026 0.012 0.003 -0.003
C 0.004 0.024 0.050 0.091 0.129 0.091 0.050 0.024 0.004
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TABLE 64

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
-ti.

Su-
dinal
Posi-
tion
of

Load

quarter

center

quarter
center

quarter

center

quarter
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.018

-0.031

-0.038
-0.059

-0.023

-0.034

-0.016
-0.023

AB

-0.021

0.010

0.020
-0.052

-0.009

-0.019

-0.021
-0.027

B

0.027

0.036

0.062
0.129

0.020

0.025

-0.015
-0.030

BC

0.003

-0.002

0.027
-0.037

-0.014
M., -
0.004

0.024
-0.041

-0.007

-0.010

-0.012
-0.025

0.021

0.027

0.061
0.129

CD

-0.008

-0.010

-0.018
-0.023

-0.005

-0.013

0.024
-0.041

D

-0.005

-0.007

-0.013
-0.018

-0.013

-0.019

-0.015
-0.030

DE

-0.003

-0.004

-0.008
-0.011

-0.012

-0.017

-0.021
-0.027

E

-0.001

-0.002

-0.003
-0.004

-0.008

-0.011

-0.016
-0.023

TABLE 65

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on itin Transverse Location of Loadone Position

Line of Load

A AB B BC C CD D DE E

AB quarter 0.036 0.078 0.027 0.021 0.011 0.005 0.001 0.000 -0.001

center 0.062 0 .i49 0.054 0.025 0.014 0.007 0.002 0.000 -0.001

BC quarter 0.009 0.021 0.026 0.075 0.025 0.021 0.011 0.005 0.000

center 0.013 0.025 0.051 M.3+ 0.050 0.025 0.014 0.007 0.0010.037
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TABLE 66
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Mo- Longitu-
ment dinalin Position Transverse Location of Load

Beam of Load

A AB B BC C CD D DE E

A quarter 0.078 0.054 0.031 0.014 0.005 0.001 -0.001 -0.001 -0.001
center 0.178 0.093 0.045 0.019 0.006 0.001 -0.001 -0.002 -0.001

B quarter 0.031 0.040 0.041 0.038 0.028 0.016 0.007 0.002 -0.001
center 0.045 0.080 0.119 0.076 0.042 0.022 0.010 0.003 -0.001

C quarter 0.005 0.016 0.028 0.037 0.039 0.037 0.028 0.016 0.005
center 0.006 0.021 0.042 0.075 0.115 0.075 0.042 0.021 0.006

TABLE 67

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Mo-
ment

on
Line

AB

B

BC

C

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
912

quarter
center

ýl2

quarter

center
912

quarter
center

12

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.022

-0.018
-0.009

-0.041
-0.038
-0.018

-0.020

-0.023
-0.014

-0.011
-0.016
-0.011

AB

0.011
-0.021

0.001

-0.064
0.020
0.013

-0.018

-0.009
-0.001

-0.016
-0.021
-0.011

B BC I C

-- I

0.021 -0.008

0.027 0.003
0.015 0.006

0.102 -0.055
0.062 0.027
0.027 0.018

0.013 {0.013
0.020 -0.014
0.012 0.009

-0.027 -0.056
-0.015 0.024
-0.003 0.016

-0.008

-0.007
-0.002

-0.024
-0.012
-0.001

0.014

0.021
0.013

0.103
0.061
0.026

CD

-0.006

-0.008
-0.005

-0.014
-0.018
-0.009

-0.014

-0.005
0.001

-0.056
0.024
0.016

D

-0.004

-0.005
-0.004

-0.009
-0.013
-0.009

-0.013

-0.013
-0.007

-0.027
-0.015
-0.003

DE

-0.002

-0.003
-0.002

-0.005
-0.008
-0.006

-0.009

-0.012
-0.008

-0.016
-0.021
-0.011

E

-0.001

-0.001
-0.001

-0.002
-0.003
-0.002

-0.005

-0.008
-0.006

-0.011
-0.016
-0.011

I
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TABLE 68
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Moment
on

Line

AB

BC

Longitu-
dinal

Position
of Load

quarter

center
9'i/

quarter

center
%2

Values of Influence Coefficient for Moment

Transverse Location of Load

A

0.045

0.036
0.018

0.006

0.009
0.007

AB B

{Mo+ 
0

.042
0.078 0.027
0.021 0.011

0.015 0.040

0.021 0.026
0.010 0.011

BC

0.015

0.021
0.010

IM. +
0.019
0.075
U.U01

C CD

0.007 0.003

0.011 0.005
0.007 0.004

0.039 0.015

0.025 0.021
0.010 0.010

' D

0.001

0.001
0.001

0.007

0.011
0.007

DE

0.000

0.000
0.000

0.003

0.005
0.004

E

-0.001

-0.001
-0.001

0.000

0.000
0.000

TABLE 69

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 1.5
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Mo- Longitu-
ment dinal

in Position Transverse Location of Load
Beam of Load

A AB B BC C CD D DE E

A quarter 0.143 0.067 0.027 0.009 0.003 0.000 -0.001 -0.001 -0.001
center 0.078 0.054 0.031 0.014 0.005 0.001 -0.001 -0.001 -0.001
912 0.035 0.026 0.018 0.010 0.004 0.001 -0.001 -0.001 -0.001

B quarter 0.027 0.064 0.103 0.060 0.026 0.011 0.005 0.001 -0.001
center 0.031 0.040 0.041 0.038 0.028 0.016 0.007 0.002 -0.001

12 0.018 0.017 0.015 0.016 0.015 0.011 0.005 0.002 -0.001

C quarter 0.003 0.011 0.026 0.059 0.101 0.059 0.026 0.011 0.003
center 0.005 0.016 0.028 0.037 0.039 0.037 0.028 0.016 0.005

1i2 0.004 0.011 0.015 0.016 0.014 0.016 0.015 0.011 0.004
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TABLE 70

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center

quarter
center

quarter

center

quarter
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.014

-0.023

-0.030
-0.046

-0.016

-0.023

-0.008
-0.012

AB

-0.022
M., -
0.010

0.017
-0.062

-0.009

-0.018

-0.018
-0.021

B

0.023

0.031

0.054
0.099

0.015

0.020

-0.018
-0.030

BC

-0.001

-0.006

0.019
-0.053

-0.021

0.017

0.056
-0.056

C CD

-0.007 -0.006

-0.011 -0.009

-0.016 -0.017
-0.027 -0.019

0.015 -0.008

0.020 -0.016

0.052 0.017
0.098 -0.056

D

-0.004

-0.005

-0.009
-0.012

-0.012

-0.017

-0.018
-0.030

DE

-0.002

-0.002

-0.004
-0.006

-0.009

-0.012

-0.018
-0.021

E

0.000

0.000

0.000
0.000

-0.004

-0.005

-0.008
-0.012

TABLE 71

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
dinalon Position Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB quarter 0.019 0.064 0.016 0.013 0.004 0.001 0.000 0.000 0.000

center 0.033 0.24 0.032 0.011 0.006 0.002 0.000 -0.001 -0.001

BC quarter 0.003 0.013 0.016 0.065 0.016 0.012 0.005 0.001 -0.001

center 0.004 0.011 0.031 {J0'1 0.030 0.010 0.006 0.002 -0.001
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TABLE 72

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Mo- Longitu-
men P sitin Transverse Location of Loadin Position

Beam of Load

A AB B BC C CD D DE E

A quarter 0.093 0.058 0.027 0.009 0.000 -0.002 -0.002 -0.001 0.000
center 0.201 0.100 0.039 0.011 0.001 -0.003 -0.002 -0.002 -0.001

B quarter 0.027 0.049 0.055 0.048 0.030 0.013 0.004 0.000 -0.002
center 0.039 0.095 0.144 0.092 0.043 0.018 0.005 0.000 -0.002

C quarter 0.000 0.013 0.030 0.047 0.053 0.047 0.030 0.013 0.000
center 0.001 0.017 0.043 0.090 0.140 0.090 0.043 0.017 0.001

TABLE 73

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
9i2

quarter
center

S2

quarter

center
912

quarter
center

SI2

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.015

-0.014
-0.008

-0.030
-0.030
-0.016

-0.013

-0.016
-0.010

-0.005
-0.008
-0.006

AB

{M..-
0.011

-0.022
0.001

-0.075
0.017
0.013

-0.017

-0.009
-0.001

-0.010
-0.018
-0.011

B

0.018

0.023
0.013

0.073
0.054
0.027

0.010

0.015
0.009

-0.024
-0.018
-0.006

BC

-0.010

-0.001
0.005

-0.067
0.019
0.014

M.f -
0.018

-0.021
0.005

-0.069
0.017
0.013

C

-0.008

-0.007
-0.003

-0.022
-0.016
-0.005

0.011

0.015
0.009

0.073
0.052
0.025

CD

-0.004

-0.006
-0.005

-0.009
-0.017
-0.010

-0.015

-0.008
-0.001

-0.069
0.017
0.013

D

-0.002

-0.004
-0.003

-0.006
-0.009
-0.007

-0.010

-0.012
-0.007

-0.024
-0.018
-0.006

DE

-0.001

-0.002
-0.001

-0.003
-0.004
-0.003

-0.006

-0.009
-0.006

-0.010
-0.018
-0.011

E

0.000

0.000
0.000

0.000
0.000
0.000

-0.002

-0.004
-0.003

-0.005
-0.008
-0.006
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TABLE 74

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on sitin Transverse Location of Loadon PositionLine of Load

A AB B BC C CD D DE E

AB quarter 0.024 0 09 0.025 0.004 0.002 0.001 0.000 0.000 0.000

center 0.019 0.064 0.016 0.013 0.004 0.001 0.000 0.000 0.000
9t2 0.010 0.015 0.007 0.006 0.003 0.001 0.000 0.000 0.000

BC quarter 0.002 0.004 0.024 'M0.2 0.023 0.004 0.003 0.001 0.000

center 0.003 0.013 0.016 0.065 0.016 0.012 0.005 0.001 -0.001
9s 0.002 0.006 0.007 0.015 0.007 0.006 0.003 0.001 0.000

TABLE 75

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 3
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Mo- Longitu-
ment dinal Transverse Location of Load

in Position
Beam of Load

A AB B BC C CD D DE E

A quarter 0.159 0.071 0.023 0.004 0.000 -0.001 -0.001 -0.001 0.000
center 0.093 0.058 0.027 0.009 0.000 -0.002 -0.002 -0.001 0.000

12 0.043 0.029 0.017 0.007 0.001 -0.001 -0.001 -0.001 0.000

B quarter 0.023 0.075 0.123 0.071 0.026 0.008 0.002 0.000 -0.001
center 0.027 0.049 0.055 0.048 0.030 0.013 0.004 0.000 -0.002

912 0.017 0.020 0.021 0.021 0.018 0.010 0.003 0.000 -0.001

C quarter 0.000 0.007 0.026 0.070 0.121 0.070 0.026 0.007 0.000
center 0.000 0.013 0.030 0.047 0.053 0.047 0.030 0.013 0.000

i12 -0.001 0.010 0.018 0.020 0.020 0.020 0.018 0.010 -0.001
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TABLE 76
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
ritu-

Values of Influence Coefficient for Moment

dinal
Posi-
tion
of

Load A

quarter -0.010

center -0.015

quarter -0.022
center -0.033

quarter -0.010

center -0.015

quarter -0.003
center -0.004

Transverse LocaLion of Load

AB B BC C CD

-0.024 0.018 -0.004 -0.007 -0.005

{OM•2 0.024 -0.010 -0.011 -0.006

0.012 0.042 0.011 -0.017 -0.013
-0.073 0.072 -0.068 -0.026 -0.013

-0.009 0.010 -0.027 0.010 -0.009
-0.018 0.013 021 0.014 -- 0.017

-0.014 -0.018 0.010 0.042 0.010
-0.013 -0.028 1-0.069 0.071 -0.069

D

-0.002

-0.002

-0.004
-0.006

-0.009

-0.014

-0.018
-0.028

DE E

0.000 0.000

-0.001 0.000

-0.001 0.001
-0.002 0.001

-0.005 -0.001

-0.007 -0.001

-0.014 -0.003
-0.013 -0.004

TABLE 77
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
o" Position Transverse Location of Load

e of Load

A AB B BC C CD D DE E

AB quarter 0.010 0.055 0.010 0.008 0.001 0.000 0.000 0.000 0.000
center 0.017 O( 0.018 0.002 0.002 0.000 -0.001 0.000 0.000

BC quarter 0.001 0.008 0.010 0.058 0.009 0.008 0.001 0.000 0.000
center 0.000 0.002 0.018 M0 03 0.017 0.002 0.002 0.000 -0.001

0.003i

--

-----~----------

gitu-
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TABLE 78
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment
Lon-

Mo- gitu-
ment inal- Transverse Location of Loadin Posi-
Beam tion

of Load
A AB B BC C CD D DE E

A quarter 0.104 0.059 0.021 0.003 -0.003 -0.003 -0.001 0.000 0.000
center 0.219 0.101 0.031 0.003 -0.004 -0.004 -0.002 -0.001 0.000

B quarter 0.021 0.058 0.071 0.057 0.028 0.008 0.000 -0.002 -0.001
center 0.031 0.109 0.170 0.106 0.040 0.010 -0.001 -0.003 -0.002

C quarter -0.003 0.009 0.028 0.055 0.068 0.055 0.028 0.009 -0.003
center -0.004 0.010 0.040 0.104 0.165 0.104 0.040 0.010 -0.004

TABLE 79

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
gitu-
dinal
Posi-
tion

of
Load

quarter

center
%12

quarter
center

9i2

quarter

center
S12

quarter
center
912

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.010

-0.010
-0.006

-0.021
-0.022
-0.013

-0.008

-0.010
-0.007

-0.002
-0.003
-0.003

AB

0.012
-0.024

0.000

-0.085
0.012
0.012

-0.017

-0.009
-0.001

-0.003
-0.014
-0.010

B

0.014

0.018
0.011

0.049
0.042
0.023

0.007

0.010
0.006

-0.019
-0.018
-0.009

BC

-0.013

-0.004
0.003

-0.078
0.011
0.010

0.022
-0.027

0.001

-0.079
0.010
0.010

C

-0.007

-0.007
-0.004

-0.019
-0.017
-0.008

0.007

0.010
0.006

0.049
0.042
0.022

CD

-0.002

-0.005
-0.004

-0.003
-0.013
-0.010

-0.016

-0.009
-0.001

-0.079
0.010
0.010

D

-0.001

-0.002
-0.001

-0.002
-0.004
-0.004

-0.008

-0.009
-0.006

-0.019
-0.018
-0.009

DE

0.000

0.000
0.000

-0.001
-0.001

0.000

-0.003

-0.005
-0.004

-0.003
-0.014
-0.010

E

0.000

0.000
0.000

0.000
0.001
0.001

-0.001

-0.001
-0.001

-0.002
-0.003
-0.003

--
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TABLE 80

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitu-
on itin Transverse Location of Load

Line 
_Po ition

of Load

A AB B BC C CD D DE E

AB quarter 0.012 M 0.014 -0.002 0.000 0.000 0.000 .000 0.000
center 0.010 0. 0.010 0.008 0.001 0.000 0.000 0.000 0.000

2cn 0.005 0.012 0.004 0.004 0.001 0.000 0.000 0.000 0.000
ý12 0.005 0.012 0.004 0.004 0.001 0.000 0.000 0.000 0.000

BC quarter 0.000 -0.002 0.013 {o09 0.013 0.002 0.000 0.000 0.000

center 0.001 0.008 0.010 0.058 0.009 0.008 0.001 0.000 0.000
9~c 0.001 0.004 0.004 0.012 0.004 0.004 0.001 0.000 0.000

TABLE 81

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = 6
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Lon- Values of Influence Coefficient for Moment

Mo- gitu-Mo- dinal
ment Posi- Transverse Location of Load

Beam ton

Load A AB B BC C CD D DE E

A quarter 0.170 0.071 0.017 -0.001 -0.002 -0.002 -0.001 0.000 0.000
center 0.104 0.059 0.021 0.003 -0.003 -0.003 -0.001 0.000 0.000

%2 0.050 0.030 0.014 0.003 -0.002 -0.002 -0.001 0.000 0.000

B quarter 0.017 0.085 0.141 0.079 0.023 0.003 -0.001 -0.001 -0.001
center 0.021 0.058 0.071 0.057 0.028 0.008 0.000 -0.002 -0.001
9% 0.014 0.025 0.029 0.026 0.018 0.007 0.000 -0.002 -0.001

C quarter -0.002 0.002 0.023 0.079 0.138 0.079 0.023 0.002 -0.002
center -0.003 0.009 0.028 0.055 0.068 0.055 0.028 0.009 -0.003

~2 -0.002 0.008 0.018 0.025 0.027 0.025 0.018 0.008 -0.002
__ i __ __ ________________



MOMENTS IN I-BEAM BRIDGES 109

TABLE 82

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon- Values of Influence Coefficient for Moment
gitu-

dinal
Posi- Transverse Location of Load
tion
of

Load A

quarter -0.005

center -0.008

quarter -0.013
center -0.019

quarter -0.005

center -0.007

quarter 0.000
center 0.001

AB

-0.027

{0.017
0.003

-0.090

-0.010

-0.019

-0.007
-0.003

B

0.011

0.015

0.026
0.042

0.005

0.007

-0.014
-0.021

BC C CD D DE E

-0.007 -0.006 -0.002 0.000 0.000 0.000

-0.015 -0.008 -0.002 0.000 0.000 0.000

0.002 -0.013 -0.007 0.000 0.001 0.000
-0.084 -0.020 -0.003 0.000 0.001 0.000

-0.033 0.006 -0.009 -0.006 -0.002 0.000

{~O3 0 0.007 -0.017 -0.008 -0.002 0.000

0.002 0.027 0.002 -0.014 -0.007 0.000
-0.085 0.043 -0.085 -0.021 -0.003 0.001

TABLE 83

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT
MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Mo- Longitu-
ment dinalont Positin Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB quarter 0.004 0.049 0.005 0.005 0.000 -0.001 0.000 0.000 0.000

center 0.007 {0. 0.009 -0.004 0.000 0.000 0.000 0.000 0.000

BC quarter 0.000 0.005 0.004 0.052 0.004 0.004 0.000 -0.001 0.000

center 0.000 -0.004 0.008 {MO 8 0.008 -0.004 0.000 0.000 0.000

Mo-
ment
on

Line

AB

B

BC

C
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TABLE 84
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

C quarter -0.004
center -0.005

Values of Influence Coefficient for Moment

Transverse Location of Load

AB

0.057
0.099

0.070
0.128

0.000
-0.002

B

0.013
0.018

0.092
0.202

0.021
0.030

BC

-0.004
-0.006

0.065
0.119

0.064
0.117

C CD

-0.004 -0.002
-0.005 -0.002

0.021 -0.001
0.030 -0.003

0.088 0.064
0.196 0.117

TABLE 85

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H= 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Lon-
,, gitu-
Mo- dinal

ment Posi-
on tion

Line of
Load

AB quarter

center
ý12

B quarter
center

12

BC quarter

center
ý12

C quarter
center

96

Values of Influence Coefficient for Moment

Transverse Location of Load

A

-0.005

-0.005
-0.003

-0.011
-0.013
-0.008

-0.004

-0.005
-0.003

0.001
0.000
n 00n

AB

0.015
-0.027
-0.002

-0.098
0.003
0.009

-0.018

-0.010
-0.001

0.005
-0.007
-0.008

B

0.008

0.011
0.007

0.027
0.026
0.015

0.003

0.005
0.003

-0.013
-0.014
-0.008

BC

-0.016

-0.007
0.000

-0.090
0.002
0.005

0.028
-0.033
-0.003

-0.091
0.002
0.006

C

-0.005

-0.006
-0.003

-0.013
-0.013
-0.008

0.004

0.006
0.004

0.028
0.027
0.016

CD D

0.000 0.000

-0.002 0.000
-0.002 0.000

0.004 0.000
-0.007 0.000
-0.007 -0.001

-0.016 -0.005

-0.009 -0.006
-0.002 -0.004

-0.091 -0.013
0.002 -0.014
0.006 -0.008

DE

0.000

0.000
0.000

-0.001
0.001
0.001

0.000

-0.002
-0.002

0.005
-0.007
-0.008

E

0.000

0.000
0.000

0.000
0.000
0.000

0.000

0.000
0.000

0.001
0.000
0.000

Lon-
gitu-

dinal
Posi-
tion
of

Load

quarter
center

B quarter
center

0.115
0.235

0.013
0.018

D

0.000
0.000

-0.003
-0.005

0.021
0.030

DE

0.000
0.000

-0.002
-0.003

0.000
-0.002

E

0.000
0.000

0.000
0.000

-0.004
-0.005

·

.'Y W
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TABLE 86
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Longitu-
dinal

Position
of Load

quarter

center
%2

quarter

center
9i2

Values of Influence Coefficient for Moment

Transverse Location of Load

A AB B BC

0.005 {0 ' 01 0.006 -0.006

0.004 0.049 0.005 0.005
0.002 0.009 0.002 0.002

0.000 -0.006 0.006 M-1
0.000 0.005 0.004 0.052
0.000 0.002 0.002 0.010

C

0.000

0.000
0.000

0.006

0.004
0.002

CD

0.001

-0.001
-0.001

-0.006

0.004
0.002

D

0.000

0.000
0.000

0.000

0.000
0.000

DE

0.000

0.000
0.000

0.001

-0.001
0.001

E

0.000

0.000
0.000

0.000

0.000
0.000

TABLE 87
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF

SPAN OF BRIDGE

Relative Stiffness of Beams H = 15
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Lon- Values of Influence Coefficient for Moment
gitu-

Mo- dinal
ment Posi- Transverse Location of Loadin tion

Beam of

Load A AB B BC C CD D DE E

A quarter 0.179 0.070 0.010 -0.006 -0.003 -0.001 0.000 0.000 0.000
center 0.115 0.057 0.013 -0.004 -0.004 -0.002 0.000 0.000 0.000
92 0.056 0.029 0.009 -0.001 -0.002 -0.001 0.000 0.000 0.000

B quarter 0.010 0.096 0.161 0.087 0.016 -0.005 -0.003 -0.001 0.000
center 0.013 0.070 0.092 0.065 0.021 -0.001 -0.003 -0.002 0.000
92 0.009 0.032 0.042 0.031 0.014 0.002 -0.002 -0.002 0.000

C quarter -0.003 -0.005 0.016 0.087 0.157 0.087 0.016 -0.005 -0.003
center -0.004 0.000 0.021 0.064 0.088 0.064 0.021 0.000 -0.004

2M -0.002 0.003 0.014 0.030 0.039 0.030 0.014 0.003 -0.002

Mo-
ment

on
Line

AB

BC

-
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TABLE 88
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Moment
on

Line

Longitudinal
Position
of Load

quarter

center

quarter
center

quarter

center

quarter
center

Values of Influence Coefficient for Moment

Transverse Location of Load

A AB

-0.033

0.025

-0.012
-0.111

-0.010

-0.019

0.007
0.018

B BC

-0.010

-0.019

-0.005
-0.093

-0.041

0.039

-0.007
-0.097

CD

0.003

0.005

0.005
0.014

-0.008

-0.016

-0.007
-0.097

DE

-0.001

-0.001

-0.002
-0.004

0.003

0.005

0.007
0.018

TABLE 89
INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT

MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitudinal
on Position Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB quarter 0 0.044 0 0.002 0 0.000 0 0.000 0

center {0 M_ 0 -- 0.008 0 0.001 0 0.000 0

BC quarter 0 0.002 0 0.047 0 0.002 0 0.000 0

center 0 -0.008 0 OM 16 0 -0.007 0 0.001 0(u.ui•

--------- --

---

I
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TABLE 90
INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Moment Longitu-
in dinal
Bn Position Transverse Location of Load

m of Load

A AB B BC C CD D DE E

A quarter 0.125 0.052 0 -0.009 0 0.002 0 -0.001 0
center 0.250 0.092 0 -0.015 0 0.004 0 -0.001 0

B quarter 0 0.091 0.125 0.072 0 -0.015 0 0.005 0
center 0 0.159 0.250 0.129 0 -0.023 0 0.007 0

C quarter 0 -0.020 0 0.077 0.125 0.077 0 -0.020 0
center 0 -0.030 0 0.135 0.250 0.135 0 -0.030 0

TABLE 91
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB AT QUARTER-POINT

OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 1

Moment
on

Line

AB

B

BC

C

Longitudinal
Position
of Load

quarter

center
912

quarter
center

9/12

quarter

center
912

quarter
center

912

Values of Influence Coefficient for Moment

Transverse Location of Load

AB

0.018
-0.033
-0.006

-0.111
-0.012

0.000

-0.017

-0.010
-0.002

0.017
0.007
0.001

BC

-0.017

-0.010
-0.002

-0.093
-0.005

0.000

0.032
-0.041
-0.007

-0.097
-0.007

0.000

C CD

0 0.004

0 0.003
0 0.001

0 0.014
0 0.005
0 0.000

0 -0.015

0 -0.008
0 -0.001

0 -0.097
0 -0.007
0 0.000

DE

-0.001

-0.001
0.000

-0.003
-0.002
0.000

0.004

0.003
0.001

0.017
0.007
0.001

---------

--

----



ILLINOIS ENGINEERING EXPERIMENT STATION

TABLE 92

INFLUENCE COEFFICIENTS FOR LONGITUDINAL MOMENT IN SLAB AT QUARTER-POINT
OF SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 2

Values of Influence Coefficient for Moment

Moment Longitudinal
on Position Transverse Location of Load

Line of Load

A AB B BC C CD D DE E

AB quarter 0 Mo- 0 -0.009 0 0.001 0 0.000 0A0.016
center 0 0.044 0 0.002 0 0.000 0 0.000 0

9fi 0 0.007 0 0.001 0 0.000 0 0.000 0

BC quarter 0 -0.009 0 00 4 0 -0.008 0 0.001 0

center 0 0.002 0 0.047 0 0.002 0 0.000 0
9i2 0 0.001 0 0.007 0 0.001 0 0.000 0

TABLE 93

INFLUENCE COEFFICIENTS FOR MOMENT IN BEAMS AT QUARTER-POINT OF
SPAN OF BRIDGE

Relative Stiffness of Beams H = Infinity
Relative Proportions of Bridge b/a = 0.3

See sub-heading of Table 3

Values of Influence Coefficient for Moment

Moment Longitu-
in dinal

Position Transverse Location of Load
Beam of Load

A AB B BC C CD D DE E

A quarter 0.188 0.066 0 -0.010 0 0.002 0 -0.001 0
center 0.125 0.052 0 -0.009 0 0.002 0 -0.001 0

%2 0.063 0.025 0 -0.005 0 0.001 0 0.000 0

B quarter 0 0.113 0.188 0.093 0 -0.016 0 0.004 0
center 0 0.091 0.125 0.072 0 -0.015 0 0.005 0
9i2 0 0.046 0.063 0.036 0 -0.008 0 0.003 0

C quarter 0 -0.020 0 0.097 0.188 0.097 0 -0.020 0
center 0 -0.020 0 0.077 0.125 0.077 0 -0.020 0

1fi 0 -0.010 0 0.038 0.063 0.038 0 -0.010 0
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TABLE 94
INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB, LONGITUDINAL

MOMENT IN SLAB, AND MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 0.727
Relative Proportions of Bridge b/a = 0.3

Poisson's Ratio = 0.2

Numerical values of transverse and longitudinal moments per unit of width in slab, and of moment
in beams divided by span of bridge, due to a unit concentrated load applied at mid-span of bridge on
lines A, AB, B, etc., as shown in Fig. 1. The quantities H, b, and a are defined in Section 4. The
values of Mot and Ma are given in Table 96. The values of Mo," and Mi"' are obtained by the relations

Mt"' = Mo,+ 0.2MI
Mi"'= Mo + 0.2Mot.

Values of Influence Coefficient for Moment

Transverse Location of Load at Mid-span

B BC C CD D DE E

Transverse Moment in Slab

AB -0.036 M80." 0.049 0.007 -0.005 -0.009 -0.008 -0.006 -0.004
B -0.067 -0.028 0.188 -0.004 -0.012 -0.018 -0.018 -0.015 -0.010
BC -0.042 -0.013 0.044 

M
• 016 0.048 -0.001 -0.015 -0.019 -0.018

C -0.033 -0.028 -0.018 -0.007 0.192 -0.007 -0.018 -0.028 -0.033

Longitudinal Moment in Slab

A 0.205 0.108 0.058 0.031 0.015 0.006 0.002 -0.001 -0.002
AB 0.101 +M" 4 0.094 0.049 0.027 0.014 0.006 0.002 -0.001
B 0.045 0.079 0.159 0.076 0.044 0.024 0.012 0.005 -0.001
BC 0.022 0.044 0.086 ".67 0.085 0.044 0.025 0.012 0.002
C 0.008 0.023 0.043 0.074 0.155 0.074 0.043 0.023 0.008

Moment in Beams

A 0.155 0.082 0.044 0.023 0.011 0.004 0.001 0.000 -0.001
B 0.044 0.064 0.092 0.058 0.035 0.021 0.012 0.006 0.001
C 0.011 0.021 0.035 0.057 0.088 0.057 0.035 0.021 0.011
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TABLE 95

INFLUENCE COEFFICIENTS FOR TRANSVERSE MOMENT IN SLAB, LONGITUDINAL
MOMENT IN SLAB, AND MOMENT IN BEAMS AT MID-SPAN OF BRIDGE

Relative Stiffness of Beams H = 2.96
Relative Proportions of Bridge b/a = 0.3

Poisson's Ratio = 0.2

Numerical values of transverse and longitudinal moments per unit of width in slab, and of moment
in beams divided by span of bridge, due to a unit concentrated load applied at mid-span of bridge
on lines A, AB, B, etc., as shown in Fig. 1. The quantities H, b, and a are defined in Section 4. The
values of Mot and Mot are given in Table 96. The values of Mot'" and Mo"' are obtained by the relations

Mot" = M.,+ 0.2Mo
M.{" = Mz + 0.2M.t.

Values of Influence Coefficient for Moment

Moment
on Transverse Location of Load at Mid-span

Line

A AB B BC C CD D DE E

Transverse Moment in Slab

AB -0.021 M 080.036 -0.004 -0.010 -0.008 -0.005 -0.002 0.000

B -0.045 -0.055 0.110 -0.046 -0.024 -0.018 -0.012 -0.006 -0.001

BC -0.023 -0.016 0.026 -- 0 0 9  0.026 -0.013 -0.016 -0.011 -0.005

C -0.012 -0.019 -0.027 -0.049 0.108 -0.049 -0.027 -0.019 -0.012

Longitudinal Moment in Slab

A 0.067 0.032 0.013 0.003 0.000 -0.001 -0.001 -0.001 0.000

AB 0.028 {M'02 0.038 0.009 0.004 0.000 -0.001 -0.001 -0.001

B 0.003 0.019 0.068 0.020 0.009 0.002 -0.001 -0.001 -0.001
Ma"I

BC -0.001 0.007 0.035 '+0.015 0.034 0.008 0.003 0.000 -0.002

C -0.002 0.002 0.009 0.019 0.067 0.019 0.009 0.002 -0.002

Moment in Beams

A 0.206 0.099 0.039 0.010 0.000 -0.003 -0.003 -0.001 0.000
B 0.039 0.093 0.143 0.091 0.043 0.018 0.005 0.000 -0.003
C 0.000 0.017 0.043 0.090 0.140 0.090 0.043 0.017 0.000
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TABLE 96

NUMERICAL VALUES OF Mot AND M 1o AS FUNCTIONS OF DIAMETER OF LOADED
AREA, THICKNESS OF SLAB, AND SPACING OF SUPPORTS

The values of Meo and Moz are for use in Tables 1 to 95 inclusive, and are modified moments
per unit of width, in the directions transverse to the supports and parallel to the supports, respectively,
under the center of a unit load uniformly distributed over a circular area of diameter c at the center
of a slab of thickness h, infinitely long, simply supported on two opposite edges a distance b apart.
Poisson's ratio is taken as zero. The calculations of the values were made by use of Equations (58),
(59), and (60) on p. 8 in "Computation of Stresses in Bridge Slabs Due to Wheel Loads," H. M. Wes-
tergaard, Public Roads, Vol. 11, No. 1, March 1930, p. 1-23.

The values of Mot are divided into two parts, M' and M", where M' is a function only of the
ratio of the thickness of the slab to the span of the panel, and M" is a function only of the ratio of
the diameter of loaded area to the thickness of the slab.

The various quantities are related as follows:
M. = M '+M"

Mo = MA-- 0.080.

Ratio of Thickness of alues of Ratio of Diameter of
Slab to Span of Loaded Area to Thick- Val

Panel, h/b ness of Slab, c/h

0.02 0.311 0 0.133
0.04 0.256 0.2 0.131

0.4 0.126
0.06 0.224
0.08 0.201 0.6 0.118

0.8 0.108
0.10 0.183 1.0 0.098
0.12 0.169

1.5 0.072
0.14 0.156 2.0 0.049
0.16 0.146 2.5 '0.029

0.18 0.136 3.0 0.013
0.20 0.128 3.5 -0.001

4.0 -0.012

The following approximate formula for Mot is accurate enough for practical purposes when c
is equal to or greaterthan h, and h is greater than 0.02b, for values of c/b between 0.04 and 0.25.

1.16
M 3+ 10c/ (1)
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APPENDIX B

INFLUENCE SURFACES FOR MOMENTS

IN I-BEAM BRIDGES
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ol/

FIG. B-1. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB AT
AB AT MID-SPAN. H = 5, b/a = 0.1

1 _ i 4
/2 1 4 le

FIG. B-2. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB AT
BC AT MID-SPAN. H = 5, b/a = 0.1
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FIG. B-4. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB
AT AB AT MID-SPAN. H = 2, b/a = 0.2

Fia. B-5. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB
AT BC AT MID-SPAN. H = 2, b/a = 0.2
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136 ILLINOIS ENGINEERING EXPERIMENT STATION

FIG. B-6. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB
AT B AT MID-SPAN. H = 5, b/a = 0.1

FIG. B-7. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB AT
C AT MID-SPAN. H = 5, b/a = 0.1
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FIG. B-10. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB
AT B AT MID-SPAN. H = 2, b/a = 0.2
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FIG. B-11. INFLUENCE SURFACE FOR TRANSVERSE MOMENT IN SLAB
AT C AT MID-SPAN. H = 2, b/a = 0.2

DE

CD

C

c

B

AB

A

E

DE

CD

C

BC

B

AB

A



ILLINOIS ENGINEERING EXPERIMENT STATION

FIG. B-12. INFLUENCE SURFACE FOR LONGITUDINAL MOMENT IN SLAB
AT AB AT MID-SPAN. H = 5, b/a = 0.1
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FIG. B-13. INFLUENCE SURFACE FOR LONGITUDINAL MOMENT IN SLAB
AT BC AT MID-SPAN. H = 5, b/a = 0.2
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FIG. B-15. INFLUENCE SURFACE FOR LONGITUDINAL MOMENT IN SLAB
AT AB AT MID-SPAN. H = 2, b/a = 0.2
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FIG. B-16. INFLUENCE SURFACE FOR LONGITUDINAL MOMENT IN SLAB
AT BC AT MID-SPAN. H = 2, b/a = 0.2
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FIG. B-17. INFLUENCE SURFACE FOR MOMENT IN BEAM A
AT MID-SPAN. H = 5, b/a = 0.1
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FIG. B-18. INFLUENCE SURFACE FOR MOMENT IN BEAM B
AT MID-SPAN. H = 5, b/a = 0.1
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FIG. B-19. INFLUENCE SURFACE FOR MOMENT IN BEAM C
AT MID-SPAN. H = 5, b/a = 0.1

FIG. B-20. INFLUENCE SURFACE FOR MOMENT IN BEAM A
AT MID-SPAN. H = 2, b/a = 0.2
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FIG. B-21. INFLUENCE SURFACE FOR MOMENT IN BEAM B
AT MID-SPAN. H = 2, b/a = 0.2

FIG. B-22. INFLUENCE SURFACE FOR MOMENT IN BEAM C
AT MID-SPAN. H = 2, b/a = 02
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by Vernon P. Jensen. 1939. One dollar.

Bulletin No. 316. The Effect of Range of Stress on the Torsional Fatigue
Strength of Steel, by James O. Smith. 1939. Forty-five cents.
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tCopies of the complete list of publications can be obtained without charge by addressing the
Engineering Experiment Station, Urbana, Ill.
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Bruckner. 1939. Seventy cents.
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