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I. INTRODUCTION

1. Object and Scope of Investigation

The type of structure considered in this in-
vestigation is a simple-span skew bridge, which
consists of a concrete slab of uniform thickness
supported by five identical steel beams, uniformly
spaced and parallel to the direction of traffic.
When the angle of skew is zero, the structure
reduces to a simple-span right I-beam bridge, for
which both analytical and experimental data are
available. The analytical results, which were ob-
tained by computations based on a distribution
procedure developed by Newmark, V* were re-
ported in a paper by Newmark and Siess;® and
the experimental data were reported by Newmark,
Siess, and Penman.® While results of an experi-
mental study of the skew I-beam bridge were made
available in a paper by Newmark, Siess, and
Peckham,™ no analysis, exact or approximate, of
such a bridge, so far as known, has been presented.
Consequently, an analytical investigation of the
behavior of this type of structure with a view
toward development of better design eriteria ap-
peared desirable, and would serve, it is hoped, as
a supplement to the works cited above.

The data here are based entirely on analytical
considerations, and were obtained by means of the
method of finite differences. The difference method
is by no means new, and has been used by numer-
ous authors in the solutions of various structural
problems.** Although it yields results that are only
approximate, its use is justifiable, particularly
where complicated boundary conditions are en-
countered which may prevent the expression of
exact solutions.

The flexibility of the beams is taken into ac-
count in the analysis. Moments are determined at
various points in the slab and in the beams for
different positions of a concentrated load on the

* Buperscripts in parentheses refer to eorresponding entries in the

Referer

i listing of some of the works pertaining to the application
of difference equations to slab problems, see Ref, 5.

bridge. Influence values for moments and deflec-
tions are given for a group of structures of various
proportions and relative stiffnesses of the slab and
the beams, and of different angles of skew. Influ-
ence surfaces for moments and deflections are
shown for several of the structures studied. From
the influence values, moment coefficients were
determined for a number of skew bridges of dif-
ferent span lengths and subjected to standard
highway truck loads. Some general relations per-
taining to the design of skew I-beam bridges have
been derived from the results of analyses.

2. Method of Analysis

The data reported here were obtained by means
of difference equations. The assumptions used in
the analysis, in addition to those usually embodied
in the ordinary theory of medium thick plates, are:

(1) The beams exert only vertical forces on the
slab; there is no shear between the beams and
the slab.

(2) The effect of any diaphragms is neglected.

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

(4) A beam and the slab directly over it de-
flect alike.

(5) The edge beams on each side of the bridge
are located at the edge of the slab.

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

The values of Poisson’s ratio for concrete is
assumed to be zero for all calculations.*

Difference equations are derived for a network
of points in skew coordinates, in which the ele-
mental mesh is a parallelogram formed by lines
parallel to the sides of the skew panel. A network
of points in triangular coordinates (where the
elemental mesh is a triangle) might have been
used; Jensen® used it in his analysis of skew slab

* For a discussion concerning the assumption that Poisson's ratio
for conerete is zero, see Ref. 2, pp. 13-14.



8 ILLINOIS ENGINEERING EXPERIMENT STATION

bridges with curbs. However, the skew network
is better adapted to the solution of the present
problem in obtaining the maximum numerical
accuracy. Rectangular or square networks could
also be conveniently used for certain angles of
skew and proportions of the bridge, but the skew
network (or the triangular network, for that mat-
ter) is more widely applicable.

The skew network of points used is formed by
two sets of parallel lines. As shown in I'ig. 1, the
first set of lines, drawn parallel to the abutments,
divides the length of the span into eight equal
spaces. The second set of lines, drawn parallel to
the beams, divides each slab panel between two
consecutive beams into two equal segments. The
difference equations are then applied to this net-
work of points to determine the effect at any
point caused by a load at any given position on the
bridge. It is convenient to break the load into
symmetrical and anti-symmetrical components. In
this way, the analysis of each particular problem
reduces, in general, to the solution of two sets of
simultaneous equations: one set having 32 un-
knowns for the symmetrical loading, and the other
having 31 unknowns for the anti-symmetrical load-
ing. The solutions of these two sets of equations
give the required results when added. The chosen
spacing of the nodal points in the network in Fig. 1
was based primarily on the limiting capacity of
the ILLIAC digital computer. The ILLIAC could
solve only 39 or fewer simultaneous equations at
the time these calculations were made (1953).

The results obtained by means of difference
equations are approximate. To estimate the degree
of accuracy which may be expected of the differ-
ence solutions, comparisons are made between the
exact values for right I-beam bridges obtained by
Newmark and Siess® and the approximate values
determined from difference equations for corre-
sponding right bridges. In the absence of exact
analyses of the skew bridge, these comparisons for

| Froportion of s,ocm | y - Transverse direction
A \ % 2% 3 € % /ﬂngfe ofske»:'
; ok N y%‘a‘*”‘ é 1<
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Plan of bridge a’af?g.rf'ua'.rnaf direction xu
Fig. 1. Diagram Showing Bridge and Network of Points

the right bridge are assumed to give indications
regarding the accuracy of the approximate results
obtained for the skew bridge.

3. Notation

The following notation is used throughout this
work. The longitudinal direction is always taken
as the direction of the beams; the transverse direc-
tion is that perpendicular to the beams; and the
skew direction is parallel to the abutments.

a = span of bridge, center to center of
supports.
b = transverse spacing of beams.
= diameter of uniformly loaded circu-
lar area representing a wheel load.
El = product of modulus of elasticity of
the material in the slab and moment
of inertia per unit of width of the
cross-section of the slab.
pw = Poisson’s ratio for the material in
the slab, taken equal to zero in the
numerical data given here.

EI ;
———-, a4 measure of stiffness of a
ut

|

1—
slab element.

Euyly, = product of modulus of elasticity of
beam material and the moment of
inertia of the beam cross-section.

BT,

H = aN ¢
which is a measure of the stiffness
of the beam relative to that of the
slab.

P = concentrated load.

p = load per unit of area uniformly dis-
tributed over the slab.

¢ = load per unit of length uniformly
distributed along a beam.

w = deflection of slab, positive down-
ward; with subseript indicating the
deflection at a particular point de-
noted by the subseript.

x, y = rectangular coordinates.

u, v = skew coordinates, as shown in Iig. 2.

A Ay, Ny N, = distances between points or lines of
the network as defined in Fig. 2.

¢ = angle of skew, as shown in Fig. 1.

K = \,/\;, an abbreviation.

A = (K/cos ¢)?, an abbreviation.

B = K tan ¢, an abbreviation.

= (1 —p)K?, an abbreviation.
) = (A+C)B, an abbreviation.

a dimensionless coefficient
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Fig. 2. Network of Points Surrounding a Typical Interior Point

J =

Vr; V!, =

M, M, =

ﬂ[:!-‘ =

M, =

Kibyy/ NN = K*Ha/\,, a dimen-
sionless number proportional to the
relative stiffness H.

vertical shear per unit of length,
acting on sections normal to the x
and y axes respectively, positive on
a rectangular element of a slab when
acting upward on the side of the
element having the smaller values
of @ or y respectively.

bending moment per unit width of
slab in the direction of the x or y
axis respectively, positive when pro-
ducing compression at the top of
the slab.

twisting moment per unit width of
slab in the directions of x and y,
positive when tending to produce
compression at the top of the slab
in the direction of the line v =1y.

bending moment in a beam, positive

MOMENTS IN SIMPLY SUPPORTED SKEW I-BEAM BRIDGES 9

when producing compression at the
top.

R,, R, = reactions per unit of length of slab,
defined in the same manner as V.,

and V.
V2 = 6_2+6_2 Lapl ’ t .
s FER aplace’s operator in
two variables.
U = V.

k = coefficient in Eqgs. (51) and (52);
effective proportion of wheel load
used in computing maximum mo-
ments in a beam due to standard
truck loading.

s = length defined by Eqs. (53) and (54),
in terms of which maximum mo-
ments in beams are stated.

m = coefficient in Eq. (54), which defines
the length s for different angles of
skew ¢.
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Il. DERIVATION OF EQUATIONS

5. General Concepts

The ordinary theory of flexure of medium thick
slabs is well-known, and the derivations of the
fundamental equations are available in a number
of places in the literature.* A summary of the rela-
tions necessary for the present work is given below.

The fundamental differential equation for the
flexure of slabs is

NV2 (Viw) = p, (1)
in which w is the deflection of the neutral surface

of the slab, p is the intensity of load, N = -—]-1?_1#_3 is
. , i a2
the stiffness of the slab, and V?= 81-2'+ o is the

Laplace’s operator in two variables. The equation
for the deflection, w, must also satisfy the bound-
ary conditions of the slab. When such a solution
has been found, the moments, shears, and reactions
may be obtained by differentiation according to
the following formulas:

I\-lmm-!;}s:_ 0 (8~H 3w
M. = ox T H o
_ a2 d%w ) ‘
M, = ay? T da* 2)
. d*u
My =—N(1—p ﬁ@;
Shears:
Vo= ~ g (P H)W
: . (3)
ro= N2 (v
Reactions:
(') IIJ'N _ T I:a_?u‘ 9 o'w :|
= P e - N|5at@—w x0y
h’ 5 " 4)
_1r dl o H —_ '-m__
R,=V,+— N P it (2—w agrfay:IJ

The 01‘(Imary theory of flexure is not valid in
the neighborhood of a concentrated load where the
assumptions made in the theory are not fulfilled.
FFor the determination of the tensile stresses at the
Ref. (7).

* For example,

point of application of a concentrated load, resort
is usually made to Westergaard's®™ suggestion of
using, with the ordinary theory, an equivalent
circular area of load distribution which is deter-
mined by a special theory of Nadai.®

The differential equation for a beam in the x
direction is dw

Lbfb = q, (Ha)

in which £,7; is the ﬂcxulal rigidity of the beam,
and ¢ is the load per unit of length along the
beam. The bending moment at any point in the
beam is given by

2o
M, i

— L;,[j,

(5b)

6. Difference Operators for Skew Network

Consider a simple-span slab bridge supported
on five equally spaced beams, having a parallelo-
gram-shaped plan with any angle of skew, and
with any given proportions of the span and spacing
of the beams. A network of points may be defined
by the intersections of two sets of equally spaced
lines: one set drawn parallel to the beams, the
other parallel to the ends of the span. The v axis
will be taken parallel to the beams and, conse-
quently, parallel to the first set of lines. T ]w angle
of skew, ¢, will be defined as the angle between
the y axis and the simply-supported edges of the
slab as shown in I1ig. 1.

The problem is to find a number of equations
for the deflections of the slab at the points of the
network, the number of equations to be equal to
that of the points in the network. Consider a
typical node point O and the points in its neighbor-
hood as shown in Fig. 2. The various points sur-
rounding O have been numbered for identification.
These numbers as subscripts on the deflection w
will indicate the deflection of the slab at the corre-
sponding points. In addition to the x and y axes,
another pair of axes, v and », are drawn, with the
u axis coinciding with the x axis, and the » axis
making an angle with the y axis equal to the angle
of skew, ¢. The dimensions X\, \,, and \, are
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defined as the distances between successive points
of the network in the directions of the x, u, and
v axes, respectively, while )\, is defined as the
perpendicular distance between successive lines
drawn parallel to the x axis as shown in Fig. 2.

Reference to I'ig. 2 will show the following
relations: R \ n

A = N,/c08 of (@)

With the u and » directions established, deriva-
tives of any funetion of x and y may be expressed
in terms of corresponding derivatives with respect
to u and v.

A point of rectangular coordinates (x, y) as
shown in Fig. 3 is located in the plane by skew
coordinates (u, ), given by the transformation

T=u—vsin g Y =1cos e (b)

The partial derivatives, indicated by subseripts,
of v and y with respect to u and » are

r, =1; T, = —sin @)

Yu = (}, Yo = C0s ‘P,[ ((')

Consider a function f (u, ), in which u, ¢ are
related to x, y by means of Eqs. (b). The first
derivatives of f with respect to w and » are

Juo = fevu + fuypu = I2 1 )

Jo = fete + fyyo = —Jesin ¢ + [, cos o) :
from which one obtains

f, = Jusine+ [, (¢)

CcOs ¢

The second derivatives of [ with respect to u
and » are obtained by “squaring” the operators
f.and f,, and by means of their “product.”

Jow = fax (f)
foo = fazsin® ¢ — 2fy, sin g cos ¢ + [, cos? ¢ (g)

%%

Plx,y) = Plu,v)

X -

e S 7

Fig. 3. Relationship Between Rectangular and Skew Coordinates
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,rur = __Ir:I hl“ @ + .]r:y Ccos ¢ (h)
Substituting Eqgs. (f) and (h) into Eq. (g),
fl‘l" = fnu Si112 e — 2 Sin @ (fm' +fu“ Si!l @) + fld'ff COSE %)

fyy 1s obtained in terms of f,., f.., and f,, as

1
.v'r!-‘!-‘ = T
cos? ¢

and the Laplacian operator in skew coordinates
becomes, by Kgs. (f) and (1),

1

sz = .rII + f!m = ?W (fw +2fu (0 Si“ \9+f4-r.-) (j)

Also, from Eqs. (f) and (h),

S = o (fuu 8in ¢ + f0) (k)

COSs ¢

(fuusin? ¢ + 2f.. sin ¢ + fo.) (i)

The V*-operator in skew coordinates is trans-
formed into the corresponding difference operator
by substituting for the derivatives f.., fu.,, and f,,
their expressions in difference form, which may
be found in a number of places in the literature.*
The difference expressions for f,., f.., and f., for a
typical interior point O as shown in I'ig. 2 are

1 5
(_fuu)” = 'K"{ (fl’ = _fu +f1)
1
(fm-)u = T}\—H?\r— (—_f; 2+ fio 4+ fier — flz) 2 (m)
|
(_-ri'a')y = Y,_Q_ (f:!' = 2)‘“0 +Jr.!) )

Substituting Eqs. (m) in Eqgs. (f), (i), (j), and (k),
noting Iigs. (a), and using the abbreviations

2
Ny K .

B=Ktaneg, A=B*41+K=———
L tan ¢ + K cos’ ¢
one obtains the following expressions for f.., f,,,
Vi, and f,,:

(fedo = 35 e = 2o+ 52 ©)
(e = 3o | B U + 1) — @+ 280,
B (—fin o+ fio + frv = fu)
+fi + 1] (»)
(e = 5ix [4 G + ) = @+ 2401,

= (=fia +Fis +fiw — fir)

+fe + 1) (@)

* For example, Reference (6), pp. 69 and 167-9,
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KB+ - 28

+ o (st S+ fow = ) |- @)

(fzy)u =

7. Difference Equations for Skew Network

With the derivatives and the Laplacian opera-
tor of any function expressed in finite differences,
the difference equations governing the deflection
of the neutral surface of the slab at the node
points may be derived. It is convenient first to
‘break the differential equation (1) into two parts,
as Marcus did@:

NV2U = p, (6)
and, Vi = TJ. (7)

Equations (6) and (7) may be expressed in

terms of finite differences by the use of I8q. (q).

Tor an interior point O as defined by the network
of Fig. 2, the results so obtained are

anna={%[A(Up+Ug-(2+mnr;
+ 5 (= Urat Un+ Ury — Uw)
+ Uy + Us]| =P (8)
W%L=RE[AWﬂ+M)—@+2Mw0
+ —“23 (—wrs + wie + Wiy — wy)
+ g+ | = U, )

In Eq. (8) the quantity p, is the equivalent com-
bined effects in terms of load per unit of area of
all the loads that act at point O. Thus, if at point
0, there act a uniformly distributed load of p,
per unit of area, a line load of ¢, per unit of length
in the a direction, and a concentrated load of P,,
Po is given by
KP,
=po + q" )\Pk =Pe Tt +Tj:.
If point O lles on an exterior edgc of the slab, p,
is given by

(10a)

A —;}a+2‘*'"+ P". (10b)
Aoy

Po=Pot—— 4
)
(a) General Interior Point

Consider a general interior point of the slab,
such as 0 shown in Fig. 2. Assume that O is also

a point on a beam. If the beam and the slab over
it are assumed to deflect alike, the load per unit
of length carried by the beam at point 0, is, from
IEq. (5a), given by the difference expression

at K*
Eb)rb( it )o = EbIb ‘Xyz' (-103' = 4w1*
+ 6w, — 4w, + ws).

This load earried by the beam, expressed in terms
of equivalent uniform load intensity per unit of
area, 18

kI 4
= ii (wy — 4wy + 6w, — 4w, + wy)
y

Ay
or, —‘:—r—{ (wy — 4wy + 6w, — 4wy + wy) (11)
y
in which
_ BEly g
Brie= . K+, (12)

Expression (11) is to be incorporated into the
left-hand side of Kq. (8). With this in mind, and
substituting into Eq. (8) expansions of U at the
various points similar to Eq. (9), one obtains,
after some simplification, the equation for a general
interior point 0, which may be given more con-
veniently in pattern form as follows:

[ .2
% & -8 \8 %
—Q 2(Af3f<§g -4(1%4) __2(4-6-28) \AB
ABLeN  amardcy)  6+Baved’r -qaeAby A8 | gh

\ W= I
13/
2(4+8+45) -A8

(o84

L \ E
Point, O for which Eq. (13) is written is indicated

\ B{‘S\J
ABN\__ 2(4-8-48)  -4l*A)

F

g 8 -5

by a heavy dot in the above pattern.

\34?

%»w \e__ \w
% B N,
FLVAVAVAN
L VAVAVAW
iﬁ;_f//ﬁ%ﬁ; \\f \\6'\\\3

Fig. 4. Interior Point Near Simple Support




Bul. 439.

\ 3¢ N2 \p \;2 \32

AVAVAAVAN
32 \f’é‘ \rz \32
o\ \ N N

Flg. 5. !nferror Point Neur Top Edge

fop edge

If point O is not on a beam, it is necessary
merely to drop all the J-terms from Iq. (13).
(b) Interior Point near Simple Support

When point O is near the simple supports, the
effect of the boundaries must be taken into ac-
count. The boundary conditions at the simple
supports are: there shall be no deflection at the
supports, no moment in the slab in a direction
normal to the supports, and no moment in the
beams. This requires that

(W) support = 0; ]
(Vz'w)suppnrt = Uvsuppnrl, = 0 J (]4{],)

(JWIb)auhlmrt = _EbIb( Fre )su].[:ort =

I'or a node point O on a beam near the left simple
support (I'ig. 4), the first two of these conditions
may be written as

Wiy = Wy's = Wy = Wy = W'y = 0

1.
{.-"1'2 = L_-']: = (,."1:2; = (. J’ (]4!))

The third condition may be stated as

— Byl

(M) =3

- (wy' — 2wy + w,) = 0
from which it follows, noting Eq. (14b), that the
deflection of the fictitious point 3’ of the beam is

given by

Wy = —W,. (14¢)

Expression (11), on substitution of Eq. (14¢), be-
comes

(15)

— 41.\‘)1 + ’w;;).

Modified by expression (15), which gives the
share of load carried by the beam, and by the
second of Eqs. (14b), Eq. (8) becomes

similar to Eq.

MOMENTS IN SIMPLY SUPPORTED SKEW I-BEAM BRIDGES 13

N
A2

[A Uy — (24 24) U,

+ _}23— (Um - Ul:z') + U + U&':I

N.J

BV (5w, — 4wy + ws) = Po.
n

+
Expressing U,, U,, U, ., Us by equations

(9), and using the first of Eqs.
(14b), one obtains

5 - \& \%

%}/\ -q0*4) ___ 2(4“8-48) \AS
: %\
6+8Av54%  -dlaea ) Ay 4
- Wl
; Gesy \ N
(16)
2(A+8+A8) -48
% \ \ez
N X

The equation for a point O on a beam and
near the right simple support may be found to be

(N N %\
A mf\&mi -tm-*\;u %‘Q;

.

o,

=

-4( \'AU

/{,\‘E.

48y -g(A+A%y) 6+aa+547+ () 55
\ \ 4 & \{Q(Q/ ” ;;'
A8\ 2(4-8-A8) zmrf,as
% 8 f"% %{(lr

LU T

If point O is not on a beam, the terms involving
J are to be dropped from Eqgs. (16) and (17).

(¢) Interior Point near Edge Beam

Consider an interior point O near the top edge
beam of the bridge as shown in Fig. 5. The edge
beam is considered to deflect equally w 1th the slab.
One of the boundary conditions along the edge is
that there shall be no moment normal to the edge
of the slab. This condition may be stated as

= 2 — —
-'\ [v v (1 H) arg ]Oli“l’.,
or, Uecige = (1 — ) a:c“ ) ’ (18)
Using the abbreviation
= (1 —p) K (19)
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Iq. (18), when applied to points 1’2, 2, and 12 on
the edge beam, gives, in terms of finite differences

Y -

(
Urs = <5 (w2 — 200y + wn);
i

Us

7{::5 (wys — 2w + wi2); ¢ (20)
]

k 2

Now applying Eq. (8) to point O, treating
expression (11) as was done in the derivation of
the equation for a general interior point, and ex-
pressing [y, Us, and U by means of Iigs. (20),
and Uy, U,, Uy, Upy, Uy, and Uy by equations
similar to Iq. (9), one obtains

Ui = (wy — 2wy + wa).

[0 A+BrC+D  -2-24-2C  A-B+C-D % top edge |

2850y -a(ALrg)  5+6A+6A% -dldrAvd)  N\AEGGrd
45

N N e\ [
A8 2(4-5-48) -4{1+4)  2(A+8*48) A8

\ =
A\ e v
AN A N X

in which D is an abbreviation as given by
=B(A +0C)
Again, the J-terms are to be dropped from
q. (21) if point O is not on a beam.
(d) General Edge Point
To find the deflection equation which applies

¥
¥y, #—*
\ -
\ "ﬂ =
; ; \
12 2 |t |2 32
SNE N N
\ \ \ \ \
gl Nt [7] N/ \3 fop edge
X, U
/]Y | )
I 32" 12 2 2 32
3
a) 34 14" 4 4 34'
( \ \ N \ N
La ]
ot _f
g g
xou — X, U
12 2 1 /2 2 s 2 2
A J_ A (b) 4 /{x ‘!x
T - s

Fig. 6. General Edge Point

terms of differences without difficulty;

when point O is a general point on the top edge
beam as shown in IYig. 6(a), it is necessary first
to use again the condition (18) with the deriva-
tives expressed by finite differences. Thus,

v

. C 1
Uy = N (wy — 2wy 4+ w,);

T

U, = N (wy — 2w, + wy); ¢ (23)
. C
Uy = —5 (w, — 2wy + wy).

)\r,r =

The other boundary condition along the edge beam
is that the vertical reaction normal to the edge of
the slab shall be transmitted to the beam as a
vertical load. This condition may be expressed as

Ebh( a'w )
uh.l.,

Now, from the second of lKgs. (4), noting that

aﬁ,u, a:iu: ]
= W i — —
Ry & l: ay? +2-w .z:ﬁar;

= —N|-2 (v = _6?3)
= .\[a? (Vi) + (1 — u) = 6:; Y ]

o aly _ (6 w)

B l: Ay -+ c’i.'; dx* :I'
one finds that Eq. (24a), when applied to point O,
I'ig. 6(a), may be rewritten as

[ (- )

e 6 B THE

(Ry)mlm‘. = (2’1"1)

d*w =
r'h; o )].J—{J‘ (24h)

the first term may be expressed in
the other

terms containin (ﬂ) and (_6_ fw) require
'"'agayg 61;8352"(1

special treatment so that the results, when sub-
stituted into q. (8), will give an equation which
does not involve any of the fictitious node points.

Let the y axis drawn through point O intersect
the two grid lines in the @ direction adjacent to
the edge beam at points s and ¢ as shown in Iig.
G(a). Denote each of the distances 2’ and {2 by

B =\, tan e.

In Iq. (24b),

Consider a function, f, for which the slope in the
y direction is to be evaluated at point 0. By
passing a plane tangent to f at point O, the fol-
lowing relations may be found by reference to
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(ﬁ) f&f, @
fe=fo+ -.{‘2_2_'):1"1’2 8
=fit 5 B —fr), () (25
fo=1Jz _Lz'_‘?—xxfiﬁ
= fo — % B (fir — fiw). ()

o

It should be noted that Eqs. (25a) and (25b) are
approximations to the more accurate expressions
for f, and f; which are

12— '1'218 = fo 4+ B (fiz — f2)
f fle

Je= 1 Jo — B(fyr — fie)

It will be found, ho\\‘ever, that the use of the
more accurate expressions would lead to equations
similar to Eqgs. (27) and (28), from which it ap-
pears that the terms involving the fictitious node
points could not be so conveniently eliminated as
is possible with the use of the approximate expres-
sions. Hence Kqs. (25a) and (25b) are used as an
expedient to avoid this difficulty.

From Kq. (25) it follows that the first deriva-
tive of any funection, f, with respect to y, evaluated

at point O, may be expressed in terms of finite
differences in the neighborhood of point O by

means of the equation

((%—)ﬂ = 21);; “:fz + % B (fi — fl'ﬂ]
- I:fz’ — ;' B (fir — fﬁ):H :

Hence,

() [y pien-va]

1
_[U‘*"? B (Uw— Ul’e’):” ;

a  Pw a K2
(-5!1_ 3-’82-),, - ':3‘?;‘ AN e 2“’""“1"‘1)]

= 2}\ i ll:ul2+_ B (ug—uaz)]

—[wﬁ—énnww—wwﬂ[@m
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—2 [wz +% B (wp— '11’1'2)] (26)

+2 [m_»' - % Bwy — -wl’g'):l
+ I:'wu“l‘% B (ws— wz):l
l

1
- I:w]z._ QIB(H!“’-—%’)][ 1
Substituting Eqgs. (26) in Eq. (24b), and ex-
d'w ) ;

a0t ) by differ-
ences in the usual way, one obtains the condition

at point O on the edge beam:
0 = J (wy —4wy +6w, — 4w, +w;) 3

ﬂL?\f '[[I:U-rl'lf B (Up— U:’z)]

pressing the other derivative, (

2

—[Ur—5 B (V- Ul'a')]}-

; 1
—]?(.- {[u:l'2+—2 B(i{,‘z—il‘a'g):l

1
= I:u-'l':z' — b} B (wy —wy ):I L(27)
—2 [102 —1—% B (w2 — 1(:1'2)]

1
+2 [IU;;’ — B (wy — w;’a’):l

+ I:H-'m-l'é' B (w3 — 102)]

- |:1t?12'—% B (urag'~-wg')]jl .

Equations (8) and (27) may now be combined
s0 as to eliminate Us, Uy, and Uys. The result is

o

50)\314 . ; By
i J (ws — 4wy + 6w, — 4w, +w;)

+)\y2 I:Ue’ "—% B (Um’ - Ul’z‘):l
+g AN (U4 Ur)
- N (144) U,

—% c '{[‘wl'z-i-% B (w,— ws’e)]

B I:w '__B (wy’ —wu):l r(28)
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-2 ['w‘_:_ +% B (1{?[2 e il’['g)] (28)

+2 [?Uz’ ‘—% B (11’12’ —‘U'j‘z’)]

55 I:-wm +% B ('wxz‘w'i)]

- I:wn'—% B (Wse'_wg'):IJ" . ]

In this equation, the U’s at the interior points,
namely: Uy, Uy, and Uy, may be replaced by
their expansions similar to that given in Eq. (9).
The U’s at the edge points, namely: Uy, U,, and
U7, are given by Eqs. (23). The deflections of the
fictitious points, wys, wi's, Wy, w2, and ws, which
appear in the last bracketed term, may be elimi-
nated by using the three equations found by
equating the right sides of Eqs. (23) to the corre-
sponding expansions of Uy, U,, and U/, similar to
9q. (9). After these operations are performed on
Eq. (28), the final result is given by

&-Gheacrs o0 !+4C+5/§-36" -2¢* ~85-G5eac+y
2ct 4AC\<i'J 6.46‘*6\} 2ctaac-40  \op edge
4-8+c-D 2 24 zc__wsrcn \% |, 8%

\\

(e) Interior Point near Corner
When point O is an interior point on a beam
and near a sharp corner of the slab, as shown in
I'ig. 7, the boundary conditions at the simple sup-
port and along the top edge beam are expressed

by Egs. (14b) and (20) as
wys = Wy = wy = wry =0

N
2 29)
% \-s 9/\
\ \

&

Ul’z =y =Uyy = U;
U = % (wy2 — 2wy + wio); [ (30)
W

y c
Up = F ('wz — 2w + '1832)- )

Then Eq. (8), with U,, Uy, Uy, and U,y given
by equations similar to Eq. (9 )y and modified by
Iigs. (30), and the expression (15) which accounts
for the load carried by the beam, becomes

}\ -2-24-2C+  A-B+C-D % top edge
! 05748
5480254 -alaea’ ) 22 Gy

;l s “‘ /{ u
(NS \
-4(;";{ 2(4+B+A8) A8 (31

![A N \

fop edge

AVAVAN
Ne N e
\ \e

\

Interior Point Near Sharp Corner

%’%

simple ‘/ \
support

Fig. 7‘

In an analogous manner, the deflection equa-
tion for a point O on a beam near a blunt corner
may be found as

i A+B+CHD z2a2c- ]
.rop edge \ 25+48
5’/ *J -4(A*4%) 5+8A+547

E}: i/ A
\ T a
AB 2(A-8-A8) -4{1+4) 3

\ f (32)
% \3 4% ‘QQQ(:
N\ N\

\

In Egs. (31) and (32) the J-terms are to be
omitted if point O does not lie on a beam.

-

(f) Edge Point near Corner

It remains to determine the equations which
apply when point O is on the edge beam and near
a corner. Consider such a point near a sharp corner
as shown in I'ig. 8. The derivation proceeds exactly
as for a general edge point up to and including the
development of lq. (28).

The boundary conditions at the simple support
and the top edge are stated by Eqs. (14b) and the

second and third of I£gs. (23). They are

wy = wiy = w'y = 0; (33a)

Uy = F1'2’ = 0; (33]))

U, = )\ 7 (wr — 2w, + w1); (33¢)
I-‘

U, = i:,?' (w, — 2wy + ws).  (33d)

Two additional conditions will be specified at
the corner point, 1’, namely: the slope of the de-
flected surface in the direction of the simply-
supported edge shall be zero, and the moment
M, shall vanish. That is,

dw
( v )1’ =4,

(Mry)l' =0

(34a)
(34b)
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Lq. (34a) may be written as
wy's — 1:;11

2N, =D,

IN SIMPLY SUPPORTED SKEW |-BEAM BRIDGES

The final result of all the above operations on
Eq. (28) together with the use of Eqs. (33), (35),

and (36) is the equation

which, together with Eq. (33a), gives:

wys = 0,

The condition specified by Eq. (34b) gives an ex-
pression in difference form similar to Iigs. (20),
namely: c

Ur = )\—92 (wy — 2w + w,),

which, modified by Eqs. (33a) and (33b), gives
(35b)

Wz’ = — W,

The following operations are then performed on
Eq. (28):
1. Replacing Uy and Uy by their expansions
similar to Eq. (9).
2. Eliminating the terms in the brackets, [we+
5B (we—wye)], and [we+14B (we—w:)], in a
similar manner as was done in the derivation of
the equation for a general edge point, by using
the two equations found by equating the right
sides of Eqs. (33¢) and (33d) to the corresponding
expansions of U, and U, similar to Iq. (9).
3. Eliminating the deflections ws, wys, we, and
wyy in the brackets [win+14B (wy—wys)], and
[wyrar — V4B (wy —wys)], by using the relation ex-
pressing the slope at point 1’ in the a direction
of the deflected surface. This slope is taken as the
average of the slopes in the a direction at points

1’2 and 1'2’, that is,
aw
ax I |

(5= 7[5+

Expressed in terms of differences, this relation is

w, —wy 1 [ (w2 — wys) + (wy — wyy) :I
2, 2 2\, ’
which, by means of Eq. (35b), gives
4w, = (w2 — wys) + (wy — wyy). (36)
y
v
AFe . NEL NS N2 N2
\ \ N \ x
NSNS No Ny \3 __ fop edge
X, U
\ %
_\_\_33 ) V74 2' 2 32
simple //\\/’}x \
i al gl 4! qu 34#
support _3‘3_ ) J{ : J 3

Fig. 8. Edge Point Near Sharp Corner

]?\ 1+4c+85-5%¢  -20320* ~G-Gorac+y
pres Ji 54C-8C+5/ 4AC-4J top edge
(35a)
-2-24-2¢+ 448D % 85
%i "o
\ 37
2
-4 -8 4

When point O is on the top edge beam and
adjacent to a blunt corner, one finds, in a similar
manner, the equation

G-Shoaces  zcract_ reace8-5e
fop JAC-4J SACTEC DS
=N X
% 4-8+C-D -2-24-2c- ) .55
AT 2N
\ 38
F4 Z
% B8 %
Y A N\ |

In the derivation of Eq. (37), in addition to
the conditions expressed by Eqs. (33a) and (33b),
two conditions expressed by Eqs. (34) have been
specified for the corner point 1’. In order to test
if the two additional conditions are suitable and
justified, two checks are available, and will now
be applied to Eq. (37). First, as a check on the
coeflicients of all the deflections except w, in Eq.
(37), one may use the reciprocal relationship that
the coefficient of any w; in an equation expressing
a unit load at point 2 is equal to that of w, in an
equation expressing a unit load at point 1. Thus,
the coefficient of w, in Eq. (37) must be the
same as that of wy in Eq. (29); that of w. in Eq.
(37) the same as that of ws in Eq. (31); that of
wie' in 15, (37) the same as that of wys in Eq. (21),
and so on.

A further observation regarding the sum of all
the coefficients affords a check on the coefficient
of w,. The sum of all the coefficients in I£q. (37)
may be obtained from Eq. (29) by discarding the
coefficients of points on the simply supported edge,
(wy, wyer, and wyy); by changing the sign of the
coeflicients of the points outside of the slab bound-
aries, (wy, wyr’, and wyy) ; and then adding algebrai-
cally. The coeflicients of deflections on the simply
supported edge vanish, and those of deflections ex-
terior to the slab must be “reflected” back across
the simply supported edge with opposite sign.

Egs. (37) and (38) have been checked by the
procedure discussed above, and the results show
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reasonably good evidence that suitable corner con-
ditions have been used. For a more complete
discussion of the singularity at a corner, reference
should be made to Jensen’s work.® It is to be
noted that the use of an equation such as Eq. (9)
in the expansion of U at the corner would lead to
a final result which violates the reciprocal rela-
tionship between the coeflicients.

A sufficient number of equations have now
been derived to permit the determination of deflec-
tions at all points of the network for symmetrical
or anti-symmetrical loading. Typical points have
been taken from the upper half of the bridge shown
in Iig. 1. For unsymmetrical loading, the equa-
tions pertaining to the lower half of the bridge may
be written readily by analogy with those given
here. It may be more convenient, as explained in
Art. 11, to treat the unsymmetrical loading as the
resultant of its symmetrical and anti-symmetrical
component loadings, for each of which equations
need be written only for the points in one half
of the bridge.

8. Difference Expressions for Moments

After the deflections have been determined for
a particular bridge under a given loading from a
set, of simultaneous equations, it remains to deter-
mine the bending and twisting moments. As before,
the derivatives required in Iigs. (2) are to be
expressed in terms of finite differences. For the
network defined in Fig. 2, the derivatives of the
deflections for a point O are, from Iigs. (o), (p)
and (r),

9* K?
(%) TS (wy’ — 2w, +1w1)
o v

a*w 1 .
( 3?12_)9=_)\'_.;"_ I:B2 (wr+w) —2 (14 B%) w,

+% B (— w2+ wia+wye —wie’)
-(39)
+ wy + 11’2}

9w K
(axay),, T [B (wy'+wy) —2Bw,

1
+7 (mwratwetwry —-wm')]

(a) Moments in Slab

TFor an interior point O, the moments in the
slab are obtained by substituting Eqs. (39) into
Eqgs. (2). The results are

NP |
L0 = =32 [ (K2uB)

(wy — 2w, +wy)
+u (w2 — 2w, +wy')
1

2
Fwyy — -u'm'):l (40a)

+—= uB (—wyet1we

(M,)o = _%I? I:(BE‘F#K?) (wy — 2w, 4wy)

+ (s — 2w, +1ws")

—+—% B(—wya+witwyy — ?l‘|2')] (40b)
il ~— j’\‘; [ B o —20,4w)

+$ (—wi2twietwry — 'if"]'z'):l‘ (40c)

When point O is on a simply supported edge,
such as shown in I'ig. 9, Eqgs. (40) become modified
by the conditions

wr = w, = wy = 0; (41a)
U =0; (41h)
dw
( 5 )o = (. (41¢)

As seen by reference to Eq. (9), the second of
these conditions, Eq. (41b), becomes

— % B (w2 — wnvy) + % B (w — wyy)
+ A (wy + wy) = 0. (41d)

The third condition, Eq. (41¢), may be written as
() 4, + ()
w /., 2 w Jy w
1 w

_ 4wy — 'y Wi — Wi2" \ _
'2( 2\, T, ) 0,

¥
v
N 2 2
\
\ ’
—% — 4 0 L xXou
) \
Sﬁmfe A ’ 4
support /2 2 12

Fig. 9. Point on Simple Support
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or, (wl’g = wl’g‘) + ('wm el 'wm') = (. (4]8)
I'rom Eqs. (41d) and (41e) one obtains
B
wy = ‘-T ('!{Tm — ?1?12') — uh. (4:lf)

Substitution of Kqgs. (41) into Kgs. (40) gives
the moments at a point O on a simply supported
edge as

(1‘{:)0 L= (*'U'H)o
s N Csin2e
2 T A 2K
0 / 3 (Wi — wya); ¢ (42)
4 il _ N Ccos2¢
(M)e = _)\__J‘TT

(w1 — wi2). J

Similarly, at a point O on the other simply
supported edge, the moments are given by

(M., = —(M,),
) 4 N C(Csin2¢
- T oA 2K
x (wre —wry); ¢ (43)
(Mo = g«z Lo te
(wys — wy).

IFor a point O along the top edge beam (I'ig.
6(a) ), (M,), =0, (44a)

and consequently,
o%w *w
=], =
ay ax* /e
Therefore, the moment in the x direction is given

by
(M.), = =N (1—p3)

(%)
da* /,
NK?
- N2 (1 ‘_"#2)
W

(44D)

(wy — 2w, +w,) )

The twisting moment at O is given by Iq.
(40c¢), from which however, the deflections of the
fictitious points wys and wy, are to be eliminated
by using the approximate relation:

(o) ~w e e

lixpressed in terms of differences, this relation is

wy — Wy l( Wiz — Wi'e 1 Wi — Wy's"
2\, 2 2\, 2\ 3
which, when substituted into Eq. (40¢), gives
(ﬂfﬂf)u - 1 X;;z [B (u" ""21( "_'H!| ) ]

i (44¢)
+ 5 (—wr+wtwy —ttflz')]J
When point O is on the top edge beam and

near a sharp corner (Fig. 8), Eqs. (44) become
further modified to read as follows:

NK?
Ruz

% (—2w, + w);
(M), = 0;

¥ (Mo)o = ——5— (1 — u)

(45a)
(45b)

NC

(—I,d.ry)n = - K)\,_."’ [B (—Qw., + ?_{-‘1)

- % (w; — w.g')]. (45¢)

when point O is on the top edge
the moments are

Similarly,
beam and near a blunt corner,
given by

NK?
(M,), = —T(.[ — u?)
y (—2w,4+wy); (46a)
! x (M) =0; (46b)
NC
(M) = ~ 503 I:B (wr — 2w,)

1
+5 ( —’lvr’"l"wfe’):l‘(‘lﬁc)
(b) Moments in Beams
To determine the bending moment in a beam
at an interior point 0, the derivative in Tq. (5b)
is expressed in terms of differences as

( a*w )
da?
Hence, the moment at an interior point of a beam
is given by
(*?I'fb)a =

wy — 2w, + wi).

}\2(

=T EJ,, (wy — 2w, + wy). (47

When point O is near a simple support, Eq.
(47) is modified by the condition that the deflec-
tion of a point on the support is zero. When point
0 is on the simple support, (M), of course vanishes.



lll. APPLICATION OF EQUATIONS

9. Description of Bridge Analyzed

Analysis was made by the difference equations
derived in the preceding chapter to determine the
numerical values of influence coefficients for ef-
fects at various points in the slab and beams due
to unit loads for bridges having angles of skew, ¢,
of 30, 45, and 60 degrees; and ratios of spacing of
beams, b, to span of bridge, a, of 0.1 and 0.2. These
ratios of b/a correspond to ratios of width of road-
way to length of span of 0.4 and 0.8 respectively.

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

EuI,
“aN
and is, therefore, related to the dimensionless
coefficient, J, appearing in the difference equa-
tions, according to the equation
aK*

N

The values of H considered in the analysis are 2,
5,and 10 for b/a=0.1;and 1, 2, and 5 for b/a=0.2.

For the sake of convenience in the calculations
and because of the uncertainty regarding the be-
havior of reinforcement in concrete slabs, the value
of Poisson’s ratio, u, was taken as zero throughout
the analysis.

Points on the bridges are located by the coor-
dinate system shown in IYig. 1. The beams or
points on the slab directly over beams are denoted
by the letters A, B, C, D, and E, as shown. The
longitudinal 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 bounded
by the beams A and B. Points on a particular
beam or center line of a slab panel 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 eight equal parts.

Eighteen structures were considered. For each
structure, influence coefficients for loads at the

H = (48a)

J H. (48b)
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eighth points of the span were determined for the
following effects:

Moment in beams A, B, and C at mid-span,

Moment in beam C at the quarter and 34 points,

Transverse moment in the slab on center lines

of panels AB and BC, at mid-span,

Transverse moment in the slab over beams B

and C at mid-span,

Deflection of beam C at mid-span.

Numerical values of influence coefficients for
these effects due to unit loads are given in Tables
Al through A42 of Appendix A. Table 1 gives an
outline of the tables. It will be noted that influence
values for twisting moments and longitudinal mo-
ments are not given. It is felt that the effect of
the twisting moments is small, and that for the
relative proportions of the bridges considered here,
the longitudinal moments are probably not signifi-
cant enough to govern the design of the slab. For
shorter spans, the longitudinal moments may be-
come, theoretically, as important as the transverse
moments. However, both tests and judgment indi-
cate that the bridge cannot be seriously harmed
even if the required theoretical amount of longi-
tudinal steel is not provided (See Ref. 11, p. 1009).

10. Method of Determining Influence Surfaces

In determining the ordinates to an influence
surface for an effect at a particular point due to

Table 1
Outline of Tables of Influence Coefficients
Deseription Ratio of  Relative Angle of Table
Spacing of  Stiffness Skew, Numbers,
Beams to of Inclusive
Span of Beams, (Appendix
Bridge, A)
b/a H $°
Moment in beams A, B, 30 1-3
and C at mid-span 0.1 2,5, 10 45 46
Moment in beam C at 60 7-9
quarter and 3§ 30 10-12
points of span 0.2 1,2, 5 45 13-15
60 16-18
Transverse moment in 30 19-21
slab on lines AB, B, 0.1 2,5,10 45 22-24
BC, and C at mid- 60 25-27
span 30 28-30
0.2 1,2,5 45 31-33
60 34-36
Deflection of beam C 30 37
at mid-span 0.1 2,5,10 45 38
60 39
30 40
0.2 1,2,5 45 41
G0 42
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a unit load at any point on the slab, it is convenient
to make use of the fact that this surface may
itself be regarded as the deflection of the slab, to
some scale, due to an imposed system of fixed
loads. Where an effect at any point in a slab is a
linear function of the deflection, as in the case of
difference equations, this system of fixed loads may
be very simply determined by the method de-
seribed in Ref. (12). This method may be sum-
marized as follows:

Where an effect Q, at any point a in a slab is a
linear function of the deflections, as in the equation

Q.= Aw, + Bw, + Cw, + . . . + Mw,,

in which A, B, €', ... M are constants, and w,,
Wy, W, . w,, are the deflections at the points
a, b, e, ... m, an influence surface for @, may be
obtained as the deflection of the slab due to a
system of loads, A, B, ¢, ... M, applied at the
points a, b, ¢, . . . m respectively.

Assume, for example, that the influence ordi-
nates for the moment in beam B at the quarter-
point (IFig. 1) are required. Since the moment at
this point is, from Eq. (47), given by

K® B0,

v
the influence surface for (My)p_1;+ may be ob-
tained as the deflection of the slab due to a fixed
system of loads, — K*E,0,/N}2, 2K2E /N2, and
— K20, /N2, applied at the points B-1/8, B-1/4,
and B-3/8, respectively.

("I"Ih) B—1/4 = —

] (”-‘n_us —2ws_s+ ﬁ’n_a,-'rs) ,

11. Treatment of Unsymmetrical Loading

When the loading is unsymmetrical, it is ex-
pedient, in applying the difference equations, to
break it into symmetrical and anti-symmetrical
parts which may be added to give the required
result. Consider, for instance, a simply supported
skew slab with a network of points as shown in
I'ig. 10(a), and suppose we wish to obtain the de-
flected surface of this slab under a load P; applied
at point 5. A direct application of the difference
equations to this system would involve the solution
of a set of 20 simultaneous equations with the de-
flections at the numbered points as unknowns. It is
advantageous, however, to resolve the system into
its symmetrical and anti-symmetrical components.

As shown in Fig. 10(b), the symmetrical system
consists of two loads, each of magnitude P;/2, one
applied at point 5, and the other at point 5’. A set
of ten simultaneous equations is obtained by ap-

(¢} Anii- symmetrical

(a) Unsymmerrical

(b) Symmetrical
Fig. 10. Treatment of Unsymmetrical Loading

plying the difference equations to this system,
noting that the points identified by the primed
numbers have deflections equal to those of the
corresponding points having unprimed numbers.
The anti-symmetrical system, shown in Iig. 10(e),
consists of a load of P;/2 applied at point 5, and
an equal load, but of opposite sign, applied at
point 5. Another set of ten equations may be
written, noting that the points identified by the
primed numbers have deflections equal in magni-
tude but opposite in sign to those of the corre-
sponding points having unprimed numbers. The
sum of the two deflections at any point gives the
required result.

In a similar manner, the analysis of the skew
[-beam bridge for an unsymmetrical loading with
a network of points as shown in Iig. 1 reduces to
the solution of two sets of simultaneous equations:
the first set corresponding to the symmetrical com-
ponent system has 32 unknowns, and the second
set corresponding to the anti-symmetrical compo-
nent system has 31 unknowns (noting that in this
case the deflection at the mid-point of the beam €'
must vanish). The two deflections at any point
when added give the required ordinate of the de-
flected surface of the slab due to the given loading.

The advantage of this procedure lies in that
otherwise one would have to deal with a set of 63
equations instead of two sets of equations, one
having 32 and the other 31 unknowns. The set of
63 equations would require much more time and
labor to solve, and call for much greater precision
in the calculations in order to obtain a degree of
accuracy in the final results comparable to that of
the solutions to the set of 32 or 31 equations.

12. Solution of Simultaneous Equations

Using the method of determining influence
surfaces by systems of fixed loads, and the tech-
nique of treating unsymmetrical loadings deseribed
in Arts. 10 and 11, the determination of the in-
fluence coeflicients for the various effects enum-
erated previously involves the solution of 17 sets
of simultaneous equations for each structure, or
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a total of 306 sets of equations for all the 18
structures considered.

These equations were solved by means of the
ILLIAC electronic digital computer. The details
of the coding of the problems and the preparation
of the problem tapes suitable for automatic ma-
chine solution would serve no useful purpose if
given here. However, a brief description of the
manner in which the problems are solved, and a
word about the speed of the machine in the solu-
tion of simultaneous equations and the accuracy of
the results obtained may be of some interest.

In the ILLTAC Computer Laboratory a library
code is available for use in the solution of simul-
taneous linear algebraic equations (the method of
solution being that of elimination) which contain
numerical values of the coefficients of the un-
knowns and the constant terms. As shown by the
difference equations derived in Chapter II, the
coeflicients of the unknown deflections of a skew
I-beam bridge due to a given loading are, in
general, functions of the quantities 4, B, €, D,
and J, which in turn are functions of the inde-
pendent parameters ¢, b/a, and H for a given
network of points. A direct application of the
library code to the present study would then re-
quire that the numerical values of the coefficients
be computed in advance on a desk calculator from
the quantities A, B, C, D, and J for a given set
of ¢, b/a, and H values for each set of simultaneous
equations to be solved.

As the investigation involves some 300 sets of
simultaneous equations, this preliminary work in
the evaluation of the coefficients on a desk calcu-
lator and the preparation of tapes on which numer-
ical values of about 1000 coefficients were to be
punched for each set of 31 or 32 equations, would
be most laborious and time-consuming. A special
automatic program was therefore prepared for this
investigation to include, in addition to the library
code, an auxiliary code which automatically calcu-
lates on the ILLIAC the numerical values of the
coefficients for given values of A, B, C, etec.

The “input” of the special code consists of
three tapes: the master tape, parameter tape, and
coefficient tape. The coefficient tape represents in
code the equations to be solved with the coeffi-
cients and the load terms expressed in their original
literal form, i.e., as functions of 4, B, C, ete. The
parameter tape bears the numerical values of A,
B, C, and J as well as the load terms, previously
computed on a desk calculator for a given struc-
ture and loading (the value of D need not be

supplied since, D being equal to [A +C]B, the code
was devised to calculate D when the values of A,
B, and (' are given). The master tape bears in-
structions to the ILLIAC in code language and
directs it first to calculate the coefficients from
the values of A, B, ', and J supplied on the
parameter tape, then to substitute these results
together with the load terms into the equations
indicated on the coeflicient tape, and lastly to
solve the equations with the use of the library code
and to punch the results on an “output” tape.

The master and the coefficient tapes, once made
up, may be used for any set of parameter values.
Thus, to obtain the input of a different problem,
only the parameter tape needs to be changed. As
the parameter tape is quite short, bearing only
four quantities A, B, (', and J which define a
particular bridge and about 30 load terms for a
given loading, most of which are zero for the
determination of influence ordinates for a particu-
lar effect, the preparation of all the necessary
parameter tapes was a relatively simple matter.

As an illustration, consider a bridge with ¢=
45° b/a=0.1, and H =2. With a network of points
as shown in Fig. 1, \,=0/2, \,=a/8, and K=
M/ A=4(b/a)=0.4. The quantities A, B, €, and
J for the structure are then:

A = (K/cos ¢)* = 0.32
B =K tan ¢ = 0.4
C=(1—u)K®

K? =0.16 (for uw = 0)
aK‘H/\, = 2K*H/(b/a) =

Il

and J 1.024

For the determination of influence ordinates for
the beam moment at point B-1/4 (Iig. 1), the
loads to be applied in order that the deflections of

the structure give directly the required influence

ordinates, as explained in Art. 10, are:

Py s = —KAEWL/N?)
Pp_yys = 2K (Eply/N7)
a.nd PB—S,-’S = —I(Q(Ebfb‘/)\yz)

The three loaded points B-1/8, B-1/4, and B-3/8
being interior points, the corresponding load terms
given by (p\,4/N), in which p is, by Eq. (10a),
(KP/N\,?), are then:

(PNY/ N)poys = (K/N2) (= K2EL/NE) (V4/N)
—K¥Ey,/N) = —K*Ha
—0.128a

(PNA/N)pys = 0.256a

(PN4/N)Bss = —0.128a

The load terms for all the other points are zero.

Il
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Only the numerical values of the load terms com-
puted above need be used on the parameter tape,
with the understanding that the roots to the equa-
tions given by the ILLIAC are each to be mul-
tiplied by a.

The numerical values of A, B, (', J and the
load terms, such as computed above, constitute
all the necessary data to be supplied to the ILLIAC
via the parameter tape for the solution of a particu-
lar problem. It should be noted that the ILLIAC
does not handle quantities whose absolute values
exceed 1. It is generally necessary, therefore, be-
fore the numerical data may be punched on the
parameter tape, to “scale’” down quantities suffi-
ciently to ensure that at no stage of the compu-
tation is this requirement violated. This scaling
may be simply done by moving the decimal point
in the numerical data towards the left one or
more places as needed. A reverse scaling of course
should be applied to convert the machine solutions
to the actual solutions of the original problem.

To solve a set of equations, the three input
tapes are fed in turn into the machine via an
electronic ‘‘read-in” device; this takes about 3

minutes. Almost immediately, the machine starts
to issue the output tape which bears the required
answers, and completes it in a matter of seconds.
Hence, it takes the machine about 314 minutes to
solve a set of 32 or 31 equations, or about one
hour to solve all the 17 sets of equations for each
of the 18 structures considered. In comparison, it
would take a skilled computer, provided with an
ordinary desk calculator, probably at least 50
hours to solve a set of 32 equations, or about 850
hours to solve the 17 sets of equations for each
structure. Undoubtedly, without the benefit of
this tremendous saving in time and labor obtained
with the ILLIAC, it would not have been possible
to make available now the data contained here.

Regarding the accuracy of the ILLIAC results,
it suffices to state that the answers, being given
accurate to the tenth decimal figure, have a degree
of accuracy more than adequate for all practical
purposes. In several problems, the machine solu-
tions were checked for accuracy by substituting
them back into the original equations, and the
residuals were found to be, in the worst case, only
of the order of 3107,



IV. COMPARISON OF EXACT AND DIFFERENCE SOLUTIONS FOR RIGHT BRIDGES

13. Remarks

The results obtained by the method of finite
differences are approximate. The degree of approxi-
mation depends upon, among other things, the
fineness of the network of points used, the nature
of the effect for which the analysis is made, and
the order of the difference expressions substituted
for the differential derivatives in the derivation of
the equations. Where an exact solution is available,
the degree of approximation may be determined
by a direct comparison of the results obtained.

In order to obtain an idea of the accuracy of
the influence values reported, it was necessary, in
the absence of any exact analysis of skew I-beam
bridges, to make comparisons of the results for
right I-beam bridges. In the following discussions
the bridges considered are identical to the corre-
sponding skew bridges, and the networks of points
used in the difference solutions are the same except
that the angle of skew is taken as zero. The exact
values (exact in the sense that the solution to the
differential equation is exact, and to the extent
that the assumptions are justified) are taken from
Ref. 2. It is assumed that these comparisons of
exact and difference solutions for right bridges
would indicate the degree of approximation that
might be expected in the results obtained by the
difference solution for corresponding skew bridges.

14. Moments in Beams

Computations of influence coeflicients for mo-
ments in beams were made for two right I-beam
bridges: one with b/a=0.1 and H =5, and the
other with b/a=0.2 and H=2. The numerical
values of the influence coefficients for the moments
in beams A, B, and C at mid-span, are given in
Table 2, which also contains the corresponding
exact values obtained by a distribution procedure,
and listed in Ref. 2. The coefficients given are such
that the actual moments for concentrated loads
are obtained by multiplying the tabulated values
by the quantity Pa.
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Comparisons of the values given in Table 2
shows that the results obtained by the use of differ-
ence equations do not differ materially from the
exact values. At most points, there is perfect agree-
ment to the unit in the last place in the figures
given; at other points the diserepancies range from
0.001 to 0.003; and at one or two points the dis-
crepancies are 0.004 for the bridge with b/a=0.1
and H =5, and 0.005 for the bridge with b/a=0.2
and H =2,

Similar comparisons of influence values for mo-
ments in the beams at the quarter points for the
two bridges* also showed equally good agreement
between the difference and the exaet solutions.

It may be concluded, therefore, that the differ-
ence method and the network chosen are satis-
factory for determining the moments in the beams.
One may be reasonably sure that the influence
values given for moments in the beams of skew
I-beam bridges are also accurate enough for
design purposes.

15. Transverse Moments in Slab at Center of Panel
(a) Comparison of Exact and Difference Solutions

Difference equations were applied to determine
the influence coefficients for transverse moments
in the slab on lines AB and BC at mid-span of
two right bridges, one with b/a=0.1 and H =5,
and the other with b/a=0.2 and H=2. The
numerical values of these coefficients are given
in Table 3, which also contain the corresponding
exact values as reported in Ref. 2. In the set of
approximate values in Table 3, two values are
given at each of certain points: the one that ap-
pears in parentheses is the value obtained directly
from the difference equations, while the other,
written above the parentheses, is the “improved”
value, obtained in a manner to be described later.

A comparison of the values given in Table 3
shows that while the approximate values at most
points agree with the corresponding exact values
within 0.002, appreciable discrepancies are found

* Results of these comparisons are not given here.
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Table 2
Comparison of Exact ond Difference Solutions for Influence Coefficients for Moment in Beams of Right Bridge

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

Moment Transverse Values of Influence Coefficient for Moment
in Location Exaet Solution Difference Solution
Beam of Load Longitudinal Position of Load
1/8 2/8 3/8 Center 1/8 2/8 3/8 Center
A at A 0.035 0.072 0.117 0.172 0.034 0.072 0.116 0.170
center AB 0.030 0.059 0.087 0.111 0.029 0.058 0.087 0.115
B 0.023 0.044 0.061 0.067 0.023 0,044 0.061 0.068
B C 0.016 0.030 0.038 0.040 0.016 0.030 0.039 0.040
C 0.009 0.m7 0.021 0.022 0.009 0.017 0.021 0.022
C D 0.004 0.007 0.009 0.009 0,004 0.007 0.009 0.009
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D E —0.003 —0.005 —0.007 —0.008 —0.003 —0.005 —=0.007 —0.007
E —0.006 —0.010 —0.013 —=0.014 —0.005 —=0.010 —0.013 —0.014
B at A 0.023 0.044 0.061 0.067 0.023 0.044 0.061 0.068
center AB 0.018 0.037 0.062 0.091 0.018 0.038 0.062 0.093
B 0.015 0.033 0.059 0.107 0.015 0.032 0.059 0.105
B C 0.015 0.032 0.054 0.080 0.015 0.032 0.054 0.082
C 0.015 0.031 0.044 0.050 0.015 0.030 0.044 0.051
cD 0.013 0.024 0.032 0.033 0.013 0.024 0.032 0.034
1 0,009 0.016 0.020 0.021 0.009 0.016 0.020 0.021
D E 0004 0.008 0.010 0.010 0.004 0.008 0.010 0.010
L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C at A 0.009 0.017 0.021 0.022 0009 0.m7 0.021 0.022
center AB 0.013 0.025 0.033 0.034 0.013 0.025 0.033 0.035
B 0.015 0.031 0. 044 0.050 0.015 0.030 0.044 0.051
B C 0.014 0.030 0.052 0.077 0.014 0.030 0.051 0.079
C 0.013 0.029 0.055 0.101 0.013 0.028 0.05: 0.098
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=2
Moment Transverse Values of Influence Coefficient for Moment
in Loecation Exact Solution Jifference Solution
Beam of Load Longitudinal Position of Load

1/8 2/8 3/8 Center 1/8 2/8 3/8 Center
A at A 0.036 0.075 0.120 0.174 0.036 0.074 0.118 0.172
center A B 0.028 0.055 0.083 0.101 0.027 0.055 0.083 0.106
B 0.020 0.037 0.050 0.055 0.019 0.037 0.050 0.056
B C 0.011 0.021 0.026 0.028 0.011 0.021 0.027 0.029
c 0. 006 0.009 0.012 0.013 0.005 0.009 0.012 0.013
CD 0.002 0.003 0.003 0. 004 0.002 0,003 0.004 0.004
18] —0.001 =0.001 —=0.001 —0.001 0,000 0.000 —0.001 —0.001
DE —=0.002 —0.002 —0.003 —0.003 —0.001 —0.002 —0.003 —0.003
E —0.002 —0.003 —0.004 —0.004 —0.002 —=0.003 —0.004 —0.004
B at A 0.020 0.037 0,050 0.055 0.019 0.037 0.050 0.056
eenter AB 0.017 0.038 0.062 0.084 0.018 0.038 0.063 0.087
0.016 0.036 0.066 0.112 0.016 0.037 0.066 0.111
B C 0.017 0.035 0.058 0.078 0.017 0.035 0.058 0.081
C 0.016 0.031 0.042 0.047 0.016 0.030 0.042 0.047
CD 0.011 0.021 0.027 0.029 0.011 0.021 0.027 0.029
18] 0.007 0.012 0.015 0.016 0.006 0.012 0.015 0.016
DE 0.003 0005 0.006 0.007 0.003 0.005 0.007 0.007
E —0.001 —0.001 —0.001 —0.00 0,000 0., 000 —0.001 —0.001
C at A 0. 006 0.009 0.012 0.013 0.005 0.009 0.012 0.013
center AB 0.011 0.021 0.026 0.028 0.011 0.021 0.027 0.028
B 0.016 0.031 0.042 0.047 0.016 0.030 0.042 0.047
B C 0.016 0.035 0.056 0.077 0.016 0.035 0.057 0.080
C 0.015 0.034 0.064 0.109 0.015 0.035 0,063 0.108

in the values at certain points along the center
line of the panel considered. Approximate values
that differ materially from exact values have been
put in parentheses.

The discrepancies may be explained by the
following considerations. In the exact solution, a
unit point load is considered, except when the load
is directly at the point where the influence is
desired, in which case the load is considered to
be distributed over a small circular area. In the
difference solution, however, a concentrated load
at any point is, in effect, converted into a load
uniformly distributed over an area contained with-
in the elemental mesh of the network used. The
degree of approximation obtainable from a differ-
ence analysis is directly affected by the mesh size;
the smaller the meshes are, the better the results
become. I'or a given network, the accuracy of the

difference analysis for an effect at a point caused
by a given loading is also dependent on the nature
of the true deflected surface of the slab. I'or in-
stance, the true deflected shape of the slab directly
over a beam in the x direction for any position
of a concentrated load is a fairly smooth curve
with no cusp, irregularity, or steep slope at any
point along the beam. The curvature in the
direction (to which the moment in the beam is
in direct proportion) at any point along the beam
is quite accurately approximated by its equivalent
difference expression, even for a fairly coarse net-
work as used here. This has been shown by the
good agreement between the difference and exact
values of the influence coefficients for moments in
the beams. However, in the determination of trans-
verse moments in the slab, difficulties arise in that
the true deflected surface of the slab exhibits, for
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Table 3

Comparison of Exact and Difference Solutions

for Coefficients for Tran sverse Moment in Slab at Center of Panel at Mid-span of Right Bridge
Relative Proportions of Bridge

bla=0.1

Relative Stifiness of Beams H=35

Moment Transverse Values of Influence Coefficients
on ration Exaet Solution Difference Solution
Line of Load Longitudinal Position of Load
1/8 2/8 3/8 Center 1/8 2/8 3/8 Center
AB A —0.007 —0.015 —0.023 —0.028 —0.007 —0.015 —0.023 —0.028
AB 0.002 0.005 —0.0090 M, —0.011 0.002 0.007 —0.009 M, —0.012
(0.026) (0.144)
B 0.008 0.018 0.030 0.037 0.008 0.018 0.030 0.037
B C 0.007 0.015 0.017 0.006 0.007 0.015 0.018 0.006
C 0.004 0.007 0.005 0.003 0.004 0.006 0.005 0.003
CD 0.001 0,000 —0.001 0.000 0.001 0.001 —0.001 —0.001
D —0.001 —0.003 —0.004 —0.004 —0.001 —0.003 —0.004 —0.005
DE —0.003 —0.005 —0.007 —0.007 —0.003 —0.005 —0.007 —0.007
E —0.004 —0.007 —=0.009 —0.009 —0.004 —0.007 —0.009 —0.009
B C A ~0.015 —~0.030 —~0.042 ~0.048 —0.015 —0.029 —0.042 —0.048
AB -0.001 —0.001 —0.007 -0.021 —0.001 —0.002 —0.005 —0.020
B 0.010 0.021 0.031 0.035 0.010 0.021 0.030 0.035
B C 0.016 0.031 0.021 M, +0.011 0.015 0.032 0.020 M,, +0.012
(0,057 (0. 166)
C 0.015 0.029 0.041 0.047 0.015 0.029 0.041 0.047
CD 0.009 0.016 0.017 0.006 0.009 0.016 0.017 0.006
D 0.001 0.000 —0.004 —0.006 0.001 0.000 —0.003 —-0.007
DE —0.006 —~0.012 —-0.017 —-0.018 —0.005 —0.011 —-0.017 —0.018
E —0.011 —0.021 —0.028 —0.030 —0.011 —0.021 —0.027 —0.030
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=2
Moment Transverse Values of Influence Coeflicients
on Location Exact Solution Difference Solution
Line of Load Longitudinal Position of Load
1/8 2/8 3/8 Center 1/8 2/8 3/8 Center
AB A —0.010 —0.019 ~0.026 ~0.032 —0.009 —0.018 ~0.026 —0.032
AB 0.002 —0.004 —0.012 M,, —0.007 0.002 —0.005 —0.014 M., —0.010
(0. 009) (0.027) (0.075) (0.182)
B 0.014 0.028 0.039 0.042 0.014 0.027 0.038 0.041
B C 0.007 0.013 0.009 0.006 0.007 0.012 0.010 0.004
D] 0.000 —0.001 —0.003 —0.004 0.000 —0.001 —0.003 —0.004
CD —~0.003 —0.006 —0.007 —0.008 —0.003 —0.005 —0.007 —0.008
D —0.004 —0.006 —0.008 —0.009 —0.003 —0.006 —0.008 —0.008
DE —0.003 —0.005 —=0.007 —0.007 —0.003 —0.005 —0.007 —0.007
E —0.002 —0.004 —0.005 —0.005 —0.002 —0.004 —0.005 —0.006
BC A —0.016 —0.031 —0.040 —0.045 —0.016 —0.030 —0.040 —0.045
AB —0.001 —0.004 —0.012 —0.019 =0.001 —0.004 —-0.011 —~0.020
B 0.013 025 0.033 0.035 0.013 0.024 0.032 0.034
B C 0.013 0.015 0.005 M. +0.010 0.013 0.013 0.003 M., +0.008
(0.020) (0.045) (0.094) (0.198)
G 0.015 0.029 0.038 0.041 0.015 0.028 0.037 0.040
CD 0.004 0.006 0.001 —0.004 0.004 0.006 0.002 —0.005
—0.004 —0.010 —0.014 —0.016 —0.004 —0.009 —0.014 —0.016
DE —=0.009 —0.015 —0.019 —-0.021 —0.008 —0.014 —0.019 —0.021
E —0.009 —0.016 —0.020 —0.022 —0.008 —0.016 —0.020 —0.022

certain positions of the load, abrupt changes in
slopes in the neighborhood of the point at which
the influence is considered. Consequently, a net-
work of points which is not fine enough to account
for such sharp changes in slopes tends to give
results that differ materially from the true values
for those load positions.

The moment for the “exact’” solution in Table
3, when the unit load is directly at the point
where the transverse moment in the slab is desired,
is given by a quantity, M,,, followed by a numeri-
cal quantity. An explanation of this may be had
by considering the behavior of the slab as divided
into three component actions:

(1) The behavior of the particular panel of the
slab acting as a single simply-supported slab.

(2) The effect of panel continuity with the
adjacent panels for the beams assumed to be non-
deflecting.

(3) The effect of flexibility of the beams.

In action (1) the ordinary theory of plate
flexure is not suitable for computing the moments

in the slab directly beneath a concentrated load
because the assumptions serving as a basis for the
ordinary theory are not valid in the immediate
vicinity of the concentrated load. In order to
compute stresses under the concentrated load, re-
sort is made to a method suggested by Wester-

-gaard.® He has derived expressions for M,, and

M,., which represent, respectively, modified trans-
verse and longitudinal moments 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. For the small
b/a values of the bridges studied in this investi-
gation, one may, without introducing appreciable
error, consider the long narrow panel as practically
equivalent to an infinitely long slab for which
Westergaard’s expressions for M,, and M,, apply.

The modified moments, M,, and M,,, are func-
tions of the ratio of the slab thickness to the slab
span, and also functions of the ratio of the diameter
of the loaded area to the slab thickness. However,
for practical purposes, the following formulas are
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Table 4
Corrections for Influence Coefficients for Transverse Moment in Slab at Center of Panel at Mid-span of Right Bridge
Relative Stiffness of Beams H = Infinity

bfa Moment Transverse
on Line Loeation Method of Analysis
of Load
Exact Solution
AB AB Difference Solution
0.1 Correction
Exact Solution
B C B C Difference Solution
Correction
Exact Solution
AB AB Difference Solution
0.2 Correction
Exact Solution
B C B C Difference Solution

Correction
sufficiently accurate for all ordinary dimensions
of I-beam bridges:*

_— 1.16
Mo = 570 (/b (49a)
M,, = M,, — 0.080 (49b)

in which ¢ is the diameter of the loaded area, and
b is the span of the slab. Equations (49) differ
from corresponding expressions given by Wester-
gaard in that the formulas given are for Poisson’s
ratio equal to zero.

In Table 3 (and in subsequent tables for trans-
verse moments in the slab at the center of a panel)
the moment directly beneath a concentrated load
is expressed by M,,, which represents action (1)
and may be evaluated by Eq. (49a) when the
ratio ¢/b is known, followed by a numerical quan-
tity which represents the combined effects (2)
and (3).

(b) I'mprovement of Results

It was shown in the preceding paragraph that
the difference solutions for transverse moment in
the slab at the center of a panel of a right
I-beam bridge differ appreciably from the cor-
responding exact solutions for certain unit load
positions along the panel’s longitudinal center line.
A method is suggested here to improve the differ-
ence solutions for these load positions:

Apply the difference equations to a right bridge
with rigid beams (i.e., H =infinity), and determine
the influence values for transverse moment at the
panel’s center for positions of a load along the
center line. Subtract these values from the corre-
sponding exact values which may be obtained from
the tables given in Ref. 2. The remainders may
be used as corrections, to be added to the corre-
sponding difference results for an I-beam bridge
with a value of H other than infinity.

Table 4 gives the corrections computed for
right bridges with b/a=0.1 and 0.2. These correc-
tions, though obtained for bridges with H=in-

* See pp. 14-15, Ref. 2.

Values of Influence Coefficient for Moment
.ongitudinal Position of Load
2/8 3/8

1/8 Center
.............. —0.019 Moy —0.025
.............. 0.016 0.131
.............. —0.035 M,y —0.156
.............. —0.024 M., —0.039
.............. —0.013 0.115
.............. —0.037 Moy —0.154
—0.003 —0.016 —0.029 M, —0.025

0.004 0.016 0.060 0.167
—0.007 —0.032 —0.089 M,y —0.192
—0.004 —0.019 —0.040 M, —0.039

0.003 0.013 0.051 0.151
—0.007 —0.032 —0.091 My —0.190

finity, may be applied without serious error to the
influence values for any of the bridges considered
in this investigation. This is true for the transverse
moment in the slab at a point due to a load at
that point, because the behavior of the panel act-
ing as a single simply-supported slab is much more
important than the effect of continuity with the
adjacent panels and the effect of beam flexibility.
In fact, using a method similar to that suggested
by Jensen,® and considering a single slab panel,
it can be shown that essentially the same correc-
tions are obtained for the transverse moment under
a concentrated load as for the corresponding cor-
rections given in Table 4. The following table gives
the values of the corrections obtained for a unit
load of a single slab panel supported along two
parallel edges by beams of relative stiffness H:

b/a H Correction for
Moment under Load
0.1 g My, — 0.152
5 M,, — 0.152
10 M., — 0.152
@ M,, — 0.153
0.2 1 M,, — 0.187
2 ﬂf{ov 2 0-188
5 M,, — 0.190
™ M,, — 0.191

In the above table, M,, is given by Eq. (49a).
It is seen that these corrections are practically
independent of the stiffness of the beams within
the range of the b/a and H values considered.
Also, they do not differ materially from corre-
sponding corrections given in Table 4, in which
continuity was considered.

The effect of continuity of a panel with adja-
cent panels is more important, however, in the
determination of the corrections listed in Table 4
for load positions other than at the point con-
sidered. This is why the method used was adopted
in preference to Jensen’s method in which the ef-
feet of continuity is not considered. However, the
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Table 5
Comparison of Exact and Difference Solutions for Influence Coefficients for Transverse Moment in Slab
Over Beam at Mid-span of Right Bridge

Moment Transverse )
on Location Exaet Solution
Line of Load
1/8 2/8 3/8

B A —0.014 —0.030 —0.047
AB 0.004 0.011 0.020

B 0.015 0.035 0.061

B C 0.015 0.031 0.045

C 0.009 0.015 0.011

C D 0.003 0.001 —0.003

D —0.003 —0.006 —0.008

D E —0.006 —=0.011 —0.014

K —0.008 —0.014 —0.07

C A —0.016 —0.030 —0.039
AB —0.005 —=0.013 —0.023

B 0. 006 0.008 0.001

B C 0.016 0.032 0.046

C 0.020 0.044 0.074

15 A —0.019 —0.038 —0.056
AB 0.011 0.023 0.011

B 0.027 0,056 0.088

B C 0.018 0.037 0.033

C 0,003 0.001 —0.006

CD — 0. 006 —0.013 —0.017

8] —0.008 —0.014 —0.m7

DE — 0. 006 —0.012 —0.015

E —0.005 —0.009 —0.011

C A —0.014 —0.026 —0.034
AB —0.011 —0.021 —0.027

B —0.001 —=0.005 —0.013

B C 0.017 0.034 0.032

C 0.028 0.058 0.090

corrections at those points other than where the
influence is considered are found also to be prac-
tically independent of the value of If for the
bridges studied.

The corrections given in Table 4 have been ap-
plied to the approximate values in Table 3. The
improved values, written above the valuesin paren-
theses, are seen to agree reasonably well with the
exact values. The applicability of the corrections
given in Table 4 to bridges with values of H differ-
ent from those in Table 3 has also been checked,
and the results found to be equally satisfactory.

So far we have considered the corrections for
influence values of transverse moment in the slab
at the panel’s center at mid-span of right bridges.
It is proposed that these corrections may also be
applied without serious error to corresponding
skew bridges. FFor the values of b/a considered,
the narrow panels may each be regarded as an
infinitely long slab. As long as the load positions
considered are along the center line of the particu-
lar panel and not too remote from the point at
which the influence is considered, the effect of the
skew supports is practically negligible. Further-
more, if the small difference between rectangular

Values of Influence Coeflicient for Moment

Difference Solution
Longitudinal Position of Load
Center 1/8 2/8 3/8 Center
bfa=0.1 H=5

—0.057 —0.014 —0.030 = 0. 046 —0.058
—=0.079 0.003 0.010 0.018 —0.081
(0.015) (—0.026)

0,083 0.015 0.035 0. 060 0.082
—=0.043 0.015 0.030 0. 044 —0.0349
(0.041) (0. 0046)

0. 004 0.000 0.014 0.012 0. 004
0.003 0.003 0.002 —0.002 —0.002
— 0,009 =0.003 —0.006 =0.008 —0.009
=0.015 —0.006 =0.010 —0.013 —0.014
—~0.019 —0.007 —0.014 —-0.017 —0.019
—0.042 —0.016 0.029 —0.039 —0.042
—0.018 —0.005 =0.012 —0.021 —0.024
—0.006 0,005 0.007 0.002 — 0, 006
—0.044 0.015 0.031 0.044 —0.042
(0.041) (0. 006

0.007 0.020 0.044 0.072 0.095

bla=02 H=2

—0.065 —0.019 —0.037 —0.054 — (. 064
—0.058 0.010 0.021 0.010 —0.068
(0.017) (—0.031)

0.118 0.027 0. 056 0.085 0.118
(0.105)

—0.031 0.018 0036 0.031 — 0,034
(0.032) (—0.007}

—0.012 0.002 0.001 —0.005 —0.010
=0.015 —0.005 —=0.011 —0.016 —0.017
—-0.018 —0.007 —0.013 —0.017 —0.018
—0.016 — 0. 006 —0.011 —-0.015 —0.016
—-0.012 —0.005 —=0.009 —0.011 —=0.012
—0.036 —0.014 —0.025 —0.033 —0.036
—=0.027 —0.010 —-0.019 —0.027 —0.029
—0.020 —0.001 —0.005 —0.012 —0.018
—0.035 0.016 0.032 0.032 —0.041
(0.029) (0.028) (—0.011)

0.123 0.028 0.058 0. 088 0.123
(0.110)

meshes (used for a right bridge) and parallelogram-
shaped meshes (which should actually be used
for skew bridges) is neglected in arriving at the
corrections, we may feel reasonably sure that the
corrections in Table 4 should also serve to improve
influence values for skew bridges. Admittedly, the
corrections are not too good for points close to
the ends of the span. Generally, though, the influ-
ence coefficients and the corrections at those points
are small and any errors involved would probably
not lead to appreciable errors in the evaluation of
significant design moments.

16. Transverse Moments in Slab Over Beams
(a) Comparison of Exact and Difference Solutions
Two right bridges, one with b/a=0.1 and H =
5, and the other with b/a=0.2 and H=2, were
analyzed by the difference method to determine
the influence coefficients for transverse moment in
the slab at the mid-points of beams B and C
(Fig. 1). Table 5 gives the numerical values of the
coefficients together with the corresponding exact
values. It will be noted that two values are given
at certain points in the set of difference values in
Table 5. The value that appears in parentheses is
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the value obtained directly from the difference
equations, while the one written above the paren-
theses is the improved value, obtained in a manner
to be discussed later.

Comparisons of the approximate and exact
values in Table 5 show that, for the bridge with
b/a=0.1 and H =5, the largest discrepancies oceur
for the load at or near the center of each panel
adjacent to the beam considered. There is also a
discrepancy, much smaller than the previous ones,
but still of the order of 0.005 or 0.006, for a load
at the center of the next remote panel. For the
bridge with b/a=0.2 and H =2, we find that in
addition to the discrepancies described above,
there is another difference of the order of 0.013
in the values for a load at the point at which the
influence is considered.

As a preliminary to the explanation of these
discrepancies, consider the moment transverse to
the fixed edge of an infinitely large cantilever slab,
due to a point load P =1 on the slab. This problem
has been studied by Westergaard,® and the result
is given by Liq. (50):

M, = — 1 cos® f (50)
™

where M, is the transverse moment at point 0
along the fixed edge (taken as the x axis) due to
a load P =1 placed at a point such that the angle
between the normal to the fixed edge at point O
(taken as the y axis) and the line joining the load
point and point O is given by 6, (Iig. 11(a) ). The
contour lines on the influence surface for M, are,
therefore, a series of radial lines. As the load ap-
proaches the support along a radial line the influ-
ence does not change, but when the load is directly
over the support the influence becomes zero. There
is a singularity in the influence surface at point 0.
However, if the load is considered distributed over
an area, the contour lines on the influence surface
are no longer radial, and the moment at point O,
which will depend on the distance of the load
from the support and the shape and the dimen-
sions of the loaded area, is to be obtained by
integrating Eq. (50).

Consider a load P =1, first at the point (0, \,),
and then at the point (A;, \,), as shown in Fig.
11(b) and 11(e¢), respectively. Moments at the
origin due to the load, considered either as con-
centrated at the load point or distributed over a
rectangle of dimensions \,, A, centered about the
load point, may be found for each of the load

positions either directly from I£q. (50), or by in-
tegrating Eq. (50). The values of the moments
for ratios K= %"— =(0.4 and K =0.8 (corresponding
to b/a=0.1 and b/a=0.2, respectively) are given
in the following table:

Position of Load P=1 (0, Ay) (Aay Ay)
K=x/\s 0.4 0.8 0.4 0.8
bla 0.1 0.2 0.1 0.2
Moment M, P, concentrated —0.318 —0.318 —0.044 —0.124
at Fixed P, distributed —-0.222 —-0.279 —0.052 -—0.130
Edge Difference —0.096 -—0.039 —0.008 0.006

Consider the case of an infinitely large slab
over a rigid beam. By a consideration of New-
mark’s moment distribution concept, it may be
shown 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 mo-
ment for the load on the slab cantilevered from
a fixed support. Hence, one may take one-half of
the values shown in the above table as corre-
sponding values for a load on an infinitely large
slab continuous over a rigid beam. Take, from the
table, one-half of the differences in the moments
caused by the difference in assumptions regarding

¥

(@) Fixed

a

FERRIRTH,
) Fixed
Fig. 11. Infinitely Large Cantilever Slab
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the load distribution and compare them with the
discrepancies which have been found for corre-
sponding load positions between the exact and
approximate influence values in Table 5. It is
interesting to note that they are of a comparable
order of magnitude.

The coarseness of the network used in the
difference analysis of the I-beam bridge is again
the primary cause of the discrepancies found in
the results.

(b) Improvement of Results

A procedure is indicated here for improving
some of the influence values that suffer from
serious errors, so as to make up in a practical
way for the defect of the coarse network:

Consider the corrections to be applied to in-
fluence values for load positions on the center
line of each panel adjacent to a beam in a right
bridge. Two right bridges with rigid and non-
deflecting beams (H =infinity), and with b/a=0.1,
and b/a=0.2, are analyzed to determine the in-
fluence values for moments in the slab over the
beams. These values, together with the exact
values, are given in Table 6, and the corrections
are obtained as the differences between the two
sets of values.

The corrections listed in Table 6 have been
applied to the values in Table 5, and found to
give fairly satisfactory results, as shown by the
improved values in Table 5. It is noted that these
corrections would be in error as the stiffness of
the beams becomes smaller. Within the range of
the values of H of the bridges considered, how-
ever, it has been found that these corrections
may be applied without regard to the effect of
beam stiffness.

For the corrections in Table 6 to be applicable
to skew bridges, a slight modification is necessary.
Suppose we wish to obtain the corrections to be
applied to the influence values for transverse mo-
ment in the skew bridge slab at the mid-point of
beam B. In Fig. 12a is shown the network of the
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Fig. 12. Relative Positions of Networks of Points
of Right and Skew Bridges

skew bridge superimposed on the network of the
corresponding right bridge, so that the beams B
of both bridges fall along the same line and their
mid-points coincide with each other. It is seen
that the points on the skew bridge do not coincide
with the corresponding points on the right bridge
except at points on line B common to both bridges.
The corrections for the points on the skew bridge
are found by interpolation from the corresponding
values for the right bridge. Provided that we limit
this procedure to load positions along lines AB
and BC not too remote from the y axis (I'ig. 12a)
the corrections obtained for the skew bridge would
not be too much in error. The same method may
be used to obtain the corrections for moment in
the slab at the center of skew bridge beam C (Fig.
12b) by interpolation from the corrections for
the right bridge.

~ Table 7 gives the corrections for skew bridges
based on corrections obtained for corresponding
right bridges and listed in Table 6. Corrections
are not given for points beyond the first grid lines
from the bridge center line because it is felt they
would probably be in error.

Table 6
Corrections for Influence Coefficients for Transverse Moment in Slab Over Beam at Mid-span of Right Bridge
Relative Stiffness of Beams [/ =Infinity

b/a Mo- Trans-
ment verse Exact Solution
on Location
Line of Load 1/8 2/8 3/8  Center
0.1 B AB 0.000 0.000 —0.003 =-0.111
B C 0.000 0.000 —0.001 —0.093
C B C 0.000 0.000 —0.002 -0.007
0.2 B AB 0.000 —0.002 -0.025 -0.011
B C 0.000 0.000 —0.016 -—0.093
C BC 0.000 —0.001 -—0.016 -0.097

Values of Influence Coefficient for Moment

Difference Solution Corrections

Longitudinal Position of Load

1/8 2/8 3/8 Center 1/8 2/8 3/8  Center
0.000 0.000 —0.006 —0.056 0.000 0.000 0.003 —0.055
0.000 0.000 —0.004 —0.048 0.000 0.000 0.003 —0.045
0.000 0.000 —0.005 —0.049 0.000 0.000 0.003 —0.048

—=0.001 —0.006 —0.025 -—0.074 0.001 0.004 0.000 -—0.037
—0.001 —0.004 —0.019 -—0.066 0.001 0.004 0.003 =0.027
—0.001 =0.004 —=0.020 -—0.067 0.001 0.003 0.004 -—0.030



Bul. 439. MOMENTS IN SIMPLY SUPPORTED SKEW I-BEAM BRIDGES 31

Table 7
Corrections for Influence Coefficients for Transverse Moment in Slab Over Beam at Mid-span of Skew Bridge
Relative Stifiness of Beams H = Infinity

Angle Moment Transverse Corrections for Influence Coefficients
o on Location b/n=0.1 . b/a=0.2
Skew, Line of Load Longitudinal Position of Load
@ 3/8 Center 5/8 3/8 Center 5/8
30 B AB 0.002 —0.043 —0.001 0.003 —0.019 —0.016
BC 0.000 —0.037 0.002 —0.005 —0.008 0.004
C B C 0.002 —0.038 0.001 0.004 —0.010 —0.007
45 B AB 0.001 —0.024 —0.008 0.004 —0.006 —0.033
B C —0.006 -0.020 0.001 —0.020 0.001 0.004
C B C 0.001 —0.020 —0.006 0.003 0.001 —0.025
60 B AB 0,000 —0.001 —0.034 0.003 0.004 —0.023
B C =0.029 —0.003 0.000 —0.011 0.004 0.003
C B C 0.001 —0.001 —0.031 0.002 0.004 —0.013

Previous comparisons of the values in Table 5
indicated another diserepancy exists for a position
of the load at the point where the influence is
considered. It has been found that this diserepancy
may be neglected for the bridges with b/a=0.1,
H=2, 5, and 10, or for the bridge with b/a=0.2
and H=5. Ior b/a=0.2 and H=1, and b/a=0.2
and H =2, however, corrections are needed, and
they are, respectively, 0.021 and 0.013. These
corrections are assumed to be the same for skew
bridges, and are applied without modification.

17. Deflections of Beams

Influence coefficients for mid-span deflection of
the center beam of right bridges with b/a=0.1 and
H=5,and b/a=0.2 and H =2, have been obtained
by the difference equations. The numerical values
of the coeflicients for loads at the quarter and
center points are given in Table 8 together with
the corresponding exact values. These values are

given so that the actual deflections for concen-
trated loads are obtained by multiplying the tab-
ulated values by the quantity Pa®/Eyl,.

A study of Table 8 shows the approximate
values compare quite satisfactorily with the exact
values, The maximum discrepancies occur for loads
at the point where the deflection is considered, and
are about 5 to 69 of the exact values.

Table 8
Comparison of Exact and Difference Solutions for Influence
Coefficients for Deflection of Center Beam at
Mid-span of Right Bridge

b/a H  Transverse  Values of Influence Coefficient for Deflection
Location Exact Solution Difference Solution
of Load Longitudinal Position of Load

2/8 Center 2/8 Center

0.1 5 A 0.00163  0.00229 0.00168  0.00236

AB 0.00252  0.00355 0.00257 0.00363

B 0.00332  0.00477 0.00338  0.00487

B C 0.00393  0.00585 0.00401  0.00605

C 0.00417  0.00634 0.00429  0.00665

0.2 2 A 0.00092  0.00130 0.00096  0.00135
A B 0.00207  0.00291 0.00210  0.00296

B 0.00323  0.00460 0.00325 0.00464

B C 0.00429  0.00633 0.00438  0.00653

C 0.00477  0.00720 0.00496 0.00763



V. INFLUENCE COEFFICIENTS AND INFLUENCE SURFACES FOR MOMENTS

AND DEFLECTIONS IN SKEW BRIDGES

18. Moments in Beams

Influence coeflicients for moments in beams A,
B, and C at mid-span and in beam C at the quarter
and 34 points of the span are given in Tables 1
through 18 of Appendix A for the 18 bridges
studied. Typical influence surfaces for moments in
the beams at mid-span for b/a=0.1 and H =5, and
b/a=0.2 and H =2, with ¢ =30°, 45°, and 60°, are
shown in the form of contour maps in Appendix B.

In general, these surfaces show characteristics
similar to those for corresponding right bridges.
There are no unusually sharp peaks. The influence
surfaces for edge beams have a much higher peak
than such surfaces for other beams. However, the
influence surfaces for the skew bridges have lower
peaks at the point where the influence is con-
sidered, and generally have lower relative “alti-
tudes” throughout the regions common to the
skew and the right bridges. I'or a given stiffness
H and ratio b/a, the difference in altitude of the
surfaces increases with the increase of the angle
of skew, ¢. As the beams become stiffer, however,
the difference in altitude of the surfaces decreases.
The effect of skew on the difference in altitude is
much less for edge beams than for the other beams.

Table 9 gives the numerical values of the in-
fluence surfaces’ peak ordinates as well as their

relative values expressed as percentages of the
corresponding peak ordinates for the right bridges.
FFor a single concentrated load, Table 9 may also
be considered to give the relative values of the
maximum moments in the beams at the points
considered as compared to right bridges. I'or H =5
with b/a=0.1, and H =2 with b/a=0.2, the reduc-
tion in moments in interior beams may be as much
as 30 to 409, for a 60° skew, and about 159, for
a 30° skew. The reductions for edge beams are
much smaller, being about 109, for a 60° skew
and about 5%, for a 30° skew. Of course, these
considerations are valid only for a single concen-
trated load, since the maximum moment at a
given point on a beam for groups of loads may be
obtained without placing a load at the point or
even on the beam.

Maximum moments in beams at mid-span of
skew I-beam bridges produced by standard high-
way trucks have been evaluated by the use of
influence surfaces similar to those shown in Ap-
pendix B. The results obtained and discussions
are presented in detail in Chapter VI.

19. Transverse Moments in Slab at Center of Panel

Influence coeflicients for transverse moment in
the slab on lines AB and BC at mid-span are

Table 9

Comparison of Maximum Influence Coefficients for Moment in Beams at Mid-span of Bridge of Different Angles of Skew

b/a 0.1
H 2 5 10 1 5
@° Value of Per Value of Per Value of Per Value of Per Value of Per Value of Per
oef. Cent Coef. Cent Coef. Cent Joef.  Cent Coef, Cent Coef,  Cent
Moment in Beam A
0 0.147 100 0.172 100 0.180 100 0.149 100 0.174 100 0.202 100
30 0.131 89 0.164 05 0.185 a8 0.138 93 0.167 96 0.198 08
45 0.125 85 0.160 93 0.182 96 0.132 89 0.162 93 0.194 06
60 0.121 82 0.154 90 0.177 04 0.120 81 0.153 88 0.188 93
Moment in Beam B
0 0.094 100 0.107 100 0.119 100 0.095 100 0.112 100 0.137 100
30 0.071 76 0.092 86 0.108 a1 0.078 82 0.099 88 0.130 95
45 0.064 68 0.085 79 0.102 86 0.067 71 0.089 79 0.121 88
60 0.054 57 0.075 70 0.003 78 0.044 46 0.066 59 0.100 73
Moment in Beam C
0 0.084 100 0.101 100 0.116 100 0.0890 100 0.109 100 0.135 100
30 0.061 73 0.083 82 0.102 88 0.072 80 0.094 86 0.126 93
45 0.056 67 0.078 77 0.097 84 0.063 70 0.085 78 0.118 87
60 0.047 56 0.070 69 0.089 7 0.041 46 0.063 58 0.007 72

32
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Table 10
Comparison of Maximum Influence Coefficients for Transverse Moment in Slab at Center of Panel
at Mid-span of Bridge of Different Angles of Skew
(M. is assumed to be 0.232)
b/a 0.1 0.2
H 2 5 10 1 2 5
° Value of Per Value of Per Value of Per Value of Per Value of Per Value of Per
Joef.  Cent Joef.  Cent Coef. Cent Coef,  Cent Coef. Cent Coef. Cent
Moment on Line AB
0 0.224 100 0.221 100 0.220 100 0.224 100 0.225 100 0.224 100
30 0.214 45 0.215 a7 0.215 a8 0.218 a7 0.219 97 0.218 97
45 0.207 02 0.209 95 0.200 95 0.210 94 0.210 93 0.208 93
60 0.194 87 0.195 88 0.195 89 0.192 86 0.188 84 0.184 82
Moment on Line BC
(1] 0.255 100 0.243 100 0.234 100 0.250 100 0.242 100 0.227 100
30 0.236 93 0.232 Q6 0.226 a7 0.237 95 0.231 i} 0.220 a7
45 0.231 o1 0.226 93 0.220 094 0.240 O 0.228 94 0.213 94
60 0.231 91 0.220 91 0.211 0 0.243 a7 0.225 93 0.201 88

given in Tables 19 through 36 of Appendix A.
Discrepancies are expected to occur for certain
load positions along the center line of the panel
considered. At those points, corrections have been
applied as explained previously. The values that
have been corrected are retained in parentheses
for the sake of record, and the improved values
are written directly above the parentheses.

Influence surfaces for b/a=0.1 and =5, and
b/a=0.2 and H=2, are shown in Appendix B.
These surfaces have an unusually high peak at the
point where the influence is considered. They drop
off from this high peak value to relatively low
values only a short distance away. To obtain
maximum positive moments from truck loads, it
is always necessary to have a heavy wheel load
at the particular point considered. The negative
transverse moments at the center of a panel are
generally obtained with loads in other panels. The
negative moments will generally be smaller than
the maximum positive moments.

The peak ordinate for the skew bridge is
smaller than that for the right bridge, and the
difference increases as the angle of skew increases.
A comparison of peak ordinates showing the effect
of skew is made in Table 10. The actual values of
the peak ordinates given are based on a value of
M,, of 0.232 (which is obtained from Eq. (49a)
with ¢/b=0.2). The relative values are expressed
as percentages of the corresponding peak values
for the right bridge. It seems from Table 10 that
the effect of skew on the peak ordinates for trans-
verse moment in the slab is not so pronounced as
for moments in the beams.

20. Transverse Moments in Slab Over Beams

Influence coefficients for transverse moment in
the slab over beams B and C at mid-span for
the 18 structures studied are given in Tables 19
through 36 of Appendix A. Where corrections have

been made in the manner described previously, the
improved values are given above the values in
parentheses. The values after improvement are
believed to be free at least of flagrant errors,
although errors of the order of 0.005 may exist
at some points.

Influence surfaces for a group of structures,
with 6/a=0.1 and H =5, and with 6/a=0.2 and
H =2, are shown in Appendix B.

The influence surfaces all have the same general
characteristics, with a singularity at the point
where the influence is computed. The nature of the
singularity may be explained for a typical struc-
ture by reference to I%g. 13, which shows the
influence lines for transverse moment in the slab
at the mid-point of beam C for loads on the skew
center line of a bridge with ¢=30° b/a=0.1, and
H=25. Two curves differing only near C are shown.
The lower curve refers to the theoretical effect of
a truly concentrated load and the upper curve has
a cusp, and indicates the effect of a load distributed
over a particular size of circular area. The point

10
Y%=
-3 = o (el
2 # =30 food |
3
E 05
8
= Load distributed
Y over circular area
[~
X 2 f
N
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. load.
-05 |
I I I : 4 I
£ 0 c B A

Fig. 13. Influence Line for Transverse Moment in Slab at
C ot Mid-span, Load on Skew Center Line
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marked “x" represents the influence of a point load
directly over point C.

An explanation of these curves may be obtained
by considering again the moment transverse to the
fixed edge of an infinitely large cantilever slab.
For a truly unit point load at any distance from
the support on a line at 30° to the normal of the
support, the moment at the support is, by Eq. (50),
—0.239. As the load approaches the support along
the 30° line, the influence does not change, but
when the load is directly over the support the
influence is zero. The moment due to a load uni-
formly distributed over an area may be found by
integrating Eq. (50). Thus, the moments at the
support due to a unit load uniformly distributed
over a circular area of diameter ¢, on a 30° line
to the normal, and at perpendicular distances from
the support of ¢/2, ¢, 3¢/2 and 2¢, are, respectively,
—0.209, —0.231, —0.236, and —0.237. When the
center of the circle is over the edge, only one-half
of the load on the cirele is on the slab, and the
moment is —0.080.

Now, in the case of an infinitely large slab over
a rigid beam, we have stated previously 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. I'rom
these and the previous integrations, the following
results are obtained:

As a point load approaches a line support, on
a line at 30° to the normal to the support, the
moment is constant for all positions of the load
away from the support, and is equal to

(15) (—0.239) = —0.119.

This value changes abruptly to zero when the load
is directly over the support.

For a load distributed uniformly over a circle
of diameter ¢, when the circle is balanced over the
support with a semi-circle of load on each side,
the moment over the support is

2 (15) (—0.080) = —0.080 = —0.119 + 0.039.

When the center of the circle (on a 30° line to
the normal) is at distances of ¢/2, ¢, 3¢/2, and 2¢
perpendicularly from the support, the moments
are, respectively:

(13) (—0.209) = —0.105
(15) (—0.231) = —0.116 = —0.119 4 0.003;
(18) (—0.236) = —0.118 = —0.119 4 0.001;
(15) (—0.237) = —0.119 = —0.119 + 0.000.

—0.119 + 0.014;

I

0
&

0

%0

Figid beam-§

Moment = O for
load at origin

-.159

ot 0% ¥
Origin

(a) influence valves for moment for unil point load

Moment for Joad ot origin
0% -.080 = -/59 +.079
30°: -.080 = -//9 +.039
45°: ~080 = -080 +.000 I
60° -.080 = ~040-.040 ©

x

Rigid  beam

' Jg -./49 = =159 +.0/0 25722159 4002 ,
-9 ==-159 + 040 -./55= - /59 +004 ¥
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(b) Influence valves for moment for unit load distributed
over g circulor grea of diameter ¢

Fig. 14. Influence Values for Moment Over Beam in Infinitely
Large Slab Continuous Over Rigid Beam

The following procedure was then used to ob-
tain the curves in Iig. 13 from the tabulated
values. The curve for a point load was drawn first,
the point close to C being located at a distance
corresponding to 0.119 below the point corre-
sponding to the load directly upon beam C. From
this point close to C, another point corresponding
to a circular distributed load directly over the sup-
port was located by measuring up a distance of
0.039. Then points were located at perpendicular
distances of ¢/2, ¢, 3¢/2, and 2¢, from the support,
by measuring up from the curve corresponding to
a concentrated load ordinates of 0.014, 0.003, 0.001,
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and 0.000 respectively, to obtain the curve corre-
sponding to a load distributed over a circular
area. In Fig. 13, ¢ was taken as 14 of the spacing
of the beams,

The influence surfaces in Appendix B were ob-
tained by drawing curves in a manner similar to
that just described, using the results shown in
Fig. 14 for the moments in an infinitely large slab
over a rigid beam due to various positions of a
truly point load and a load distributed over a circle.

21. Deflections of Beams

Influence values for deflection of the beam

35

C at mid-span for the 18 skew bridges are given
in Tables 37 through 42 of Appendix A. Influ-
ence surfaces are shown for several structures in
Appendix B.

A comparison of the peak ordinates of the in-
fluence surfaces for deflection is shown in Table 11.
The percentage reductions caused by the skew in
the peak deflections are almost the same as the
corresponding percentage reductions in peak ordi-
nates for moment at the mid-point of beam C. The
influence surfaces also indicate a more non-uniform
distribution in deflections across a given section
than the corresponding surfaces for right bridges.

Table 11
Comparsion of Maximum Influence Coefficients for Deflection of Center Beam at Mid-span
of Bridge of Different Angles of Skew

b/a 0.1
H 2 b 10
° Value of  Per Value of  Per Value of
Coef. Cent Coef. Cent, “oef.

0 0.00511 100 0.00634 100 0.00762
30 0.00325 fid 0.00504 80 0.00672
45 0.00279 53 000452 71 0.00617
G0 0.00242 47 0.00401 63 0.00554

0.2
1 2 5

Per Value of  Per Value of  Per Value of  Per
Cent oef. Cent Coef. Cent, Coef, Cent
100 000562 100 0.00720 100 0.00961 100

88 0.00445 79 0.00626 87 0.00911 95

81 0.00386 G9 0.005358 78 0.00837 87

73 0.00267 47 0.00420 59 0. 00684 71
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22. Description of Bridges Analyzed

With the use of influence surfaces similar to
those given in Appendix B, live load beam mo-
ments at mid-span for standard trucks were com-
puted for 72 structures of varying dimensions.
The structures analyzed had roadway widths of
32, 28, 24, and 20 ft, corresponding to beam
spacings of 8, 7, 6, and 5 ft, respectively. I'or all
spacings, values of b/a of 0.1 and 0.2 were con-
sidered, giving spans of 80, 70, 60, 50, 40, 35, 30,
and 25 ft. The values of H considered were 2, 5, and
10 for b/a=0.1; and 1, 2, and 5 for b/a=0.2. The
angles of skew considered were 30°, 45° and 60°.

All the bridges were simply-supported at the
ends, the slab as well as the beams being supported
at the abutments. The beams in each bridge were
assumed to have the same stiffness. The influence
of interior diaphragms between the beams, and of
shear connectors between the slab and beams, was
neglected. The edge beams were assumed to be
at the edge of the slab, and the effects of curbs,
sidewalks, and handrails were also neglected.

Moments were computed at mid-span only for
each structure. With standard trucks placed in
the position producing maximum moments in the
beams at mid-span of bridges, coefficients were
determined separately for moments due to rear
wheel loads and for corresponding moments due
to front wheel loads.

23. 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,”
AASHO, 6th edition, 1953. The standard H-truck
has the wheels of each axle spaced 6 ft apart, with
front and rear axles spaced 14 ft apart. Iach of
the rear wheels carries a weight of 0.40 the total
weight of the truck, and each of the front wheels
carries a weight of 0.10 the total weight of the
truck, or one-fourth of the rear wheel weight. The
rear wheel load, P, in terms of which the moment
coefficients are stated, is the weight on a rear
wheel inereased by an impact factor given in the
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specifications. The front wheel load is always
taken as P/4.

IJach truck was assumed to occupy the central
part of a 10 ft trafic lane. Therefore the distance
between the centers of the nearest wheels of trucks
in adjacent lanes was taken as a minimum of 4 ft,
and the distance between the center of a wheel
and the face of a curb was taken as a minimum
of 2 ft. The possibility of wheel loads coming over
the edge beams was not taken into account.

Only one or two lanes of loading, depending
on which gave larger moments, were considered
in the caleulations. Only one fruck in each lane
was considered, but the two trucks in adjacent
lanes were assumed to be traveling in the same or
opposite directions as might be required to pro-
duce maximum effects. Uniform lane loads, or
truck train loadings deseribed in the specifications
were not considered.

Iimpirical relations for estimating maximum
mid-span moments produced by this H loading are
given in Art. 25. In Art. 26 it is indicated how these
relations may be extended to obtain corresponding
moments produced by the H-S loading which is
also given in the AASHO Specifications.

24, Maximum Moments in Beams at Mid-span

Coefficients for maximum moments at mid-
span of the beams due to standard truck loads are
given in Table 12. To obtain the actual moments,
these coefficients are to be multiplied by the
product of the rear wheel load P and the span a;
the relative magnitude of the front wheel load P/4
has already been taken into account. In Table 12
the effects due to rear wheel loads and the corre-
sponding effects of front wheel loads are listed
separately. Coeflicients for the beam having the
greatest moment at mid-span of a particular strue-
ture due to rear wheel loads and to combined rear
and front wheel loads are italicized. T'or com-
parison, the coeflicients for corresponding right
bridges are also given. These values were taken
directly from Reference 2, or obtained by inter-
polation or otherwise from the data contained
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Table 12

Maximum Moments at Mid-span of Beams Due to Truck Loading
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Moments are given in terms of a coeflicient to be multiplied by the produet of the rear wheel load PP and the span a, for standard truck loadings
according to 1953 A.A.8.H.O. specifications. The relative magnitude of the front wheel load, P/4, is taken into account in the coefficients. No wheel is
assumed to be less than 2 ft from an edge beam, Two lanes of loading are considered with trucks heading in either direction in each lane.
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Table 13
Effect of Skew on Maximum Moments at Mid-span of Beams
Expressed in terms of percentage reductions in moments in corresponding right bridges

Span Spacing of Relative o=30° =45 . ¢ =60°
of Bridge Beams Stiffness Rear Combined Rear Combined Rear Combined
I of Beams Wheels Rear and Wheels Rear and Wheels Rear and
it ft H Front Front Front
Wheels Wheels Wheels
2 23 .4 21.7 30.6 28.9 33.5 32.4
80 8 5 16.3 16.8 23.8 23.6 30.0 28.1
10 8.3 16.2 25.7
2 260 24.6 32.7 31.8 36,6 35.6
70 7 5 16.6 17.1 26.4 27.5 31.0 29.7
10 11.1 17.2 25.3
2 28.6 28.0 33.8 34.3 37.8 37.4
60 ] 5 18.3 19.1 24.6 25.8 32.5 31.4
10 8.7 14.1 20.9
2 28.3 20.5 35.8 37.2 42.9 43.2
50 1 5 16.7 18.3 23.7 24.6 32.5 33.3
10 5.2 11.3 20.9
1 18.6 18.5 30.6 29.5 46.5 45.8
40 8 2 13.9 13.3 24.7 24.1 41.9 40.8
8 7.9 7.4 17.0 16.4 35.1 33.6
1 20.1 19.2 32.1 30.6 48.7 47.8
35 T 2 13.9 13.6 24.3 23.9 44.9 43.6
] 10.0 10.1 18.7 18.1 38.1 37.1
1 21.5 19.8 32.7 31.3 52.8 51.2
30 6 2 13.0 11.6 24 .4 22.5 49.3 47 .4
] 10.1 9.4 16.1 14.4 37.8 36.1
1 18.9 17.9 32.6 31.1 55.8 54.7
25 ] 2 12.1 11.2 23.4 22.0 50.9 49.5
b 10.2 9.8 18.0 16.4 39.8 37.9

therein. In all cases, coeflicients are given for load
positions with no wheel less than 2 ft from an
edge beam which is assumed to be directly under
the face of the curb. The moment coeflicients
given may be in error by several units in the last
decimal place recorded.

The eritical truck positions corresponding to
the maximum moments as listed in Table 12 are
not shown. It was found that in most cases the
front wheel effects do not exercise appreciable
decisive influence on the location of the critical
truck positions. In general, a maximum moment
in a certain beam may be obtained without placing
a load on that beam. The critical truck position
is usually such that one of the rear wheels of the
truck, or of each of the two trucks, is on or quite
close to the skew center line. Where two trucks
were used to produce a maximum mid-span mo-
ment in the edge beam A or in the first interior
beam B, the trucks were generally found to be
heading in the same direction for the longer-span
bridges (b/a=0.1), and opposite directions for the
shorter-span bridges (b/a=0.2). For the maximum
mid-span moment in the central beam C, however,
the two trucks were almost in every case anti-
symmetrically staggered with respect to both the
skew and the longitudinal center lines of the bridge,
that is, the trucks traveled in opposite directions
and were at equal distances from, and on opposite
sides of, the two center lines. For some bridges,
it was found that there were several critical truck
positions giving practically identical moments in
a certain beam.

Based on a study of Table 12, the following

observations may be made regarding the maxi-
mum moment produced at mid-span of beams by
standard truck loadings:

1. IFor a given skew angle and given values of
a and b, the maximum moment at the mid-span
of a beam due to rear wheel loads always increases
with H. This in general is also true for the corre-
sponding moment produced by front wheel loads,
but the effect of H is comparatively much smaller
than for rear wheel loads.

2. The effects due to front wheel loads vary
from zero to about 179, of the corresponding
effects of rear wheel loads for the bridges con-
sidered. This percentage is smaller for shorter
bridges, since the eritical load positions are such
that the front wheels are generally very close to
the abutments, or not on the bridge at all.

3. For all of the right bridges considered, and
with no wheels less than 2 ft from an edge beam,
the maximum mid-span beam moment always
oceurs in an interior beam, that is, beam B or C.
For skew bridges, while the maximum moment
generally occurs in an interior beam, there is a
tendency for an edge beam to become the eritical
beam. This tendency becomes more pronounced
for one or a combination of the following charac-
teristics of the bridge: (a) small H; (b) large
angle of skew, ¢; and (¢) large span a (for a given
ratio b/a).

4. The effect of skew is always a reduction in
beam moments produced by rear wheel loads, and
the greater the angle of skew, the larger is this
reduction. The same result, but of much smaller
magnitude, can be observed in the beam moments
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produced by corresponding front wheel loads on
bridges 40 ft or more in span. For bridges 35 ft
or less in span, mid-span beam moments due to
front wheel loads are actually slightly larger for
skew bridges than for corresponding right bridges.
However, since rear wheel results are always much
larger than corresponding front wheel effects, the
consequence of skew on the combined rear and
front wheel effects is still predominantly a reduec-
tion in mid-span beam moments. Percentagewise,
this reduction is generally less than the corre-
sponding reduction for the rear wheel effects.

25. Effect of Skew on Maximum Moment at
Mid-span of Beams

The effect of skew is to reduce the beam mo-
ments in an I-beam bridge. The reductions in
maximum mid-span beam moments caused by
standard highway trucks may be calculated from
the data in Table 12. The results are given in
Table 13 where they are expressed in percentages
of the corresponding moments in right bridges.

Both the effect due to rear wheel loads alone and
that due to combined rear and front wheel loads
are listed in Table 13 for each structure considered.
It appears that for the truck loadings considered,
these two effects are nearly the same percentage-
wise for the majority of structures considered. In
general, the percentage reductions are smaller for
stiffer beams for a given ratio of b/a, and larger for
greater angles of skew. FFor b/a=0.1,and H =35, the
average reductions for spans between 80 and 50
ft range from about 17 to 319, for angles of skew
from 30° to 60°. For b/a=0.2, and H=2, the
average reductions for spans between 40 and 25
ft range from about 13 to 469, for angles of skew
from 30° to 60°.

The percentage reductions in maximum mid-
span beam moments caused by rear wheel loads
alone are also shown graphically as a funetion
of the angle of skew ¢, in Iigs. 15a and b for two
typical bridges.

The maximum mid-span beam moments pro-
duced by rear wheel loads on skew bridges may
be conveniently stated (as was done for right
I-beam bridges in Ref. 2) in terms of an effective
proportion, k, of a single rear wheel load which,
when acting alone on a beam, would produce the
same moment. That is,

M, (for rear wheels only) = (Y1) kPa (1)

This effective proportion, k, for a particular angle
of skew, may be expressed as

b ( b

b= 3 : all

where s is a length depending on the characteristies
of the structure.

Values of s, computed from the actual moments
given in Table 12, are plotted against values of

(52)

L
0ftH
gles of skew considered. The points seem to lie in a
fairly well-defined band for ¢=30° and 45°; for
¢ =00° there is a much wider scatter. However,
reasonably safe values of s may be obtained by a
set of empirical relations for ¢=0° 30° 45° and
60° as follows:

s = 4.40 ft. 4+ 0.42 a/10 ft. A/ H; (a)
sp = 4.40 ft. + 0.81 a/10 ft. v/H; (b)
sis = 4.40 ft. + 1.07 a/10 ft. A/H; (c)
e = 4.40 ft. + 1.32 a/10 ft. A/H, (d)

in which the numerical subscripts to s denote

in Figs. 16a, b, and ¢ for the three an-

(53)
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the angle of skew-in degrees. I'ig. 16d gives a
graphical summary of Iqgs. (53).

I'or any angle of skew, ¢, between 0% and 60°,
it appears that the safe value of s may be empiri-
cally expressed by

s, = 4.40 ft. + m a/10 ft. /H, (54)

where m is a parameter which depends on the
angle of skew, ¢, only. The variation of m as a
function of ¢ is given by the curve shown in
Iig. 17. This curve makes it convenient to find
the ‘‘safe” wvalue of s for a bridge having any
angle of skew between 0% and 60°. With this value
of s found from I'ig. 17 and Eq. (54), the maximum
mid-span beam moment in the bridge produced
by rear wheels only may be calculated by using
successively Kqs. (52) and (51).

As an alternative, the maximum mid-span
beam moment in a skew bridge produced by rear
wheels only may also be found in the following
manner. Since this moment is, by Eq. (51), pro-
portional to k, and hence, by Eq. (52), inversely
proportional to s, it may be found as the corre-
sponding moment in a right bridge multiplied by
the ratio, si/s,, in which s, and s, are the values
of s for the skew bridge in question and the cor-
responding right bridge. Iigure 18 has been pre-
pared to show a plot of curves giving values of
so/s, for different angles of skew and values of
a/10n/H. These values of s/s, have been com-
puted using Eqs. (53), and may be treated as
reduction factors to be applied to maximum mid-
span beam moments in right bridges to obtain the
corresponding moments in skew bridges.

To illustrate the use of the empirical relations
described above, consider the following example:

Given: A skew I-beam bridge has the following
characteristics:
Span a =060 ft.
Spacing of beams b=0 ft.
Relative stiffness of beams H =4
Angle of Skew ¢=40°
To find: Maximum mid-span beam moment in
the bridge produced by rear wheels of
standard trucks.

From Fig. 17, we obtain m=0.98 for ¢=40°.
Substituting this into Eq. (54), we find the value
of s to be

s = 4.40 4+ 0.98 (60/10+/ 4 ) = 7.34 ft.

Equation (52) gives the value of the effective
proportion k as
k= (6/7.34) (1 — 6/60 X 4) = 0.796.
Hence, by Eq. (51),
M, (rear wheels) = (14) (0.796) Pa
= 0.199 Pa = 11.9 P ft
Or, for a corresponding right bridge, Iq. (53a)
gives
so = 4.40 4 0.42 (60/104/ 4 ) = 5.66 ft.
From Eq. (52), k=(6/5.66)(1—-6/60x4)=1.033
Therefore for the right bridge,
M, (rear wheels) = (14)(1.033)Pa = 0.258 Pa.

Now, from Fig. 18, for f:/l(}\/l_=3, and ¢ =40°,
we obtain -

So;fs.lg = (.77.
Therefore for the skew bridge in question,

M, (rear wheels) = 0.77 (0.258 Pa)
= (0.199 Pa = 11.9 P ft.

IFor the effect of front wheel loads, the use of
the following formula for right bridges having
spans greater than 28 ft has been suggested in
Ref. 2:

10 - BT d
&Q 10VH "?
\? 8 . 2 [
A
© 4 "*"--...___
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Fig. 18. Valve of s./s. as a Function of Skew
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My, (front wheels only) = (1/16)kP (a—28 ft), (55)

in which the value of & is the same as for the rear
wheels. For right bridges having spans equal to
or less than 28 ft, the front wheel effects are to
be taken as zero. A similar empirical relation could
not be conveniently formulated for skew bridges.
Table 13 shows that as a result of skew the per-
centage reductions in maximum mid-span beam
moments for rear wheel loads are very nearly the
same as those for combined rear and front wheel
loads. This suggests a practical and simple pro-
cedure for estimating roughly the front wheel
effects for skew bridges. The procedure consists
of first finding the maximum mid-span beam mo-
ment in the corresponding right bridge by using
Eq. (55), and then multiplying this by the same
reduction factor used for rear wheel effects, so/s,,
to obtain the front wheel effects. Thus, for the
illustrative example given, the maximum mid-
span beam moment produced by front wheels in
the right bridge is, by Lq. (55),

M, (front wheels, right bridge)
=(1/16)(1.033) P (60—28) =2.066 P ft

Hence, the front wheel effect for the skew bridge
is (s9/s,) times the above value, that is,

M, (front wheels, skew bridge)
=0.77 X2.066 P =1.59 P ft (approximately)

26. Moments Produced by H-S Loading

In addition to the H loading, another system
of loading, the H-S loading, is also given in the
AASHO Specifications. The H-S loading consists
of a tractor truck followed by a single-axle semi-
trailer. The axle loads and spacing for the tractor
truck are exactly the same as for the H loading.
The weight on the trailer axle is the same as that
on the rear axle of the H-truck. The distance
between the trailer wheels is also 6 ft. The trailer
axle is located at a variable distance » from the
rear axle of the tractor truck. This distance »
may vary from 14 to 30 ft, whichever value
governs the design.

Using the influence surfaces for beam moments
in the same manner as was done for the H loading,
maximum mid-span beam moments were deter-
mined for the H-S loading for 30 structures. Be-
cause of lack of space the results are not given
here. It was found, however, that the conclusions
regarding the effect of skew on beam moments
for the H loading are also generally valid for the
H-S loading, so far as the moments produced by

the tractor truck are concerned. The critical posi-
tions for maximum mid-span beam moments pro-
duced by the H-S loading are slightly shifted
from the corresponding critical positions for the
H loading. This shift in eritical position generally
causes a slight decrease in the moments produced
by the tractor truck as compared to the corre-
sponding moments produced by the H-truck. The
combined maximum beam moments due to all
three axles of the H-S loading are, of course,
always larger than those due to the H loading be-
cause of the additional effects of the trailer axle.

No attempt has been made to estimate empiri-
cally the moment produced separately by each of
the three axles of the H-S loading, as was done for
the H loading in the preceding section. However,
it was found that the theoretical value of a com-
bined maximum mid-span beam moment produced
by all three axles of the H-S loading is very
closely given by the sum of the corresponding
rear axle moment of the H-truck and five times
the front axle moment of the [/-truck. That is,

My (all 3 axles, H-S loading)
= My (rear axle, H loading)
+5M, (front axle, H loading) (56)

This equation has been found to give values with
an accuracy of within 1 or 29, for practically all
of the structures considered and within 4 or 5% for
one or two bridges outside the practical range.

The results of this study suggest a convenient
way of estimating the total live load design mo-
ments for the H-S loading, once the corresponding
moments produced separately by the rear and
front axles of the H-truck have been found as
deseribed in Art. 25. For example, continuing with
the illustrative example in Art. 25 and assuming
that the maximum mid-span beam moment due
to the H-S loading is desired, we have, from
previous calculations,

M, (rear axle, H loading) = 11.9 Pft
My (front axle, I loading) = 1.59 P ft

Henece, by Eq. (56), the combined mid-span beam
moment due to the three axles of the I/-S loading is

M, (all 3 axles, {-S loading)
=11.9 Pft+5 (1.59 P ft) =18.3 P ft

27. Moments Due to Line Loads and Uniform Loads

The dead load moments in an I-beam bridge
depend on the manner in which the bridge is con-
structed. For a discussion of the various effects
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Table 14
Moments at Mid-span of Beams Due to Uniformly Distributed Load Over Entire Bridge
Moments are given by a coefficient to be multiplied by wa®h, in which w is the uniform load per unit of area, a the span, and b the spacing of the beams.

Moment bla=
in e=0° e=30° =45° ¢ =060
Beam H=2 H=5 H=10 H=2 H=5 H=10 H=2 H=a H=10 H=2 He=j5 H=10
A 0.091 0.088 0.061 0.075 0.077 0.056 0.073 0.077 0.058 0.074 0.079
B 0,098 0.104 0.057 0.077 0.080 0.048 0.069 0.083 0.043 0.063 0.077
C 0.101 0.110 0.060 0.081 0.097 0.053 0.074 0.090 0.044 0.066 0.082
#Sum 0.479 0.494 0.499 0.206 0.385 0.431 0.261 0.358 0.410 0.246 0.340 0.394
Moment b/a=0.2
in e=0° ¢=30° e=45° ¢ =60°
Beam H&1 H=2 H=5 H=1 H=2 H=5 H= H=2 H=35 H= H=2 H=5
A 0.077 0.077 0.071 0.065 0.072 0.071 0.060 0.069 0.071 0.047 0.059 0.068
B 0,080 0. 100 0.111 0.066 0.081 0,099 0.056 0.073 0.092 0.038 0.0. 0.076
C 0,095 0.108 0.122 0.069 0.087 0.107 0.058 0.076 0.099 0.034 0.053 0.079
*Bum 0.429 0.462 0. 486 0.331 0.393 0,447 0.290 0.360 0.425 0.204 0.279 0.367

* Bum of the moments at mid-span of all the heams.

to be considered in calculating the dead load mo-
ments, reference is made to University of Illinois
Engineering Experiment Station Bulletin 336® by
Newmark and Siess.

For any type of dead load, the moments may
be found by using influence surfaces such as those
given in Appendix B. For example, the moment
at mid-span of a beam produced by a uniformly
distributed load over the entire bridge may be
found as the volume under the influence surface
plotted for that beam multiplied by the load in-
tensity. The moment at mid-span of a beam pro-
duced by a uniform line load may be found as
the area under the influence curve for the beam
multiplied by the load intensity.

Tables 14 and 15 give coefficients for moments
at mid-span of the beams due to a uniform load
of w per unit of area over the entire bridge, and
a line load of ¢ per unit length of the beams.

Values for right bridges based on data contained
in Reference 2 are also included. In the preparation
of the two tables, the areas under influence curves
have been calculated by Simpson’s 14-rule, and the
volumes under influence surfaces have been calcu-
lated by the method of average end-areas. Tables
14 and 15 also give the sum of moments at mid-
span of all five beams in each structure concerned.

It appears from Tables 14 and 15 that for both
right and skew bridges, the moments at mid-span
of the beams due to either uniform load over the
entire bridge or line loads on all five beams are
practically the same for all beams. That is, if the
moment at mid-span of any beam is expressed as
a percentage of the sum of moments in the beams
across the bridge center line, this value is roughly
209, with an average error of 2 to 39, in most
structures considered, and a maximum error of
79 in one or two structures.

Table 15
Moments at Mid-span of Beams Due to Uniform Line Loads on Beams
Moments are given in terms of a coefficient to be multiplied by ga?, in which g is the line load per unit of length of a beam, and a the Span.

Moment Load
in on e=0° ¢=30°
Beam Beam H=2 H=5 H=10 H=2 H=5
AE 0. 056 0.068 0.045 0.064
B, D 0.044 0.041 0.029 0.035
A C 0.020 0.015 0.011 0.011
All Beams  0.120 0.124 0.085 0.110
AE 0.044 0.041 0.020 0.034
B. D 0.050 0.053 0.028 0. 039
B C 0.026 0.029 0.014 0.021
All Beams  0.120 0.123 0.071 0.094
AE 0.039 0.030 0.023 0.022
B,D 0.052 0.058 0.031 0.043
C C 0.029 0.036 0.017 0.026
All Beams  0.120 0.124 0.071 0.091
*Bum All Beams  0.600 0. 618 0.624 0.383 0.499
Moment Load
in on e=0° @=30°
Beam Beam H=1 H=2 H=5 H= H=2
AE 0.062 0.076 0.094 0.058 0.074
B, D 0.036 0.033 0.027 0.029 0.030
A C 0.013 0.009 0.001 0.004 0.007
All Beams 0.111 0.118 0.122 0.096 0.111
AE 0.036 0.033 0.027 0.029 0.030
B, D 0.047 0.053 0.063 0,034 0.044
B C 0.025 0.028 0.031 0.017 0.022
All Beams  0.108 0.114 0.121 0.080 0.096
AE 0.025 0.017 0.003 0.018 0.014
B, D 0.050 0.057 0.062 0.036 0.045
C C 0.031 0.041 0.055 0.024 0.033
All Beams  0.106 0.115 0.120 0.078 0.092
#Hum All Beams  0.544 0.579 0.606 0.430 0.506

* Sum of the moments at mid-span of all 5 beams loaded with q.

bfa=0.1
=45 e=60°
H=10 H=2 H=5 H=10 H=2 H=5 H=10
0.078 0.044 0.064 0.078 0.049 0.067 0.079
0.033 0.026 0.033 0.033 0.026 0.033 0.034
0.008 0.009 0.010 0.008 0.009 0.010 0.009
0.119 0.079 0.107 0.119 0.084 0.110 0.122
0.034 0.026 0.033 0.033 0.025 0.032 0.033
0.047 0.023 0.034 0.043 0.021 0.031 0.040
0.025 0.012 0.018 0.023 0.010 0.016 0.020
0.106 0.061 0.085 0.099 0.056 0.079 0.003
0.015 0.020 0.020 0.015 0.016 0.019 0.017
0.052 0.027 0.039 0.048 0.023 0.034 0.042
0.036 0.015 0.024 0.033 0.014 0.022 0.030
0.103 0.062 0.083 0.096 0.053 0.075 0.089
0.553 0.342 0.467 0.532 0.333 0.453 0.519
b/a=0.2
¢ =45° ¢ =60
H=5 H=1 H=2 H=5 H=1 H=2 H=5
0.092 0.058 0.073 0.09 0.054 0.071 0.089
0.027 0.026 0.029 0.026 0.018 0.022 0.023
0.003 0.008 0.007 0.004 0.004 0.006 0.005
0.122 0.092 0.109 0.121 0.076 0.099 0.117
0.027 0.026 0.028 0.026 0.017 0.021 0.022
0.057 0.029 0.039 0.054 0.020 0.030 0.046
0.026 0.014 0.019 0.023 0.009 0.013 0.018
0.110 0. 069 0.086 0.103 0.046 0.064 0.086
0.005 0.014 0.014 0.009 0.006 0.009 0.010
0.053 0.029 0.038 0.047 0.016 0.025 0.035
0.050 0.021 0.030 0.046 0.015 0.023 0.038
0.108 0.064 0.082 0.102 0.037 0.057 0.083
0.572 0.386 0.472 0.550 0.281 0.383 0.489
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—

A further observation may be made regarding
the sum of beam moments across the center line
of the right bridge produced by uniform surface
load and uniform line loads on all five beams. This
sum is very approximately given by

SM = (%) Wa (1 — b/aH)*

in which W is the total load on the bridge, and is
therefore given by

(5Ha)

W = 4wab for uniform load on
entire bridge,

for uniform line loads
on all five beams

and W = 5qa (55b)

IFor skew bridges, the sum of beam moments
across the center line of the bridge is less than
that in the corresponding right bridge. The per-
centage reductions in this sum of beam moments
as a result of skew for the various skew bridges
considered are shown by the curves in Fig. 19.

* As explained in Ref. (2), p. 41, the quantity (1-b/aH) takes

account approximately of the part of the total moment carried by the
slab.

28. Maximum Mid-span Beam Moments and
Absolute Maximum Beam Moments

A distinction should be made between the
maximum mid-span beam moments as reported
and the absolute maximum beam moments which
should be used in design. Except for right bridges,
the two are different. To locate the section of
absolute maximum moment due to a given loading
is a relatively simple matter for a single isolated
beam, but is much more involved for an I-beam
bridge. I'or a skew bridge the distance from the
mid-point of a beam to the section of absolute
maximum moment is probably larger for edge
beams than for interior beams. It is also larger
for larger angles of skew. The same trend holds
more or less proportionately for the difference
between the maximum mid-span and absolute
maximum moments. For the central beam, the
critical section is not likely to be too remote from
mid-span, irrespective of the angle of skew. Hence,
the maximum mid-span moment should not differ
much from the absolute maximum moment.

In Art. 24 it was found that the maximum
mid-span beam moment in an I-beam bridge
generally occurs in an interior beam and there is
a marked tendency for the edge beam to become
the critical beam for large ¢, small H, and large a
(for a given ratio b/a). If it may be assumed that
this tendeney also holds for the absolute maximum
beam moments, then the following conclusions
seem to be reasonable:

(1) Since the central or the first interior beams
are critical for most of the bridges considered with
¢ less than 60° the absolute maximum beam mo-
ments may be taken as equal to the maximum
mid-span beam moments given in Table 12.

(2) For bridges with ¢ equal to 60° or more,
the difference between the absolute maximum and
maximum mid-span beam moments becomes larger.
Also the effect of H and a on this difference is
more pronounced than for bridges having ¢ less
than 60°. This explains in part the much wider
scatter of points shown in Fig. 16c. For ¢=060°,
the maximum mid-span beam moments listed in
Table 12 are expected to be somewhat less than
the absolute maximum beam moments by varying
amounts, depending on H, b/a and a. However,
as indicated in IMig. 16¢, in the derivation of the
empirical relationship for s, the straight line repre-
sented by Eq. (53a) was made to give the lowest
value of s for all the bridges considered except
for two or three structures whose proportions do
not lie within the practical ranges of I-beam
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bridges. That is, the use of the empirical formula,
Eq. (53a), and the formulas derived gives a little
larger maximum mid-span beam moments than
those given in Table 12. This excess in moments
will serve to compensate more or less for the
difference between the maximum mid-span and
absolute maximum beam moments.

For practical design purposes the empirical
relations given for estimating maximum beam
moments in skew I-beam bridges may be used
without involving appreciable error.

29. Application to Composite Bridges

In I-beam bridges, composite action of the
slab with the beams may exist due either to bond
between the concrete and the beams or to shear
connectors of some kind. This composite action
may be complete or limited, depending on the
degree of the bond and the effectiveness of the
shear connectors. When composite action is pres-
ent, a panel of the slab, or part of it, acts as the
upper flange of the composite beam. The composite
bridge therefore has a larger value of H, and its
beams have relatively larger moments compared
with the non-composite bridge. As the distance
from the neutral axis of the composite section to
the bottom flange is considerably greater than in

a non-composite design, the stress controlling the
design of a composite beam is decreased much
less proportionately than the stiffness is increased.
Therefore if composite action is taken advantage
of in the design of an I-beam bridge, lighter steel
beams may generally be used.

While the analyses reported do not consider
composite action, the results may still be applied
with reasonable accuracy to composite structures,
provided that proper values of H are used, based
on known or assumed amounts of interaction of
the slab with the beams. For bridges with properly
designed shear connectors, full composite action
may be expected. If it is further assumed that for
the proportions of the bridges considered, a full
panel width of the slab acts with the beam as a
composite section, the value of K/, may be com-
puted for the transformed section of the T-beam,
and H determined in the usual way from the

formula H = E,I,/aN.

The structure may then be regarded as if the
beams actually had the value of H computed. It
is true that for edge beams, only half panel widths
are effective, but curbs and sidewalks which the
present study did not consider will more or less
make up for this discrepancy.



VIl. SUMMARY AND CONCLUSIONS

30. General Summary

An analytical study has been made of the
behavior of the simply-supported skew I-beam
bridge, which consists of a slab continuous over
five equally spaced beams parallel to the direction
of traffic. Because of the complicated nature of
the boundary conditions in the problem, no exact
solution has been available. In this study, the
numerical method of finite differences was used.

Difference equations have been developed for
a general system of skew coordinates to permit
the analyses of the structures for any angle of
skew, ¢, ratio of beam spacing to span, b/a, and
relative stiffness of the beams and slab, H.

A total of 18 skew bridges were considered,
having physical characteristics defined by com-
binations of the following parameter values: o=
30°, 45°% and 60°; H=2, 5, and 10 for b/a=0.1;
and H=1, 2, and 5 for b/a=0.2. With the aid of
the ILLIAC, the University of Illinois electronic
digital computer, influence coeflicients for each of
the 18 structures were computed for moments in
beams at five locations at or near mid-span, for
transverse moments in the slab at four locations
at mid-span, and for deflections of the center beam
at mid-span.

The results obtained were approximate. In
order to test the degree of approximation, differ-
ence analyses were made for a group of right
[-beam bridges for which exact solutions are avail-
able. The influence values obtained were compared
with the corresponding exact values. Based on
these comparisons, conclusions were drawn re-
garding the accuracy of the difference solutions
and the nature and amount of the corrections,
where needed, to be applied to the approximate
results. These corrections were then applied, with
some modification, to the influence values deter-
mined for the skew bridges wherever discrepancies
were believed to exist. It is believed that after
these improvements the tabulated values of the
influence coeflicients given are free of serious error,
and are in general sufficiently accurate for practical
purposes. IFrom the tabulated values, influence
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surfaces in the form of contour maps have been
prepared for several structures.

Maximum live load moments at mid-span of
beams for standard trucks were computed for 72
structures, having beam spacings of 5, 6, 7, and
8 ft for different values of the variables, b/a, H,
and ¢. One or two lanes of loading were used in
the calculations, depending on which gave larger
moments. Only one fruck in each lane was con-
sidered, but the two trucks in adjacent lanes were
assumed to be traveling in the same or opposite
directions as required to produce maximum effects.
The distance between the center of a wheel and
the edge of the bridge was taken as a minimum of
2 ft, and the distance between the centers of the
nearest wheels of trucks in adjacent lanes was
taken as a minimum of 4 ft. Based on a study of
the computed coeflicients for maximum beam mo-
ments at mid-span, empirical relationships were
developed for use in estimating the maximum live
load beam moment at mid-span of any skew bridge
with physical characteristics within the ranges
considered in this investigation.

Tables and graphs have also been prepared to
facilitate the calculation of dead load moments in
beams at mid-span of skew bridges. The two types
of dead load considered were: (1) uniformly dis-
tributed load over the entire bridge; and (2) uni-
form line loads on all five beams.

31. Conclusions

(a) Difference Equalions as a Method of Analysis
of I-beam Bridges

(1) The method of finite differences for analy-
sis 1s satisfactory for the determination of beam
moments in [-beam bridges. Even for a coarse net-
work of points as used in this study, the results
obtained are quite reliable.

(2) Serious errors are to be expected, however,
in the difference solutions for slab moments in
the I-beam bridge for certain load positions, unless
a much finer network of pointsis chosen. Although,
as in this investigation, corrections may be derived
to improve the results as a remedial measure; the
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difference method is satisfactory for determining
slab moments in I-beam bridges only if a relatively
fine network can be used.

(b) Moments in Beams at Mid-span

(3) The effect of skew is always a reduction
in beam moments for rear wheel loads of standard
H-trucks, and the greater the angle of skew, the
larger is this reduction. For b/a=0.1, and H =5,
the average reductions for spans between 80 and
50 ft range from about 17 to 319, for angles of skew
from 30° to 60°; and for b/a=0.2, and H =2, the
average reductions for spans between 40 and 25 ft
range from about 13 to 469 for angles of skew from
30° to 60°. These percentages are in terms of the
corresponding moments in right bridges.

(4) The effects of front wheel loads vary from
zero to about 179, of the corresponding effects of
rear wheel loads. This percentage is smaller for
shorter bridges. As a result of skew, the beam mo-
ments for front wheel loads are in general also
reduced, but the amount of reduction is much
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APPENDIX A: TABLES OF INFLUENCE COEFFICIENTS FOR MOMENTS IN BEAMS,
MOMENTS IN SLABS, AND DEFLECTIONS OF BEAMS

The tables contained herein give numerical
values of influence coefficients due to a unit con-
centrated load applied along various longitudinal
lines A, AB, B, ete., 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 Chapter 1. Poisson’s ratio
is zero. The quantity M,, is given by Eq. (49a).

The numerical values given are such that:

(1) Aectual moments in beams for concentrated
loads are obtained by multiplying the tabulated
values for moments in beams by the quantity Pa.

(2) Actual transverse moments per unit of

Table A-1
Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=2
Angle of Skew ¢$=30°
Moment Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 7/8

A at A 0.022 0.048 0.082 0.131 0,08 0.049 0.023
center AB 0.021 0043 0.060 008 0059 0037 0.017
B 0.019 0036 0.049 0.053 0042 0027 0.013

BC 0.014  0.025 0.031 0.031 0027 0018 0.009

} 0.009 0.014 0.017 0.017 0.014 0.010 0.005

cDh 0.004 0.006 0.006 0.006 0004 0.008 0.002

0.000 —0.001 —0.002 —0.002 —0.002 —0.002 —0.001

D E —0.003 —0.006 —0.008 —0.009 —0.008 —0.006 —0.003

E =0.006 —0.011 =0.014 —0.014 —0.012 —0.009 —0.005

B at A 0.014 0.028 0.43 0.054 0050 0.035 0.018
center AB 0.011  0.022 0.637 0.067 0.044 0.025 0.011
B 0.008 0.017 0.034 0071 0034 0016 0.006

B C 0.007 0.017 0.033 0.052 0,025 0012 0.005

C 0.008 0.017 0.027 0.030 0019 0010 0.004

cD 0.007 0.014 0018 0017 0012 0007 0.003

D 0.006 0 0.010 0.008 0,007 0.004 0.002

DE 0.002 0.003 0003 0002 0002 0001 0001

E —0.001 —0.002 —0.003 —0.003 —0.002 —0.001  0.000

C at A 0.008 0.016 0020 0021 0018 003 0.007
2/8-point AB 0.013 0,022 0026 0022 0016 0010 0004
B 0.017 0.032 0.030 0.021 0.012 0.006 0.002

BC 0.019 0.048 0.030 0.015 0.007 0.002 0.001

C 0.021 0.069 0024 0009 0003 0.000 0.000

cD 0.022 0.044 0.019 0.008 0,001 0,000 —0.001

D 0.017  0.024 0016 0007 0002 0000 0.000

D E 0.010 0,013 0.011 0.006 0003 0.001 0.000

E 0.003 0.006 0.007 0.006 0.004 0002 0.001

Cat A 0.008 0014 0017 0018 0017 0013 0.007
3/8-point AB 0.009 0.017 0.022 0.023 0.018 0.011 0.005
B 0.000 0.020 0.030 0027 0017 0009 0.003

B C 0.008 0.020 0.045 0.027 0.012 0.004 0.001

C 0.008 0.022 0.057 0.021 0006 0.001 0.000

CcD 0.010 0.026 0.044 0.017 0.006 0.001 0.000

D 0.012 0.023 0.026 0.015 0.006 0.002 0.001

DE 0.010 0.016 0.016 0.012 0007 ©0.04 0.002

E 0.005 0.008 0010 0.010 0008 0.005 0.002

C at A 0.006 0.012 0016 0.018 0.017 0.014 0.008
center AB 0.006 0.012 0019 0023 0.023 0017 0.009
B 0.005  0.012 0.021 0.032 0.028 0.018 0.008

B C 0.004 0.011 0021 0.049 0030 0.015 0006

C 0.004 0011 0.025 0.061 0.025 0.011 0.004

length in slab for concentrated loads are obtained
by multiplying the tabulated values for transverse
moments in slab by the quantity P.

(3) Actual deflections of beams for concen-
trated loads are obtained by multiplying the
tabulated values for deflections of beams by the
quantity Pa®/E,[,.

In the tables for slab moments, where two
values are given at any point, the one in the
parentheses is believed to be in error, and is re-
placed by the improved value which appears above
the value in parentheses. The need for this cor-
rection and the method of estimating its value are
discussed in Chapter IV,

Table A-2
Influence Coefficients for Moment in Beams

Relative Propertions of Bridge b/a=0.1
Relative Stifiness of Beams H=35
Angle of Skew ¢=30"

Moment  Transverse Values of Influence Coefficient for Moment

in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 7/8
A at A 0.032 0067 0.110 0.164 0.111 0.060 0.033
center AB 0.028 0057 0.08 0107 0.076 0.050 0.024
B 0.023  0.043 0.057 0.061 0.051 0.035 0.018

B C 0.015  0.027 0.032 0.033 0031 0.022 0.011
C 0.007 0013 0015 0016 0015 0011 0006
cD 0.002 0.003 0.004 0.0M 0.004 0.004 0.002
D =0.001 =0.002 —=0.003 —0.003 —0.003 —0.002 —0.001
DE —0.04 —0.007 —0.008 —0.008 —0.008 —0.006 —0.003

E —0.006 —0.010 —=0.013 =0.013 —0.012 —0.009 —0.005
B at A 0.019  0.036 0.051 0.061 0.056 0.042 0.022
center AB 0.014 0029 0.048 0082 0.057 0.033 0.015

0.011 0024 0.048 0092 0.048 0.024 0010

B C 0011 0.025 0.045 0.068 0.037 0.020 0.009

C 0.012 0.024 0.085 0.038 0.020 0.018 0.008

CD 0.010 0.018 0022 0.022 0019 0013 0.006

D 0.006 0.010 0.012 0.012 0.010 0.008 0.004

D E 0.002  0.003 0.004 0.004 0003 0003 0001

E —0.002 —0.003 —0.004 —0.003 —0.003 —0.002 —0.001

Cat A 0.006 0.010 0.014 0016 0.015 0.012 0.007
2/8-point AB 0.012 0.020 0025 0024 0019 0.012 0.006
B 0.019 0.034 0.035 0028 0.018 0.010 0.005

BC 0.025 0061 0.042 0.024 0013 0,007 0.003

G 0.031  0.078 0.038 0.018 0.008 0.004 0.001

cD 0.030  0.057 0.030 0.016 0.007 0,004 0.001

D 0.019 0.020 0024 0016 0009 0005 0.002

DE 0.010  0.015 0.016 0.013 0.009 0.005 0.003

D 0.003 0.006 0.008 0.009 0.008 0.006 0.003

C at A 0.007 0.012 0,015 0.016 0.016 0.012 0.007
3/8-point AB 0.010  0.020 0.024 0.026 0.023 0.016 0.008
B 0.014 0027 0037 0036 0027 0016 0.007

BC 0.014  0.031 0062 0.042 0023 0.011 0.004

J 0.014 0037 0080 0.038 0.017 0.007 0.003

cCD 0.017 0039 0.061 0.031 0.015 0.008 0.003

0.017  0.030 0.034 0,026 0.016 0.009 0.004

DE 0.012 0019 0020 002 0014 0000 0.004

E 0.005 0.008 0.011 0013 0.012 0.008 0.005

C at A 0.007  0.012 0.016 0016 0015 0.012 0.007
center AB 0.008 0.016 0023 0026 0026 0021 0.011
B 0.008 0.019 0030 00389 0.036 0.026 0.013

B C 0.008 0.018 0.033 0065 0044 0024 0010

(] 0.007  0.019 0.040 0.083 0.040 0.018 0.007
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Table A-3 Table A-5
Influence Coefficients for Moment in Beams Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.1 Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=10 Relative Stiffness of Beams H=35
Angle of Skew &=230" Angle of Skew ¢ =45°
Moment  Transverse Values of Influence Coefficient for Moment Moment  Transverse Values of Influence Coefficient for Moment
in Loeation Longitudinal Position of Load in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 7/8 Beam of Load 1/8 2/8 3/8  Center 5/8 /8 7/8
A at A 0.03% 0080 0.128 0185 0.120 0.081 0.039 Aat A 0.030 0.064 0.106 0.160 0.107 0.066 0.031
center AB 0082  0.064 0094 0.116 0.084 0.056 0.028 center AB 0.028 0.057 0.085 0.1001 0.060 0.044° 0.021
B 0.023 0.043 0056 0060 0.052 0037 0.019 B 0.023 0043 0.055 0056 0.045 0.030 0.015
B C 0013 0023 0.028 0020 0028 0021 0.011 B C 0.016  0.026 0.030 0030 0.027 0.018 0.000
C 0.005  0.008 0010 0011 0011 0009 0.005 b 0.007  0.012 0015 0015 0.013 0.010 0.005
CD 0.000  0.000 0000 0000 0001 0001 0.001 CD 0.002 0004 0005 0.005 0.004 0.0M 0.002
D —0.002 —0.004 —0.005 —0.005 —0.005 —0.003 —0.002 D =0.001 —0.001 —0.001 —0.001 —0.001 —0.001 0.000
D E —0.004 —0.006 —0.008 —0.008 —0.007 —0.006 —0.003 DE —0.002 —0.004 —0.005 —0.005 —0.005 —0.003 —0.002
E —=0.004 —0.007 —0.010 —=0.010 —0.008 —0.007 —0.004 ¥ —0.004 —0.007 —0.008 —0.009 —0.008 —0.005 —0.003
B at A 0.020 0.038 0052 0060 0056 0042 0,022 B at A 0.016 0.032 0046 0056 0054 0.041 0.021
center AR 0.016 0.033 0055 0.091 0.065 0038 0.017 center AB 0013 0025 0.041 0074 0055 0.031 0.013
0013 0031 0060 0.108 0.060 0031 0.013 0.009 0022 00448 008 0043 0.020 0.008
B C 0.014 0.032 0056 0080 0047 0028 0.013 B C 0.010 0.024 0.0448 0061 0030 0.015 0.007
: 0.015  0.030 0040 0.043 0.036 0024 0.012 ] 0.012 0023 0,032 0033 0022 0.013 0.006
CD 0.012 0020 0024 0024 0022 0017 0.000 cD 0.010 0017 0020 0018 0014 0009 0.004
D 0.006 0010 0012 0012 0011 0009 0.005 D 0.006 0.009 0010 0010 0008 0.005 0.003
DE 0.002 0002 0003 0003 0003 0002 0.001 DE 0.002 0003 0004 0004 0003 0002 0.001
IS —0.002 —0.004 —0.005 —0.005 —0.004 —0.005 —0.002 E —0.001 —0.002 —0.002 —0.001 —0.001 0.000 0.000
C at A 0.003 0,005 0.007 0009 0010 0008 0005 C at A 0.007 0.012 0016 0018 0017 0.013 0.007
2/8-point AB 0.010  0.016 0022 0023 0.019 0014 0007 2/8-point AB 0.011 0.020 0.025 0.025 0.020 0.013 0.006
B 0.020 0.035 0.038 0033 0024 0015 0007 0.017 0.033 0035 0029 0019 0.010 0.004
BC 0.030 0,070 0.052 0.033 0.020 0.011 0.005 BC 0.021 0057 0.042 0023 0.012 0.006 0.001
C 0.040 0.094 0051 0.027 0014 0007 0.003 C 0.028 0.073 0033 0014 0005 0001 0.000
cD 0.036  0.066 0030 0024 0013 0008 0.004 cD 0.029 0050 0.021 0.010 000 0001 0.000
D 0.019  0.030 0028 0.022 0015 0000 0.004 D 0.017  0.023 0016 0009 0.004 0.001 0.000
DK 0.009 0014 0018 0016 0012 0008 0004 DE 0.008 0.011 0011 0007 0004 0002 0.001
E 0.002 0.004 0007 0.008 0.008 0006 0.003 0.002 0004 0006 0006 0005 0003 0.002
 at A 0.004 0008 0010 0011 0010 0008 0005 C at A 0.007 0.012 0015 0016 0015 0012 0.007
3 /8-point AB 0010 0020 0023 0025 0024 0018 0.010 3/8-point AB 0.009 0017 0023 0025 002 0016 0.008
B 0.016 0.031 0042 0.041 0.033 0.022 0.011 B 0011 0.023 0034 0034 0026 0016 0007
BC 0.019 0.041 0075 0055 0034 0019 0.008 B C 0.012 0.026 0.056 0.041 0022 0010 0.003
] 0021 0050  0.099  0.053 0027 0.014 0.006 h 0.012 0.033 0074 0034 0013 0.005 0.001
cD 0.022 0.040 0074 0.043 0024 0014 0.006 CD 0.016 0.037 0054 0023 0010 0004 0.002
D 0019 0034 0039 0034 0024 0015 0.007 0.016 0027 0029 0.019 0011 0.005 0002
DE 0012 0.019 0021 0.022 0018 0012 0.006 DE 0.011 0.016 0016 0.014 0009 0.006 0.003
i 0.003 0006 0008 0.010 0010 0008 0.004 E 0.004 0007 0009 0010 0.000 0006 0.003
Cat ! 0.005 0009 0011 0011 0010 0008 0.004 Cat A 0.006 0.011 0015 0015 0.014 0.011 0.006
center AB 0.009 0017 0024 0025 0025 0021 0012 center AB 0.006 0013 0020 0.023 0.024 0020 0.012
B 0.012 0.024 0036 0.044 0.042 0.031 0.016 0.007  0.015 0025 0.035 0035 0025 0.013
B C 0,012 0.026 0.044 0079 0056 0032 0.014 BC 0.007  0.015 0.028 0.050 0.043 0.023 0.000
C 0.012 0028 0055 0102 0055 0028 0012 C 0.006 0.017 0.037 0.078 0.037 0.017 0.006
Table A-4 Table A-6
Influence Coefficients for Moment in Beams Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.1 Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=2 Relative Stiffness of Beams H=10
Angle of Skew ¢=45° Angle of Skew ¢=45°
Moment  Transverse Values of Influence Coefficient for Moment Moment  Transverse Values of Influence Coefficient for Moment
in Loeation Longitudinal Position of Load in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 7/8 Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 7/8
Aat A 0.020 0.044 0077 0,125 0077 0.045 0.021 Aat A 0.037 0078 0.125 0.182 0.126 0.080 0.038
center AB 0.020 0.042 0.067 0081 0.051 0030 0.013 center AB 0.033 0.064 0095 0.111 0.078 0.051 0.024
B 0.019 0.035 0.047 0.047 0034 0021 0.009 B 0.024 0.043 0055 0.057 0047 0033 0.017
B G 0.014 0.024 0028 0027 0021 0013 0.006 BC 0.014 0.023 0027 0.028 0026 0019 0.009
[ 0009 0014 0015 0014 0011 0.007 0.008 C 0.005 0.008 0011 0012 0011 0009 0.005
cD 0.004  0.006 0006 0.005 0003 0002 0001 cD 0.000 0.001 0002 0002 0002 0.002 0.001
0.001 0,000 0.000 =0.001 —0.001 —=0.001 —=0.001 D —0.002 —0.003 —0.003 —0.003 —0.002 —0.001 —0.001
DE —0.002 —0.004 —0.005 —0.005 —0.005 —0.004 —0.002 DE —0.003 —0.004 —0.005 —0.006 —0.005 —0.003 —0.002
E —0.005 —0.008 —0.009 —0.009 —0.008 —0.005 —0.003 E —0.003 —0.006 —0.007 —0.007 —0.007 —0.005 —0.003
B at A 0.011 0023 0.036 0.048 0.6 0034 0017 B at A 0.018 0035 0.048 0057 0.054 0.041 0.022
center AB 0.009 0018 0.031 0.058 0.042 0023 0.009 center A B 0.015 0.029 0040 0.085 00656 0.037 0.016
B 0.007 0015 0030 0064 0020 0012 0.004 B 0.2 0.028 0.056 0.102 0.056 0.028 0.012
BC 0.007  0.016 0.031 0.045 0.018 0008 0.003 BC 0.013 0031 0054 0.073 0040 0.023 0.011
C 0.008 0.017 0025 0025 0012 0005 0.002 ¢ 0015 0.028 0.038 0.039 0030 0.019 0.000
cD 0.007 0.013 0015 0.013 0007 0003 0.001 CD 0011  0.019 0022 0021 0019 0.013 0.006
D 0.005 0.008 0008 0.006 0003 0001 0.000 D 0.005 0.009 0011 0.011 0010 0.007 0.004
DE 0.002 0003 0002 0.001 0001 0000 0.000 DE 0.002 0003 0003 0004 0003 0002 0001
E —0.001 —0.002 —0.003 —0.002 —0.001 —0.001  0.000 E —0.002 —0.003 —0.003 —0.003 —0.002 —0.001 —0.001
at A 0.010 0.017 0022 0023 0021 0015 0.008 (" at A 0.04  0.007 0009 0010 0011 0009 0.005
2 /B-point AB 0.012 0022 0027 0024 0018 0.010 0.004 2 /8-point AB 0.010 0.017 0.022 0024 0021 0.015 0.008
B 0.014  0.030 0.031 0022 0.012 0005 0.002 B 0.018 0.034 0038 0034 0025 0015 0.007
B C 0.016 0.044 0030 0014 0.005 0.001 —0.001 B C 0.026  0.067 0.052 0033 0019 0.010 0.004
C 0.019  0.053 0.020 0.006 —0.001 —0.002 —0.002 C 0.038 0.08 0047 0023 0011 0.005 0.002
cD 0.021 0.037 0.012 0.002 —0.003 —0.003 —0.002 CcCDh 0.035 0.060 0.030 0017 0008 0004 0.002
D 0.014 0.018 0008 0.001 —0.003 —0.003 —0.002 D 0.017 0025 0022 0016 0010 0005 0.002
DE 0008 0.088 0.004 0.000 —0.002 —0.002 —0.,001 DE 0.007 0012 0014 0011 0.008 0.005 0.003
A 0.001  0.000  0.000  0.000 =0.001 —0.001 —=0.001 E 0.002 0.04 0007 0007 0007 0005 0.003
Cat A 0.007 0.013 0.016 0.018 0.017 0.013 0007 Cat A 0.005 0009 0011 0011 0011 0009 0.005
3/8-point AB 0.007 0014 0020 0.02 0.018 0.012 0.005 3 /8-point AB 0.008 0018 0022 0025 0024 0018 0.010
A 0.007 0016 0027 0.026 0.017 0.008 0.003 B 0.014 0.027 0039 0040 0.033 0022 0.011
BC 0.007  0.016 0040 0027 0011 0008 0.000 B C 0.016 0.035 0068 0054 0033 0017 0.007
8 0.006 0020 0052 0.018 0.004 —0.001 —0.001 H 0.019 0.047 0093 0.049 0024 0.011 0.004
cD 0.009 0.025 0038 0.011 0001 —0.002 —0.001 CcD 0.021 0048 0067 0.035 0.018 0010 0.005
D 0.011 0,020 0020 0008 0.001 —0.001 —0.001 0.018 0.031 0034 0027 0018 0.011 0.005
DE 0.008 0.012 0011 0006 0002 0.000 0000 DE 0.011 0017 0019 0019 0014 0.009 0.004
E 0008 0005 0005 0.004 0005 0001 0001 E 0.003 0.006 0008 0.010 0000 0007 0.004
Cat A 0005 0010 0013 0015 0015 0012 0007 Cat A 0.005 0.009 0012 0012 0010 0008 0.004
center AB 0.004 0.009 0014 0020 0.021 0016 0009 center A 0.007 0015 0022 0024 0024 0021 0.013
B 0.004 0,000 0016 0027 0027 0018 0008 0.010 0.020 0.031 0040 0.040 0.031 0.016
B C 0.003 0008 0019 0.043 0030 0.014 0.005 BC 0.010 0.022 0.038 0073 0055 0.031 0.013
C 0.003 0.008 0 0.056 0.023 0.009 0.003 H 0.010 0.025 0.051 0.097 0.051 0.025 0.010
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Table A-7
Influence Coefficients for Moment in Beams

Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=2
Angle of Skew ¢ =1060°

Table A-9
Influence Coefficients for Moment in Beams

Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=10
Angle of Skew ¢=60°
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Moment  Transverse Values of Influence Coefficient for Moment Moment  Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Loa in Loeation Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center / 6/8 7/8 Beam of Lioad 1/8 2/8 3/8 Center 5/8 /8
Aat A 0.019 0.043 0075 0.121 0,075 0.043 0.019 A at A 0.036 0075 0.121 0.177 0.122  0.076
center AB 0.021 0.045 0068 0.074 0.044 0.024 0.009 center AR 0.034 0066 0.094 0.102 0.069 0.043
B 0.021  0.037 0.046 0.041 0026 0014 0.005 B 0.025 0.044 0053 0.051 0.040 0.026
BC 0.016 0025 0.027 0.023 0.015 0.008 0.003 BC 0015 0024 0027 0027 002 0.016
(& 0.010 0.015 0.015 0013 0.008 0.006 0.002 (o 0.006  0.011 0013 0014 0.013 0.009
CcD 0.006 0.008 0.008 0.007 0004 0002 0.001 CD 0.003  0.006 0007 0.007 0.006 0.005
D 0.003 0.004 0.004 0.003 0.002 0.001 0.001 D 0001 0002 0003 0003 0003 0002
DE 0001 0.002 0002 0001 0001 0001 0.000 DE 0.000  0.000 0.000 0001 0001 0.000
E 0.000  0.000 0000 0000 0001 0001 0.000 3 =0.001 =0.001 —0.001 —0.001 —0.001 —0.001
B at A 0,009 0.018 0.020 0041 0044 0034 0.018 B at A 0.015 0029 0.042 0051 0.051 0.040
center AB 0.008 0016 0.027 0.048 0.041 0.022 0.008 center AB 0013 0.025 0.040 0.074 0062 0.036
B 0.007 0015 0.029 0.054 0.027 0.011 0.003 0011 0026 0.051  0.093  0.050 0.024
BC 0.007  0.018 0.031 0.036 0.014 0.005 0.001 B C 0.013 0.032 0.05¢4 0064 0031 0.017
C 0.009  0.018 0023 0.019 0.008 0.003 0.001 C 0015 0028 0036 0033 0023 0.014
¢ D 0008 0.013 0014 0010 0004 0.001 0.000 CD 0012 0018 0021 0019 0015 0.010
D 0.006 0008 0007 0005 0002 0001 0.000 0.006 0010 0012 0012 0.010 0007
DE 0.003  0.004 0.003 0.002 0.001 0.001 0.000 DE 0003 0.005 0.007 0.007 0006 0.004
E 0.000 0.001 ©0.001 0.001 0001 0001 0.000 Y 0.001  0.001 0002 0003 0003 0.002
' at A 0.010  0.019 0025 0027 0.025 0018 0.010  at 4 0.006 0011 0014 0015 0.014 0011
2/8-point AB 0.010  0.021 0.028 0.027 0.021 0.013 0.005 2/8-point AB 0009 0018 0.024 0026 0023 0.017
0012 0.026 0.031 0024 0014 0006 0.001 0.016 0032 0.039 0036 0027 0.017
B C 0.013  0.036  0.030 0.016 0.005 0.000 —0.001 B C 0.021 0059 0053 0034 0019 0.009
C 0.017  0.043 0.017  0.004 —0.002 —0.004 —0.002 L] 0.034  0.081 0.041 0.019 0.007 0.002
cD 0.018 0.026 0.005 —0.002 —0.005 —0.004 —0.002 cCD 0.034  0.048 0020 0.009 0.003 0.001
D 0011 0.010 0,000 —0.004 —0.005 —0.004 —0.002 D 0.014  0.018 0.012 0.008 0.004 0.002
DE 0.004  0.002 —0.003 —0.005 —0.005 —0_004 —0.002 DE 0.006  0.000 0000 0006 0004 0003
E =0.001 —0.003 —0.004 —0.005 —0.005 —0.004 —0.002 E 0.002 0004 0.006 0.006 0.005 0.004
C at A 0.006 0.012 0016 0019 0018 0.014 0.008 at A 0.006 0011 0.014 0.015 0.013 0.010
3/8-point AB 0.006 0.012 0018 0.022 0020 0014 0006 3/8-point A B 0.008  0.016 0.022 0.025 0025 0020
B 0.006  0.012  0.023 0026 0.020 0.011 0.004 B 0011 0,023 0035 0.040 0.035 0.024
B C 0.006 0014 0034 0028 0.014 0005 0.000 B C 0.013 0.029 0062 0055 0.034 0.018
C 0.006 0019 0.044 0.019 0.005 0.000 —0.001 C 0.017  0.043 0,086 0.045 0.021 0.009
CD 0.010  0.024 0.030 0.008 0.000 —0.002 —0.001 cCD 0.021  0.046 0.057 0.026 0.013 0007
D 0.011  0.017 0014 0.004 —0.001 —0.002 —0.001 0.017 0.028 0.028 0020 0.013 0.007
DE 0.007  0.009 0006 00001 —0.001 —0.001 0.000 DE 0011 0.015 0016 0.014 0010 0007
[ 0,002 0.003 0.002 0001 0.000 0000 0.000 E 0.004 0007 0.009 0.010 0.009 0.007
C at . 0.003 0007 000 0012 0.013 0.011 0006 C at A 0.005 0.010 0.013 0.014 0012 0.009
center AB 0.003 0.006 0009 0014 0017 0.015 0.009 center AB 0006 0012 0018 0022 0023 0.020
B 0.003 0.006 0011 0021 0024 0018 0008 B 0.007  0.016 0025 0035 0038 0030
BC 0.002 0.006 0.014 0.035 0,029 0.015 0.005 B C 0008  0.017 0.031 0064 0055 0032
o 0.003 0.008 0.022 0.047 0.022 0.008 0.003 Cc 0.0 0023 0.047 008 0.047 0.023
Table A-8 Table A-10
Influence Coefficients for Moment in Beams Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.1 Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=5 Relative Stiffness of Beams H=1
Angle of Skew @=060° Angle of Skew ¢=30°
Moment  Transverse Values of Influence Coefficient for Moment Moment  Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Load in Loeation Longitudinal Position of Loa
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8 T/8 Beam of Load 1/8 2/8 3/8  Center 5/8 6/8
Aat A 0.020 0.061 0.102 0.154 0.103 0.062 0.020 A at A 0.026  0.055 0.091 0,138 0.091 0.055
center AB 0,020  0.058 0.085 0.082 0.060 0.036 0.015 center AB 0.024  0.049 0.073 0.084 0.057 0.036
B 0.025 0.043 0.053 0.049 0.036 0.022 0.010 0.020  0.036 0.046 0.046 0.036 0.024
BC 0.017  0.026 0.020 0.027 0.022 0.014 0.006 B C 0.013 0.022 0.026 0.026 0.021 0.014
C 0.009 0014 0,016 0.015 0.013 0.008 0.004 3 0.007  0.012 0.014 0014 0.011 0.008
CD 0.004  0.007 0.009 0.008 0007 0.005 0.002 cD 0.003  0.005 0.006 0.006 0.005 0.004
D 0.002 0.004 0.005 0.005 0.004 0003 0,001 D 0.001  0.002 0.002 0002 0002 0.001
DE 0.001  0.002 0.002 0.002 0.002 0001 0.001 D E 0.000  0.000 0.000 0.000 0.000 0.000
E 0.000  0.000 0,000 0.000 0001 0.001 0.000 E =0.001 —0.002 —0.002 —0.002 —0.002 —0.001
Bat A 0.013 0026 0.038 0.0490 0050 0.039 0.021 B at A 0.013  0.026 0.037 0.046 0.045 0.034
center AB 0.011  0.021 0.035 0.063 0.053 0.030 0.011 eenter AB 0011 0.023 0.038 0.062 0.051 0.030
B 0.008  0.020 0040 0.075 0.038 0017 0.006 0.010 0.022 0.042 0.078 0.042 0.021
B C 0,010 0.025 0.044 0.051 0.023 0.011 0.004 B C 0011 0.025 0.042 0.053 0.030 0.016
4 0.012 0.024 0.031 0.027 0.016 0.009 0.004 & 0.012 0023 0.030 0.030 0.021 0.013
CD 0.010 0,017 0.018 0.016 0.010 0.006 0.003 cCD 0.008  0.016 0.019 0018 0.013 0.000
D 0.006 0.010 0.011 0.009 0.007 0.005 0.002 D 0.006  0.009 0.011 0.010 0.008 0.006
DE 0.004 0.005 0.006 0.006 0005 0003 0,002 DE 0.003  0.005 0006 0.006 0.005 0.003
E 0.001  0.002 0003 0.004 0.004 0003 0.002 E 0.001 0.001 0.002 0.002 0.002 0.001
Cat A 0.009  0.016 0.021 0,022 0.021 0.016 0.009 ' at A 0.006 0.011 0.015 0.016 0.015 0.012
2/8-point, AB 0.010 0.021 0.027 0.028 0.023 0015 0.007 2/8-point AB 0,000 0018 0.023 0023 0.019 0.013
B 0.014  0.030 0.036 0.031 0.021 0.011 0.004 B 0.014 0.028 0.032 0.028 0.020 0.012
BC 0.017  0.049 0.042 0.025 0.012 0.004 0.001 BC 0.020 0.047 0.040 0.025 0.015 0.007
[ &) 0.025 0.063 0.029 0.011 0.002 —0.001 —0.001 C 0.026  0.065 0.033 0.016 0.007 0.003
cD 0.026 0.038 0.012 0,003 —0.001 —0.002 —0.001 CD 0.025 0.040 0.021 0.011 0.005 0.002
D 0.013 0.015 0.007 0.002 0.000 —0.001 0.000 D 0.013  0.018 0.013 0009 0.005 0.002
DE 0.006 0.006 0.004 0001 0.000 0.000 0.000 DE 0.007 0009 0.008 0.006 0.004 0002
E 0.001  0.002 0.003 0.002 0.001 0.001 0.000 E 0.002 0.004 0.004 0.004 0,003 0.002
Cat A 0.007 0013 0.017 0.018 0.017 0.013 0.008 Cat A 0.006 0.011 0.014 0.016 0.015 0.012
3 /B-point AB 0.007  0.015 0.021 0.025 0.024 0.018 0.009 3/8-point AB 0.008 0.015 0.021 0.023 0.022 0.016
B 0.008 0018 0.030 0.034 0.028 0.018 0.008 B 0.010 0.021 0.031 0.032 0.027 0.018
BC 0.008  0.021 0.046 0.043 0.024 0011 0.003 B C 0.012 0.026 0.050 0.041 0.025 0.013
C 0.011  0.031 0.067 0.032 0.013 0.004 0.001 ) 0.013  0.033 0.060 0.035 0.017 0.008
ch 0.016  0.036 0.045 0.017 0.007 0.003 0.001 > D 0.016  0.035 0.047 0025 0.013 0.007
D 0.015 0.024 0.022 0.012 0.006 0.003 0.001 D 0.014 0.024 0025 0.019 0.012 0.007
DE 0.010 0.014 0012 0.009 0.006 0.004 0.002 DE 0.008  0.015 0.015 0.013 0.010 0.006
E 0.003  0.006 0008 0.008 0007 0.005 0.002 E 0.004 0.007 0.008 0.009 0.007 0.005
Cat A 0.006 0.010 0.014 0,015 0.014 0.011 0.006 Cat A 0.005 0009 0012 0.014 0012 0.011
center A B 0.005 0.010 0.015 0020 0.022 0019 0.012 center AB 0.006 0011 0017 0.021 0021 0.018
B 0.005 0.011 0.018 0.030 0.033 0.025 0.013 B 0.007 0014 0023 0031 0031 0.023
BC 0.005 0.011 0.022 0051 0.043 0.024 0.000 B C 0.007  0.015 0.028 0.051 0.041 0.024
C 0.006 0.015 0.085 0.070 0.035 0.015 0.005 C 0.007 0.018 0.037 0072 0.037 0.018
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Table A-11
Influence Coefficients for Moment in Beams

Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=2
Angle of Bkew @=230°

Moment  Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 /8  Center 5/8 /8
Aat A 0.034 0071 0.114 0167 0.115 0.071
center AB 0.030 0.059 0086 0.008 0.069 0.044
0.021  0.039 0.049 0.049 0.040 0.028
BC 0.012 0.021 0.024 0025 0022 0.015
C 0.005  0.009 0.011 0.011 0.010 0.007
D 0.002 0003 0004 0004 0.003 0,003
()] 0.000 0000 0.000 0000 0.000 0.000
DE —=0.001 —0.001 —0.001 —0.001 —0.001 —0.001
E —0.001 =0.002 —0.002 —0.003 —0.002 —0.002
Bat A 0.015 0.020 0.041 0.040 0047 0036
center AB 0.014  0.029 0048 0076 0.063 0.038
B 0.013  0.030  0.057 0.009 0.057 0.030
B C 0.015 0033 0.055 0.068 0.041 0.024
3 0015 0028 0036 0036 0.028 0.019
cD 0010 0.017 0021 0.020 0.017 0.012
D 0.005 0009 0011 0011 0.000 0,007
D E 0.002 0.0 0005 0.005 0.004 0.003
2 0000 0,000 0.000 0.000 0.000 ©0.000
Cat A 0.004 0.008 0.010 0.011 0.011 0.000
2/8point A B 0.009 0016 0.021 0023 0020 0.015
B 0016  0.030 0.036 0.033 0.026 0.017
BC 0.026 0060 0,052 0.035 0.022 0.012
C 0.037  0.085 0.047 0.025 0,013 0.006
cD 0.033  0.052 0.030 0.018 0.010 0.005
D 0014 0021 0018 0014 0.000 0.006
D E 0.006 0010 0011 0.009 0.007 0.005
E 0.002  0.004 0005 0.005 0.005 0.003
Cat 0.004 0008 0.011 0.012 0.011 0.009
3/8-point AB 0.008 0.016 0022 0024 0023 0018
0013 0.026 0036 0039 0.083 0.023
B 0.016  0.036 0.065 0.055 0.036 0.020
C 0.020 0.048 0001 0.051 0.027 0.013
cD 0.022 0047 0061 0036 0.021 0.012
D 0.016  0.028 0031 0.026 0.018 0.012
DE 0.010  0.016 008 0017 0.013 0.000
E 0.003 0.006 0008 0009 0.008 0.006
Cat A 0.004 0008 0.010 0.011 0.010 0.008
center AB 0.006 0.013 0019 0.022 0.023 0.019
B 0.010 0019 0020 0.037 0.037 0.029
B C 0011 0.022 0039 0.066 0.054 0.033
(4 0.011  0.027 0.052 0.094 0.052 0.027
Table A-12
Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=5
Angle of Skew &=30°
Moment  Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8 Center 5/8 /8
Aat A 0.044  0.091 0.141 0.198 0.141 0.001
center AB 0.035  0.066 0.096 0.108 0.078 0.050
0.019 0,035 0.044 0.045 0.038 0.027
BC 0.008 0.013 0.016 0017 0016 0.012
(& 0.001 0003 0.004 0004 0.04 0.003
CD —0.001 =0.001 —0.061 —0.001 —0.001  0.000
D —=0.061 —0.002 —0.002 —0.002 —0.002 —0.001
DE =0.001 —0.002 —0.002 —0.0062 —0.002 —0.001
i) —0.001 —0.001 —0.002 —0.002 —0.001 —0.001
B at A 0.015 0.028 0.030 0045 0.043 0.033
center AB 0.017  0.036 0.060 0.093 0078 0.049
B 0.020 0.046 0081 0.130 0.081 0.046
BC 0.022 0047 0073 0.088 0.057 0.035
L8] 0.017  0.032 0.041 0.042 0.035 0.025
cD 0.010 0.016 0020 0020 0018 0.013
D 0.003 0.006 0008 0008 0.007 0.005
DE 0.001  0.001 0.001 0.002 0.002 0.001
E —0.001 —0.002 —0.002 —0.002 —0.002 —0.002
C at A 0001 0.001 0002 0002 0.003 0.002
2/8-point AB 0.006 0012 0016 0019 0019 0.015
B 0016 0.031 0038 0.037 0.031 0.022
BC 0.032 0.074 0.068 0050 0033 0.019
C 0.051 0.112 0.070 0.042 0.024 0.013
D 0.043  0.067 0.043 0.029 0.018 0.011
D 0.014 0022 0.023 0.020 0.015 0.010
DE 0.004 0.009 0012 0012 0.009 0.006
E 0.001  0.002 0.003 0.003 0.003 0.002
" at A 0001 0.003 00083 0003 0003 0003
3/8-point AB 0.007 0014 0.019 0021 0.021 0.018
B 0.016 0.030 0.041 0.044 0.039 0.029
B C 0.023 0.049 0.084 0074 0.051 0.031
C 0.032 0070 0.123 0076 0.045 0.025
(o] 0.031 0.062 0080 0.052 0033 0.021
D 0.017 0.030 0.035 0.032 0.026 0.018
DE 0.008 0013 007 0.018 0015 0.010
E 0.001 0.002 0.004 0.004 0.004 0.003
Cat A 0.002  0.003 0.004 04 0,004 0,003
center AB 0.006 0.013 0.019 0021 0.02 0.017
B 0.013 0.025 0.036 0.042 0.041 0.032
BC 0.016 0.034 0054 0.08i 0.073 0.046
C 0.019 0.43 0.077 0.126 0.077 0.043
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MOMENTS IN SIMPLY SUPPORTED SKEW I-BEAM BRIDGES

Table A-13
Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=1
Angle of Skew @=45°

Moment  Transverse Values of Influence Coefficient for Moment
in Loeation Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8
A at A 0.025 0.053 0.087 0.132 0.087 0.052
center AB 0.025  0.050 0.071 0.075 0.048 0.028
B 0.020 0.035 0.042 0.038 0.027 0.017
BC 0.013 0.021 0023 0.021 0.016 0.010
[ 0.007  0.011 0.012 0011 0.000 0.006
c¢D 0.004  0.006 0.007 0.006 0.006 0.003
0.002 0003 0.004 0.004 0.003 0.002
DE 0.001  0.002 0.002 0.002 0.002 0.001
E 0.000 0.001 0001 0.001 0.001 0.001
B at A 0.010  0.020 0.029 0038 0.040 0.032
center AB 0.008 0.018 0.030 0.051 0.046 0.028
B 0.008 0.020 0.038 0.067 0.037 0.018
BC 0.011  0.025 0.040 0.044 0.023 0.012
: 0.012  0.022 0027 0.024 0.015 0.000
CD 0.008 0015 0.016 0014 0.010 0.006
0.005 0.008 0.009 0.008 0.006 0.004
DE 0.003 0005 0.006 0.005 0.004 0.003
E 0.001 0.003 0.003 0008 0.003 0.002
Cat A 0.006 0.012 0016 0018 0.017 0.013
2/8-point AB 0.008 0.016 0022 0024 0021 0.015
B 0011 0.024 0.031 0.029 0.021 0.013
BC 0016 0.040 0.030 0.026 0.015 0.007
C 0.023  0.056 0.028 0.013 0.005 0.001
cD 0.022  0.030 0.012 0.005 0.001 0.000
D 0000 0.010 0.005 0.002 0.000 0.000
DE 0.004 0004 0.002 0.001 0.000 0.000
K 0001 0.001 0.001 0.001 0.000 0.000
C at A 0005 0010 0013 0015 0.015 0.012
3/8-point AB 0.006 0012 0018 0.021 0.021 0.016
B 0.008 0.016 0.026 0.031 0.027 0.018
BC 0.008 0.021 0.043 0.040 0.026 0.014
& 0.012  0.030 0.060 0.032 0.015 0.007
cD 0.016 0.033 0.038 0.018 0.009 0.004
D 0.013 0.020 0018 0012 0.007 0.004
DE 0.008 0.011 0.010 0.008 0.005 0.003
E 0.003 0.005 0.006 0.005 0.004 0.003
Cat A 0.003 0.007 0,009 0.011 0.011 0.009
center AB 0.004 0008 0.012 0.016 0.018 0.016
B 0.005 0.010 0.016 0.024 0027 0.022
B C 0.005 0.012 0.022 0.043 0.039 0.023
R 0.006 0,016 0.033 0.063 0.033 0.016
Table A-14
Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=2
Angle of Skew ¢=45"
Moment  Transverse Values of Influence Coefficient for Moment
in Loeation Longitudinal Position of Load
Beam of Load 1/8 2/8 3/8  Center 5/8 6/8
Ant A 0.033 0069 0.111 0.162 0.110 0. 068
center AB 0.031 0.060 0085 0.080 0.059 0.036
B 0.022 0038 0.046 0.043 0.032 0.021
BC 0.013  0.020 0.0 0.022 0.018 0.012
C 0.006 0010 0.011 0.011 0.010 0.007
D 0.003 0005 0006 0.006 0.006 0.003
D 0.001  0.002 0.003 0.003 0.003 0.002
DE 0.001  0.001 0.001 0.001 0.001 0.001
B 0.000 0000 0.000 0000 0.000 0.000
B at A 0.012  0.024 0,034 0042 0.43 0.034
center AB 0.011  0.023 0.088 0.065 0.050 0.037
B 0.012  0.027 0.051 0.080 0.051 0.026
B C 0.015 0.033 0.053 0.058 0.032 0.018
C 0.015 0.027 0.033 0.030 0.022 0.014
D 0.010  0.017 0.019 0.017 0.013  0.000
D 0.005 0.009 0.010 0.010 0.008 0006
DE 0.003 0.005 0.006 0.006 0.005 0003
E 0.001  0.002 0.003 0.003 0.003 0.002
Cat A 0.005 0.010 0013 0.014 0.013 0.011
2 /8-point A B 0.008 0.016 0022 0.024 0.023 0.017
B 0.014  0.028 0.036 0.035 0.028 0.019
BC 0.021  0.053 0.052 0.037 0.022 0.011
C 0.033  0.076 0.042 0.021 0.010 0.004
CDh 0.030  0.041 0.020 0.010 0.005 0.002
D 0.011  0.014 0.010 0.006 0.004 0.002
DE 0.004 0.006 0.006 0,004 0.003 0.002
E 0.001  0.003 0.003 0003 0.003 0.002
C at A 0.005 0.000 0012 0013 0.012 0.010
3/8-point AB 0.006 0.014 0.020 0.023 0.023 0.019
B 0.010 0.021 0.032 0.037 0.034 0.024
BC 0.013  0.030 0.057 0.054 0.037 0.020
C 0.018 0.044 0.083 0.046 0.024 0.012
cD 0.022 0.044 0.051 0027 0.015 0.008
D 0.015 0.024 0.024 0,018 0.012 0.008
DE 0.000 0.013 0.013 0.012 0.009 0.006
E 0.003 0.006 0.007 0.007 0.006 0.005
Cat A 0.04 0,007 0010 0011 0.011 0.008
center AB 0.065 0.010 0.015 0019 0.020 0.018
B 0.007 0.014 0.022 0.031 0.034 0.028
BC 0.008 0.017 0.031 0.057 0.052 0.032
C 0.010 0.024 0.047 0.085 0.047 0.024
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Table A-15
Influence Coefficients for Moment in Beams

Relative Proportions of Bridge b/a=0.2
Relative Stifiness of Beams H=5
Angle of Skew ¢=45°

Moment  Transverse Values of Influence Coefficient for Moment
in Location Longitudinal Position of Load
Beam of 1/8 2/8 3/8  Center 5/8 6/8
Aat A 0.043  0.089 0.138 0,194 0.138 0 088
center AB 0.037  0.060 0.095 0100 0.068 0.042
B 0.020 0.035 0.042 0.041 0033 0.022
B C 0.009 0.014 0.017 0.018 0.016 0.011
] 0.003  0.005 0006 0007 0006 0.005
cDh 0.001  0.001 0.002 0.002 0002 0.002
D 0.000  0.000 0.000 0000 0001 0.000
DE 0.000 0000 0.0C0 0000 0000 0.000
E 0.000  0.000 —=0.001 —0.001  0.000 0.000
B at A 0.013 0024 0.034 0.040 0.040 0.032
center AB 0.014  0.029 0.049 0.082 0,076 0.050
B 0.018 0.042 0074 0.121 0.075 0.042
BC 0.022 0047 0.072 0.078 0.047 0.028
G 0.017  0.031  0.038 0.037 0.029 0.020
CD 0.010  0.016 0.019 0019 0.016 0.011
D 0.004 0.007 0.009 0000 0.008 0.006
DE 0.002 0003 0004 0004 0.004 0003
E 0000 0.000 0.000 0.000 0001 0.000
" at A 0.002  0.004 0.005 0005 0.006 0.004
2,/8-point AB 0006 0.013 0.018 0.021 0.021 0018
B 0.015  0.030 0.039 0040 0034 0024
B C 0.027  0.068 0.070 0.052 0.034 0.020
C 0.048 0104 0.064 0038 0.021 0.010
cD 0.042  0.056 0032 0019 0.012 0.007
D 0011 0016 0.015 0.013 0.009 0.006
DE 0.004 0007 0.000 0008 0.006 0004
E 0.001  0.003 0.004 0.004 0.003 0.003
at A 0.003 0005 0.006 0006 0006 0005
3,/8-point AB 0.006 0.014 0.019 0022 0022 0019
B 0.013  0.026 0.038 0.043 0.040 0.030
BC 0.019 0.042 0.077 0.074 0,052 0.031
C 0.020 0065 0.115 0.070 0.041 0.022
CD 0.032 0060 0.069 0041 0026 0016
0016 0027 0.020 0025 0019 0.013
DE 0008 0013 0015 0015 0012 0.008
E 0.002 0.004 0006 0006 0.006 0.004
Cat A 0.003  0.005 0.007 0.007 0.006 0005
center AB 0.005 0011 0.017 0.020 0.020 0.017
B 0,010 0.020 0.030 0037 0039 0.032
B C 0.013 0027 0045 0077 0.071  0.046
C 0.017  0.039 0071 0.118 0.071  0.030
Table A-16
Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=1
Angle of Skew ¢=60°
Mcment  Transverse Values of Influence Coefficient for Moment
in Leeation Longitudinal Position of Load
Beum cf Load 1/8 2/8 3/8  Center 5/8 /8
A at A 0.024  0.050 0.082 0.120 0.080 0.048
center AR 0.025  0.047 0.061 0,057 U 35 0.018
B 0.018  0.029 0.031 0024 0.015 0.008
B C 0011 0.015 0.015 0.011  0.007 0.004
8] 0.005  0.007 0007 0006 0005 0.003
C.D 0.003 0.004 0.005 0.004 0005 0.002
0.002  0.003 0003 0003 0002 0.002
DE 0001 0002 0002 0002 0.002 0.001
E 0.001  0.002 0.002 0.002 0002 0.001
Bat A 0.005  0.010 0.016 0023 0027 0.023
center AB 0.005 0.010 0.019 0031 0.032 0.022
B 0.006 0015 0.027 0044 0027 0.013
B 0.009 0.020 0.030 0028 0.015 0.007
C 0.008  0.016 0.018 0014 0008 0.005
CD 0.007 0010 0.010 0.008 0.006 0.003
D 0.004 0005 0.006 0.005 0.004 0.002
DE 0.002 0003 0004 0003 0.003 0.002
E 0.002  0.003 0003 0003 0.002 0.002
Cat A 0.004 0.009 0.012 0014 0014 0.012
2/8-point AB 0.004  0.010 0015 0017 007 0.013
B 0.006 0015 0022 0023 0018 0.012
B C 0.010 0.025 0.020 0.022 0013 0.006
b, 0.016  0.035 0.020 0.009 0.003 0.000
CD 0.013 0.015 0.005 0.001 —0.001 —0.001
0.004  0.003 0.000 —0.001 —0.001 —0.001
DE 0.001  0.000 —0.001 —0.001 —0.001 0.000
E 0.000  0.000 —0.001 —0.001 0.000 0.000
' at A 0.003 0005 0007 0009 0.010 0.008
3/8-point AB 0.003 0.006 0.000 0013 0014 0.012
B 0.0c4  0.008 0.015 0021 0021 0.015
BC 0.005 0014 0.028 0030 0,022 0.013
C 0.008 0023 0.041 0.024 0.013 0.006
CcD 0.012  0.022 0.022 0.011 0.005 0.002
D 0.008 0011 0.008 0.004 0002 0.001
DE 0.004 0.004 0.003 0.002 0001 0.001
E 0.001  0.002 0.002 0.001 0.001 0.001
Cat A 0.001 0.002 0.003 0004 0.005 0.004
center AB 0.001  0.002 0.004 0.006 0.008 0.009
B 0.001 0004 0.007 0.012 0.016 0.015
BC 0.002  0.006 0.014 0.026 0027 0.019
C 0.005 0.012 0.024 0041 0024 0.012
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Table A-17
Influence Coefficients for Moment in Beams

Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams H=2
Angle of Skew @=60"

Transverse Values of Influence Coefficient for Moment
Location Longitudinal Position of Load
of Load 1/8 2/8 3/8 Center  5/8 /8
A 0.032  0.066 0.106 0.158 0.105 0.065
A B 0,031 0.058 0076 0.072 0.044 0.024
B 0.020 0.033 0.036 0.030 0020 0.011
B C 0.012  0.017 0.017 0.014 0.010 0.006
C 0,006 0.008 0.000 0.008 0.007 0004
CD 0.003 0005 0.006 0006 0005 0003
D 0002 0.003 0004 0004 0003 0,002
DE 0.001  0.002 0.003 0.002 0.002 0.001
) H 0,001 0.002 0,002 0.002 0.002  0.001
A 0.007 0014 0021 0028 0.031 0.027
AB 0.006  0.014 0.025 0043 0.044 0030
B 0008 0.021  0.040 0.066  0.039  0.021
BC 0.014  0.030 0.043 0.041 0.022 0.011
C 0.013  0.022 0025 0020 0013 0.008
oD 0008 0013 0.014 0012 0000 0.006
D 0.005  0.007 0.008 0.007 0.006 0.004
DE 0.003  0.005 0.005 0005 0.0M 0003
E 0,002 0.003 0.004 0004 0003 0002
A 0.005  0.009 0.013 0014 0014 0011
AB 0.005 0.0 0.017 0.021 0.021 0.016
B 0.009  0.020 0.029 0031 0.02 0018
BC 0014 0.037 0.043 0.034 0.021  0.011
C 0.024 0054 0.032 0016 0.007 0.002
CD 0.020  0.023 0.009 0003 0000 0.000
D 0.006 0004 0001 0000 O (0. (M)
DE 0,001 0.001  0.000 0.000 0000 0.000
E 0.000 0,001  0.001 0001 0.0 0.000
A 0004 0.007  0.0080 0011 0011 0.000
A B 004  0.008 0012 0.016 0018 0.016
B 0.005  0.012 0022 0029 0.020 0022
BC 0.008 0.021 0.042 0045 0.033 0.020
C 0.015  0.035 0.062 0037 0.020 0.009
ch 0018  0.033 0.033 0017 0.008 0.005
D 0.011  0.015 0.013 0.008 0005 0.003
DE 0.005 0007 0006 0.005 0003 0.002
E 0.002 0.003 0.0 0004 0.003 0002
A 0.002 0.004 0006 0.007 0007 0.00
AB 0.002 0.0 0.007 0010 0012 0012
B 0.003  0.007 0012 0019 0023 0021
B C 0.004  0.011 0.021 0.039 0.041 0028
C 0.008 0.019 0.037 0.063 0.037 0.019
Table A-18

Influence Coefficients for Moment in Beams
Relative Proportions of Bridge b/a=0.2
Relative Stifiness of Beams H=35
Angle of Skew ¢=60"

Transverse Values of Influence Coefficient for Moment
Location Longitudinal Position of Load
of Load 1/8 2/8 3/8  Center 5/8 /8
A 0.042 0086 0.134 0188 0.133  0.085
AR 0.038  0.069 0.080 0.084 0.054 0.030
0.020 0032 0.036 0032 0023 0.014
BC 0010 0015 0017 0016 0.012 0.008
& 0.004  0.007  0.008 0009 0.007  0.005
D 0.003  0.005 0.006 0.006 0005 0.003
D 0.002 0003 0.003 0.003 0.003 0.002
DE 0001 0.002 0.002 0002 0002 0001
E 0.000 0000 0000 0001 0001 0.001
A 0.008  0.017  0.024 0.030 0.032 0.027
AB 0.008 0019 0.034  0.060 0068 0044
B 0.014 0034 0.062 0.100 0.062 0.034
B 0,021 0.044 0,063 0060 0.034 0019
] 0.016  0.028 0.032 0028 0.020 0.013
CD 0010 0016 0018 0016 0.014 0.009
D 0.005  0.008 0010 0010 0008 0.005
DE 0003 0005 0.006 0006 0005 0.003
E 0.001  0.003 0.003 0.003 0003 0.002
A 0.004  0.007 0.000 0.010 0.010 0.008
AB 0.005 0.012 0.018 002 002 0019
B 0011 0025 0036 0039 0035 0.025
BC 0.020  0.054 0.064 0051 0.034 0.019
C 0.039  0.08 0.053 0030 0015 0.007
cD 0032 0.037  0.017  0.000 0.005 0.003
D 0.007 0008 0005 0004 0003 0.002
DE 0.002  0.003 0.003 0.003 0.002 0.002
E 0000 0002 0003 0003 0.002 0,002
A 0.003  0.007 0.000 0010 0008 0.007
AB 0.004 0010 0015 0.019 0.021 0.018
B 0.009 0018 0.030 0037 0037 0.020
BC 0.013  0.032 0061 0.066 0.050 0.031
b 0.024 0055 0004 0059 0034 0.018
cD 0.028  0.050 0050 0.02 0017 0.009
D 0.013  0.020 0019 0014 0010 0.007
DE 0.007  0.010 0.010 0.009 0.007 0.004
E 0.003  0.005 0.006 0.006 0005 0.004
A 0.003  0.005 0.007 0008 0.008 0.006
AB 0003 0.007 0.011 0014 0016 0.015
B 0.006 0.012 0.019 0.027 0.031 0.027
B C 0.008 0.018 0.033 0058 0.060 0.042
M 0.014  0.033 0.050 0.097 0.050 0.033
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Table A-19
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge

Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=2
Transverse Angle of Skew $=30°
Locat.mn Values of Influence Coefficient for Moment

Longitudinal Position of Load
Load 1/8 2/8 3/8 Center 5/8 /8 7/8

A —0.008 —0.017 —0.028 —0.030 —0.032 —0.020 —0.008

AB  —0.002 0.001 —0 014 M,—0018 —0.012 0.004 0.001
©.021) (0.138) (0.023)
B 0.005 0.014 0020 0.040 0.024 0011 0.004
BC 0006 0012 0014 0.008 0.017 0.010 0.004
C 0.004 0.005 0.002 0.001 0.006 0.006 0.003
CD 0000 —0.002 —0.00§  —0.004 —0.001 0.001 0.00I
D —0.003 —0.006 —0.008  —0.007 —0.005 —0.003 —0.001
DE —0.004 —0.008 —0.010  —0.010 —0.008 —0.006 —0.003
—0.006 —0.010 —0.013  —0.013 —0.011 —0.008 —0.004
A —0.014 —0.030 —0.051  —0.077 —0.067 —0.042 —0.019
AB  —0.005 —0.004 0.007  —0.067 0.002 0003 0.001
(0.005)  (—0.024) (0.003)
B 0.006  0.021 0052 0.093 0055 0.02 0.010
BC 0011 0.024 0033  —0025 0040 002 0009
(0.012) (0.038)
C 0.008 0.011 0.005  —0.002 0012 0.012 0.006
CD 0002 —0.002 —0010  —0.0l1 —0.003 0.002 0.001
D —0.005 —0.012 —0.017  —0.017 —0.013 —0.007 —0.003
DE  —0.000 —0.018 —0.023  —0.023 —0.020 —0.014 —0.007
E  —0013 —0.023 —0.028  —0.020 —0.026 —0.019 —0.010
A —0.017 —0.035 —0.053  —0.070 —0.066 —0.048 —0.024
AB  —0.010 —0.016 —0.019  —0.034 —0.023 —0.012 —0.004
B 0,000 0.004 0.014 0.026 002 0014 0.007
BC 0007 0019 0.008 My40004 0011 0023 0.010
©.045)  (0.158) (0.048)
g 0.010  0.021 0033 0.040 0028 0016 0.007
SD 0006 0009 0.005  —0.004 0006 0.004 0.001
D —0.002 —0.000 —0.018  —0.021 —0.014 —0.008 —0.004
DE —0.011 —002 —0.033  —0.035 —0.028 —0.019 —0.010

E —0.020 —0.087 —0.046 —=0.047 —0.040 —0.028 —0.015

A —0.018 —0.037 —0.053 —0.064 —0.062 —0.040 —0.026
AB —0.011 —0.021 —0.033 —0.045 —0.040 —0.025 —0.010
B —0.002 —0.004 —0.008 —0.023 —0.012 0,000 0.003
BC 0.005  0.014  0.030 —0.034  0.020  0.023 0.011
(0.028) (0.004) (D.028)
{3 0.011  0.020  0.060 0.102  0.060 0.020 0.011
Table A-20

Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=5

Tranaverse Angle of Skew ¢=30°
Loceation Values of Influence Coefficient for Moment
of Longitudinal Position of Load
Load 1/8 2/8 3/8 Center 5/8 6/8 T/8
A —0.007 —0.015 —0.023 —0.030 —0.025 —0.017 —0.008
AB 0.000  0.005 =0.011 M,—=0.017 =0.010  0.007  0.003
(0.024) (0.139) (0.025)
B 0.007 0017 0.029 0.035 0.026 0015 0.007
BC 0.007 0013 0.013 0.006 0017 0.012  0.006
C 0.003  0.004 0.002 0.002 0.006 0.006 0.003
ch 0.000 —0.002 —0.003 —0.002 —0.001 0.001 0.001
D —0.002 —0.004 —0.005 —0.005 —0.004 —0.002 —0.001
DE —0.003 —0.005 —0.007 —=0.007 —0.006 —0.004 —0.002
L —0.004 —0.006 —0.008  —0.009 —0.008 —0.006 —0.003
A =0.013 —0.027 —0.043 —0.059 —0.053 —0.036 —0.017
AB —0.000 0.003 0.014 —0.069 0.006 0.010 0.006
(0.012)  (—=0.026) (0.007)
B 0.012  0.029 0.054 0.079 0.056 0.033 0.015
BC 0.014 0.027 0.031 —0.033 0.040 0.025 0.012
(0.004) (0.038)
C 0.007  0.009 0.004 0.001 0010 0.011 0,007
cCDh 0.000 —0.003 —0.007 —0.006 —0.003 0.001 0.001
D —0.005 —0.009 —0.011 —0.012 =0.010 —0. —0.003
DE —0.007 —0.012 —=0.015 —0.015 —0.014 —0.010 —0.005

E  —0.008 —0.014 —0.018  —0.019 —0.017 —0.013 —0.007

A —0.014 —0.028 —0.040 —=0.050 —0.048 —0.036 —0.019
AB —0.005 —0.008 —0.009 =0.024 —0.014 —0.005 —0.001
B 0.004 0.011 0.019 0.027 0.025 0.018 0.009
BC 0.011  0.023 0.009 M,+0.000 0011 0025 0012
(0.046) (0.154) (0.048)
C 0.012  0.023 0.032 0.037  0.029 0.019  0.009
cD 0.006 0.009 0.006 =0.002 0.009 0007 0.003
D —0.002 —0.006 —0.011 —0.013 —0.008 —0.005 —0.002
DE —0.008 —0.016 —0.022 =0.023 —0.019 —0.013 —0.007
E =0.013 —0.024 —0.030 —0.031 —0.027 —0.020 —0.011
A —=0.014 —0.024 —0.038 —0.043 —0.042 —0.033 —0.018
AB —=0.008 —0.015 —0.024 =0.029 —0.028 —0.018 —0.008
B 0.001  0.000 —0.004 —0.014 —0.008 0.000 0.003
B C 0.008 0.019  0.033 —0.040 0.028 0.025 0.013
(0.031)  (—0.002) (0.027)
C 0.015  0.035  0.060 0.084 0.060 0.035 0.015
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Table A-21

Influence Coefficients for Transverse Moment in Slab

at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=10
Angle of Skew ¢=30°

Loecation Values of Influence Coefficient for Moment
of Longitudinal Position of Load
Load 1/8 2/8 3/8 Center  5/8 6/8
A —0.007 —0.013 —0.019 —0.023 —0.021 —0.014
AB 0.001  0.006 —0.010 M,,—0.017 —0.009 0.008
(0.025) (D 139) (0.026)
B 0.008 0.018 0.027 0.031  0.024 0.016
B C 0.007 0,012 0.010 0.003 0.016 0.011
C 0.002 0.002 0.001 0.001  0.003 0.004
D —0.001 —0.002 —0.003 =0.002 =0.002 0.000
D —0.002 —0.004 —0.004 —0.004 —0.004 —0.003
DE —0.002 —0.004 —0.005 —0.005 —0.005 —0.003
5 —0.002 —0.004 —0.005 —0.005 —0.005 —0.004
A —0.012 —0.024 —0.036 —0.047 —0.043 —0.030
AB 0.002  0.007 0.017 —0.070 0.007 0.013
(0.015) (=0.027) (0.008)
B 0.015 0.032 0.052 0.067 0.053 0.034
BC 0.014 0.025 0.026 —0.041 0.036 0.023
(—0.004) (0.034)
C 0.004 0.005 0.002 001 0.006  0.007
CD —0.002 —0.005 —0.007 —l) 006 —0.006 —0.001
D —0.004 —0.008 —0.010 —0.010 —0.009 —0.006
DE —0.005 —0.009 —0.011 —0.011 —0.010 —0.008
E —0.005 —0.008 —0.011 —0.012 —0.011 —0.008
A —0.011 —0.022 —0.031 —=0.037 —0.036 —0.027
AB —0.003 —0.004 —0.004 —=0.019 —0.010 —0.002
B 0.006 0.013  0.020 0.025 0.023 0.017
BC 0,011 0.023 (006 Me—0.006 0.007 0.024
(0.043) (0.148) (0.044)
C 0.011 0.020 0.028 0.031 0.025 0.017
D 0.005  0.007  0.003 —0.005 0.008 0.006
D =0.003 —0.006 —0.010 —=0.011 =0.007 —0.004
DE —0.007 —0.012 —0.016 —0.016 —(.014 —0.010
E —0.008 —0.015 —0.019 —0.020 —0.019 —0.014
A —0.011 —0.020 —0.027 —0.030 —0.029 —0.023
AB  —0.006 —0.012 —0.019 —0.020 —0.020 —0. Lli’J
B 0.001  0.000 —0.004 =0.011 —0.007 —0.002
BC 0.009  0.019 0030 —0.047  0.023 0.022
(0.028)  (—0.009) {0.022)
c 0016 0.034  0.054 0,070 0.054 0.034
Table A-22

Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=2
Angle of Skew ¢=45°

Location Values of Influence Coefficient for Moment
of Longitudinal Position of Load
Load 1/8 2/8 3/8 Center 5/8 6/8
A —0.009 —0.018 —0.029 —0.040 —0.035 —0.023
AB  —=0.003 0.000 =0.015 Ms,—0.025 —0.013  0.004
(0.020) (0.131) (0.022)
B 0.004 0.014 0.029 0.038 0.020 0.009
B C 0.006 0.011 0.012 0.010 0.014 0.007
C 0.003  0.003 0.001 0.002  0.006 0.004
cD 0.000 —0.002 —0. —0.002 0.001 0.001
D —=0.002 —0.005 —0.005 —=0.004 —0.002 —0.001
DE —0.008 —0.006 —0.007 —0.006 —0.005 —0.003
E —0.004 —0.007 —0.009 —0.008 —0.007 —0.005
A —0.013 —0.028 —0.047  —0.075 —0.072 —0.049
AB  —0.007 —0.008 0.000 —0.043 —0.010  0.002
—0.001) (—0.019)(—0.002)
B 0.003  0.017  0.047 0.096 0.051 0.024
BC 0.010 0.022 0.022 —0.003 0.034 0.018
(0.028) (0.017) (0.033)
2 0.007  0.009 0.003 0.001  0.013 0.010
> D 0.001 =0.003 —0.000 —=0.008 0.000 0.002

—0.013 —0.008 —0.005
—0.017 —=0.014 —0.009
—0.022 —0.018 —0.013

—0.065 —0.067 —0.051

=0.0056 —0.011 —0.014
—0.008 —0.015 —0.018
—0.011 —0.019 —0.022

—0.015 —0.031 —0.048

B

A

AB  —0.011 —0.018 —0.021 —0.031 —0.024 —0.012

B —0.003 0.000 0.009 u.oeﬁ 0.023  0.015

BC 0.005 0.017 0.007 M,—0.001 0011 0.022
(0.044) (0.153) (0.048)

C 0.010  0.021  0.034 0.041  0.024 0.012

cD 0.007  0.008 0.004 —0.001 0.005 0.001

D —0.002 —0.008 —0.016 —0.018 —0.011 —0.008

DE  —0.010 —0.022 —0.030 —0.029 —0.022 —0.016

E —0.019 —0.034 —0.040 —0.039 —0.032 —0.022

A —0.014 —0.029 —0.043 —0.055 —0.057 —0.047

AB  —0.010 —0.018 —0.026 —0.038 —0.037 —0.024

B —0.004 —0.005 —0.006 —0.018 —0.011  0.000

BC 0.003  0.011  0.026 —0.008 0.021 0.023
(0.025) (0.012) (0.027)

(& 0.010  0.028 0.058 0,106 0.058 0.028
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Table A-23
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stiffness of Beams H=35

Transverse Angle of Skew ¢=45 Mo- Transverse
Location Values of Influence Coefficient for Moment ment  Loeation
of Longitudinal Position of Load on of
Load 1/8 2/8 3/8 Center  5/8 6/8 7/8 Line Load
A —0.008 —0.015 —0.023 —0.030 —0.027 —0.018 —0.009 AB A
AB —=0001 0.004 —0.011 M,,—0.023 —0.004 0.007 0.003 AB

(0.024) (0.1333) (0.026)

B 0.007  0.017 0.029 0.035 0.023 0.013 0.006 B
BC 0.007 0.012 0.011 0.008 0.016 0.010 0.005 BC
(8 0.003  0.003 0.002 0.003 0.006 0,005 0.003 K
cDh 0.000 —0.002 —0.002 =0.001 0.001 0.002 0.001 cD
D —0.002 —0.003 —0.003 —0.003 —0.002 —0.001 0.000 D
DE —0.002 —0.004 —0.005 =0.005 —0.004 —0.003 —0.001 DE
E —0.003 —0.005 —0.006 —0.006 —0.005 —0.004 —0.002 E
A —0.011 —0.024 —0.039 —0.056 —0.055 —0.030 —0.019 B A
AB —0003 0001 0.010 —0.044 —0.004 0.010 0.007 AB

(0.009) (=0.020) (0.004)
B 0.010 0.027 0.051 0.080 0.055 0.032 0.014 B
BC 0.013 0.025 0.020 =0.011 0.087 0.023 0.010 B C
(0.026) (0.009) (0.036)

] 0.006  0.007 0.003 0.002 0011 0.011 0.006 C
cD 0.000 —0.003 —0.006 -0. —=0.001  0.002 0.001 cD
D —0.004 —0.008 —0.010 —0.008 —0.007 —0.004 —0.002 D
DE —0006 —=0.010 —0.012 =0.012 =0.010 =0.007 —0.004 DE
E —0.006 —0.012 —0.014 —=0.015 —0.013 —0.010 —0.005 B
A —0.012 —0.024 —0.035 —0 046 —0.047 —0.036 —0.019 BC A
AB  —0.006 —0.009 —0.009 —0.021 —0.015 —0.005 0.001 AB

B 0.002 0.008 0.016 0.027 0025 0.019 0.010
BC 0008 0022 0.008 a—0.006  0.010 0.024 0011 B C
(0.045) (0.148) (0.047)

C 0.011  0.022  0.031 0.035 0.025 0.015 0.007 C
(&) 0.006 0.008 0.003 =0.001 0008 0.005 0.002 cD
D =0.002 —0.007 —0.011 —0.011 —0.007 —0.004 —0.002 D
DE —0.008 —0.015 —0.019 —0.019 —0.015 —0.010 —0 006 DE
E —0.012 —0.021 —0.026 —0.026 —0.022 —0.016 —0.008 E
A —0.011 —0.022 —0.032 —~0.038 —0.038 —0.031 —0.017 ¢ A
AB —0.007 —0.012 —0.019 —0.025 —0.025 —0.018 —0.007 AB
B 0.000  0.000 —0.002 —0.012 —0.009 —0.001  0.003 B
BC 0.007 0.016 0029 —0.018 0.017 0.023 0.013 BC

(0. 028) (0.002) (0.023)
¢ 0.014  0.032 0057 0.085 0.057 0.032 0.014 C
Table A-24
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stifiness of Beams H=10
Transverse Angle of Skew ¢ =45 Mo-  Transverse
Loeation Values of Influenee Coefficient for Moment ment  Location
of Longitudinal Position of Load on of
Load 1/8 2/8 3/8 Center 5/8 6/8 7/8 Line Load
A —0.007 —0.013 —0.019 —0. 024 —=0.021 —0.015 —0.008 AB A
0.000 0,006 —0.009 Mg,—0.023 —0.007  0.009 0.004 AB
(0.026) (0.133) (0.028)

B 0.008 0.018 0.027 0.031  0.023 0.014 0.007 B
BC 0.007  0.011 0.008 0.005 0.015 0.010 0.005 B C
C 0.002  0.001 0.001 0.002 0.005 0.004 0.002 C
CD —0.001 —0.002 —0.002 —0.001  0.000 0.001 0.001 CcD
D —0.002 —0.003 —0.003 —=0.003 —0.002 —0.001 —0.001 D
DE —0002 —0.003 —0.004 —0.004 —0.003 —0.002 —0.001 DE
E =0.002 —0.003 —0.004 —0.004 —0.004 —0.003 —0.002 E
A —0.010 —0.021 —0.033 —0.044 —0.043 —0.031 —0.016 B A
AB 0.000 0.005 0.015 —0.045 —0.003 0.013 0.010 AB

(0.014)  (—0.021) (0.005)
B 0.014 0.030 0.050 0.069 0.052 0.034 0.016 B
BC 0.014 0.024 0.016 —0.019 0.034 0.022 0.010 BC
fﬂ 0‘.’2 (0.001) (0.033)

C 0.004 0.004 0.001  0.007 0.008 0.004 C
CD —0.002 —0.005 —0 008 —0.005 —0.003 0.000 0.000 cD
D —0.004 —0.007 —0.008 —0.008 —0.007 —0.004 —0.002 D
DE —0.004 —0.007 —0.000 —0.008 —0.008 —0.006 —0.003 DE
E —0.004 —0.007 —0.008 —0.010 —0.009 —0.007 —0.004 E
A —0.009 —0.018 —0.027 —0.034 —0.034 —0.026 —0.014 BC A
AB —0.004 —0.004 —0.004 —=0.016 —0.010 —0.002  0.002 AB
B 0.005 0.011 0.7 0.024 0.023 0.018 0.010 B
BC 0.010 0.022 0006 M,,—0.012 0.007 0.023 0.010 BC

(0.042) (0.142) (0.044)

C 0.010 0.020 0.027 0.020 0.022 0.015 0.007 C
cDh 0.005 0.006 0.001 —0.003 0.007 0.005 0.002 cD
D —0.003 —0.007 —0.010 —0.009 —0.006 —0.003 —0.002 D
DE —0.006 —0.012 —0.014 —0.014 —0.012 —0.008 —0.004 DE
E —0.008 —0.013 —0.017 —0.017 —0.015 —0.011 —0.006 E
A —0.000 —0.017 —0.023 —0.026 —0.026 —0.021 —0.012 C A
AB —0.005 —0.008 —0.015 —0.018 —0.019 —0.014 —0.007 AB
B 0.001  0.000 —0.002 —0.010 —0.008 —0.003 0.000 B
BC 0.007  0.016 0.027 —0.026 0.011 0021 0.012 BC

(0.026) (—0.006) (0.017)
C 0.015 0.032 0.052 0.069 0.052 0.032 0.015 c

Table A-25

Influence Coefficients for Transverse Moment in Slab

at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1

Relative Stiffness of Beams

H=2

Angle of Skew @=60°

Values of Influence Coefficient for Moment
Longitudinal Position of Load

1/8 2/8 3/8 Center 5/8 6/8
~0.009 —0.018 —0.028 —0.038 —0.035 —0.024
—0.004 0.000 —0.012 M,,—0.038 —0.008 0.007

(0.023) (0.118) (0.027)

0.004 0.015 0.031 0.038 0.016 0.007

0.007  0.012 0.015 0.014 0011 0.006

0.004  0.005 0.005 0.006  0.007 0.004

0.001  0.001 0.002 0.04 0004 0,002

0.000 0.000 0.001 0.002 0002 0.001

0.001  0.000  0.000 0.001  0.001 0.001
—0.001 —0.001 —0.001 0.000 0,000 0.000
—0.010 —0.020 —0.035 —=0.060 —0.066 —0.049
=0.007 =0.009 —0.005 —0.004 —0.031 0.006

(=0.003) (0.003)

0.003 0.017  0.046 0.107 0.053 0.027
0.010  0.023  0.004 0.030  0.029 0.016
(0.033) (0.033)

0.008 0.012 0.011 0.012 0.015 0.009
0.003 0.001 0.000 0.004  0.006 0.004
—0.001 —0.003 —0.003 0.000  0.001  0.001
—0.008 —0.005 —0.005 —0.003 —0.002 —0.001
—0.004 —0.007 —0.007 —0.005 —0.004 —0.002
—0.009 —0.018 —0.028 —0.043 —0.050 —0.043
=0.007 —0.012 —0.014 —=0.015 —0.011 —0.003
—0.003 0.001 0.012 0.037  0.036 0.025
0.006 0.021 0.017 M.,—=0.001 0022 0.027

(0.054) (0.153) (0.059)

0.013  0.028 0.048 0.050 0.026 0.013

0.010 0.015 0.015 0.012  0.008 0.003

0.003 0,001 —0.002 —0.002 —0.001 —0.002
=0.003 —0.0089 —0.012 =0.010 —0.007 —0.005
—0.011 —0.017 —0.018 =0.015 —0.011 —0.007
—0.004 —0.009 —0.016 —0.024 —0.031 —0.029
—0.004 —0.006 —0.008 —=0.013 —0.016 —0.010
—=0.001  0.002 0.006 0 003  0.005 0.011

0.004 0.014 0.029 035  0.008 0.031

(0.028) (ﬂ 036) (0.039)
0.013  0.033  0.066 0.125  0.066 0.033
Table A-26

Influence Coefficients for Transverse Moment in Slab

at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stifiness of Beams H=5
Angle of Skew ¢ =60°
Values of Influence Coefficient for Moment
Longitudinal Position of Load

1/8 2/8 3/8
—0.007 —0.015 —0.023
—0.002

Center 5/8 /8
—0.028 —0.028 —0.020

0.004 —0. UOB Muy—0.037 —0.005  0.010

0.0 (0.119) (0.030)
0.007 0.018 l}ﬂ‘.il} 0.034 0019 0.011
0.007  0.011  0.011 0.012  0.013 0.008
0.003 0.003 0.004 0.006  0.007  0.005
0.000 0.001  0.002 0.003  0.004 0.003
0.000 0.000 0.001 0.002  0.002 0.001
0.000 0000  0.000 0.000  0.001  0.000
—0.001 —0.001 —0.001 —0.001  0.000 0.000
—0.008 —0.017 —0.029 —0.046 —0.051 —0.039
—0.004 —0.001  0.005 —0.006 —0.029  0.011

(—0.005) (0.005)

0.009 0.025 0.050 0.088 0.054 0.032
0.013  0.024 —0.003 0.019  0.031 0.020
(0.026) (0.022)

0.007 0.008 0.006 0.008 0.014 0.010
0.001 —0.001 —0.001 0.002  0.005 0.004
—0.002 —0.003 —0.003 =0.001  0.001 0.001
—0.003 —0.004 —0.004 =0.003 —0.002 —0.001
—0.003 —0.005 —0.006 —0.005 —0.004 —0.003
—0.006 —0.013 —0.021 —0.030 —0.035 —0.030
—0.004 —0.006 —0.005 =0.000 —0.007  0.000
0.002  0.007 0.016 0.032 0.032 0.024
0.009 0.024 0014 M,,—0.012 0016 0.027

(0.051) (0.142) (0.053)
0.013 0025 0036 0.039  0.024 0.014
0.008 0.010 0.008 0.007  0.009 0.005
0.000 —0.002 —0.004 —0.002 0.001 0.000
—0.004 —0.007 —0.008 =0.007 —0.004 —0.003
=0.007 —0.011 —0.012 —=0.011 —0.008 —0.005
—0.004 —0.000 —0.014 —0.019 —0.021 —0.019
—0.002 —0.004 —0.005 —0.010 —0.013 —0.009
0.001  0.004  0.006 0.000  0.000 0.004
0.006 0.016 0.028 0.018 —0.005 0.025
(0.027) (0.019) (0.026)
0.014  0.033  0.058 0.085  0.058 0.033
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Table A-27
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Relative Stifiness of Beams H=10
Mo Transverse Angle of Skew ¢=60°
ment  Loeation Values of Influence Coefficient for Moment

on of Longitudinal Position of Load
Line Load 1/8 2/8 3/8 Center  5/8 /8 7/8

AB A =0.007 —0.013 —0.019 —0.024 —0.022 —0.016 —0.008
AB 0.000  0.006 —0 l’!'[l? Moy—0.037 —0.004 0.012 0.006
(0.0 (0.119) (0.031)

B 0.008 0.018 IJ 02.8 0.030  0.020 0.012  0.006

BC 0.007  0.010 0,009 0 009 0.014  0.008  0.004

C 0.002  0.002  0.003 0.005 0.006 0.005 0.002

CD 0.000  0.000 0.001 0.002  0.003 0.002 0.001

0.000  0.000  0.000 0.000 0.001 0001 0.000

DE —0.001 —0.001 —0.001 =0.001  0.000 0.000 0.000

E —0.001 —0.001 —0.001 —=0.001 —0.001 —0.001  0.000

B A —0.008 —0.016 —0.025 —0.087 —0.040 —0.031 —0.016

AB  —0.001 0.003 0.010 =0.000 —0.030 0.013 0.012
(—0.008) (0.004)

B 0.012  0.028 0.049 0.074  0.052  0.033 0.016

B C 0.014  0.023 —0.009 0.008  0.029  0.019  0.008

(0.020) (0.012)

C 0.004  0.004  0.003 0.005 0.010 0.008 0.004

CD  —0.001 —0.003 —0.003 0.000 0002 0003 0.001

=0.002 —0.004 —0.004 =0.003 —0.001 —0.001 0.000

DE —0.002 —0.004 —0.004 =0.004 —0.003 —0.002 —0.001

E —0.002 —0.004 —0.005 —=0.005 —0.04 —0.003 —0.002

BC A —=0.005 —0.011 —0.016 =0.022 —0.025 —0.022 —0.012

AB =0.002 —0.002 —0.001 —=0.006 —0.006  0.001  0.004

0.004  0.008 0017 0.027  0.027 0020 0.011

BC 0.010  0.023 0.000 M,—0.021 0.010 0.024 0.010
(0.046) (0.133) (0.047)

C 0.011  0.021  0.029 0.030 0021 0.013  0.006

CD 0.006  0.006  0.003 0,003 0008 0.005 0002

D —0.002 —0.004 —0.005 =0.003  0.000  0.000 0.000

DE —=0.004 —=0.007 —0.007 =0.006 —0.004 —0.003 —0.002

E —0.004 —0.008 —0.009 =0.008 —0.007 —0.005 —0.002

c A —0.004 —0.008 —0.012 =0.015 —=0.016 —0.013 —0.008

AB —0.002 —0.003 —0.006 —=0.009 —0.011 —0.009 —0.004

B 0.002  0.003 0.004 —0 002 —0.004 —0.001  0.002
BC 0.006  0.015 0.025 006 —0.014  0.020  0.013
(0.024) (D 007) (0.017)
C 0.015 0.032 0.052 0.075 0.052 0032 0.015
Table A-28

Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2
Relative Stifiness of Beams H=1
Angle of Skew ¢=30°
Values of Influence Coefficient for Moment

Mo- Transverse
ment  Location

on of Longitudinal Position of Load )
Line Load 1/8 2/8 3/8 Center  5/8 /8 78
AB A —0.011 —0.020 —0.030 —0.040 —0.034 —0.022 —0.010

AB  —0.001 —0.008 —0.020 M,,~0.014 —0.016 —0.001  0.006
(0.006) (0.024) (0.069) (0.178) (U 073) (U IJBI] (0.013)

B 0.015 0.030 0.042 0045 0.037 0.012
BC 0000 0013 0.011 001 0017 0013 0.000
e 0.001 0001 0.000 0.001  0.004 0.004 0.002
CD  —0.002—0004 —0.004  —0.003 —0.001 0.000 0.000
—0.003 —0.005 —0.005  —0.005 —0.004 —0,002 —0.001
DE  —0.003 —0.005 —0.005  —0.005 —0.005 —0.003 —0.002
E —0.002 —0.004 —0.005  —0.006 —0.005 —0.004 —0.002
B A —0.015 —0.030 —0.047  —0.066 —0.065 —0.046 —0 022
AB 0001 0.009 0017  —0.033 —0.009 0.020 0.016
(0.014)  (—0.014) (0.007)
B 0.023  0.052 0.089 (g }gg) 0.092 0.057 0.027
BC 0021 0.035 0.02 0.007 0.046 0.031 0.015
©.81)  (0.015) (0.042)
c 0.005 0.003 —0.002°  —0.002 0.008 0.009 0.005
CD  —0.004 —0.000 —0.013  —0.011 —0.008 —0.002 —0.001

—0.014 —0.011 =0.007 —0.004
—0.015 —0.012 —0.009 —0.005

D —0.007 —0.012 —0.015
DE —=0.007 —0.012 —0.015

E —0.006 —0.011 —0.014 —0.015 —0.013 —0.009 —0.005

BC A —0.014 —0.027 —0.039 —0.048 —0.049 —0.038 —0.020
A B  —0.006 —0.009 —0.011 —0.020 —0.016 —0.006 0.001

0.006  0.016  0.026 0.034 0.035 0.028 0.016

BC 0.011  0.011 —0.001 M,+0.005 0.001 0.013 0.012
(0.018) [(l 043) (D 090} (0.195) m 092) fD M5) (0.019)

o] 0.017  0.030 039 0.040  0.032 0.009

CD 0.005 0003—0002. =0.005 0.002 ﬂl]ﬂz 0.001

D —0.006 —0.013 —0.018 —0.017 —0.013 —0.008 —0.004

DE =0.010 —0.018 —0.023 —0.023 —0.019 —0.013 —0.007

E —0.012 —0.021 —0.026 —0.026 —0.022 —0.016 —0.009

c A —0.012 —0.023 —0.032 —0.038 —0.038 —0.031 —0.017
AB —0.008 —0.014 —0.021 —0.028 —0.029 —0.021 —0.010

B 0.000  0.000 —0.004 —0.014 —0.013 —0.004 0.001

B C 0.011  0.024 0.03 —0.002 0.019 0.031 0.020
034) (0.008) (0.026)

C 0,026 0.056 fID‘JZ 0.153  0.082  0.056 0.026
(0.132)

Mo- Transverse
ment

on
Line

AB

BC

Mo- Transverse

ment
on

Line

AB
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Table A-29
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge

Relative Proportions of Bridge b/a=0.2
Relative Stiffiness of Beams H=2
Angle of Skew ¢=30°

Loeation Values of Influence Coefficient for Moment
of Longitudinal Position of L
Load 1/8 2/8 3/8 Center 5/8 6/8 7/8

A —0.008 —0.018 —0.026 —0.032 —0.028 —0.019 —0.010
AB  —0.001 —0.007 —0.019 M,—0.013 —0.015 —0.001  0.006
(0.006) (0.025) (I'J 070) (0. 179] (0. g;} (0. 3321} (0. 313}

B 0.015 0.028 0.039

BC 0.008 0.011 0.008 CI.I](!S Dl]!ﬁ 0012 U 006
C 0.000 —0.001 —0.002 0.000 0.002 0.002 0.001
CD —0.003 —0.004 —0.005 —=0.004 —0.003 —0.001 —0.001
D —0.002 —=0.004 —0.005 =0.005 —0.004 —0.003 —0.001
DE —0.002 —0.004 —0.004 —0.004 —0.004 —0,003 —0.001
E —0.002 —0.003 —0.004 —0.004 —0.003 —0.002 —0.001
A —0.014 —0.028 —0.043 —0.066 —0.055 —0.040 —0.020
AB 0.003 0.011 0.018 —0.038 —0.012 0.019 0.016

(0.015)  (=0.019) (0.004)
B 0.025 0.053 0.083 (gﬁg} 0.085 0.056 0.027
BC 0.020 0.030 0.017 —0.005  0.040 0,028 0.013

(0.022) (0.003) (0.036)
0.001 —0.001 —0.006 =0.006  0.002 0004 0.003

—0.012 —0.008 —0.005 —0.002
=0.013 —0.011 —0.007 —0.004
—0.012 —0.010 —0.007 —0.004
=0.009 —0.008 —0.006 —0.003

—0.037 —0.037 —0.030 —0.016
—0.016 —0.013 —0.005 0.001

]
CD —0.006 —0.011 —0.013
D —0.006 —0.011 —0.013
DE —0.006 —0.008 —0.011
E —0.004 —0.007 —0.009
A —0.011 —0.022 —0.031
AB =004 —0.005 —0.007

B 0.008 0016 0.025 0.031  0.031 0.025 D 014
B C 0.010  0.009 —0.006 M,—0.011 —0.005 0.008 0.011
(0.017) (0.041) (0.085) (0.189) (l] 086) (0.041) {l] 018)

C 0.014  0.026 0.033 0.034 0.028 0.019 0.009
cD 0.003  0.001 —0.005 —=0.007 0001 0002 0.001
D —=0.006 —0.012 —0.016 =0.015 —0.011 —0.007 —0.004

DE —0.008 —0.015 —0.018
E —0.008 —0.014 —0.017

A —0.010 —0.018 —0.025
AB —0.006 —0.012 —0.019
B —0.001 —0.002 —0.006

—0.018 —0.015 —0.010 —0.005
—0.018 —0.015 —0.011 —0.006
—0.028 —0.028 —0.022 —0.012

—0.024 —0.024 —0.019 —0.010
=0.015 —0.015 —0.008 —0.002

BC 0.012 0023 0.033 —0.015 0.009 0026 0018
(0.029) (—0.005) (0.016)
¢ 0.026 0.054 0.083 0.122 0.083 0.054 0.026
(0.109)
Table A-30

Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge

Relative Progortlons of Bridge b/a=0.2
Relative Stiffness of Beams H=35
Angle of Skew ¢ =30°

Location Values of Influence Coefficient for Moment
of Longitudinal Position of Load
Load 1/8 2/8 3/8 Center  5/8 6/8 7/8

A —0.007 —0.014 —0.019 —0.023 —0.020 —0.015 —0 008
AB 0.000 —0.007 —0.019 M,,—0.014 —0.017 —0.002 0.006
(0.007) (0.025) (0.070) (0 1?3} (0 072) (0 D:l(l) (0 013)
B 3 0024 0.032
B C 0.006  0.006 0.002 0 OI)E
003 —0.004 —0.003 —0.002 :
CD =0.003 —0.005 —0.005 —0.005 —0.004 —0.003 —0.001
D —0.002 —0.003 —0.004 —0.004 —0.004 —0.003 —0.001
DE —0.001 —0.002 —0.003 =0.003 —0.003 —0.002 —0.001
E —0.001 —0.001 —0.001 —0.001 —0.001 —0.001 —0.001

A —0.012 —0.024 —0.034 —0.042 —0.041 —0.031 —0.018

AB 0.004  0.012  0.016 —0.047 —0.018 0.016 0.015
0.013)  (—0.028)(—0.002)

B 0.024  0.047 0.069 0.083 0.069 0.048 0.025

—0.023 0.028 0.020 0.009
(—0.015) (0.024)

=0.003 —0.008 —0.012 —0.012 —0.006 —0.003 —0.001
—0.014 —0.012 —0.008 —0.004
=0.011 —0.010 —0.007 —0.004
—0.007 —0.006 —0.005 —0.002
=0.008 —0.003 —0.002 —0.001

; =0.024 —0.024 —0.019 —0.010
0.002 —0.002 —0.004 —0.014 —0.012 —0.005 0.000
0.007  0.014  0.020 0.024 0.023 0.018 0.010
BC 0.007  0.002 —0.016 Mey—0.012 —0.015  0.002  0.007
(0.014) (0.034) (0.075) (0.178) (0.076) (0.034) (0.014)

2 0.010 0.018 0.023 0.024  0.020 0.014 0.007
CD 0.000 —0.004 —0.010 =0.011 —0.002
D =0.006 —0.011 —0.014 —0.013 —0.011 —0.
DE —0.006 —0.010 —0.012 —0.012 —0.010 —0.007 —0.004
E —0.003 —0.006 —0.008 —0.008 —0.007 —0.006 —0.003

A —0.006 —0.011 —0.014 =0.016 —0.015 —0.012 —0.007
AB —0.005 —0.011 —0.016 —0.018 —0.018 —0.016 —0.010
B —=0.003 —0.006 —0.011 =0.017 —0.017 —0.012 —0.005
BC 0.007  0.016 0 0‘3 —0.031 —0. 005 0.017  0.014
018)  (—0.021) (0.002
[ 0.023  0.045 D 066 0.080 0. UBII\ 0.045 0.023
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Table A-31
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2

Relative Stifiness of Beams H=1

Mo- Transverse Angle of Skew ¢=45°

ment  Location Values of Influence Coefficient for Moment
on of Longitudinal Position of Load
Line Load 1/8 2/8 3/8 Center 5/8 6/8 T/8
AB A —0.011 —0.020 —0.029 —0.037 —0.033 —0.022 —0.010
AB  —=0.002 —0.008 —0.022 M,,—0.022 —0.015 0.002 0.009
(0.005) (0.024) (0.067) (D 170) (0.074) (0.034) (0.016)
B 0.015 0.031 0.045 0.047 0.034 0.022 0.010
B C 0.010 0.014 0.015 0.016 0.017 0.012 0.005
C 0.003 0004 0.005 0.007  0.008 0.006 0.003
CcD 0.000 0.001 0.002 0.003 0.004 0.003 0.001
D 0.000  0.000 0.001 0.001 0001 0.001 0.000
DE 0.000 0.000 0.000 0.000  0.000 0.000 0.000
E 0.000 —0.001 —0.001 0.000 0.000 0.000 0.000
B A —0.010 —0.020 —0.031 —0.048 —0.054 —0.041 —0.020
AB 0.000 0.007 0.019 0.000 —0.017 0.024 0.019
(0.015) (0.006) (0.016)
B 0.022 0.051 0.090 (Ul)ig“;’} 0.094 0.058 0.027
BC 0.022  0.036 D 016 0.033 0045 0.028 0.012
036) (0.032) (0.041)
; 0.007  0.007 ﬂ.l)ﬂh 0.009 0.015 0.011 0.005
CD —0.001 —0.003 —0.003 0.001 0.004 0.003 0.001
D —0.003 —0.004 —0.004 —0.002  0.000 0.000 0.000
DE —0.003 —0.004 —0.004 —0.003 —0.002 —0.001 —0.001
E —0.002 —0.004 —0.004 —0.004 —0.003 —0.002 —0.001
B C A —0.006 —0.012 —0.019 —0.026 —0.029 —0.025 —0.014
AB —0.002 —0.001 0000 —=0.002 —0.001  0.005 0.007
B U 007 0.018 0.031 0.046  0.047  0.037 0.021
BC 0.013 0017 0.005 M,+0.008 0.007 0.019 0.014
(0.020) (0.049) (0.096) {0 193) (0.098) (0.051) (0.021)
C 0.021  0.038 0.050 0.050 0.036 0.022 0.009
cCD 0.009 0.011 0.009 0.009 0011 0.007 0.003
D —=0.001 —0.003 —0.004 —0.002  0.000 0.000 0.000
DE —0.004 —0.007 —0.007 —0.006 —0.004 —0.003 —0.002
E —0.005 —0.008 —0.009 —0.008 —0.007 —0.004 —0.002
o4 A —0.004 —=0.007 —=0.011  —0.015 —0.017 —0.016 —0.009
A B —0.002 —0.002 —0.004  —0.008 —0.011 —0.009 —0.004
B 0.003 0.007 0.009 0.003 0000 0.004 0.005
BC 0.010 0.025 0.040 030 0010 0.036  0.023
(0.037) (0.029) (0.035)
c 0.027 0.058 0.097 0.168  0.097 0.058 0.027
(0.147)
Table A-32
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2
Relative Stiffuess of Beams H=2
Mo- ‘Tranaverse Angle of Skew ¢=45"
ment  Location Values of Influence Coefficient for Moment
on of Laongitudinal Position of Loa
Line Load 1/8 2/8 3/8 Center 5/8 6,8 7/8
AB A —0.008 —0.018 —0 025 —0.031 —0.028 —0.020 D (IIIJ
AB  —0.001 —0.007 —0.021 M,—0.022 —0.016 0.002
(0.006) (0 025) {0 (IﬁS) (0.170) (0.073) (0.034) fﬂ 015)
B 0.015 0.03 0.043 0.033 0.021
BC 0.009 0. UI'I U{ l 0.013 0.016  0.011 0,005
C 0.001 0.002 0.003 0.005 0.006 0.004 0.002
CD —0.001 =0.001 0000 0.001  0.002 0.002 0.001
D —=0.001 —=0.001 0.000 0.000  0.000 0.000 0.000
DE —0.001 —0.001 —0.001 —0.001 0.000 0.000 0.000
E 0.000 —0.001 —0.001 —0.001 —0.001 —0.001  0.000
B A =0.010 —0.020 —0.030 —0.043 —0.047 —0.037 —0.019
AB 0.001  0.009 0.020 —0.008 —0.024 0.021 0.018
(0.016) (—0.002) (0.009)
B 0.023 0.051 0.083 (g}:}é] 0.086 0.056 0.027
BC 0.020 0.030 0.004 0.018 0.030 0.025 0.011
0.024) (0.017) (0.035)
C 0.003 0.001 —0.001 L002  0.008 0.007 0.004
CD —0.003 —0.006 —0.006 —=0.003 0.000 0.001 0.000
D —0.003 —0.005 —0.006 —0.005 —0.003 —0.002 —0.001
DE —0.003 —0.004 —0.005 —0.004 —0.003 —0.002 —0.001
E —0.002 —0.003 —0.004 —0.004 —0.004 —0.003 —0.001
BC A —0.006 —0.011 —0.016  —0.022 —0.024 —0.021 —0.012
AB —0002 0000 0001  —00038 —0.004 0.001 0.005
B 0.007 0.017 0.027 0.038 0.038 0.030 0.017
BC 0.012 0.012 —0.003 M,—0.004 —0.003 0.013 0.012
(0.019) (0.044) (0.088) (0.186) (0.088) (0.045) (0.019)
¢ 0.017 081 0.039  0.029 0.019 0.008
cD 0.006 0.005 0002 0.004 0.008 0.005 0.002
D —0.003 —0.006 —0 006 —0.004 —0.002 —0.001  0.000
DE —0.004 —0.007 —=0.007 —0.006 —0.004 —0.003 —0.002
A E —0.004 —0.006 —0.007 =0.007 —0.006 —0.004 —0.002
o] A —0.004 —0.008 —0.012 —0.014 —0.015 —0.013 —0.008
AB  —0.002 —0.004 —0.006 —0.010 —0.013 —0.011 —0.006
B 0.002 0.004 0.003 —=0.003 —0.006 —0.003 0.000
B C 0.009 0.022 0034 0.014 —0.005  0.027 0.019
(0.031) (0.013) (0.020)
C 0.026 0.054 0.054  0.026

0.084 0.132) 0.084

Mo-
ment
on
Line

AB

Mo-
ment
on
Line

AB
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Table A-33

Influence Coefficients for Transverse Moment in Slab

Transverse
Location
of

Load

A
AB

B
BC

cD

D
DE
E

[Jl-

BC
C

Transverse
Location
of
Load

A
AB
B
B(‘
l‘.D
D
DE
E

=
G w ot
o w

at Mid-span of Bridge

Relative Proportions of Bridge b/a=0.2
Relative Stiffness of Beams HN=5

Angle of Skew ¢=45°

Values of Influence Coefficient for Moment

1/8 2/8
—0.007 —0.014 —0.019

(g 007) (0 025) (0 O{ii’]

I.o;lgitudiuai Position of Load

Center

i/8 ©  6/8

7/8

—=0.022 —0.021 —0.015 —0.008
0.000 —0.007 —0.022 M,~—0.024 —0.018 0.001 0.008
(0.168) (0.071) (0 033) {(I 015)

013 0.035 0.028 0019
0.006 D Odh U OEH 0.007  0.012 0.008 0 [}04
—0.001 —0.001 —0.001 0.001 0.002 0,002 0.001
=0.002 —0.002 —0.002 —=0.001 —0.001 0.000 0.000
—=0.001 —0.001 —0.002 —0.002 —0.001 —0.001  0.000
—0.001 —0.001 —0.001 —=0.001 —0.001 —=0.001 0.000
0.000 —=0.001 —0.001 —0.001 —=0.001 —0.001  0.000
—0.009 —0.018 —0.026 —0.034 —0.036 —0.028 —0.015
0.002 0010 0.018 —0.019 —0.034 0.015 0.016
(0.014) (=0.013)(=0.001)
0.023 0.046 0.069 0.088 0070 0.048 0.024
0.016  0.019 —0.013 —0.001 0028 0018 0.007
(0.007) (=0.002} (0.024)
—0.002 —0.006 —0.009 —0.006 —0.001 0000  0.000
—0.006 —0.009 —0.009 —0.008 —0.006 —0.003 —0.001
—0.003 —0.006 —0.007 —0.006 —0.005 —0.004 —0.002
—=0.002 —0.004 —0.005 —0.004 —0.004 —0.003 —0.001
—0.001 —0.002 —0.002 =0.002 —0.002 —0.002 —0.001
—0.004 —0.009 —0.012 —0.016 —0.017 —0.014 —0.008
—0.001  0.000 0.001 —=0.005 —0.007 —0.003 0.001
0.006 0014 0.020 0.026  0.026 0.020 l] 011
0.008 0004 —0.016 M,—0.019 —0.016 0.004 0.008
(0.015) (0.036) (0.075) (0.171) (0.075) (0.036) (0.015)
0.011  0.020 0.026 0.026 0.020 0.014 0.007
0.001 —0.002 —0.005 —0.003 0003 0.003 0.001
—0.04 —0.007 —0.008 —=0.006 —0.004 —0.003 —0.001
=0.04 —0.006 —0.007 —0.006 —0.005 —0.003 —0.001
—0.002 —0.004 —0.005 —(.005 —0.004 —0.003 —0.002
—0.008 —0.006 —0.009 —0.010 —0.010 —0.008 —0.005
—0.003 —0.005 —0.009 —0.011 —=0.013 —0.012 —0.007
—=0.001 —0.002 —0.004 —0.010 —0.012 —0.009 —0.004
0.006  0.015 0023 —0.006 —0.022 0.016 0.014
(0.020) (=0.007) (0.003)
0.022 0.045 0.067 0.085 0.067 0.045 0022
Table A-34
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2
Relative Stifiness of Beams H=1
Angle of Skew $=060°
Values of Influence Coefficient for Moment
Longitudinal Position of Load
1/8 2/8 3/8 Center  5/8 6/8 T/8
—0.008 —0.016 —0.021 =0.025 —=0.023 —0.015 —0.007
0.000 —0.004 —0.019 M,,—0.040 —0.010 0.010 0.013
(0.017) (0.028) (0.070) (0.152) (0.079) (0.042) (0.020)
0.017  0.036 0.051 0.050 0.031 0.018 0.008
0.013  0.020 0.023 0.021  0.016 0.010 0.004
0.007  0.010 0.012 0.012  0.010 0.006 0.003
0.004  0.007  0.008 0.008 0.007 0.005 0.002
0.003  0.005 0.006 0.006  0.005 0.003 0,001
0.002 0004 0,004 0004 0.003 0.002 0.001
0.002 0.003 0.004 0.004 0003 0.002 0.001
—0.001 —0.002 —0.004 —=0.012 —0.019 —0.016 —0.008
0.002  0.010 0.026 0.040  0.019 0.038 0.025
(0.023) (0.036) (0.042)
0.023 0.056 0.100 (gigg 0.104 0.062 0.028
-162)
0.026  0.046 0.047 0.060  0.045 0.026 0.010
(0.058) 0.056) (0.042)
0.015 0023 0.026 0.026 0.022 0.014 0.006
0.008 0.013 0.016 0.017  0.015 0.010 0.005
0005 0.009 0.012 0.012  0.010 0.007 0.003
0.004 0.008 0.009 0.008 0.008 0.005 0.003
0.004 0007 0.008 0.008 0.007 0.005 0.002
0.005 0010 0.013 0.013  0.010  0.006 0.003
0.005 0.012 0.020 0.026 0.029 0.028 0.019
0.010 0.025 0.045 0.069 0.073 0.057 0.031
0.021  0.034 0.028 M,+0.011 0.027 0.034 0.022
(0.028) (0.066) (0.119) (0.201) (0.118) (0.066) (0.029)
0.031 0.058 0.075 072 040 029 013
0.020 0.032 0.036 0.035 0.028 0.018 0.008
0.011 0.018 0.022 0.022 0.019 0.012 0.006
0.008 0.013 0.017 0.017  0.014  0.010 0.005
0.007 0.012 0.015 0.015 0.013 0.009 0.005
0.005 0.010 0.014 0.015 0.013 0.010 0.005
0.005 0.010 0.015 0.017  0.016 0.012 0.008
0.006 0.014 0.022 0.026 0.026 0.023 0.015
0.010 0.027 0.046 0.062 0.047 0.049 0.028
(0.044) (0.058) (0.060)
0.028  0.0665 0.109 (D %"}l} 0.109  0.065 0.029
0.169)
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Table A-35
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2
Relative Stifiness of Beams H=2

Mo-  Transverse Angle of Skew ¢=60°
ment  Loeation Values of Influence Coefficient for Moment
on of Longitudinal Position of Load
Line Load 1/8 2/8 3/8 Center  5/8 6/8
AB A —0.008 —0.015 —0._020 —0.024 —0.022 —0.016
AB 0.000 =0.004 —0.021 M,—0.044 —0.014  0.008
(0.007) (0.028) (0.068) (0.148) (0.075) (D.040)
B 0.016 0.033 0.045 0.044 0.029 0.017
BC 0.010  0.016 0.018 0.017  0.014  0.009
C 0.005  0.008 0.009 0.010  0.008  0.006
cD 0.003  0.005 0007 0.007  0.006 0.004
D 0,002 0.004 0005 0.005  0.004 0.003
DE 0.002  0.003 0003 0.003 0.002 0.002
E 0001 0.002 0.002 0.002  0.002 0.001
B A —0.002 —0.004 —0.008  —0.016 —0.022 —0.019
ADB 0001 0.009 0.022 0.028 0.006 0.017
0.019) (0.024) (0.029) (0.030)
B 0.023  0.052 0,088 0.149 0.0891 0.056
(0.136)
B C 0.022 0,036  0.030 0.044  0.037 0.022
(0.041) (0.040) (0.034)
C 0.009  0.013 0.015 0.017  0.016  0.011
CD 0.004 0006  0.009 0.011  0.011  0.007
D 0.003  0.005 0.007 0.008  0.007 0.005
DE 0.002  0.004 0,006 0.006 0.005 0.003
L 0.002  0.003 0.004 0.004 0.004 0.003
BC A 0.004 0007  0.008 0.007 0004 0.002
AB 0.004 0009 0.015 0.018 0.020 0.019
B 0.008  0.021  0.036 0.054 0057 0.045
BC 0.017 0025 0.013 M,—0.007 0.012 0.025
(0.024) (0.057) (0.104) (0.183) (0.108) (0.057)
C 025 0,045 0.058 0.056 0.039 0.024
cCD 0.014 0.022 0.025 0.025 0.022 0.015
D 0.007  0.011 0.015 0.016  0.014 0.009
DE 0.005 0.008 0.011 0.011  0.010 0.007
E 0.004 0007 0.000 0.009 0.008 0.006
C A 0.003  0.006 0008 0.009  0.007 0.005
AB 0.003  0.007 0,010 0.011  0.009 0.006
B 0.005 0011 0.016 0.7 0.014 0.012
BC 0.009  0.022  0.037 0.044  0.028 0.036
(0.035) (0.0400 (D.041)
C 0.027  0.057 0.093 0.153  0.093 0.057
(0.140)

Table A-37
Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Angle of Skew ¢=30"
of Loea- Values of Influence Coefficient for Deflection

Beams tion of Longitudinal Position of Load
H Load 1/8 2/8 3/8 Center 5/8 6/8

0.00120 0.00159 0.00176 0.00167 0.00132
0.00137 0.00187 0.00213 0.00206 0.00163
0.00157 0.00217 0.00254 0.00243 0.00188
0.00178 0.00246 0.00299 0.00273 0.00200
0.00196  0.00277 0.00325 0.00277 0.00196

0.00120 0.00157 0.00170 0.00158 0.00122
0.00170 0.00231 0.00260 0.00251 0.00201
0.00225 0.00308 0.00353 0.00339 0.00265
0.00276  0.00379 0.00450 0.00415 0.00309
0.00315 0.00439 0.00504 0.00439 0.00315

0.00086 0.00119  0.00109 0.00083
0.0077 0.00269 0.00259 0.00208
0.00274 0.00422  0.00404 0.00317
0. 00366 0.00584 0.00540 0.00405
0.00429 0.00672 0.00592 0.00429

Relative Trans-
Stiffness verse

2 A 0.00064
0.00072
0.00082
0.00092
0.00101

5 A 0.00065
0.00088
0.00117
P0.00143
C  0.00163

0.00047
000091
0.00144
0.00190
0.00223

0.01

g8z

88

o ococsoc ocos
= cégs...
-] 8 b

7/8
0.00073
0.00091
0.00102
0.00105
0.00101

0. 00067
0.00114
0.00145
0.00164
0.00163

0.00045
0.00120
0.00174
0.00216
0.00223

Mo- Transverse

ment
on
Line

AB

BC

Relative Trans-
Stiffness  verse

of

Beams tion of

H
2

10

Table A-36
Influence Coefficients for Transverse Moment in Slab
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2

Relative Stiffness of Beams H=5
Angle of Skew ¢=060°

Location Values of Influence Coefficient for Moment
of Longitudinal Position of Load
Load 1/8 2/8 3/8 Center 5/8 6/8 7/8
A —0.007 —0.012 —0.017 —0.020 —0.019 —0.014 —0.007
AB 0.001 —0.005 —0.023 M.,,—0.048 —0.018 0.005 0.011
(0.008) (0.027) (0.066) (0.144) (0.071) (0.037) (0.018)
B 0.014  0.027  0.036 0.035 0.025 0.016 0.007
BC 0.007 0.010 0.011 0.012 0.012 0.008 0.003
C 0.002  0.004 0.005 0.006 0.006 0.04 0.002
CD 0,001 0.003  0.004 0.004 0004 0.003 0.001
0.001  0.002 0.002 0.002  0.002 0.001 0.001
DE 0.001  0.001 0.001 0.001  0.001 0.001 0.000
B 0.000 0.001 0.001 0.001  0.001 0.000 0.000
A —0.004 —0.007 —0.011 —0.017 —0.021 —0.018 —0.010
AB 0.001  0.008 0.018 0.014 —0.010 0.018 0.015
(0.015) (0.010) (0.013)
B 0.022 0.045 0.071 0.100 0.072 0.047 0.023
BC 0.015  0.021  0.007 0.022 0.026 0.015 0.006
(0.018) (0.018) (0.023)
C 0.002 0001 0,002 0.005 0.007 0.005 0.008
CD  —0.001 —0.001 0.001 0.003 0.004 0,003 0.001
D 0.000  0.001 0.002 0.002 0002 0.001 0.001
DE 0.000 0.001 0.001 0.001 0.001 0.001 0.000
E 0.000  0.000 0.000 0.001  0.001  0.000 0.000
A 0.001  0.002 0.003 0.002  0.000 —0.002 —0.001
AB 0.003  0.006 0.000 0.008 0.008 0.008 0.006
B 0.007  0.015 0.025 0.035 0.037 0.020 0.016
BC 0.012 0.012 —0.007 M.,~0.031 —0.008 0012 0.012
(0.019) (0.044) (0.084) (0.159) (0.083) (0.044) (0.019)
] 0.016 0.029 0.037 0.036 0.026 0.016 0.008
cD 0.006 0.009 0.011 0.013 0014 0010 0.004
D 0.002  0.004  0.006 0.008 0.007 0.005 0.003
DE 0.001  0.003 0.004 0.005 0.004 0.003 0.001
E 0.001  0.002 0.003 0.003 0.003 0.002 0.001
A 0.001  0.001  0.001 0.001  0.001 0000 0.000
AB 0.001  0.002 0.003 0.002  0.001 —0.001 —0.001
B 0.002 0.005 0.007 0.005 0.001 0.001 0.001
B C 0.006 0.015 0.025 0.021 0.004 0.020 0.015
(0.023) (0.017) {0.017)
C 0.023  0.046 0.072 0.100 0.072 0.046 0.023
Table A-38

Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1
Angle of Skew ¢=45°

Values of Influence Coefficient for Deflection
Longitudinal Position of Load
Load  1/8 2/8 3/8 Center 5/8 6/8 7/8

Loca-

A 0.00052 0.00099 0.00133 0.00149 0.00143 0.00114 0.00064
A B 0.00056 0.00108 000150 0.00176 0.00175 0.00142 0.00081

0.00063 0.00123 0.00174 0.00210 0.00208 0.00164 0.00090
B C 0.00071 0.00141 0.00201 0.00253 0.00236 0.00173 0.00090
C  0.00082 0.00163 0.00236 0.00279 0.00236 0.00163 0.00082
A 0.00059 0.00110 0.00145 0.00158 0.00147 0.00114 0.00063
A B 0.00073 0.00143 0.00198 0.00228 0.00226 0.00186 0.00109
B 0.00095 0.00187 0.00261 0.00308 0.00305 0.00244 0.00136
B C 0.00118 0.00233 0.00326 0.00399 0.00375 0.00281 0.00149
C  0.00142 0.00277 0.00300 0.00452 0.00390 0.00277 0.00142
A 0.00048 0.00089 0.00115 0.00122 0.00111 0.00085 0.00046
A B 0.00078 0.00155 0.00216 0.00247 0.00243 0.00201 0.00120
B 0.00122 0.00237 0.00328 0.00381 0.00374 0.00209 0.00167
B C 0.00163 0.00319 0.00441 0.00530 0.00500 0.00378 0.00203
C  0.00201 0.00389 0.00541 0.00617 0.00541 0.00389 0.00201
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Table A-39
Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.1

Relative Trans- Angle of Skew ¢=60°

Stiffness verse

of Loca- Values of Influence Coefficient for Deflection
Beams tion of Longitudinal Position of Load
H Load 1/8 2/8 3/8 Center 5/8 /8 7/8
2 A 0.00046 000088 0.00120 0.00138 0.00135 0.00110 0.00063
A B 0.00046 0.00080 0.00125 0.00149 0.00153 0.00128 0.00074
B 0.00049 0.00097 0.00142 0.00177 0.00181 0.00146 0.00081
B C 0.00055 0.00114 0.00170 0.00216 0.00207 0.00153 0.00078
C  0.00068 0.00140 0.00205 0.00242 0.00205 0.00140 0.00068
b} A 0.00059 0.00110 0.00146 000161 0.00153 0.00120 0.00067
A B 0.00062 0.00123 0.00172 0.00203 0.00207 0.00175 0.00106
B 0.00075 0.00151 0.00219 0.00267 0.00273 0.00224 0.00127
B C 0.00093 0.00192 0.00280 0.00348 0.00336 0.00255 0.00135
C  0.00121 0.00242 0.00346 0.00401 0.00346 0.00242 0.00121
10 A 0.00055 0.00102 0.00133 0.00144 0.00133 0.00102 0.00055
A B 0.00067 0.00137 0.00194 0.00228 0.00232 0.00198 0.00122
B 0.00098 0.00196 0.00281 0.00337 0.00341 0.00280 0.00160

B C 0.00131 0.00267 0.00384 0.00460 0.00453 0.00348 0.00188
C  0.00176 0.00345 0.00484 0.0055¢ 0.00484 0.00345 0.00176

Table A-40
Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge

Relative Proportions of Bridge b/a=0.2

Relative Trans- Angle of Skew ¢ —30°

Stiffness  verse

of Loca- Values of Influence Coefficient for Deflection
Beams tion of Longitudinal Position of Load
H Load 1/8 2/8 3/8 Center 3/8 6/8 7/8
1 A 0.00050 0.00094 0.00127 0.00142 0.00136 0.00108 0.00060
AB 000065 0.00129 0.00180 0.00209 0.00207 0.00170 0.00099
B 0.00080 0.00176 0.00246 0.00288 0 00283 0.00227 0.00127
B C 000115 0.00228 0.00321 0.00382 0.00362 0.00275 0.00147
C  0.00143 0.00279 0.00380 0.00445 0.00389 0.00279 0.00143
2 A 0.00042 0.00080 0.00106 0.00116 0.00109 0.00085 0.00047
A B 0.00071 0.00143 0.00200 0.00231 0.00228 0.00188 0.00111
B 0.00116 0.00225 0.00312 0.00361 0.00353 0.00283 0.00158
B C 0.00161 0.00316 0.00441 0.00521 0.00494 0.00378 0.00205

C  0.00207 0.00400 0.00552 0.00626 0.00552 0.00400 0.00207

0.00017 0.00031 0.00040 0.00042 0.00038 0.00028 0.00015

A B 0.00066 0.00136 0.00190 0.00217 0.00213 0.00175 0.00104
0.00143 0.00274 0.00374 0.00425 0.00411 0.00326 0.00182
B C 0.00225 000443 0.00613 0.00716 0.00680 0.00525 0.00290
C  0.00312 0.00595 0.00812 0.00911 0.00812 0.00595 0.00312

e
P

APPENDIX B:

Table A-41
Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge
Relative Trans Relative Proportions of Bridge b/a=0.2
D olive T iams: Angle of Skew ¢ =45°
Loca- Values of Influence Coefficient for Deflection
Beams tion of Longitudinal Position of Load
H Load 1/8 2/8 3/8 Center 5/8 6/8 7/8
1 A 0.00041 0.00070 000108 0.00123 0.00121 0.00008 0.00056
A B 000047 0.00097 0.00140 0.00169 0.00174 0.00140 0.00090
0.00065 0.00132 0.00194 0.00236 0.00241 0.00199 0.00114
B C 0.00087 0.00181 0.00266 0.00324 0.00315 0.00243 0.00130
C  0.00120 0.00238 0.00337 0.00386 0.00337 0.00238 0.00120

2 A 000041 0.00079 0.00106 0.00119 0.00113 0.00090 0.00051
A B 000055 0.00115 0.00167 0.00200 0.00206 0.00176 0.00108

B 0.00088 0.00179 0.00258 0.00310 0.00314 0.00250 0.00148

B C 0.00126 0.00260 0.00377 0.00455 0.00443 0.00344 0.00189

€ 0.00180 0.00352 0.00491 0.00558 0.00491 0.00352 0.00180

5 A 0.00026 0.00049 0.00064 0.00069 000064 0.00049 0.00026
A B 000055 0.00121 0.00175 0.00208 0.00211 0.00179 0.00110
0.00117 0.00232 0.00327 0.00383 0.00381 0.00311 0.00177

B C 0.00184 0.00378 0.00542 0.00647 0.00630 0.00496 000279

C  0.00283 0.00543 0.00745 0.00837 0.00745 0.00543 0.00283

Table A-42
Influence Coefficients for Deflection in Center Beam
at Mid-span of Bridge
Relative Proportions of Bridge b/a=0.2
Angle of Skew ¢ =60

of Loea- Values of Influence Coefficient for Deflection
Beams tion of Longitudinal Position of Load

H Load 1/8 2/8 3/8 Center 5/8 6/8 7/8

A00022 0.00042  0.00060 0.00072  0.00074 0. 00063 0.00038
00022 0.00046  0.00070 000091  0.00100 0.00091 0.00057
00030 0.00067 0.00108 0.00141 0.00152 0.00132 0.00078
(00048 0.00111 0.00174 0.00215 0.00216 0.00170 0.00092
00080 0.00165 0.00235 0.00267 0.00235 0.00165 0.00080

A 00029 0.00057 0.00079  0.00091  0.00091  0.00075 0.00043
AB 00031 0.00066 0.00100 0.00128 0.00139 0.00125 0.00080
B L0047 0.00104  0.00162  0.00208 0.00222 0.00191 0.00114
B C 0.00077 0.00174 0.00268 0.00331 0.00331 0.00263 0.00145
C  0.00131 0.00263 0.00370 0.00420 0.00370 0.00263 0.00131

A 000030 0.00058 0.00079 0 00088 0.00084 0 00067 0.00037
AB 0.00039 0.00086 0.00131 0.00164 0.00176 0.00157 0.00101
0.00074 0.00157 0.00236 0.00293 0.00306 0.00260 0.00154

B C 0.00124 0.00277 0.00421 0.00514 0.00515 000415 0.00235
C 0.00225 0.00440 0.00608 0.00684 0.00608 0.00440 0.00225

Relative Trans-
Stifiness  verse

1 A
AB

B
B C
C

coooo

cSooo

o

INFLUENCE SURFACES FOR MOMENTS IN BEAMS, MOMENTS IN

SLAB, AND DEFLECTIONS OF BEAMS

The diagrams contained herein show influence
surfaces, in the form of contour maps, for a unit
concentrated load on the bridge as shown in Fig.
1. The quantities ¢, H, b, and a are defined in
Chapter 1. Poisson’s ratio is zero. The quantity
M,, is given by Eq. (49a).

The numerical values of ordinates of the influ-
ence surfaces shown are such that:

(1) Actual moments in beams for concentrated

loads are obtained by multiplying the values of
the ordinates by the quantity Pa.

(2) Actual transverse moments per unit of
length in the slab for concentrated loads are ob-
tained by multiplying the values of ordinates by
the quantity P.

(3) Actual deflections of beams for concen-
trated loads are obtained by multiplying the
values of the ordinates by the quantity Pa®/E,l,.
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Fig. B-6. Influence surface for lronsverse moment in slab at B af mid - spon
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Fig. B-15. Influence surfoce for Iransverse moment in slab af € al mid - span
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Fig B-25 |Influence surfoce for moment in Fig B-26. Influence surfoce for moment in
bearn A" af mid - span beam "B" at mid - span
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Fig. B8-45. Influence surface for transverse
moment in slab af BC af mid-spon
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The Engineering Experiment Station was established by act of the
University of Illinois Board of Trustees on December 8, 1903. Its pur-
pose is to conduet engineering investigations that are important to the
industrial interests of the state.

The management of the Station is vested in an Executive Staff
composed of the Director, the Associate Director, the heads of the
departments in the College of Engineering, the professor in charge of
Chemical Engineering, and the director of Engineering Information
and Publications. This staff is responsible for establishing the general
policies governing the work of the Station. All members of the College
of Engineering teaching staff are encouraged to engage in the scien-
tific research of the Station.

To make the results of its investigations available to the public,
the Station publishes a series of bulletins. Occasionally it publishes
circulars which may contain timely information compiled from various
sources not, readily accessible to the Station clientele or may contain
important information obtained during the investigation of a particu-
lar research project but not having a direct bearing on it. A few
reprints of articles appearing in the technical press and written by
members of the staff are also published.

In ordering copies of these publications reference should be made
to the Engineering Experiment Station Bulletin, Circular, or Reprint
Series number which is at the upper left hand corner on the cover.
Address

EnGINEERING PuBLIcATIONS OFFICE
114 Civin ENGINEERING HALL
UNIVERSITY OF ILLINOIS

Ursana, ILninois
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