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Abstract:

The behavior of composite girder "bridges subjected to loads applied parallel to the plane of the slab
was investigated. The finite element method of analysis which treats the slab and the longitudinal
girders as an assemblage of plate elements was used. The force displacement relationship for the
rectangular plate element was developed with six degrees of freedom, three translations and three
rotations.

The series method of substructures is explained for solving a large number of simultaneous equations.

The influence of three kinds of diaphragms, beam, bar and plate diaphragms, on the behavior of the
bridge was examined. From the analysis it was noted that the bridge undergoes considerable warping in
the absence of diaphragms. The beam diaphragms , whose nodes coincide with the nodes of the slab,
do not prevent the distortions of the bridge cross section. The bar and plate diaphragms are of great
significance in reducing the transverse deflections of the bridge.

The transverse bending moments resulting from the vertical deflections of the girders are sizeable in
the absence of bar or plate diaphragms.

The intermediate diaphragms are seen to have great importance in transferring the load from the loaded
exterior girder to the unloaded girders when the loads are applied on the bottom edge of the exterior
girder.
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ABSTRACT

The behavior. of composite girder bridges subjected to loads applied
parallel to the plane of the slab was investigated. The finite element
method of analysis which treats the slab and the longitudinal girders as
an assemblage of plate elements was used. The force displacement relation-
ship for the rectangular plate element was developed Wlth six degrees of
freedom, three translatlons and three rotatlons

The series method of substructures is explained for solving 4 large
nunber of simultaneous equatlons‘_

The influence of three kinds of diaphragms, beam, bar and plate
diaphragms, on the behavior of the bridge was examined. From the analysis
it was noted that the bridge undergoes considerable warping in the absence
of diaphragms. The beam diaphragms, whose nodes coincide with the nodes of
the slab, do not prevent the distortions -of the bridge cross section. The -
bar and plate diaphragms are of great 81gn1flcance in ‘reducing the trans-
verse deflections of the brldge.

The transverse bending moments resulting from the vertical
deflections of the girders are 31zeable in the absence of bar or plate
dlaphragms.

The intermediate diaphragms are seen to have great importance in
transferring the load from the loaded exterior girder to the unloaded’
girders when the loads are applied on the bottom: edge of the exterior
girder.
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INTBODUCTION .
1.1 GENEBAL .

Highway bridges consisting of stiffened steel ﬁlate or reinforced
concrete slab decks supported by and acting compositely With.giraers have
been used extensively dgring recent years. These.bridges dre subjected to
loads appiied,perpendicular and parallel to the plane of the slab. 'Thé
forces parallel to the plane of the 'slab include wind lbéds, earthquake
loads and centrifugal forces. These lateral forces are normally ignored
in the design of the deck slab and the main girdefs éince their effécts are
thought to be minor compared to the effects of vertical'loads. However,
they ‘are considered in the design of diaphragms and other lateral bracing

between girders.

: Exisfing composite girder‘bridges have proved satisfactory‘in their
performance. However, it appears that a detailed analytical study of the
spatial behavior of,the éomposite girder bridges subjected to horizontal
loads has never been undertaken in the past. The complete three—dimensional
analysis of the bridge, therefore, can not bé carried out using présent

day techniques.

A satisfactoryAanalysis of a composite girder system can be
accomplished by using the orthOtroPic plate theor& provided the loédé are
applied.vertically. When the girder system is subjected to loads applied
parallel‘to the plgng of the slab, the uge of the orthotropic plate theory
is highly questiohable, since this type of loading produces £orsion, and

causes warping of the cross section.




1.2 “OBJEC$.AND.SCOPE

The purpose of this investigation is to develop an analytical
model that can be used to étudy the response of éomposite girder systems
subjected to loads applied parallel to the plane of the slab. In addition
to ;tudying the'effects of these loads on the slab and main girders, it is
planned to investigate the effect of various types of diaéhragms on the~.

structural behavior and load distributioﬁ characteristics of the bridge.

A finite element approach is used to study the behavior of composite
girder bridges when subjected to laterai loads. The slab and web of the
main girders are treatéed as an assemblage of plate elements. The force
displacement relationship for the rectangular plate element having six
degrees of fréedom at each node (thrge translations and three rotations), is

developed. Flanges of girders are treated as beams lying in the horizontal

plane.

| The influence coefficients for the deflections, ;hears and mpments,
ete., for composite girder bridges are obtained for the unit horizontal
load, The loads are applied at the node points-of the top and bottom
flanges of the exterior girders. In order %o analyze the role of diaphragns
and to study the changes in the behavior of the bridges due tp the inclusion
of the diaphragms, the bridges are éolved without diaphragms in one case.
and Wi%h diaphragm; at the end sections of the bridges and at an interval

of one-—quarter span.

The study includes three kinds of diaphragms; beams, bars and plate




diaphragms. The beam diaphragms afe treated as an asseﬁblage of beam
elements whose nodes coincide with the nodes of'the niddle plane of'the
slab. Plate and bar diaphragms are assumed 4o have nodes which coincide
with the nodes of the top and the bottom flanges of the longitudinal

girders.

The study also considers two different support conditions for the
bridge. In one case the girders of the bridge are pinned at one end and
are supported on rollers at the other end, whereas, in the second case

" both ends of the girders are pinned.

Various other parameters that. affect the Behavior of bridges, e.g.,
.the relative stiffness of slab and longitudinal girders, number and spacing
of longitudinal girders and diaphragms, are not included in the present
investigation. 8imilarly the in&estigation dogs not consider the stability

analysis of the bridge structures.

1.3 BACKGROUND
There is no literature available for analyzing the effects of
horizontal loads on the composite girdervbridges. A few techniques of

analyses for the distribution of the vertical loads to the various

longitudinal members forming the bridge are well knowm.

One method divides the structure into individual -and lbngitudinal
and transverse members, each possessing.an appropriate flexural and
torsional stiffness. For each point of intersection of the membérs,

equations of deflections and slope compatibility are-seﬁ up and a set of
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governing simultanepus differential and/or algebraic equations is solved.
Here, one could distinguish between the iongitudinal or pgimar& members of
the structure ffom the secondary.or ﬁrénsverse members by modifying the
;tiffness prépérties of various member;. The works of Lightfodt apd Sawko
(1,2)%, Hendry and Jaegar QB), Hefenyi (L), Pippard and Dé Waele (5) are

examples of the above method.

As is indicated by Davis, éffﬁi; Cﬁi;.NéwmarkA(Y} devéléped‘
a diétribution procedure for applicétion to slab on steel I-beams, wherein
he ‘assumed negligible'shéar transfer of longitudinal shear at the beam slab
interface. He used the moment distribution method modified to include slab
elements to distribute thé transverse slab moments and shears. In this
technique the fléxural rigidity of the girders could be adjusted to

compensate for composite action of the slab with the supporting giraers.

A more rigorous method of analysis considers a-composite beam bridge
as an elastically equivalent slab system, an "orthotropic plate", whose
structural properties in the two orthogonal directions ére uniformly
distributed along their length. Analyses of -the orthotropic plates
are generally based on Huber's (8) theory of anisotropic plates.  Such a
simplification of the bridge may be justified if (a) the ratios of stiffener
-spacing to slab boundary dimensions’ are very small to ensure approximate
hqmogeﬁity of stiffness, (b) flexural and torsional rigidities are.indeﬁgn-
dent of the boundery conditions of the slab and bhé distribition of the load,

(e) perfect bond exists between the slab and eccentric stiffeners, and

¥ Numbers in parentheses refer to'references.




>

() there is no warping of the cross section of the bridge structure.

<

The idea of applying the theory of orthotropic plétes to a grid
system of a bridge deck by treating it as an idéaiized plate was proposed
by Guyan (9) in 1946. Later, Magsonnet (10, 11, 12), Cornelius (13),

Pfluger (1k, 15), freﬁks (16), Glencke (17), ana otheré extended and
generalized the use of this method. Pfluger developed a system of three

fourth order differential equations in order to :include in-plane motions

of the plate. Trenks showed that three simultaneous differential equatioﬁs

expressing three components of deformation of the deck plate may be trans-
formed into one differential equation'of eighth order. Most of the research
published in recent years involves theoretical studies of orthotropic deck

plates and deals with mathematical methods for analysing such "structures

(18 - 2k).

A priﬁary drawback of the orthotropic piaté.method is that the
stiffnesses of the slab and beaﬁ are to be 'smeared! into an gquivalent
plate. The flexural and torsional rigidities of the plafe can, .at. best,
be approximations énd are often‘diféicult to evaluate. Secondly, once the
solution of the plate problem is obtained, it is Aifficulé to isolate the

moments, shears and displacements for the'longitudinal and transverse

girders, which are of primary importance.




.. FINITE ELEMENT METHOD Of ANALYSIS
2.1 GENERAL
In thg present investigation the finite element idealization is

used as the basic numerical ﬁechnique to solve a set of differential
eéuations of a continuum with regard to appropriate boundary conditions.
Engineering structures built up of bars, beéms and plates are generally
| thHcomblex to betanalyzed by the,théory_of-elasticityui'The'problem
becomes tractable if the fundémental conditionslof equilibrium and
compatibility are expressed in such a manner that the mathematical
formulation is given in terms of algebraic equations. The finite elemeqt

technique is a convenient scheme for obtaining these equations.

The finite element method is very well described in tle. literature
(25.,26) and hence only a brief description of the general features of the
‘method are glven here. In addition, certain features of the present study

which have not been presented before are discussed in detail.

The finiﬁe element metﬁod is divided into three steps:
Step 1: Structural Idealization:

A structural‘system is considered as an assemblage of discrete
structural elements interconnected at.a limited number of hode.points,
usually the éorners of the elements. ZEach element is assumed to'have.only .
a finite numﬁer'of degrees of freedom. The formulation of such a model,

referred to as the structural idealization, reduces the'infinite‘degrees of

freedom of the continuum to finite: degrees of freéedom suitable for the




matrix method of analysis. An engineering judgement is vital at this stage '
since an exgct analysis Is performed on this substitute structure and hence
the results are valid only to the extent fhe\substitute structure represents

the original structure.

Step 2:. Evaluation of Elemeht Prbéerties:

The force—displacémént rélaiionship - stiffness or flexibility
matrix -~ which must be obtained now is the critical phase of theAmethod.

An element which has infinifeldegrees of freedom is restricted to limited
degreesvof freedom. This in general implies violation of the continuity
conditions or the equilibrium conditions or both. Both compatibility and
equilibrium conditions are satisfied only under certain special situatioms,
like the case of bending of beams with two degrees of freedom"(slope and.
deflection) at either end. Most of the elements reported in the literature
are based on the displacement method (use of stiffness matrix) of anéiysis
and may be subdivided into_fhe following catagories:
| (1) Elements satisfyiﬁg displacement compatibility,

(2) Elements satisfying equilibrium, or )

(3) Elements violating both equilibrium and compatibility

(1) Eleﬁents satisfying displacemenﬁ compatibility{

- A set of deformation patterns are chosen to Qefine,
uniqug}y the state of displacement'within each eiemént. ' The nodai
displécements act as the undetermined parameters. Selection of the
displacement patterns which will explicitly‘specify continuity of
‘deformations and their first derivatives between adjacent elements is

difficult: However, elements satisfying continuity of displacements and
. . _ p -




their first derivatives and those which satisfy compatibility of
displacements only, along the whole interface between adjacent elements

are used in the literature with a great success.

Once the displacement patéerns-are chosen in terms of
nodal degrees of freedom, the principle of virtual displacement or the
principle of minimum total potential energy is employed to obtain'force
displacement relationship for the élement. Hence the stiffness matrix for-

the element i1s obtained.

The pfocess guarantees equilibrium of nodal forces, but
does not ensure the stress equilibriuﬁ within the element or along the
boundaries of the element unless the displacement functions are chosen
so that they identically satisfy the differential equation(s) of éqpilibrium.
The elements satisfying the displacement compatibility along the edges of
the adjacent elements provide a lower bound to the correct solution. The
value of such a bound is not very great since the underestimation of
displacements and stresses 1s true only in an average sense over the entire
continuum and‘is not necessarily true at every point of the continuum. It
may be noted that the deformation patterns are invented rather than
derived. Great care is'required.in choosing functions so that the
necessary figid body displacements are satisfied to ensure convergence to

the correct solution.

.{(2) Elements satisfying equilibrium:

In this technique one assumes stress patterns which are
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in equilibrium at the outset instead of assuming displacement distribution
as in the previous method (27, 28). Now the virtual-force approach_ér the
principle of minimum total complementary potential energy is employed to
obtain the stiffness matrix of the element. Alternately the displacement
-distribution, in terms of nodal degrees of freedom, may be derived.from
the assumed stress distribution and the method of virtual displacement may

be employed for the calculation of the stiffness matrix.

The displacement distribution so obtained, in general,
violafes the compatibility of boundary displacements on adjacent elements.
The method gives an over-estimate of the fotal strain energy and
therefore provides an upper bound on the average displacements. Any
distribution of strain can be approximated by uniform strainsﬁby reducing
the element size. Hence, for convergence to the correct solutions it is
essential to include stress patterns which produce uniform strain: The

method is, in general., more difficult to derive -than the prévious method. -

(3)  .Elements violating both equilibrium and .
compatibility:.

Here, the. displacement pattern is prescribed along tﬁe
edges of the element in terms of its nodal.values in such a way that
compléte compatibility between adjacent elements is established. The
elasticit& problem of the element subjected to these boundary‘displaceménts
is solved, exactly or approximately,- Ir an exact soiutiop is obtained}
an element which satisfies both compatibility and.eguilibrium conditiens

is obtained. For an approximate solution the complementary strain energy,




iQ
defined in tsrms of the internally equilibrating stfess fiela, may be mini-
mized. This vidlates the compatibility conditions within the eiemeht and the
equilibrium conditions are satisfied snly approximately on the bounﬁaries..

Experience with .this technique has indicated good qqpvsrgence-QQQ)..

‘Step 3{~~Analysis'of fhé~ﬁlément Assémflage:

~ Once the stiffness matrix for each element of the substitute
structure is somputed in its local coordinate system, it is modified into
a global (entire structure) coordinate system. The eleménts of the
modified stiffness matrix are placed in their correct positions in the’
larger framework of.the stiffness of an entire structure. The overlapping
terms are superimposed. This process is equivalent to carrying out the
ﬁatrix multiplication EAT]“[K][A]. Where [A] is a coordinate transformation .
mstrix and [K] is a square matrix with the stiffness matrix of‘sach element
listed on its main diagonal (26). In practice, the matrix multiplication
is seldom carried out since it is time consuming and takes considerable

computer core storage.

A necessary‘criterion of the assembly is that the degrees of
freedom for the node of an element be equal to the degrees of freedom of
thé node of the stfucture. This may require expansion of the element
stiffness matrix by inserting an_apbropriate number of zeroes. The general

pfocess of assembly for these stiffnesses are identical, irrespective of

number of nodes an element possesses.

The stiffness matrix for the entire structure is a singular matrix
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because the system is free to move as a rigid body when external loads are
appliéd. The order'of singulariﬁy.qf fhé matrix is~e§ual to thé-number of
possiblé.rigid body motions, Tf thé ordér‘of singularity is greater than
_ this, then thé structuré is intérnally unstablé or collapsitile. A
nonsingular métrix is-nOW‘obtainéd by imposing sufficiént boundary

- restraints on the structure.

Tt may be noted that forces ‘acting on the structure are limited
only to the nodes. If any other type of loads are applied to the structure
then they must be reduced to "eguivalent nodal forces" in the finite

element analysis.

After thé stiffness matrix for the structure is assembled, the
simultaneous liﬁéar ;qﬁafiéﬁs aré ready for solution. Any standard method
of solution of simultaneous equations may be ;mployed. Cerfain special
techniques may bé usedhto solvé a large numbér of simultaneous equations

(see Chapter 3]).

2:2 fINITE ELEQENT MODEL FOR BRIDGE STRUCTURE

The finité.elément aﬁproach is eﬁployed to treat a typical composite
floor system (Eigurg 1) as a three dimension;l space structure{' The slab
and girder elements are treated as an assemblage of regtangular plate ele-—
ménts- éach of iﬁsfhodés‘having~six degrges of fféedom» Three dégreés of free-

dom describe.the tranS&erse bending of the plate element and the remaining




slab element

Figure 1:

lateral bracing

Typical Composite Girder System.

diaphragm
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three degrees of freedom describe in-plane deformations of the plate. The
flanges of the girders are~treated’ as beams-lying in a horizontal plané.
Lateral bracing, if any, is treated as bars having only extensional

stiffness.

2.2.1 Development of Stiffness Matrices for the Elements.

2.2.1.1° A Plate Element:

For a plate element the in-plane..and bending deformations are
treated as uncoupled for small deflections, and consequently, elastic

properties can be evaluated separately for the in-plane and out—of—pléne

forces. The stiffness matrices for the two cases; in-plane stretching

and transverse bending, are obtained independently, and the stiffness

matrix for the total nodal degrees of freedom is obtained simply by

combining these stiffnesses.

Consider a plate element ijkl, lyiﬁg in the x-y plane, as shown
in Figure 2. At each node six degrees of freedom are pefﬁitted. Three
of them are translations U, V and W in the directlions of the x, y, and z
axes, and three are rotations ek, Gy, and GZ about the x, y, and z axes
respectively. Positive directions of the rotations are.determiﬁed by the
right-hand screw rule and are shgwn by vectoré directed aloﬁg these axes.

For the element,

6 =w
X Y
6 = -w
v bid
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Figure 2. Plate Element and Coordinate System
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where 'wy is the partial derivative of transverse deflection w with
respect to y, Wx is the partial derivative of w With respect to x, and Vo
and u.y are partial derivatives of v and u with respect to x and y,

respectively.

Several rectangular plate elements having three degrees of freedom

W, WX and Wy are reported in the literature. Clough (30) has compared

some of these elements and has presented a plate Bending element which is

"a Ybest" element, both in terms of convergence and in térms of approximating

true displacements and moments in the pléte. The stiffness matrix of
this element is used for the transverse bending stiffness of the piate

element in the present énalysis. The element is based on twelve

generalized displacement patterns (1, Xy, ¥V, x2, Xy, y2, x3, xzy, xyz, y3,

x3y; xy3). It is observed that the element satisfies equilibrium and
displacement compatibility along the edges of the piate element whereas

it does not satisfy the slope continuity along the boundaries.

On the other hand, there is no plane stress element descéribed in

the literature with U, V and eZ degrees of freedom at its nodes.* 1In

the past, elements with onlf two degrees of freedom, U-and V, have been
used. In the case of shell‘proﬁlems, where tﬁe fhird degreé-of freedom
is désired, the corresponding sﬁiffgess m;trix.is obtained by inéertiﬁg
an .appropriate number 6f zéroes into the stiffness matrix (25,.p.-126%

31, p.'133{}_ This not only is~aimisrépréséntation of thé-element

¥ Triangular plate elements with six degrees of freedom U, V, €3 &, ny
and ez, and U, V, Ux’ Uyl Vx'and Vy at each node are presented 7

in references 32 and 33.
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stiffness but it-also results in.a singular matrix if all .the eleménts.

sfiould.lie.in 'oneipldne,. .

Develppment of a plate element with the aﬁove three degreés of
ffeedom is of great engineering importgnce sihcé it can be used for the
case of concentrated moments and for the case of in-plane rotatioﬁs{ wﬁich
are frequently encountered when two flat plates meet at an angle as in the
case of folded plates, or when continuously curved surfaces of shells are
appfoximated by flat plate.segments. In folded plates and shells the
element is subjected, generally, to both bending ana in~plane forées. A
detailed derivation of the stiffness matrix for thg_infplane stretching of

rectangular plate element is presented.

" The general procedure for obtaining the stiffness matrix for an
element with assumed displacement patterns - with nodal degrees of freedom
as-unknown parameters -~ is described in section 2.1. The method is
adopted to obtain the. stiffness matrix of the plane stress element in the

following two sections.

Section 2.2.1.2 is devoted to the selection of the displacement
patterns. In this section the displacement patterns at first are assumed
in terms of- the generalized coefficients {a} and later are related to the

nodal degrees of freedom {&}.

In section 2.2.1.3 the principle of the minimum total pofential
energy is used to compute the stiffrness matrix for the plate element for

the displacement pattefns of gection 2.2.1.2.
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2.2.1.2 Belection of Displacement Patterns.

There are three generalized displacements at each node, two
translations and one rotation, and a total bfrtﬁelve for the element.
These twelve nodal displacements establish the boundary conditions for

the function which is selected to describe the deformations within the

region of the element. This permits the use of a displacement field f(x,y)

with twelve generalized coordinates {a}. Since the displacements along
the x and ¥ axes are, 1n general, independent of each other and symmetric

in nature, it is desired to select six displacement patterns for u(x,y)

and six symmetric displacement patterns to describe the v(x,y) deformation.

.Poiynémial.fﬁncéions are easy to deal with and hence are frequently used
in the finite element analysis. In order to choose simple deformation
patterns, the functions are restricted to third order polynomials. If all
the thira order polynqﬁial terms are included -then there are twenty
generalized coordinates {a}, ten for the u(x,y) displacements and ﬁen for
the v(x,y) displacements. The Sz(x,y) deformations are computed from the

expressions of u(x,y) and v(x,y). (See Equations 2.1 through 2.6.)

s N\

.u'(x )

ey = (vlxy) (= [PGx,y)] {od : (2.1)

.

ez_(?c :.V))-

\




where:[B(x,yij =

b

and {a} is a vector of generalized coordinates.

o = o
a
ay
a. o
b
o- © o

by

—X
2a

2
bx2y be
agb °© ab

2f

ab .
-X y2 Xy
oac b2 -ab

L _-}E
; ,
by~
(o] .b3 @]
a 3 o ax3
§f§— =
—3V2 3x2
° 2 527
(2.2)
’_1
(@]

¥ . This form of the polynomials is selected in order to obtain a simpler polynomial in dimensionless

coordinates.
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If. £ = x/& and  n.= y/b,. then;
' b o o
[plx,y)] = o a o | [P(g,n)]
5 o) ' 1
where ;
-
f}i(im) 1 0 ¢ 0 n o
[B(g,n)] = ¢vim)p =10 1 0 n 0 ¢
. -1 1
L 8,.(&sn) 0 0o o0 0 =5 3
& 0 n 0o @ o & o o3
0 n2 0 n2€ 0 Ezn 0 n3 0
2 2 2
o=f n- -3n
0 0 5 5 -En né 0 0 5
apd:

T

(2.4)

a and b are lengths of the element along the x and y axes respectively.

This implies that

¢ 3
u(X9Y)

i v(x,y) »

J

ez(x,y)

S ¢ w
b 0 0 u(g,n)
= {0 a 0 <¢vlg,n)
0 0 l“ 8, (g,n)

\

(2.5)
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and that:
b 0 0
;3 =jo a0 {8} = [tl{s} (2.6)
tp 0 1 '

Where {Gi} is a column vector of the degrees of freedom at node

i, (Ui, V.o ezi); {Qi} is a column vector of dimensionless degrees of

freedom (y&, y&; in) of node i; and the transfer matrix [t] is

. _
[t] =

a

0

(2.7)

o o o
H O O

In order to relate dimensionless degrees of freedom {§} with gen-
eralized coordinates’ {a}, thé coordinates of nbdés i, j, k'and 1-are substi-
ﬁutéd‘into~ the matrix [P(g,n)]. It may be observed that columns 3, 11,
and 17; 7 and 13; 8 and 1k; and columns 4, 12 and 18 are identical in the
resulting matrix.” Hence, the.polynomial terms coffesponding to columns 11,
12, :23, 1b, 17 and 18, though they are:independént displacement- patterns,

may be discarded from the definition of the function E}(E,nli' Hence,

1 05 0mn.0& 0 n° 0 &a° 0 > o0
[Pe,n)] ={0 1 0 n 0 € 0 ng 0 £ 0 £2n 0 31(2.8)
2
-1 1.-€ n - =3 3§
000075 3 =5 3 -n & -&n &1 =3 ol
Equation 2,8"contains fourteen polynomial ‘terms to define. the dis-

placemépt'fieid:{jﬁi,ﬁz}.offtheUPlate element.', -Seven of thé terms define

u(g,7) displacements and the remaining seven definé v(%,n) displacements.

¥ see Appendix 1, page 130.
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Each. element ‘has twelve dimensioniess degréés of fréedom'{ﬁ} and
fourtéen généralized coordiﬁatés:{&}. In order fo ﬁniqﬁély\rélaté thé
geﬁeralizéd coordinatés‘{&} with,thé‘nﬁdal_degréeé of‘freédom'{ﬁj,.only
twelve ﬁolynomial terms in the définition of [P(g,n)] are needed. .Ideally
we are'interested in a symmetric and indépéndent sét of displacémént.
patterns to define u(%,n] and v(¢,n] which éivés a 12x12, nonsingular
matrig; Tﬁefefore, one displacement péttérn from eagh definition of Efg,n)
and a corresponding function from the définitién of v(&,n) must be discard—
ed. In order to retain simﬁle displacément péttérns it is prgferred to
discard é tﬁird order term from the définition of E[E,n) and z(i;ﬂ). Real—

istically, an independent set of symmetric displacement patterns is not

~available when all second order polynomial terms are retained 4n the

définitioﬁ of [Eﬁg,ni]: Tﬂis is observed by a careful examination of matrix
[CJ which relates the diménsioniess degrées of freedom {8} with the general-
ized coordinates {a}. The matrix [C] is oﬁfained by substituting the
dimensionless coordinates for the nodes i, j, k and 1 of the element in

the matrix [P(£,n)]. The 10x10 principle minor éf the matrix [c] is non-
singular which indicafes linear independence of the first ten vectdrs of the
matrix [é]. On the other hand, the 12x12 squaré matrix obtained by omitting
céiumns ele&en and twelvé, or by deleting columns thirteen and fourteen, of
the matrix [c] is singular. This broves-the assertion that an independent
s&ﬁmetric set of functions does not exist when all the second order

polynomial terms are retained in the definition of [P{g,nl].
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It is also noted that any combination of two vectors, other than
those mentioned above, are linearly indépendent of the firét ten vectors.
This shows that a set of linearl& indepéndent, nénwsymmetric deformations .
-are available to describe thé deformations u(£,n)and v(&,n). Non—symmetfy
of shape functiohs implies .non-isotropy of.theﬂmatérial'and hencé is of

"little interest.

ﬁpon examination; of .other combinations’ of:the fourteénivecthS'of
matrix [C], it is found. that among the'chosenﬁdisplacément'patterns there -
is no independent symmetric set available to describe the deformations |
u(g,n) and v(&,n). Heﬁce? we note that an arbitrary choice of independent
displacement patterns is inadequate to guarantee existence of an inverse
éf'the matrix [C] which relates the generalized coofdinates {a} to the

dimensionless degrees of freedom {§}.

In. order %o ,define a symmetric-set of shape’functions, an
.interdepeﬁdent set of displacement functions is requirea. This is easily
done by retaining the first ten vectors of the miatrix [P(£,nl]l>and by
" replacing the last four columns by two columns which are linear combinations

of columns eleven and twelve and columns thirteen and fourteen respectively.

Hénce{
[1‘ 0 ¢ 0 n 0 & 0 nf 0 -gn® -’ o
[g(a,n)]" =01 0 a 0 & 0 nmE O G

(2.9)
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Matrix [C], obtained by:substituting the coordinates of nodes i, Js
k and 1 into the matrix [p(E,n)],is easily inverted.

A dimensionless. displacemént. field of ‘the element {f(Z,n)}, is
related to the dimensionless degrees of freedom {g}iby:

b OO
- o ll- - . .‘l : '
{£{&m)} =0 a 0| Ip(g,n)1Ic s} ' , (2.10)

001

Equations 2.6 and 2.7 relate the dimensionless degrees of freedonm

{8} with dimensional degrees of freedom {6} as:-

(£ o 0 o
.40 [+t o 0 _ ’
e o 18 (2.11)
o o0 0 [+17%

Substituting Fquation 2.11 into Equatiom 2.10, we obta%p_the

displacement patterns in terms of the nodal degrees of freedom.

15170 o 0 0 ..—
- 1o w1t oo 0
{£(g.m)} = [61[R(E.M)1[C7) ) |53 . (2.12a)
- Q 0 [t]77 o0 :
0 0 0 [p]”%_

[o(g,n)1{6} | o - (2.12pb)




where:

[Q(Eon)] =

[t10p(e,n)1c™)

2k

0 0]

0 0
[+t o
o

2.2.1.3 Determination of Stiffness for the Plate Element

(2.13)

The total potential energy I of the elastic system in Equation 2.1k

is made up of two parts, (a) internal strain energy,ané (b) the energy of

loads acting at the nodes, or:

I=1/2 f§{6}T{e}dv = 1635w

where:
{e}
{o}
{F}

column vector

column vector

column vector

of

of

of

From the definition of strains:

EX 9
90X
3
fe} =(% )= lo 2
R y 9y
(ny, 3 3
} 'L?y X
120
a o9&
_ 13
=10 b on
13 13
b 3n a 9§

0

strains (EX, €
stresses (gx,

nodal forces (F ., F
xi

[P(x,y)]

(2.14)
y: ny) »
Oy s Txy>’ and
p10 Foggrroee )
(2.152)
[e(Em)] . (?.le)
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G -
. 1 .
L2} 0 ol - |2 0
a 0&
= |0 a2 0 0 9_
b N
0 0 1 9_ C
| | | on 9E
= [THe}

where the strain transfer matrix

1k 0 ol.
. a
[l = |0

| 0 0

and the dimensionless strain vector

o {m

=

=

e} = i' = [B] {8}

Tu€.m

vE,n)

|z (Ea ﬂ)

(2.15¢)

(2.154)

(2.16)

The matrix [B] in Equation 2.16 is obtained by proper differenti-

ation of the matrix [®(E,n)] - of Equation 2.13.
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From the generalized Hooke's law, the stresses are:

.{0}. = [p] {e} = .[D] [T]{E} = [p] [T] Lg]'{ﬁ}
where:
F- 1 Y 0
L] = —2— ¥ 1 0
1-Y
~ 0 0 1~y
_ 2]

_(2’17)

(2.18)

E'in Equation 2.18 is the modulus of elasticity, and Yy is Poisson's

ratio for the material,

Substituting Equations 2,15, 2,16 and 2.17 into Equation 2.14
yields: . B
T . . .
1 =%fv([D] [r] [8] {61 (IT] [ {6}) av - {s}T{r} (2.19a)
. T .
I o= 118 Ikl 16} - {837(r) (2.19b)
shere [k] = s_ (81 7] Tio] 1] (8] av (2.20)
According to the principle of minimum potential energy
I
LL_ _ 9
3(8)
Hence: [k] {8} - [F] = {0} 4
or [F] = [k] {6} i : (2.21)
By définitibn, [k] is the desired stiffness matrix,
Exlicit expfessions for the stiffness matrix are derived and

presented in Appendix 1 along with the stiffness matrix for the




27

transverse bending of the plate element.

2.2.1,4 'Limitations'of‘the‘Plane Stress Finite Element

The deflection patterns chosen to represent the stretching of
the plate do not completely satisfy the displacément continuity between
adjacent elements. Continuity is maintained for the u displacement on

edges parallel to the x axis and the v displacement on edges parallel to

the y axis. The element exactly satisfies the constant strain situation.

To verify this property of the element, uniformlcompression and uniform
shear strésses were applied on a single element. The element is pin
supported at one corner and is supp&rted on rollers at the other end.

The uniform stresses were reduced to equivalent nodal forces and were
applied to the nodes of a single element. Plate elements with length to
width ratios varying from 1 to 20 were examined. In all cases, nodal
deflections were identical to corresponding deflections obtained with the
theory of elasticity solutions, When stresses are not uniform, as in the
éase of a uniform bending stress, the resulting deflections are 6.25%

too small., This disagreemgnt indicates that in the case of linear stress
distribution, or where stresses vary as a non-linear function, the plate

must be taken as an assembly of small elements so that the distributed

' ‘stress may be approximated by constant stresses,

<
Since the element correctly represents a uniform stress situation

and it incorporates all the rigid body displacements; it is expected

- v

that the solution of plane stress problems obtained with the element will

converge to the true solution when the element size is diminished. - The
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exact solutions to plane stress problems with rectangular boundaries are
not easily available, and hence comparisons are limited to a cantilever
beam loaded at its free epd. It may be noted that the cantilever beam
problem is not expected to reveal advantages of additiomal degrees of
freedom of the new element, but is designed to show the convergence

criterion,

Deflections of the cantilever beam for vafious mesh sizes are
plotted in Figure 3. The figure also shows deflections of the free end
when stiffness matrices proposed by Turner, EE_Eg_k34) and Melosh (35).
are used. Melosh's plate element assumeé linear displacement patterns,
whereas Turner's element is obtained from self equilibrating stress
patterns, This element was found to give the best approximation to

the cantilever beam problem by Hooléy and Hibbert (36).

2.2,2 Beam Eleﬁents
As was mentioned in section 2.2 longitudinal gifders are treafed
as plates in a vertical plane and their flanges are treated as beams
lying in horizontal -planes, If transverse beam. diaphragms are provided
in the bridge, they are treated as eccentric stiffeners which are rigidly
‘connected to the slab, The stiffness matrix for such an eccéntric
stiffener, with its nodes. in the middle planéldf the slab, is based on

the displacement equations:

n

u(x,y,0) - zw

u(x,y,z) <

v(x,y{z) = v(x,y,0) - zwy

where u(x,v,0) and v(x,y,0) are displacements of the reference surface
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along the x and y axes. These displacements are referred to as the

u and v displacements.,

If the beam lies éntirely in the y-z plane, as is the case with

transverse diaphragms, its resistance to motion in the x direction is
completely ignored. The displacements in the y and z directions are

assumed to be:

v 1 y 0.0 ‘0 o0 |

” T f {8} (2.235‘

w, 0 0 1y oy oy
Proceeding as in the case of the rectangular plate in extension, the
generalized coefficients {B} are related to degrees of freedom V, W,

and Wy(=6x) of the beam element by:

{B} = [C'l] {8} ' ‘ (2.24)

‘'where [C] is 6x6 matrix of nodal coordinates.

The displacements in Equation 2,23 are represented in terms of

the degrees of freedom {8} of the beam element by:

[ v 1 vy 0 0 0 o0

= : | , Rt (2.25)
|

w j 0 -0 1 y vy Y3

—

Therefore, the strain and stress vectors are given by:

-{€y? =Vy = 2V = (01 Otb -2z -62y) {C—l] {8} (2.26)

and

{o}

E{e_} ) : (2.27)
Yy
The principle of minimum total potential energy gi&es the

desired matrix equation:
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In the above equations, As is the cross sectional area of the
stiffner, SX is the first moment of the stiffner area with respect to the
reference surface, and IX is the moment of inertié of the stiffner with

respect to the reference surface.

In order to consider torsional resistance of the stiffner, extra

degrees of freedom e& are introduced at both ends of the Beam element.

Assuming the angle of twist Qarieé linearly along the length of the element,

the twisting moments, Fe , are related to the degree of freedom eyby:
Yy : .
. . ]

F, .

eyll YooY %1 |

= E ‘ (2.29)

F -y Y . -

ey2 3 eyg

n ] :
where Yy = GJ/EAL; G is the shear modulus, J = L 3 bt3, and AL is the

length of the beam element.

The torsional stiffness may be combined with the stiffness matrix
of Equation 2.24 to obtain a stiffness matrix for the beaﬁ element having
four degrees of freedom V, W, ex and ey at its nodes. The matrix is
shown in Appeﬂdix 1. If thé reference surface is assumed to pass through-
the néutra@ axis of the beam element then the stiffness ﬁatrix of the
beam element may be reduced to a more familiar form by substituting SX =0

in the stiffness matrix.

2,2.3 Bar Elements

Bars or axial force members are used in the bridge as lateral
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bracing or as diaphragms. The stiffness matrix of the bar element is
obtained in local coordinatés simply by assuming linear displacement
patterns. If the direction of thé axis of ﬁhé bar'is denotéd By irénd
ﬁhe displacements and forces in this direction by u and Fu ?espectively,

then the stiffness matrix for a bar element of length AL is given by:-

Ful | {— 1 ";“] | ﬁl]
l ' 1 . (2.30)

where A is the area of cross section of the bar element.

2.3 EQUIVALENT NODAL FORCES

In th¢ finite elemeﬁt analysis of the.structure; loadé aré
restricted to the nodes,whereas the orientation of the actual loads on the
étructure is arbitrarx e.g., truck loads on a bridge. Or, the loads aré
distribﬁted over the structure as is the case with the dead load of the
structure. In the finite élement analysis one needs to replace the

actual loads acting on the structure by the equivalent nodal forces. This

replacement is easily done by equating the virtual work of the two ‘systems:

T T

.BW_ B fsa{f}[Q]ds - 6{6}{Péquivalent | ' (é.3l)_

where &{f} denotes the virtual displacement of the surface s and [Q] is
the matrix 6f the forces acting on the eleﬁent, and 8168} is the virtua}

displacements for the nodal degrees of freedom.
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In Bquation 2.12, {f} = [0]{8}, hence:

§{r} = [e]s{s} ' ' (2.32)

Substituting Equation 2.32 in Equation 2.31,

T T - 1T ' ' : ;
§{8}” [ [e]7[qlas = §{&} {P}equivalent (2.33)

Since virtual displacements 8{&} are arbitrary

‘ _ T .
{P}equivalent B fs[q)J [qJas

(2.3h)

To illustrate the method, equivalent nodal forces for the cases of
uniform compression and uniform shear stress acting on the plane-stresS
element of the previous section are computed. When the compressive stresses
are acting on the edges parallel to y axis, the integration in Equation 2.3k
is carried out only along these edges. The vector [Q] of the applied loads
is represented by two components, Col™(1,0,0) along x = 0 and Col™(-1,0,0)
at x = a. On integration Equation 2.3l yields the equivalent nodal forces

{P} of Equation 2.35.
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Similarly, the equivalent nodal forces for the cases of uniform
shear stresses and uniform bending stresses acting on edges parallel to y

axis are obtained as shown in Equations 2.36 and 2.37, respectively.




| (2.36)

shear

{P}




(2.37) *

and

{P}

-bending




JSieeTTli.e - LCOMPARISONS. WITH EXISTING SOLUTIONS
3.1 " INTRODUCTION

The displacément method of analysis when applied to the analysis of

a structure composed of many elements, results in a large number of

simultaneogs algebraic equations. The conventional techniques adopted for

the solution of these equations may cause computational difficulties or

may even prove impbssible when the order of the matrix exceeds the capacity -

of the digital computer.

In order to efficiently solve these equations on the computer,
adyantage must be taken of a high proportion of zero elements in the
stiffness matrix. With careful numbering of the nodes, the stiffness
matrix of the structure may be obtained so fhat all the non zero terms
are located in a reésohably narrow diagonal band. The band width of the

matrix is minimized when the nodes are numbered such that the difference

between any two connected node numbers is a minimum. Several papers.

‘which deal with the banded form of the matrix have reported considerable

economies,both in computing time and computer core storage (37, 38, 39, Lo,

h;).

Alternately, the étructu?e under conéideration nay be pa?titioned
into a number of substructures, and the Eoundaries of the substrﬁctﬁres
may be specified arbitrarily. if the stiffness .matrices for the
substructures are determined, then each substructure can be trested as a

complex structural element and the displacement method of analysis can be

formulated for the partitioned structure. In other.words, the idea of a
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substructure is nothing more than.a generalization of a structural member.
Here the substructure is treated as a bBasic, "building bBlock" (L2, 43, Lk,

L5). Such a physical idealization has a mathematical counterpart in the

form of partitioned matrices.

The complexity of the interactions between substructures depends
primarily upon the manner in which the structure is divided. Moreover,

the choice of the scheme for the solution of the resulting matrix equation

-is related to the layout of substructures. The method of series elimination-

is the simplest method among the various available techniqués of subdivision

of the structure. The method is explained briefly in the following section.

3.2 SERIES ELIMINATION METHOD OF SUBSTRUCTURE
When the structure is subdivided into 'n' substructures as shown in

Figure 4(a), the stiffness matrix [K] for the structure may be partitioned

into a tri-diagonal band matrix, as given by:
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[k]ll [kJIQ
(el [elyy [kl
[elgy  [xleg [k,
. j-'l,‘j J:J j:j+l
: [k] [x]
: ) ' n-l,n n,n
(3.1)
Each element [k] , in Equation 3.1 corresponds to the stiffness
matrix of all nodes of the substructure j, and the matrices [k] and
) . j"l:j
[k] are the coupling matrices.

J.J+1
One must iﬁvert matrix (K] in order to compute the displaceﬁents
[8] for the structure when the nodal forces [F] are applied, or, one must
take advahtageuof-the'tri—diagbnal'fbrm.of the matrix {KJ,ahd set:up a

recursion relation.

In order to estabiish the recursion relation for the series

elimination, matrices: [8] and [Fl.are subdivided - as in* Equation 3.2,




71, | 1kl fxd, o . (6,
[F1, [kl [xly, [kl o ],
\ I

- | | | (3.2)

Fl_ | 4 (] =] | L8]

- ] § - ) - n-1l.,n n,n_|

In Byuation. 3.2, {F}j and {6}j refer, respectively, to the forces

and: displacements at the nodes of substructure J-

Equation 3.2 may be expanded to''n' matrix equations. The first and

second of these equations are:

[k]ll [5]l + [k]12 [6]2 = [F]l , and (3.3),
[kly, (81, + [kl,, [8], + [kly, [81, = [Fl, (3.1)
FfomtEquation 3.3, —
[5]1 = - [lel L[k112 [5]2 - [F]l] (3.5)
Substituting this expression for {6]1 into equation 3.k:

% ¥
[kl,, [8], + [kl 5 (sl = [Fl, (3.6)

where: -

# -1 o .
[k]22 = [1«:]22 [k]2i' [k]ll'[k]l2 , and : | (3.7}
. ® | | -1
[Fl, = [rl, -[xl,, [kl, [E]L (3.8)

F#:ém. Equation 3.6:




lp..3

. *_1 {" %
(61, = = [slgp | [l 165 - [Fjg]

- (3-9)

.Thé'fOrmuof E4uation 3.9 is identical to the forﬁ‘of-Equation 3.5.

'The third of the matrix Equations, 3.2, may 5é written:
(Fly = [xlg, 81+ [klgy [elg+ [xly (o],

Equations. 3.6 and 3.10 form ‘a pailr. of equations which are

(3.10)

identical in form to the first pair of Equations 3.3 and 3.4. Operating on

this pair, just-as on the first pair, yields:
‘ & %

[k]33 [6]3.+ [k13LL [s]), = [F]3
where:
% ®_1
[k]5 [klyg - [xlg, [x],, [kl , and
* - ._*—l
[F]3 = [F]3 -~ [k]32 [k122 {F]2
Equation 3.11 yields:
’ %1 i" * —*
[6]3 - - [k133 | [k]3h [6]h B [F]B %
| J

(3-11)

(3-12)

(3-13)

(3-1k)

One may now write the fourth of the matrix Equations 3.2. This

equation and Equation 3.11 will form a third pair of eguations. This

péir of equations is similar in form to the first and second pair.

Proceeding as before one can write;
* %

ey, T8l + [kl o), = [#],

(3-15)
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# %1

[k]uh'= Iklhh - [$Jh3[kj33 [kj3h , and

* ¥_1

[Fly, = [P, - [kl (k] [F]]

Proceeding in this manner, the general recursion relation is:

% ] X
% 51
ey g = [g]jsj_ leJy gon BTy 1,31
'}L %1
[F]j = [F], - [x] k]

J j:j"‘l

From Equation 3.18:

[6], =

,_

~l

and 3.235 are obtained:

I L T £ M
.[k]n-—l,ngs]n—-l'+ [k]n n[§]n - [F]n

From this palr of equatlons,

%]

(k]

k]n,n-—l

j_l:j"l

J _ .:J L_ J7J+l ]J 1 [F]_J

The process 1s continued until the last pair of-EQuations,

n-1,n-1

- (3.

(3.

(3.
(3.

(3.

(3

3.22

(3

(3.
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16)

17)

18)
19)

20)

.21)

.22)

23)

;2h)

.25)
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% _ %1

[(F]. = [F]_ - [k] [k] [F]

n n n,n-I n-l,n-1 n-1 (3.26)

Once the deflections [6]n of the last substructure are obtained,
the deflections [SJn_l, for the preceding structure are obtained from
Equation 3.21 by substituting j=n-l1. This process is repeated until the

deflections.[d]l for the first substructure are obtained.
. }

The procéss just described computes the deflections of one end and

then computes the deflections of the entite structure by usiné the recursion

relation of Equation 3.21. Because of the large number of computations in-

volved in the process it is suspected that.é considerable'loss—in accuracy
méy result in the deflections of the structure. The error in computations
may be reduced by first calculating the deflections of the midsection, and
then, relating the deflections of the remaining structure with these
deflections. In order to derive the recursion relations for this case, the
substructures are numbered as shown in.Figure 4(b). The resulting matrix

equations are expressed by:
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[Flg [ele oo [Ele o [k]c‘c_i [615' -%
)= o | (3.27) |

‘[F]II [k]II,lII[k]II,II [k]II,I ,[G]II .{

EF}I—J B - [k]I,II ‘[k]I,I | ~[5]I— fw

Proceding as before, one can write the recursion relations Equations

3.18 through 3.21. . The index j stands for the jth substructure counted

from either end. When j = C-1 (where C is the index of the central ' §

substructure) , -Equation 3.2l becomes;

®_1 % : b
[6lgy = - [klg g o1 [}k]C—l,C [l - [F]C:l (3.28) !
where ! ‘ K ﬂ
: Bl i
[Flg = [Flg - [xly o g [elg g o [Flo T (3.29) t
Similarly, when j = C-I, Equation 3.21 becomes;
*%_] 2% —].
= ‘ - IF v Co
R i P e [Ek1c-1,c (8l - Pl | (3.30) ,
where: . ' ; [
%% *%_7 ) . . - ) —,:-&
(Flg = [Flg - (&lg o7 [Blo g o g [Flgy o | (3.31) l

Dbuble‘stars on the matrices signify that the recursion relation is carried

out from the front end, with Roman numerals.
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The matrix .equation for the céntral slUbstructure may now be.written
from Equation 3.2 as:

[Flg = [kly oy , ¢,c1 L6l

(8l o + [xlg gloly + [x] -1 - (3.32)

Substituting Equations 3.28 through 3.31 in Equation 3.32:

Py %
[rly = [lg (Ll ' ' ©(3.33)
where; . :
% %_1 ®¥_7]
(elg o= Delgom (Bl o g Doy o q [Rlg g o = Dklg o pTxlg g el p ¢
| | (3.34)
and : s :
% %% %_1 % ®%_1 x#
[Fly = [Fly -[k] (k] [Fly - [kl op (xlg; op [Flg (3.35)

: ¢,c-1 “*lc-1,0-1

After the deflections [6]0 are obtained from equation 3.33, the
deflections for the remaining structures are obtained by successive

applications of the recursion relations of Equations 3.18 to 3.21.

The recursion process requires the inversion of matrices whose

largést order is equal to the order of the largest matrix [k]. .. This
. - ' b

enables the programmer to conserve the computer core storage, provided he
uses the auxiliary storage unifs for the large blocks of information
- pertaining to individual substructures. “Hence, a large structu&e‘maylnow
be analyzed. Whén auxi;iary storage units are used in the program,.£he:
benefits dgrived from a large capagity are partially offset'by an increase
in computer time. -This loss of effipiency is due to the fact that access

“time is typically much greater for auxiiiary storage than for the core
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storage. It may, however, be noted that the time of solution varies as a
linear function of the number of substructures in tﬁe strgcture, rather
than as thé cube -of the numbér of unknown déflections {8}, as is the case

in ordinary techniques'for solving equations.

3.3 VERIFICATION OF CéMPﬁTER“CODE-

A computer program is_writfen'to'analyze a structure composed of
plate, beam and bar elements. The program utilizes the series method of
- substructures described in the previous section. It islused for the
analysis-of the bridge.structures which are discuésed later.

The logic of the program is ve?ified with the éantilever beam
problem presented in the second chapter. The cantilever beém’problem
was solved several times. Each time the beam was divided into different
substructures and the scheﬁe of numbering the node points was changed. The
‘deflecéions of the beam were found identical in each case. For each
element nodal forces were computed from the known deflections. The forces

acting at each node were then superimposed. for equilibrium checks of the

hodal fofces.

The cantilever beam lies entirely in one plane and Is made up.only
of plate elements. Hence, it does not check certain aspects of t%e
progrém; Therefore, the progréﬂ is also verified with a bridge supported
on two lqhgitudinal girders. The computed defiections of all the nodés of

the bridge were identical fdor the various combinations of substructures

‘(Figure 5). The equilibrium conditions were also checked at each node of
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the bridge. The bridge was algo solved with axialrdiaphragms at its
éupports; The deflections of‘the'various nodés dﬁé to apblied loads were
idengiéal when the structuré was sﬁbdividéd into two différént substructures.
.'é.h COMPARISONS WITH EXIéTING SOLUTIQNS.:

The applications of thé finite eléﬁent method of a@alysis are
varied. The method was recentiy’applied to composite Ifbeam bridges. (L6).
_The literature on the finite element method is full of evaluations of the-
- method in compgrison to other methods of solution._ The evaluations,
which are based on coﬁparisons with exact solutions for simple problems and
with thg experimental results for the more complex problems,'have proved
a great success of the method. Therefore, in the present study of the
bridge behavior under the action of horizontal loads, no attempt is made
to Justify the use of the method. However, certain comparisons are made
to invgstigate the validity of the method and toxillustrate the differences
in solutions resulting from the various assumptions made in formulating

the analytical'models and other approximate methods of solution..

- Comparisons are made for vertical loads on three-composite I-beam
bfidges of different span lengthg and girder sizes. All fhe bridges are
éolved by the finite element éethod by Gustafson Ch6). In his model,.plate
elements havg only five degrees.of fréedom U?'V, WA ?X’ ang ey; and tth
longitudinal and transverse girderg are treated as Eeam.elements.- The
stiffness of the beam elements.iS'computed by assuming the node; of the

beam elements to coincidé:with_the neutral surface of the slab.
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The first bridge studied is a fivé girder_bridgé suppgrtgd over
a épan of sixty feet (Eigure‘6). The bridge was solved by Vitols, Clifton
and Au by the orthotfopic plate thébry~inlorder to comparé their more
accurate treatment of the ecééntric stiffnérs with the conventional °

technique (19).

In the present analysis the slab of the bridge is representéd by
a meéh of sixteen lqngitudinai by ten transverse rectangular plate elements

of ‘equal size. Each element of the slab has six degrees of freedom; U, V,

X

‘W, 6, ey, and eZ. The webs of the longitudinal girders are treated as

plate elements and their flanges are treated as beams lying in horizontal

planes.

Table T gi?es a comparison‘of the present investigation for the
midspan loading on the girders with the or£hotr0pic plate analysis of
Vitols, Clifton and Au, and with the finite elemeﬁt analysis of Gustafson.
It also presents moment coefficients for the loads at the quarter span and
at three—qpar£er span of the bridge. The data in Table I shows a somewhat

different distribution of load compared to the orthotropic plate theory

‘and Gustafson's finite element model.

It 1s observed thét the differences in the midspan ﬁoments between
the orthotropic plate analysisiand‘Gustafson's model are greatest when the
exterior gifder A is loaded. They reducé whén girder‘B is loadéd'and'are a
minimum when girder d is loaded. . In the present analysis, the moments

carried by the interior girders B and C, when the wvertical loads are
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TABLE L. Comparison of Moment Coefficients (¢ for 60 foot Span Composite
I-Beam Bridge, ’ -

Load Basis of Coefficient of Moment Cﬁ Mid-Span Section .of Beam
Position Comparison A B c D E
* ’ .
Mid-Span A 1 0.175% ~0.0872  0.0089 -0.0128 ° -0.0085
2 0.1961 0.0592 0.0085. -~0.0058 -0.0066
3 0.1818 0.0651 0.0191 -0.0019 -0.01k1
 Mid-Span B 1 0.0543  0.1324 . 0:0540  0.0139 ° -0.0046
2 0.0598 0.1255 0.0536 0.0163  —-0.0051
3 0.0636 0.1194 0.0510 ~ 0.0169 -0.0010
Mid-Span C 1 © 0.0097 . 0.0539 1 0.1228 1 0.0539 0.0097
. 2 . 0.0090 0.0540 0.1238 0.0540 0.0090
3 0.0185 0.0512 0.1105 0.0512 0.0185
" 1/h-Span A 3. 0.0759 o.ohﬁT 0.0L71 -0.0005 -~0.0123
1/4-Span B 3 ©0.0L36 0.0377 0.0305 0.0129 0.0002
1/h—Span C - 3 0.0165 0.0306 0.030T. 0.0306 ~ 0.0165
3/L-Span A 3 0.0795  0.0431  0.0133 -0.0018  -0.0092
3/4-Span B 3 - 0.0420  0.0388 0.0325 0.0129  -0.0012

cont.




TABLE I.

Load
Position

Mid-Span
Mid-Span
Mid-Span

1/h~épan
1/h;spap
1/4-Span
3(H—Span
3/4-Span

# Moment
* 1:

~ Cont,

Basis of
Comparison
’ *

3(a)
3(b)

A 3(a)
3(b)

B 3(5)
- 3(b)

C 3(a)
3(b)

A 3(a)
3(b)

B 3(a)
3(b)

Coefficient

of Beam
A .

0.0709 0
0.0875 0
0.06LT 0
0.0817 0
0.036h 0
0.0k05 0
0.0502 0
0.0ko8 0
0.0072 0
0.0070 0
0.0267 0
0.0108- 0
0.1311 0
0.0351 0

.0498 0
0.0235 0
0.0222 0
0.0096 0
0.0267 0
0.1502 0
0.0281 0
0.0378 0

= Cm x Load x Span

3: Present investigation

3(a)§
3(b):

5k

of Moment Cm for

B

.0625
.0koo
.0507
.ok21

.04k63
.0Lk12
.0303
.oboi

.0353
.0352
.0266
.033k

.0505
.0243

.0920
.0152

.0317
.0152

.0283
.0393

.0107
.1063

Orthotropic plate theory (19)
“2: Qustafson's model (L&) -
Moment coefficients at quarter-span
“Moment coefficient at three-quarter-span

O O OO [*NeoNeoNe!

(@] o (@] [N o] [eNeoNeoNe)

o

C

.0067
.0066
.0271
.0112

.035k
.0350
.0266
.0333

.0k00
.0k08
.0184-
.0367

.0224
.0099

.0317
.0152

.0798
.0128

.0178
.0056

.0119
L0375 .

Quarter-Span

-0.
-0.

-0.

OO QO

oo oo

D

0091

ook2 -
.0030
0025

.0102
.0122
.01k9
.0126

.0353
.0352
.0266
.0334

.0020
.0005

.0119
.0087

.0317
.0152

.0025
.0027

.0096
.0078

Section

E

. 0060
.00k
.0205
:00T7h

.0033
.0037
.0029
.0018

.0072
.0070
. 0267
.0108

.0185
.0063

.0021 -
.0001

.0222
.0096

.0128
.00k48

.0022
.0020
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directly applied on thése girders, are lower thén the moments. predicted

by the orthotropic plate thegry‘or Gustafson's finite élement model. When
the exterior girder A is loaded, thé momént a@ the midsban of girder A is

a little larger than thé momént prédicted by the orthotropic plate theory
but is smaller thén the moment givén by Gustafson{s modél. This
distribution of moments té the unloaded girders is similar in ali the

cases. ' The distribuﬁién of the load to the unloaded girders is a maximum

when the -central girder C is loaded, it is iess when girder B is ioaded and

is a minimum when the exterior girder A is loaded. It is also obéérved that

the moment coefficients at the quarter span of the loaded girdér33 computed
by the present technique, are smaller than the correspondiﬁg coefficients
predicted by Gustafson's model or the orthotropic¢ plate theory. In Table I,
the moment coefficients are also listed for‘three—éuarter span section,

with the quarter span moment coefficients. It is_seen from these
coefficients that the distribution of the moment along ghe span is not
symmetric about the midsection of the bridge. The'distribution.of the
moment coefficients is more uniform at the quarter spans than at the midspan
when the loads are applied at the midsection of the various longitudinal

girders.

The differences between the finite element model of Gustafson. and
thé present model may ‘be attributed to the lack of three dimensional-
nature of the Gustafson's model. ' Gustafson has treatéd the longitudinal
girders as an.assemblage of beam elements whose nodes coincide with the

middle plane of the slab. In other words, the longitudinal_girders are
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agsumed to stiffen the edges of the slab elements, and the entire bridge

lies in one horizontal plane. Hence, when the vertical loads are applied,’

the model will not have reactions in the horizontal plane. The three
dimensional model is found to have réther‘significant transverse and
longitudinal reactions (Table VIT). Similarly; the space~type behavior
of the biidge’leads to a different distribution ofvthe veftical reactions
at the two ends of the bridge. Since the horizontal reactions occur at
the bottom plane;.they éill affect the moments. The moments in the
various girders will be modified roughiy in proportion to the magnitude

and the elevation of the longitudinal reactions.

The differences with the orthotropic plate aré attributed to two
reasons: (1) the entire plate is in one plane as is the case with
Gustafson's model, (2) the orthotropic plate model is obtained by
smearing stiffness of the girders to obtain an equivalqu plate model,
It may be noted that the flexural and torsional rigidities of the
equivalent orthotropic plaﬁes are obtained in an approximate mannery
and the method ié justifiable only if the longitudinal stiffenefs are
spaced so that the ratios of the stiffener spacing to the width of the
bridge cross section are very small. Besides, the orthotropic plate
theory ignores the stresées associated with the warping'of'tﬂe cross:
section which may be inducéd dpe to nonuniform.distribution of the

vertical loads.

The second bridge compared is a four-girder composite I-beam

bridge (Figure 7). The.bridge is 400 inches wide and is simply
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supported over a span of 1200. inches-. hThe.ﬁebﬁplates'of the longitudinal
girdérs_are 71.6" x 0.375" and the top and bottom flanges of the girders
are 14.0" x 1.75". The bridge is analyzed for a line load of magnitude

. TX . . . . .
sin —y~3 along an exterior girder A for one loading and along an interior

- girder B for the other loading.

The equivalent nodal forces for the sine loads are obtained by
aséuming that the deflecte& shape of the edgé of the loéded girder can be‘
répresented by third order polynomials between the nodes of the elements.
Alternately,'it ié assumed that the slaﬁ and the girder plate elements are
compatible along their common edge, and the transverse displacement of

the edge between two nodes is described by a third order polynomial.

The results of the analysis are compared in Table IT witﬁ the
results of Wright*and Gustafson. Wright's results are based on tﬁe direct
stiffness method following the general assumptions described in Vlasov (47)
for thin walled beam analysis. The structure is assumed to be an asserblage

of plate elements which run the entire length of the structure from support

to support.

The transverse slab moments MX per unit length of the sla? and the
longitudinal forces NX per unit width of the slab compare.extremeiy Weil
between Gustafson's finite eleméﬁt model and Wright's thin feam approabp.
. EQWéyér;.theSé valués.aré.consisténtly higher. in cémparison té,the'présént
investigation, i.e., the present médel results in smaller stresses in th=

slab.

* The results are obtained from Gustafson's thesis (L46).




TABLE IT,

1. ©Sine load acting on external girder A '

59

Comparison of Internal Forces for a Com
(Figure ‘7).

posite T-Beam Bridge

Force Liocation Basis of Transverse Location
TX= Comparison A B C D
M_ in 1bs/in | Wright# 2.10 -17.37  -9.70  -0.56
Transverse 0.50L] Gustafson 2.06 -16.76 -9.1U4 -0.52
slab moment Present 1.6 -12.37 -5.07 ~0.51
per unit -
length . Wright 1.48 -12.28 -6.89 -0.39
(tens;on at 0.25L} Gustafson 1.h6 -11.86- -6.49 -0.37
bottom is +ve)1 Present 0,83 ~7.07 -2.59 0.55
Wright -13.11 -7.49 -2.21 2.78
0.50L] Gustafson - -13.63 -7.87 -2.37 2.84
N_ = lbs/in Present -10.17  -5.69 ~ -1.58  -2.20
force in slab
it width '
%Eznigén Ylve) Wright ~9.28  -5.31  -1.56 1.96
' , 0.25L |- Gustafson T -9.66 -5.5k4 -1.6k 1.98
Present -7.26 -3.96 -1.05 1.57
2. Sine load acting on internal girder B
Force Location Basis of Transverse Location
X= Comparison A B C D
Wright -0.64 27.25 -0.1k -0.90
0.50L| Gustafson -0.61 26.92 -0.30 -0.85
M, Transyerse Present -0.51 elfho 3.3k -0.61
slab moment Wright -0.L45 19.22 -0.10 -0.6L
per unit 0.25L{ Gustafson -0.543 19.06 -0.20 -0.60
length Present 0.01 12.48 -2.34 -0.25
-  Wright -T7.5L -6.11 4,23  -2.18
0.50L:| Gustafson ~-7.82 -6.39 -4 L5 -2.29
NX Force in Present -5.6k 4,73 -3.24 -1.32
slab per unit | wrignt -5.33 k.32 . -2.99  -1.5h4
width 0.25L| Gustafson -5.49 k.56 . -3.19  -1.58
Present -3.92 -3.4h 2,32 -1.02

¥ The results are obtained from Gustafson's thesis.
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In Wright's approach, any load between the simple supports of the

bridge has to.be represented by a series of sine loads acting-alqng,the

edges of the plate elements. If the supports were not simple supports then -

the application of the method to the bridge problem would be extremely
‘cumbersome. The ease of the finite element approach in treating various

. boundary conditions and loads is the prime advanﬂage of the method.

A final comparison is made with the eighty foot span, four girder
bridge of Figure 81 The bridge is analyzed without diaphragms in one -case
and with diaphragms spaced at an interval of quarter-épaﬁ and at the end

sections in the other case.

The resuLts of the analysis are presented iﬁ Tables IiI, IV, and
v alohg with Gustafson's results. The girder reactions Ri for the case
when the diaphragms afe provided are read from Gugtafson's plots. Figures
9 and 10 are plotted to indicate the influence of the diaphpagﬁs in

distributing vertical loads to various unloaded girders.

The influence line coefficiénts Cm’ fof midspan girder moments in
the present analysis has a distribution similar to Gustafson‘s,solution._
Here, it may be noted that the present analysis gives larger moments for
the loaded girders than the finite element analysis of Gustafson. This
distribution is in COntrédiction to %hé.obse;vation made during the
comparison of five girder bridge‘of’Figure 6. Here, éhe presenf ﬁethod of
analysis has resulted in smaller moment'coefficiénts‘than Gustaféon's

computations (Table V).
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TABLE III. Influence Coefficient C, for Mid»span.Girder Moments for an

80! Span, Four Girder Bridge.

Mid-span Girder  { Without Diaphragms With:Diaphragms
transverse Gustafson | Present Guétafson* Present”
Load © | Analysi Analysi
location nalysis nalysis
A .19l L1996 .1828 .1866
A B . 0621 . 0600 L0754 .0763
C L00TT L0068 .015h ~.0135
D -.0166 ~.0165 -.0262 —. 026k
A L0621 . 0604 L0763 L0761
B B .1243 L1311 1027 .10b1
C .0533 .0511 .0533 056k
D L0079 .0075 .0156 .013k

¥ Diaphragms are treated as beam elements with their nodes at the middle

plane of the slab.
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TABLE IV. Influence Coefficients for Girder Reactions RZ for an 80' Span

Four Girder Bridge with Midspan Loadings

. Transverse Gustafson . Present Analysis
Gilrder. Ezigiion No With | No Diephragms With Diaphragms
Diaph.| Diaph.| X=0%  X=L*¥ X=0 %=L

A .376% | .3380 | .h634} .L015 .3930 .361h

a B .1582 | .1940 | .0910| .1569 L1663 | - .1967
C .0082. | 0450 [-.0k0OO}| .0015 .0105 .037h

D .0ko1 {-.0120 {-.0073|-.0560 .0696 | —.0945

A .1513 | .1890 | .0698] .1372 .1483 .1788

B B L1711 | L1360 | .2792| .1865 L1791 .1kat

c - L1576 | .1280 | .1699] .1551 . L1kb .1233

D .014k | .ok60 |-.0260} .0173 .0283 .0543

- *¥ U, V, W are prevented (pinned]

*% V, W are prevented (roller]
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TABLE V. Influence Coefficient for the Vertical Reactions for an 80' Span
Four Girder Bridge with Quarter Span Loadings

Gir-!Trans~| Gustafson |.. .. ... .. Present Analysis
der jverse ’ ’ - -
Load . load at’x =19'. . |. Load at x = 617
Loca~
tion No Diaph.%| No Diaph. | With .Diaph.| No Diaph. | With Diaph.
x=0# x=,L$ x=0 | x=L x=0 |x=L x=0 |x=L
A .6335 LTh6h L1757 .. 6734 L1633 L2111 L6778  .1T7hO L6197
A B L1513 .0595 .0921 .1557 .1018 .0588 .1hkhs .0937 .2168
c -.0062 -.04Lk9 .0123 -.0263 .0270 -.0178-.0176 .01T73 .0080
D ~-.0288 .0079~.0406 -.0k05-.0541 -.0106-.0380 —.0473-.0815
A L1461 .0h28 .0803 .1h06 .0915 .0LsT7T .1281 .0828 .2009
B B .4208 .6000 .06k1 .L260 .0597 .1022 .L556 .0682 .3361
c L1760 L1479 L0689 .2071 .0489 .09kl .1800 .058k .2016
D -.0016 -.0346 .0220 -.0011 .0368 -.0087-.0053 .0279 .023L

®* Load at qu
# pinned end
$ roller end

arter span
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It is interesting to note that the vertical reactions Rzlare not
equal at both ends~of‘th§;girders-when thé lodd is' applied . at.the midspan.
Similarly, we obsérvé that thé réactions Rz’ at the pinnea gupport athx=0
is not equal to the reactions'RZ at the roller support at x=L when the loads
are applied at corresponding points. Obviously, the phenémenon is the
result of the nonsymmetric boundary conditions of the bridge and the

depth of the bridge girders which 1s properly considered in this analysis.r

From Figures 9 and 10, considerablé redistribution of the load is
noted when the interior girder B is loaded. Whereas, when the exterior
girder A is loaded, the distribution of load to the unloaded girders is
skimpy. Inclusion of diaphragms in thé bridge relieves the loaded
gifders. The change in the load carried by the loaded interior girder B

is larger than the loaded exterior girder A.

From Figure 10, it may be observed that due to the presence of
the diaphragms the reactions RZ at the pinned end of the interior girder
B is almost the same for thg load on the exteriof girder A and for the
load on the interior girders B aﬁd C. Similarly, iﬁ Table IV the reactions
RZ at the roller end (x=L) of the girder B is seeﬁ to be greater when the
load is applied on the exteéiof girder A than when the load ié applied on
the interior girder B itself. This:cleafly is due to greater‘redistribution

of the load to the unloaded exterior girders, which occurs in the presence

of the -diaphragms.,
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- In the above comparisons the bridges were simply supported.

Alternately, all the'girders were supported on pins at one end which

prevented U, V, and W displacements of the bottomﬁflange,at‘this end.

The other end of the girders wvas supported on the rollers which permittéd
gxtension U in the longitudinal directﬁon;‘ The longitudinal translations
of the girders may be prevented partially due to friction betweén the
girdéré‘ana the roilersior due to rust on the rollers. This:then Wéuld
alﬁér‘the boundary éonditions for the bridge ana hence may alter the load

distribution characteristics of the bridge.

Tébles VI and VII present data for the simply supported bridge
(lqngi?udinél extensioﬁs permitted at one end) and the bridge pinned at
both ends. As ma& be gvidence& f&om Table VI, the moment coefficients Cm
at midspan‘and at quarterspan of the bridge, are considerably smaller for
the case when the two ends of the bridge are pinnea than when one end is
piﬁned and the other is on rollers. The ﬁagnitudes of moments at midspan
and at guarterspans of the bridge pinned at both ends, are similar to a

beam fixed at both ends.

Table VII shows a little Variafion in the vertical reactions RZ
due to the differences in the bounrdary condifions of ﬁhe-bridge.; But
radical changes in longitudinal reactions RX are noted. In both cases,

the transverse reactibns Ry are negligible quantities:

Because of the substantial changes that occur in the load

distribution characteristics of the bridge in these -two cases, it is
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TABLE VI. Effect of Boundary Conditions on Moment Coefficients Cm
Load Boundary Coefficient of Moment. Cp for Mid Span Section of Beam
Position Comditions. .. . AT ~ . BT ¢t D E
Mid Span Non Sym.¥ 1 0.1818 © 0.0651  0.0191 ~0.0019  -0.01k1
Beam A Sym. 0.10k0 . 0.0172 ~0.002k  -0.0028 0.0018
Mid Span Non Sym. 0.0636 0.119% 0.0510  0.0169 -0.0010
Beam B Sym. 0.0162  0.0801 - 0.0225 0.0020 -0.0018
Mid Span Non Sym. 0.0185 0.0512 £ 0.1105 0.0512  0.0185
Beam C Sym. -0.0027 0.0227 0.0791 0.0227  -0.0027
Qtr.Span Non Sym. 0.0759  0.0khT 0.0171 -0.0005 -0.0123
Beam A Sym. 0.0189 0.0079 . -0.0008 0.0017 0.0012
Qtr.Span Non Sym. 0.0436  0.0377 0.0305 0.0129 0.0002
* Beam B Sym. 0.0072  0.0087 0.0099 0.0018  <0.0010
Qtr.Span Non Sym. 0.0165 0.0306 0.0307 0.0306 0.0165
" Beam C Sym. -0.0011  0.0100 0.0089 0.0100 -0.0011
C_ for Quarter Span Section of Beam
A " c D E
Mid Span Non Sym 0.0647  0.0507 0.0271 0.0030  -0.0205
Beam A Sym. -0.0070 . -0.0005 -0.0010  -0.0003 0.0016
Mid Span Non Sym. 0.0502 0.0303 0.0266 0.01%9 0.0029
Beam B Sym. -0.0007 -0.0067 0.0010 -0.0002 -0.0003
Mid Span Non Sym. 0.0267' 0.0266 0.018L4 0.0266 0.0267
Beam C Sym. -0.0011  0.0011 -0.0060 . 0.0011 -0.0011
Qtr.Span Non Sym. 0.1311  0.0505 0.0224 0.0020 -0.0185
Beam A Sym. 0.0765 0.012L 0.0018 -0.0004 - -0.0023
Qtr.Span Non Sym. 0.0498  0.0920 0.0317 0.0119 0.0021
Beam B Sym 0.0120  0.0637 0.0123 0.0011 0.0000
Qtr.Span Non Sym. 0.0220 0.0317 0.0798  0.0317 0.0222
Beam C Csym. '0.0019 © 0.012F © T 0.0607  0.012k 0.0019

¥ Sym. U, V, W are fixed at both ends of the girders.

Non Sym.

U, V, W are fixed at near end of the

fixed at far end of the girders.

girders, and V, W are
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TABLE VII. Effect of Boundary Conditions on Support Reactions Rx, Ry, and
Rz. -
Load jAt {B.C.| Reac— .}’ x.=0 x =1
on X= tions
Beam ’ of -
Beam R R R "R R R
el X Yy Z X v Z
A L/2 Ns#% 939.9 -5.9 Lhg.,2 . 6.0 35kh.2
S 2570.6 -0.2 k417.6 -2570.6 0.0 417.6
B L/2 NS -567.1 -2.6 116.2 2.6 172.7
S 731.4 0.2 122.0 -731.% 0.2 122.0
c L/2 NS -834.k 0.1 -39.8 ' -0.5 33.7
S A -34.7 0.0 -16.5 3k.7 0.0 -16.5
A L/4 NS 1022.7 -Lk.1  T721.0 h.6 155.8
_ : S 2307.% 0.2 70L4.8 -1676.9 0.1 180.6
B L/4 NS ~-762.7 =3.1 86.5 2.5 799.0
S 179.8 =-1.0 87.1 -756.7 0.5 83.3
c L/4 NS ~779.4% 0.0 -53.6 -0.1 35.5
: S -238.5 0.0 -~hh.2 -186.2 -0.1 12.8
A L/2 NS -522.h 5.8 110.7 0.0 6.0 167.7
S 78L.9 0.0 126.9 -784.9 0.0 126.9
B L/2 WS 665.0 -2.8 232.5 0.0 2.7 15Lh.h
S 153k.2 0.0 229.9 -153k.2 0.0 229.9
¢ . L/2 NS 315.3 0.2 165.3 .0.0 -0.3 143.9
S B 864.2 0.1 154.3 -864.2 0.1 154.3
A L/L NS -718.5 -u4.6 85.9 0.0 L.7 96.3
S 235.1 -0.2 ob.h ~788.% 0.3 86.6
B L/4 NS 1105.6 -2.3  532.5 ~ 0.0 2.4 61.9
S 1780.6 -0.2 - 532.5 -871.7 0.3 82.8
c L/4 NS 92.2 -0.4 167.7 0.0 0.0 62.3
s 532.1 -0.4  163.5 -603.0 0.2 72.5
A L/2 NS -823.3 -5.7 -35.7 0.0 5.7 37.1
' S ©o-11.6 0.1 -11.7 -11.6 0.1 - -11.7
B L/2 NS 299.5 -3.0 160.k 0.0 2.9 140.5
- -8 - 852.7 -0.1 149.8 -852.7 -0.1 149.8
¢ . L/2 NS . 1038.2 0.0 249.1 0.00 0.0  1hk.7
- -8 c  1k82.2 0.0 22L.L -1482.2  0.0- 22L.k
A L/L NS -770.1 -5.0 -=50.9 . 0.0 L.8 37.2
' S -217.6 -0.7 -kho.7 -197.7 0.5 15.2°
B "L/h NS 81.0 -2.0 163.5 0.0 2.3 61.0"
S 523.5 0.2 159.h -596.9 0.2 70.5
C L/L4- NS 137.4 0.0 52.2 0.0 0.0 54.3
-8 1771.1 0.0 5 -779.9. 0.0 793.3

511.
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at [B.C.

Load Reac x =T .
on xX= tions :
Bean of .
Beam - - Rx BY . --Rz- “.Rx‘ LBy BZ
A L/2 NS -260.6 -5.6 --3k.2 . 0.0 5.5 -17. k-
S -137.9 0.1 =27.6 137.9 0.1 -27.6
B L/2 NS -193.% -2.8 28.3 0.0 3.0 53.3
S 132.2 0.0+ 22.8 -132.2 0.0 22.8
C L/2 NS 315.3 0.2 165.3 0.0 0.3 1k3.9
S D 86L.2 -0.1 154.3 -86L.2 -0.1 15Lk.3
A L/h NS , -161.4 -kh.9 -20.8 0.0 L.7 ~5.k
S -91.0 -0.6 -19.2 79.1 0.5 Z1h.3
B L/4 N8 -306.5 -2.4  -10.5 0.0 .2.5 36.1
S -59.9 -0.2 -13.k ©-197.2 0.3 26.2
C L/L NS - 92,2 0.k 167.7 0.0 0.0 62.3
S 532.1 0.4 163.5 -603.0 0.2 T2.5
A L/2 NS 666.5 -5.5 9.9 0.0 5.k -41.5
S -32.6 0.1 -5.2 32.6 0.1 . -5.2
B L/2 WS -206.0 -2.8 -=37.5 0.0 2.9 -20.9
8 -103.1 0.0 -2k4.5 103.1 0.0 ~2h.5
c L/2 NS : -834.4 -0.1 -39.8 0.0 0.5 33.7
S E -34.7 0.0 -16.5 3h.7  0.0- -=16.5
A L/h NS 627.2 -L4.8 14.8 0.0 L.6 -33.8
S 151.9 -0.6 10.8 198.1 0.5 -18.2-
B L/4 NS -117.5 -2.% -22.0 0.0 2.5 =8.0
S -60.7 =0.3 -15.6 59.2 0.3 -12.8
c L/4 us --779.% 0.0 -53.6 0.0 0.1 35.5
8 -238.5 0.0 . =Lkbk.2 ~186.2 -0.1 12.8
¥NS: Non Symmetric: Pin at one end and roller at the other end.

Symmetric: Both ends pinned.
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decided to.consider both the boundary conditions in the analysis

bridge under the application of -horizontal loads (Chapter 4)..

of the




ﬁﬁ}ﬁwaR o COibeiTE'i;}éEAJVl BRIDGES SUBJECTED 10 HORTZONTAL LOADS

4.1 INTRODUCTION

| Cqmposite-girder gxstéms.are offén subjectedzto forces applied
parallel to the plane of the slab. For this typé of loading the girder
élab syétem is subjectéd to'torsion as well as normal forces and bending
mpments; Conseguently, the cross section of the’bridge‘is expected foﬁ”'
warp and fhe assumption made in the‘platé theory that plane sec%ions
normal to the plate remain plane is invalid. Therefore, the ﬁse of the
orthotropic plate theory to solve the ﬁroblem of horizontal loads is
highly guestionable., Gustafson's model, where the nodes of thé slab and
the beam eleﬁents-lie in one plane, is also Based on the same basic
assumption of no warping of the cross section and hence would be of
limited use. 'Oné approach to the problem is to treat the composite
girder system as a beanm subjeéted to %orsion and bending moment. An
analysis similar to Chu and Longinow (48) could then be used to determine
the shear stresses in the section due to torsion. The results of this
solution can then be superimposed on a solution of the bending problem.
This method, however, would neither iﬁclude the influence of diaphrégms
and lateral bracing in the'distribution of the'loéds, nor Woﬁld thé method
yield information about the_disglacements and forces in the diéphragm;,‘
which afe of primary interest.

It is believed that the finite element model developed in the second

chapter provides an accurate method for determining the forces ahnd

s
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moments in the diaphragms and lateral bracing. Also, the analysis givés
"insight into the response of.the ‘slab and girders to. the loéds.applied

parallel: to-the plane of the slab.

A.Q. SUMMARY QF«THElBRIDGES COﬁSIDERED IN THE ANALYSIS.

The bridge shown in Figuré T is selectéd to stgdy thé éffects of the
horizontal loads on the composite I-beam bridge. Thé 5ridgé is simply
sﬁpported over a span of iOO‘. The analysis of the bridge under thé 3
influence- of sine loading was ‘carried ouﬁ in Chapter 3 to comparé the
present approéch with Gustafson's finite élémént model and Wright's thin
beam approach. It is believed that the role of the diaphragms is-very

apparent in such a-bridge because .of its deep longitudinal girders.

The influence coefficients for the deflections, shears and moments;‘
etc.,‘for the bridge are obtained for the unit horizontal load acting
from one end of the bridge to the other. The loads are applied at the

node points of the top and the bottom flanges of the exterior girder A.

In order to analyze the role of .the diaphragms and to study the
changes in the behaviér of the bridge due to the inclusion of the
diaphragms;‘tﬂe bridge is solved without diaphragms in‘oné gase and with
the diaphragms at the end sections of.the bridge and at an interval 6f

one-quarter span.

The study includes three kinds of diaﬁhragms: beams , axial bars and
plate‘diaphfagms. The beam diaphragms at each section are represented as

an assemblage of six beam elements, two elements between each pair of
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longitudinal girders, (Figure 1la). The heams used are 27WF8L. The nodes
of the beam elements are assumédtto lie in the middle plane of the sléb.
The stiffness matrix for the béam-element is cbtained gs expléined in

" section 2.2.2, which accounts for the'eccentriciﬁy‘of the beam nodes:

Bar diaphragms~aré assumed to have nodes which coincidé %ith_the nodes
of the top and the bottom fianges of the lonéitudinal girdérs. ThreéAbars,
each of 4" x-h” x 1/2" angle section, are providéd between each péir of
longitudinal girders (Figure 11b). Two of them are inclinéd, running from
the top fianée of one girder to the bottoﬁ flange of thé adjoining girder;

and the third bar joins the bottom flanges of the two girders.

In the third case diaphragms are treated as'plates. The dimensions
o% the plates are obtainedmso that the moment of inertia of the plate
séction is equal to the moment of’inertia of ﬁhe bgam diaphragms. The
plate diaphragms are assumed to be as deep as the longitudinal girders and
_their nodes coincide with the nodes of the top and the bottom flgnges of
the longitudinal girders (Figure 1lc). BEach nodé of the plate diaphragm
Fas six degrees of freedom U, V, W, ex, ey, and BZ,-as is the case with
the other plate elements of the bridge. The plate.diaphragms are represent-
ed-By three plate elements at each cross section, one between'each pair of
longitudinal girders.

The study élsb coﬁsidérs two different support conditions for the

bridge. In one case the girders of the bridge are pinned at one end (x=0)

and are supported on rollers at the other end (x=L), whereas, in the second
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cage both. ends of the girders are.pinned, Thé study of thefbridgé for
these boundary‘cdnditions~is undertakén‘bécause §f ﬁhe.éubstantial
differéncés whidh_weré obse;ved:in thg,distribution of thé Vér#ical loads

for the two casges CChapter 3).

After studying the influence of the diaphragms fér thé aBové bridge,
it was desired to determine if the effect:of fhe diaphragms remains
essentially the same for arbridge with différent span and girdér sizé.

The bridge selected for this purposé is a four girdér bridge, pin supported
over a span of T76'. Tts longitudinal girders are 4! déep‘(Figuré lé).

The bridge is solved for the horizontal loads ac%ing at the top and the
lbottom flanges of’the exterior girder A. In one case the bridge is
provided with bar diaphraegms at quarter span intervals and at the end

sections. In the other case it does not have any diaphragms.

In order to study the role of the intermediate diaphragms on the
behavior of the bridge in Figure T, it is also solved with the bar
diaphragms provided only at the end sections of the bridge. For this case

the bridge is symmetrically supported.

A summary of the vafious types of diaphragms, load positions and
the boundary conditions of the bridges investigated is presented in_

Table VIIIL.




3 @ lOO” - 3Oﬁv!

f
-D

(-D

|
S e

CROSS SECTION

without diaphragms

(@]

nodes
L L) o | 5T | [P ] O | LaJ foe) [P 1]
= \f/ <~ < > —— 4
i |
; %
4 i
NS

CROSS SECTION

o
e
s}
o
H
()
}.J
n

span four

irder bridge.




TABLE VIII.

Bridge

100! span,
L girder,
bridge

76! span,
4 girder
bridge

# First letter indicates load position U:upper,

Type of
Diaphragn

no diaphragm
Beam ..
Bar (axial)
plate

bar (axial)

- no diaphragm

no diaphragm
bean

bar- (axial)
plate

no diaphragnm
bar (axial)

bar (axial)
bar (axial’)
no diaphragnm

bar (axial)

no diaphragm
bar (axial)

79

Pogition of
Load o

nodes of ﬁhe
upper flange
of girder A

upper flange

-Bummary of the Bridges Studied

Boundary
Condition

nonsymmetric.

pinned at X =

supported on

rollers at X=L

‘symmetric

Tdentifi~
" cation #

- UNBG
0 UNA6
UNB6
UNAG

USA6

. (both ends pinned) USN6

lower flange

" lower flange

upper flange

“lower flange

upper flange

lower flange

nonsymmetric

nonsymmetric

symmetric

symmetric

symmetric-

symmetric

Second letter indicates type of supports S:symmetric,

Third letter indicates type of dlaphragm N:no diaphragm, B:beam, A:bar

(axlall

P;plate

Last number indicates depth of glrders in feet
- % indicates diaphragms are provided only at the end sections of the

brldge

L:lower.

LNN6
LNB6 -
LNAG
LNP6

LSNG
LSAG

TUSAG*
LSAG#*
USNh
Usak

1SN
LSAL

N:nonsymmetric
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4.3 EFFECT OF DIAPHRAGMS ON BRIDGE,DEFLECTIONS‘
‘For the anélysis of the bridges the coordinate sysﬁém uséd is- shown
in Eiguré 6. Loads are appliéd in the negative y diréction acting toward
thé interior girdérs.' Influencé coefficiéﬁts,are obtained for the.

deflections, shears and moments.

The two boundary conditions considéred ére;
(1) Nonsymmetric boundary conditions: Hére the bottom flanges of the
‘longitudinal'girdérs are supportéd on pins at i = 0 which réstrain longitu-
dinal, transverse and thé vertical motion of thé supportéd énd. The
flanges are supportéd 5n rollér bearings at x = L which permit the longitu-

‘dinal extension of the bottom flange. ,

3

(2) Symmetric boundary conditions: Here both ends of the longitydinal

girders are pinned.

Tables Al to Al2, in Appendix 2, show influence line ordinates
for the longitudinal, transverse and vertical deflections of the longitudin~
al girders. The coefficients are obtained for the different types of

~ diaphragms and for the symmetric and nonsymmetric boundary conditions.

From these tables we observe: In the absence of the diaphragms or
Wﬁen the diaphragms are treated as heam elements whose nades coincide with
the nodes of the slab élements; thé deflections of the bridge in thé
longitudinal aﬁd vertigal directions are neéligible in comparison to the

transverse deflections. The longitudinal and the vertical deflections of

the various nodes of the slab are about 0.1 to 2.0 percent of the transverse
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deflections Qf the slab. The”trans&érsé defléctions are drastically
reduced whén thé briﬂgé is provi@ed with. bar or equiyvalent platé diaphraéms.
The influencé line ordinétés for longitudinal andlvértical displacéménts

. are’aléo ?éducéd; For thié-bridgé'all threé displaceméht components are

of the same order of magnitude.

%.3.1 Longitudinal Deflections

Figure 13 1Is a's?etcﬁ showing exaggerated longitudinal, transvérsé and -
verticai défléctiqns of the'Bridgé without diaphfagms.' For this cage the
unit horizontal load at x = 0O was appliéd on the top flange of thé éxt;rior
girder A. From the figuré,wé nbté thatlthe énd séctions of the slab rotate
'aﬁout the vertical axis. Thé behavior is easiiy exp;ained by replacing
the'horizontai load wiﬁh a couple about the vertical axis and‘é load at the
midspan section of the top flange of girder A. The load now acting at the
midspan of girder A causes essentially a rigid body displacement of‘the‘
slab in the tran;verse direction since the web plafes of tﬁe longitudinal
girders are flexible in the transverse direétion, The.couple tends to-
cause-a rotation of the bridge about the vertical a;is. Bince the girders
are supporﬁed on both the ends at the botﬁom flange, and:since the longi-
tudinal girdefs distort easily in the absence of the  diaphragms, the net
result is the rotation of the élab in the direction of the couple. When
thg load is épplied between-x = 0 and x = L/2, the couple about the vertical
axis is positivé Cclockwisel. ,ts.ﬁagnitude decréa§es as tﬂe load

approaches midspan of girder A. When the load is on the other side of the

midspan, the direction of the couple 1s reversed and hence the sign of the
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longitudinal -deflections are changed.

When bar diaphragms or equivalent plate diaphragms are provided in the

bridge the deflected shape'bf.the‘bridge changes significantly. Nowv the

"load is distributed to the supports through the end diaphragms and not by

the distortions of the longitudinal girders. The end diaphragms serve as

the.braciﬁg and prevent excessive transverse deflections of the slab.

When the load fs~applied at x=0 on the top flange of girder A, the
slab of the bar diaphragm bridge rotates about the vertical axis. The

behavior is similar to the behavior of the no diaphragm bridge. The

longitudinal displacements for the bar diaphragm bridge are smaller than

_the displacements of the no diaphragm bridge. When the load is applied at

the midspan of the bBridge, the behavior of the slab is similar to a beam
suppérted on .springs, i.e., the top flange'of the loaded girder.A is in
compression and the unloaded exterior girder D is in tension, and the

transverse deflections of the slab are parabolic® with maximum deflections

near the center of the slab.

When the loads are applied at the bottom flange of girder A, the
longitudinal displacements of . the bridge deck: are smaller for the no
diaphragm bridge than for the bar diaphragm bridge. The displacement

patterns are similar to the deflected shape of the bar diaphragm bridge

subjecfed to loads at the-tbp flange of girder A. In other words, the top

flange of the loaded girder is in compression and the ﬁop'flange of the

¥ The term ?arabolic In this chapter is used to Indicate a curve with

single curvature.
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unloaded exterior girder is in tension. The smaller longitudinal,
. deflections of the'no diaphraém Bridge are attributed to.the inefficient'
transfer of the load from the loaded girder to. the unloaded glrders The
loaded girder A undergoes cons1derable transverse deformatlons in order to
transfer the'load to the.deck_and hence to the unloaded‘girders. As may
be expected the amount of compression and tensipn in fhe top flanges of
the exterior girders increases as the'load'moves closer to the midspan and
decreases when loads ﬁove‘away~from‘the center of the span. However, the
magnitude of the longitudinal deflection of the end sections does-not
necessarily follow this trend. This trend is-seen to hold in the non-—
symmetrically supported bridge with the bar or the plate diaphragns. It
in general, does not hold for the no diaphragm bridge regardless of the

boundary conditions.

4.3.2 Transyerse Deflectiouns

As mentioned before, the transverse displacements for the slab and
the.top flanges of all the glrders'of the no diaphragm bridge-or the beam
diaphragm bridge are essentially constant along the span of the bridge when
the horizontal loads are applied at the upper flange of,éirder A, A small
decrease in the transverse displacements which is observed Between the
loaded end of the girder and the unloaded end of the g1rder is attributed
to the.small transverse stiffness of the deep and uhln webs of the
) longitudinal‘girders. The nodes of the top flange deflect in a straight
.line."A careful examination of the deflections shows that they satisfy’

Maxwell's reciprocal relationship. The motion of the slab is essentially
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\

a rigid body translation. .The.behavior is easily ascribed.to.the lack of

the cfosa_bracing qhich]éonnécththé'slab to.thé'bottom fl@ngés of the
‘gifdérs-and the supports Qf-th&'ﬁridge; It is oﬁséryed that most all thé
rigid body translation of the slah disappéars wvhen bar diaphragms or
equivaiént plate diaphragms~aré inciuded in the bfidge;"Fpr this case,
when the load is applied at X=O'or £=L,thé traﬁsvérse défiections of the.
nodeé of £he top flanges vary as a straight line along the‘lqngitudinal
axis. Whén thé load is appliéd at thé midsection of girdér A, the trans-
verse deflections are ﬁarabolié. The défleétéd shapé is similar to the

deflected shape of the transversely loaded beam.

The bottom flanges of the girders deflect parabolicdllY‘in the
"transverse direction when the no diaphragm bridge is acted upon by a unit

horizontal load at the top flange of girder A. The deflections of the

bottom flanges of all the girders are egqual with the maximum ordinate being

about tliree fourths of the rigid body displacement of the slab. The.
behavior is expected since both ends of the girders are pinned against

'mption in the transverse direction.

When the loads are épplied at the bottom flange of girder A instééd
of at the toﬁ flange, the:behavior of thé no diaphragm bridge.is slightly
changed. Here the bottom flanges of the girders déflect pérabblically in
the traﬁsverée_diredtiqnf ‘The magniﬁudé of transvérse défléctions'of £h¢
loaded flangé_is abéut five times that'of thé unloaded flanges. The slab

deflects essentially-aé a rigid body. The amplifudé of motion is

approximately 40% smaller than when the load is applied on the top flange.
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Wheh the loads are applied at the bottom flange of girder A of the
bridge with the har or thé plate diaphragus, thé'defléctéd shape of the
slab rémaina,thé'samé as wheh thé loads wére applied at the top flange of
the'girdérl Thé'transvérsé defléctions of thé loadéd'hottom flaﬂge are
larger than the'tranévérsé deflections of thé bottom flanges ‘of the
unloadéd girders, The ratios of tﬁe'aéfléctions of thé ioadéd iottoﬁ flange
to the.unloaded botton flangé, as may‘bé éipéctéd, aré not as large as in

the case of the no diaphragm bridge.

When the boundary conditions of the bridge are changed from
nonsymmetric to symmetric, tlhe deflected shapes of the Bridges remain
unaltered except for the slightly smaller amplitudes of the transVerse

deflections of the slab of the no diaphragm bridge.

4L.3.3 ‘Vertical Deflections

As ﬁas méntioned before;'thé vertical defléétions of fhé bridge with
or without the diaphragms are of the same ordér of magnitude. as the longi-
tudiﬁal defiections. Girders A .and B.of the holdiaphragm bridge or the
beam diaphragm bridge deflect upwards when the unit horizontal load is
applied on thé top flange of girder A (and the load is between x=Q and

x=L/2) whereas, girders C and D deflect downwards.

When the load was acting on the botfom flange of girder A the exterior
_girders A and D deflect downwards and the interior girders B and C deflect
upwards. Such deflection configuratfons indicate that the bridge behaves

N

somewhat like a plane frame lying entirely in the yz plane. The added.
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stiffness of the slab in.the pre&enéé of thé'heam aiaphragm may bé noted
from thé slightly smallér vertical defl;ctipné of~thé beam diaphragm
bridgé than the no diéphragm bridge. Thé'différencés in thé-déflécfions
aré greétér when thé loads aré_appliéd on thé'bottom flange than when the&

are acting on the top flange.

In contrast to the Behavior of the no diaphragm.bridge, éirders
A and B defléct up whén bar or platé‘d;aphragms aré provided in the bridge
(excépt when the l;ad is‘écting at £=O). This behavior may be explained,
if the bridge is assumed to be a simply-supportéd beam with a cross séctién
consisting of a channel with four flanges. The shéar center for Sﬁch a’

beam would lie above the slab. Hence, when a unit horizontal load is

~applied at the top or the bottom flangeé of girder A it causes a torsional

moment ahout the lbngitudinal axis. This moment would tend to lift girders
C and D. The magnitudes of the defleé£ions are observed to be greater

when the unit load is applied at the bottom flange of girder A rather than
the top flange. ‘This is because of the greater torsional moments in the:

former case.

The deflected shapes for’ both the no diaphragm and the bar diaphragm’
bridges are’ parabolic with-the maximum ordinates occuring in the .
vicinity of the midsection. Also, the top.and bottom flanges of the girders

deflect almost equally, which implies that there is no stretching or

shortening of the web plates of the girders.

When the boundary conditions are changed from.nonsymmetric to

/s
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symetric fof the . no diaph;agm,brﬁdgeqsuhjectéd to. transverse iQads,
there is a wmarked réduction in thé'magnitudeé of the longitudinal and Vér-
tiecal defléctions. The longitudinal motions~aré rédﬁcéd almost by a
factor of tén and the vértical defléctioné aré reduced by a factor of four.
The réductions~in the magnitudes vary with the load position and.th;
point on the span at which the'éomparisbn is made. The reductions in the

transverse deflections are almost negligible,

The reductions in longitudinal, transverse and vertical deflections
of the bar diaphragm bridge, when the boundary conditions are changed from

nonsymmetric to symmetric are smaller for the top and Bottom flange loadings

than the reductions noted in the no diaphragm dridge.

Besides the reductiéns fn the magnitudes of thé longitudinal &eflec;
tions of the no diaphragm and thé bar diaphragm bridgé,'theré is a
considerqblé change in the longitudinal defiected shape of'the‘bgttom
flange. When the load is apélied at the midspan section of girder A. the
distribution of the longitudinal défléctions resemble.aAcomplete sine wave
with zero longitudinal deflection at the midsecfion énd the end suppo?ts.
Alternately, the bottom flange on either side of the midsection moves

towards or moves awey from the midsection.

In comelusion, it is noted-that the no diaphragm bridge undergoes

considerable warping when subjected to horizontal .loads. Beam diaphragms

whose nodes are treated as in thie present investigation are essentially of

no help in‘éweventing the warping of the cross section. When bar diaphragms.
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or equivalent plate.diaphragms are provided, the response of the bridge to

the horizontal loads is slgnlflcantly\changed and the magnltudes of the

deflectrons are consrderably reduced.

h.} EFFECT. OF DIAPHRAGMS ON GIRDER.REACTIONS

As was mentioned In the previous~section the four girder composite
I-beam bridge,\supported over avspan of 100‘; is solved for-the vsrfous
combinations of the load posltlons; boundary conditions and type of
dlaphragms. The longitudinal, transverse and the vertlcaL reactlons for the
bridge are tabulated in Tables Al3 to Al5 (Appendix 2Y. These tablesA
provide a comparison between the load distribution characteristics of the
‘no diaphragm bridge with the diaphragm bridges. It may, however, bé noted
that the reactions of the bridge are interwoven with the deflected shape
of the bridge and hence the discussion of the reactions is impossible with-

out reference to the deflections (Tables.Al to Al2).

Fron Tables Al3 to Al5, one sees a striking influence of the bar end
the plate diaphragms on the bridge reactions. When the unit horizontal
load is applied on the upper flange of the exterior-girder_A, the longitu-
dinal reactions for both the symmetric and nonsymmetric boundary conditions
are much smaller for the bridge with the bar diaphragms or the'plate
diaphragms than the reactions of the bridge without diaphragms or with'the
beam diephragms_ The longitudinal reactions for the plate diaphragm. |
bridge-are somewhat greater than the corresponding neactions of the ber
diaphragm bridge. The_reactions for the beam diaphragm bridge and the no

diaphragm bridge are equal in magnitude. "When the load is applied between
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x=0 and x=L/2., .the reactions of the exterior girders A and D are slightly
larger for the nonsymmetrically supported béam diaphragm bridge than those

for the no diaphragm bridge. Whereas,:they‘ére a little smaller than the

corresponding reactions of the no -diaphragm bridge when the load is applied

between x=L/2 and x=L. An opposite trend is observed when the reactions

of the interior girders are compared.

In the casé of thé'no diaphragm bridgé or the bridge with béam
diaphragms, thé longitudinal reactions of thé girders are éonsiderably
-larger than thé fransversé and vértical reactions éf‘thé girders when the
loads ére applied on thé top flangé of the éiterior girder Af The longitu-
dinal reactions, though small when the bar diaphragms or the plate
diaphragms are provided in the bridge, are of comparablé magni£udes

to the transverse and the vertical reactions.

L. 4.1 Longitudinal Reactions

The existence of the longitudinal reactions dué to the application of
transverse loads is rather a complex phenomenon. It may, however, be
. explained qualitatively by the simplified beam of Figure 14. Here, the
slab of the no'diaphrégm bridge is treated as a beam. The "beam" is
supported on its two ends by rotational springs which represent-the stiff-

ness of the longitudinal girders along the transverse direction. The
restraining moments of the slab, if any, are provided by the longitudinal
reactions of the girders. The slab also transfers the longitudinal

shearing forces to the girders in order to maintain the static equilibrium

of the moments about the z axis.
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..As mentioned in séction L.3,.the slab of the hno diaphragm bridge

translates ésSéntially as a rigid boay‘when thé transversé logd P ié
aﬁplied on thé'tpp flangé of girdér'A; This in turn résﬁlts~in equal
.ﬁransvérsé réactions for all thé'supports of magni%ude'0.125P Capproéimaté).
Thése réactibns? Whéh thé'load is not appliéd at the midspan of girdér A,
causé an unbaglance of moménts afout thé'vertical aiis and"héncé requiré
lqngitudinal réactionS\for thé staticléquilibrium of thé moménts. Whén’
.ﬁhe load is-épp;iéd at thé én@ séctions (x=0 or x=LI; the longitﬁdinal
reactions are solely dué to thé transfér-of thé shéar. 'Wheréas when thé
load is acting at the_midspan séction of fhé bridge, the longitudinal
reactions are not reguired fgr static éqnilibrium of moménts-about the z
~axis. However, thé lqngitudina} reactions in this case are required to
provide the restraininé moments of the 'beam slab'. The restraining
moments and %herefore, thg longitudinal reactions for the 'beam slab' -
would be considerably larger if the rotational springs were not provided
to repreSenf the transverse stiffness of the girders. When the load is
acting énywhere between the midspan and thé end sections, the longitudinal
reactions are caused by both the shéar transfer (for stétic gquiiibrium of
'moments) aﬁd the restraining moments of the beam slab. Wﬁen both ends of
the girders are pinned, the total longitudinal. reactions for the exterior
~girders remain the gaée»as.for the case qf nonsymmetric boundary conditions.
However; the total lqngitudinal'reactioﬁ of tyé girders 1is shargd bétween

its “two ends at x=0 and x=L.

The éxterior girdérs share a large percentage of the total longitudinal
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reaction when the load is not applied at.thé midspan section of the £opA
flange of girder A. But, wheh the load is applied.at thé'midsﬁan,of
girder A the'iﬁtérior’girdérs~of the no diaphragm bridgé résist a largér
portion of thé longitudinal réaCtion tﬁah thg'e#tério: girders of thé

bridge.“

As méntioned préviously,the slab of the bridgé with Bar diaphragms,
when loaded at thé top flange of girdér A, doés not translate as a rigid
body but deflects moré or léss liké,a simply supportéd béam; Hénce the |
transverse geactions in this casé are not a fixed value for différent longi—
tudinal positions of thé load, as was thélcasé with the no diaphragnm
lbridge girders. The influéncé linés of the transversé reactions are
obsérved to be straight lings (see Figuré 15). Thé longitﬁdiﬁél reactions
which result in this case are difficult to explain with the prévious model
vhere the slab is treated as a. beam supported on the rotational springs.

It may be seen from Figure 16 that the influence lines for the longitudinal
reactions of the bar diaphragm bridge are not straight lines. Whéreas,

.they are straight lines for the no diaphragm bridge_(Figure 7).

When the loads are applied 6n the bottom flange of the longitudinal
gifder A, the distribution of the longitudinal reactions is completely
changed. The magnitudes of the lonéitudinal reactions -are substantially
réduced for éhe-loaded_girder,of the no diaphragm bridge. The magnitudes
of reactions aré even smaller for the loéded girder of the beam diaphragm

bridge. Thé'behavior is partly explained by the fact that for this case

the loaded girder undergoes considerably more transverse deflections than
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the Unloaded girders, and hence, resists,a large portion of the applied

load. The remaining.portion.of .the applied load is resisted equally by

the remaining six supports  of the three unloaded girders.. These transyerse

reactions do not form as much an unbalance of moments about the vertical

axls as was the case with the top flange loading. In contradiction to the

above behavior of the no diaphragm bridge or the beam diaphragm bridge, the

longitudinal reactions are Increased for the case of the briage with the

. bar or the plate diaphragms, when the loads are -applied on the bottom

flénge instead of the top flange.

4h.k.2 Transverse Reactions

Focusing our attention to thé transvérse reactions of thé girders
for various types of diaphragms, we observé that Whén thé load—P is applied
on the top flange of girder A, the transverse reactions for all girders of
thé simply‘subported, no diaphragm, or the beam diaphragm bridge, are
almost constént, 0.125P, for various position of the load on the toplflange
of girder A, The behavior ié in agreement with the deflected shape of the
bridge. The small variations in fhe'reactions which are néted between thg
two ends at x=0 and x=L are ascribed to ﬂhe‘small stiffness of the
lonéitudinal web plates in the transverse dife;tipns. When the har
diaphragms or fhe‘plate diéphragms are provided at an interval of-the
quarter—span:of the bridge, thé-stiffness of thé girders iIn the transverse
direction iné&gases end the slab does not deflect like a rigid body but

behaves more or less like a simply supported beam. This may be verified

by adding the reéctions‘f@r all four girders at x¥=0 and comparing the




98

total reaction wiﬁh;the reactions-of the simply supported beain.

The influencé line diggrams for thé transversé réactions, as may be
expected.fof a simply supportéd béam, are straight linés (Figure 15). They
also aré symmetric about the longitudinal axis passing througﬁ;the center
of thé bridge. It may also bé'observéd from Figure 15 that thé magnitudé‘
of the reactions: of fhe intefio: gifdérs aré.almost twicé as ﬁuch,és the

transverse reactions of thHe exterior girders.

There is no appreciable change in the transverse reactions when the

- boundary conditions are changed from nonsymmetric to symmetric. For the

casé of the no diaphfagm bridgé, the'diStribution of thé reactions is a
little more uniform, i.é., the differences in the ﬁransvéfse reactions
between the twﬁ ends of the girders are smaller for‘the symmetric‘
boundary conditions than the differences in the reactions for the
nonsymmetric boundary conditions. Iﬁ the case of a bridge with the bar
diéphrams, a small reduction in the transverse reactions is noted at x=0
when the bridge is symmetrically supported. This decrease gets smaller as
the load moves from x=0 to the midspan of the top flange of girdér A

and it changeé sign %hen thé load is at midépan,

When the loads are applied on the bottom flange of the exterior

€

girder A, the distribution of the transverse loads to various girders is
altered considerably. For the bridge with no diaphrsgms or with the beam

diaphragms the loaded girder has a larger share of the applied load. The

remaining three unloaded girders share the rest of the applied load
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~equally among them. The hehavior .seems logical when the deflected shape

of thé:entire bridgé is-considéredi“Théfflange\of the loaded girdér A
deflecté parabolically in the diréctipn of thé load énd transférs the load
to the'wéb platé: Thé slab; dué to.thé'small stiffnes; of the longitudinal
girdérq?transiates ésséntially‘as~a rigid body in the transversé diréctioﬁ.
This in turn, causés all thrée'Unloadéd girders to défléct By an équal
amount. And hénce, thééé thréé girde%s sharé the remaining portion of thé
applied load in équal proportions: Thé contribution of the‘unloadéd girders
in resisting thé aﬁpliéd load incréases whén thé loadlgété closer to the

midspan since the ratios of the transverse deflections of the unloaded

girders to the deflections of the loaded girder become Iarger.

When the bottom flangé' of’ girdér A of the bridgé with the bar
diaphragms or thé platé diaphragms is loaded, thé distribution of the
reactions is slightly alﬁérédn. The total reaction carried by eaéh,girder
remains almost the same, but the distribution of the reaction between the
two ends of e;ch girder is changed. The reactions at x=0 have reduced for
ail the load positions and fhey have’increased at x=L. ﬁere_again the .
interior girders carry twice as much reaction as the exterior girders and

the reactions are symmetric about the longitudinal axis of symmetry.

When the boundary conditions afé changed from the nonsymmetric to
tﬁe symﬁetrié, there ig gbsolutely-no change.notéd.in thé distribution of
the transverse reactions of the no“diaphrégm hridge., A véry’slight rédis—
tribution of the réactions>is noted for the bar'diapﬁragm B?idgé.- Here

égain,the total load carried ﬁy each girder remains almost the same but the
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ends at x=0 carry greater reactions than the nonsymmetric case.

L.k,3 Vertical Reactions.
When the transverse -load is, applied on the top flange of girder A,
it, along with the transverse reactions, creates a couple about the

longitudipal axis which needs to be bélaﬂced by the vertical reactions.

The vertical reactions of the girders of the no diaphragm bridge
and the beam diaphragm bridge are almost equal in magnitude. Similarly,
the vertical reactions of the bar diaphrégm bridge and the plate diaphragm

bridge also have equal magnitudes. However, these magnitudes are

completely different than those of the no diaphragm bridge. In the case

of the bar diaphragm bridge, the vertical reactions of the support closer .
to the load resist the_major portion of the total torque. On the contrary,
the support closer to the load, for the no diaphragm bridge, resists a

small portion of the applied torque.

The influence liqe diagrams for the vertical reactions of all four
girders.of the bridge with no d;abhragms are straight linés (Figure 18).
The behavior, though not plotted, is similar for the case of the bridge
with the beém diaphragns. Thé_influence line diagrams of Figure 18 show
a fair degree of symmetry about the longitudinal axis of the bridge passing
tﬁrqugh the center of the slab. Similarly, one may observe, from FigureAlQ,
that the influence lines for the vertical reactions of the éxteriof girders

of the bridge with the bar diaphragms are stréight lines. The influence

lines for the reactions of the .interior girders do not reveal any set pattern.
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When the loads are applied at the bottom flange of the exterior

girder A, the vertical reactions are not needed for the static equilibrium

of the forces -and moments. Hence, the existence of the reactions is

'obvioqsly due to the deformations of the longitudiﬁal girders. Therefore,

in order to appreciate the discrepancies which arise in the vertical
reactions of the girders due to various types of diaphragms, one must
resort to the deformations of the girders,andlnot to the equilibrium

t

conditions of statics.

From Table Al5, one notes considerable changes in the-rea&tions
when the load is acting at the bottom flangé instead of af the top flangé.
The direction of the vértical reactions of the loaded girders of the various
bridges is changed at thé x=0. end. The magnitudes of the reac%ions are also
considerably differépt‘ The interior girders of the no diaphfagm bridge
have much_lqrger reactions:than when the loads were apblied 5n the top
flange of girder A. The distribution of thé reactions bétwéén the two endé
of the girders also has chanéed significantly. The differenceé in the
reactions of the no diaphragm bridgé girders and the béam diaéhragm bridgé
girders are now increased. Similarly, the differences in the reactions

of the plate. disphragm and the bar diaphragm bridge are also increased.

When the boundary conditions are changed from nonsymmetri; to
symmetric, we note a very-small—bhange in the vertical reactions. for loads
applied - on the top flange of girder A. Howevér, the.changes are.sizeable
f;r the bar'diaphragm b?idgé reactions whén the'botﬁoﬁ flange of girder A

is loaded.
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1.5 CQMPOSI,TE BENDING NOVENT, M. OR' THE' GIRDERS

In section k.3 it was noted that somé‘lqngitudinai and vértical’
curvatures aré introduced when the transverse loads afe»applied on the top
and the bottom flangeé of girdér A, These vertical curvatures prpduce mo~—
'I.n_ents;- M, in the bridge. The zﬁagniﬁﬁdes- of these composite. girder
moments vary with thé position of the load, the presence of the diéphragms
in the bridge, the boundary conditions of the bridgé and the girder under
consideration. These moments,.thohgh not critical in most cases, may have
considerable influence on the total composite girder moments when the
bridge is subjected to veftical and horizontal loaas, and hence may dictate

significant alterations iIn the design of the composite girders.

Table Al6 presents the coefficients of the composité girdér moments,
My,for all four gifders of the bridgé. The transverse loads are applied
on the top ana the bottom flange of girder A at quarter-span-intervals. .
Table Al6 aiso includes the coefficients of the cémposite girdér moments
for the simply supported no diaphragm bridge Wﬁén subjected to vértical
loads. Partial results are presentéd in Figures 20a to 20c, in the form of

influence lines of the moment coefficients for girders A and B.

Several observations for the no diaphragm bridge-can‘be made by
comparing composite girder moments resulting from vertical and horizontal

loads. - -

When the transverse load is applied at the quarter span section of

girder A, the composite~moment-for girder A at the quarter span is
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approximately'one—third of the“corresponding moment when the applied load

is vertical. If the vertical load is applied on the quarter span section
of girder B, the ratio of the moments at this section of the girder due to

the transverse .and the vertical loads is ahout one-fifth.:

The moment coefficients for all four girders are greatest at the
loaded section for both vertical and transverse loads. Their magnitudes
decrease for sections émay'from the load. The reduction is more fapid for

the vertical than for the horizontal loads.

When the’vertical and the horizontél loads are applied at the
midspan- section of thé top'flange of girder A, the ratio of the moments
is smaller than when they were applied at thé quarter span section. This is
bécause of the reduction iﬁ the girder moments under the application of the
horizontal loads and thé"incréas; in thé'moménts due to the vertical loads.
The rafios of the coefficienfs at the quéfter span and at the midspan
sections of girder A when the transverse and the vertical loads are applied
at the gquarter span of girder A, are approximateiy 0.391 and 0.515. The
ratios are 0.200 and 0.070, respectively when the 16ads‘are applied at the
midspan of girder A.’ When the vertical load is apblied at the midspan
section of girder B the corresponding ratios of the moments‘fof girder B

are 0.148 and 0.043.

Prom Table A16; és from the other tables discussed in this chapter,
the remarkable influence of the bar and the plate diaphragms in the

behavior of the bridge subjected to the transverse loads is evident. It
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wa§ remarked in section 4.3 that the longitudinal, transverse and vertical
deflections of the beam diaphragm bridgé are of the same order of magnitude
as the deflections of the no didphragm bridgé.‘ The behavior, as may be
expected, is also reflected in almost équal moménts in the two cases. The
coefficients for the.exiterior girders of thé beaﬁ diaphragm bridge:are
slightly smaller than the corresponding coefficiéntsvof thé no diaphragm
bridge..'Whereas, the coéfficiénts of thé interior girders of tHé béam

diaphragm bridge are a little greater than the no diaphragm bridge.

The moment coefficients for the no diéphragm bridge girders anq
the beam diaphragm'bridge girders are as much as ten to Tifty times
greater than the corresponding coefficients of the'bar and the‘plaﬁe
diaphragm bridge girders. This comparison of the‘no diaphragm bridge with
the bar diaphragm briage does.not hold when the trénsyerse loads aré
app;ied at the bottom flange of girder A. Here, tﬁe moments of the bar
diaphragm bridge are of comparéble magnitudes fo the moments of the no -
diaphragm bridge girders. They are, at places, even larger than the no

diaphragm bridge girders.

The moments of the bar diaphragm bridge are invariably sma;ler than
the moments of the plate diaphragm bridge éirders. This may he ascribed £o
thé smaller effective stiffness 5f the plate diaphragms. Thé differences in
the coefficients of the bar diaphragm and the plate'diaphragmé are maximum
when the loads are farthest from.the ﬁidspan section of girdér A, The ratio
of the-coefficiehté of the bar diaphragm bfidgé over the plate,diaphragﬁ
bridge at quarter'spaﬁ of giréér A, when the load is abplied ét x=0 is'-

almost 3. .The ratio reduces when the loads move closer to the midspan and
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are almost equal when the load is applied at the midspan. However, it is

noticed that the distribution of the coefficients from,oﬁe girder to the - '

other and the distribution along the span is similar in the bar and the

plate diaphragm bridge girders.

The coefficients of the composite girder moments are significantly

changed when the transverse loads are applied on the Bottom flange of

_glirder A instead of at its top flange. The coefficients of the plate

diaphragm or the bar diaphragm bridgé girders havé increased, whereas
they have decreased in the simply supportéd no diaphragm or the beam
diaphragm bridge. The qﬁafter span and midspaﬁ moﬁents of the plate

and the bar diaphragm bridge girder A have increased by a ratioc of about
five to seven. On ﬁhe other hand, the factor of reduction for the
éuarter span moment céeffi&ient of the no diaphragﬁ bridge is about
nine%een when the loads are applied at theIQuérter section. It is about
2.2 for the midspan moment coéfficient when the load is appiied at the

midspan of the bottom flange of girder A. Besides the above changes,

-another change that may be noted is the lack of symmetry of the moment

coefficients about t@e longitudinal axis of symmetry of the no diaphragm
bridge. The distributioﬁ of the coefficients was symmetric about this
axis for the no diaphragm and the beam‘diaphfagm bridge for top flange
loading. The observation is in complete agreement with theldeflected

shape of the bridge (section L4.3).

In Chapter 3, the remarkable influence of the boundary conditions

on the composite girder moments of the no diaphragm bridge were noted.

From table VI it was noted that the moments at the gquarter span and at the
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midspan sections of thé symmetrically supportéd (both ends”pinnéa) no
diaphragm bridge are equal to thé 5énding moments of thé beam fi%ed at
both ends. A similar influence of thé boundary conditions is noted in
the distribution of thé momenés whén the transvérse loéds are-applied on
the top fldngé of the'no disphragm bridgé;' Thé'momént coefficients at
‘the quarter span of girder A aré reducéd by almost a factor of thrée when
the loads -are applied at x=0 and at x=L/k. Thé reduction in the moments

is much more when the load is applied at the midspan section.

Wheﬁ the transverse load is appliéd at x=0 the'thrée—quarter span
moments of the exterior girdérs are about 10% smallér’than the quarter spén
moments. They.are about 25% smaller when the load is applied at x=L/L ‘and t
a?e‘equal when the loaﬁ is“aéplied at tﬁé midspan of girder A: The lafer

rend is entirely opposite for the interior girdérs. Heré, three-quarter
span moments are gregter than the quarter span momentg. The distribution
is completely changed when the lozd is'appliéd at the bottom flange of

the girder A instead of on its top flange. The moments of all thé girders

are greater at the midspan section than at the quarter span or three-quarter

span sections.

When tﬁe boundary conditions of the bar diaphrégm-ﬁridéé afe changed
from nonsymmetric. to symmetric, the:coefficients of thé composite moment;
do7ﬁot change.atlthe quarter span section of the. girders. Théy bécome
smaller at- -the midspan section of the briage. For Both thelpoundary -
conditiéns, there is no symmétfy of ﬁhé moménts-about thé longitudinal

axis of symmetry of the bridge.

e ——
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4.6 TRANSVERSE FORCE RESISTED BY DIAPHRAGMS-
In order to evaluate the role of diaphragms in transmitting the

applied loads to the end supports, it is im@ortant to study the forces

resisted by the diaphragms:

Tébléé AlT to AiQ, in Appéndix 2, show the transvérsé components
of forces resisted by Yarious diaphragms fof differént load positioﬁs.
Table ALlT shows the transvérsé components of‘forcés résistéd by the
diaphragms between girders A and B.- Thé_othér two tablesP A18 and A19,
show the forceé resisted by the diaphragms betwéén girders B and C, and

girders C and D respectively.

From these tables it is apparent that when the load is applied at
the top flange of girder A-the intermediate Aiaphragms contribute essential-
ly nothing in transmitting the applied load ffom oné girder to the other.
The same behavior is. also reflected in thé bridgé déflections in Tables Al
to Al2. Here, the deflections: of the slab tf the.bridée with the bar
diaphragms provided only at the end sections aré.séen to bé eséentially
the same as the defléctions of the bridge with bar diaphragms~at quarter
span intervals. The transverse deflections of thé bottom flange of the
loaded and unloaded girders are somewhat smaller when intermédiate diaph-—
ragms ére missing.' The insignific;ﬁce of the intermediate diaphragms for
tté top loading of the exterior girder is also réflected in Tables Al3 to
AlS5. Here, one sees that the bridgé with‘intermédiate diaﬁhragms and the

’

bridge without the intermediate diaphragms have almost equal reactions.

|
L
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The behavior is confirmed from almost equal coefficients of moments,

My’ for the two bridges in Table AlG,

The role of intermediate diaphragms is important when the loads

are applied on the bottom flange of girder A. The intermediate dia-

phragms now help transmit a sizeable portion of the applied load to the

unloaded girders. The diaphrégms adjacent to the applied load carry a

large proportion of the applied load. The beéhavior, as may be expected,

is also reflected in a changed distribution of the deflections, re-

actions and moments of the bridge.

In the absence of intermediate diaphragms, the transverse de-

. flections of the bottom flange of the loaded girder A are very similar’

to the deflections of the ﬁo diaphragm bridge, The magnitudes of the
transverse deflections of the bottom flange of girder A are greater
than the corfesponding deflections of the bridge with the intermediate
diaphragms. The transverse deflections of the bottom flange of un-
loaded girders B, C aﬁﬁ D are a little smaller for the bridge wiﬁhout
the iﬁtermediate diaphragms. These deflections, however; are neg-’
ligible in comparison to the no diaphragm bridge. This is expected
since the diaﬁhragms at the end sections prevept a rigid Eody trans-~

latiqﬁ of the bridge- deck,

The longitudinal deflections of the top flange of girder A hAVe

decreased in the absence of intermediate diaphragms. The longitudinal
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reactions of the bridge without the ‘intermediate diaphragms are closer
in mégnigude to the mo diaphragm bridge than the reactions of the

bridge with intermediate diaphragms. For all positions of the load on

‘the bottom flange of girder A the longitudinal reactions of girder D,

invariably are smaller than the reactions of the no diaphragm bridges.

The magnitudes of the transverse reactions.of the bridgé in the
absence of the intermediate diaphragms are in between the magnitudes

of the reactions of the other two types of bridges.

The vertical reactions in the absence of the intermediate dia-

phragms are similar to the no diaphragm bridge.

‘From'Tables Al7 to Al9 it is observed that the bar 6; the plate
diaphragms at tﬁe end sections of the bridge resist essentially all
the transverse load applied to the top flange of girder A. The ﬁro—
portion of the load_fransmitted by the end diaphragm is directly re-
lated to the position of the load. :When the load is applie& at x=0,
the end diaphragms at x=0 carry aimost all the transverge load, but

when the load is applied at x=L the diaphragms at x=0 contribute

- essentially nothing in resisting the load.

The proportion of the load carried by the diaphragms between
girders A"and B, B and G, and girders C and D varies with the position
of the load. The diaphragms between girders A and B share a 1argé

portion.(slightly more than onme-third) of the total load when the top
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flange of girder A is loaded at the end sectioms. The transverse loads

listed in Tables Al7 to Al9, for the bar diaphragms, are.the components

of the loads carried by the inclined members, When the top flange of

girder A is loaded, the bars sloping away from the loaded girders are

in compression, Whereas the members sloping towards this girder are
in tension and the horizontal bars of the intermediate diaphragms are
mostly unstressed, They, however, are in compression when the bottom

. flange is loaded. .

The transverse loéd resisted by the beam diaphragms is Qery.
small in comparison to the bar and the plate diaphragms.‘ The Behavior
is as expected since the deflected shape of the bridge with beam
diaphragms is similar to the deflected shape of the no diaphragnm

bridgeﬂ




*.SUMMARY AND CONCLUSIONS

5.1 SUMMARY

.Thé'prime objéctive Of.thé thesis iIs to study thé.behaVipr of a
composité I+beam bridgé subjected to horizontal loads and to stﬁdy the
effects of diaphragms on the.bridgé béhgvior. Since there is no fechniqué
aﬁailablé to cénsidér thé effécts~of horizontal ioads on the bridge; a
finite element méthod of analysis is dévéioped Which freats the composite
I-beam bridge as a space structuré; Thé method'tréats the bridgé as an
assemblage of plate, beam and bar eléments.‘ The slab and thé longitudinsl
girders are treated as an assemblage of.rectangular platé élements. The
fép and bottom flanges of £he longitudinal girdérs are treated as beam

elements:

The stiffness propértiés of the réctangular plate element having
six degrees of freedom (thrée translations and three rotations) are
de;ived in the second cﬂapter and are listed in Appendix 1. The element
is believed to be the only one of its kind. The.properties of thé.element

are satisfactorily checked for uniform tensile and ghearing strains. The

convergence properties of the element are examined with a cantilever beam

problem.

A computer program is written in Fortran language to solve a large
number of simultaneous. algebraic equations. The series method of substruc-
tures, as explained in Chapter 3, is adopted for the solution of the’

equations on the Sigma 7 computer.
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Although the pr;mé interest of the presentation is the applicafion
’of horizontél loads on composite I-beam bridges, several bridges are
analyéed for thé vertical loads in order to compare fhe present model with
" other techniques. The comparisons made, in general, have prpved.satisfac—
tor&. Some differences which were noted in the comparisons are attributed
- to.the three dimensional behavior.of the'ﬁridge'cohsidered'in:thé present

analysis.

In Chapter 4, a.100 foot span, four girder bridge (Figure 7)
without diaphragms and with diaphragms is solvéd; Three kinds-of diaphragms
are consldered. They are béam, bar and plate diaphiagms.' The diaphragns
are provided at the end sections and gquarter span intervals. The.
transverse loads are applied only on thé top and boﬁtom flangeé of the
exterior girder. A substantial influencé of bar and plate diaphragms is
noted on the behavior of the bridge. ‘Iﬁ order to study'thé role of the
intermediafe diaphragms the Eridge is also sélved without intermediate
diaphragms._ From the deflec£ed shape and the reactions ¢f the»bridge it
is noted that the intermediatevdiaphragms are useful only Qhen the bottom

flange is loaded.

The bridge is solved for two boundary conditions: (1.) symmetric,
where the ends of the bottom flanges of longitudinal girders aref;eétrained
from translating in all directiéns,'(2) noﬁsymmetric,_where the bottom
flange is free to translate in the longiﬁudinal direction at one_endl A1l

other translations are prevented at both ends.
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Finally, as a check on the general conclusions made in Chapter Uk
regarding thé influence of thé_diaphragm; on the bridgé béhavior, a four
girder bridge. symmétricélly supported ovér a span of 76’.is solvéd. The
"bridge is not providéd with diaphragms in.oné case and ié'prOVidéd with bar
diaphragms at guarter span intervals in the -second case. The conclusions

made earlier are seen to hold for this bridge.

5.2 CONCLUSIONS -
On the basis of the present investigation certain general conclu-
sions may be drawn regarding the finite element method of anélysis'and the

behavior of the bridge under the influence of horizontal loads.

The finite element model develope& in the present invesﬁigation
seems to provide a satisfactory analytical appraach to»study the effects
of hofizontal,loads on.the composite I-beam bridges. The liﬁitations of
the orthotropic plate thedry and Gustafson's finite element method which
stem from the assumptions of plane sections remain plane and from fhe fact
that the three dimensional structure is treated as a two dimensional
structuré.are eliminated in thé present téchnique. The other major
‘advantagé of th¢ method over thé éxiéting methods 1is thaﬁ thé influence_‘
of various paramétérs liké_diaphfagms (their type, spacing ana size) and

the lateral bracing can be examined accurately.

The cbmparisons made in Chapter 3 for the veitically loaded
composite bridges provide a very strong basis for treating s composite

I-beam bridge as a threé dimensional space structure: It was noted that
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the bridge has rather significaht.lqngitudinal and transverse reactions
when subjected.to yertical loadéu' Sinceﬂthélhorizohtal réactions occur
at thé hottom plane théy affécﬁ'thé'composite girder'moménts. Thé moments
of the various girders are afféctéa approximatély in proportion to magni-

tudes and elevations of the longitudinal reactions.

The inclusion of the beam diaphragms reduces the composite
girder moment carried by the loaded. girder. 'The rediction is greater
when the vertical load is applied on the interior girder than when.

it is applied on the exterior girder.

The influence of thé Boundary conditions on the compﬁsite girder
moments is also very pronéuncéd. When thé girdérs are simply supportéd
tﬁe total composite moﬁént“at any section of fhe bridgé-is almost équal to
the bending moment in a tranéversely loadedfbéam on simple sﬁpports. The
momgnts, however, correspond to the bending‘moments of tﬁé fixed beanm

when longitudinal girders are pinned'at toth ends.

The no diaphragm bridge undergoes considerable warping when
subjected to_hérizontal loads at the top or bottom flange of the loaded

exterior girdez. Beam diaphragms with nodes at the middle plane Qf the

slab»are-essentially no help in preyenting the warping of the cross section.

For transverse loads the slah of the no diaphragm bridge {or the bridge
with the beam diaphpagmsi translates almost like a rigid body in the

transverse direction. - The load applied on the exterior girder is trans-

mitted from one girder to the other through large distortions of the
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longitudinal girders.

When bar or plate diaphragms are included, the magnitudes of the
bridge deflections are considerably reduced. Heré, the end diaphragms
act as transverse bracing and prevent the rigid body translation of the

deck. - The cross section of the bridge retains its shape to a large

extent.

When the load is applied on the top flange of girder A, the’
intermediate diaphragms do not seem to Sérve any purpose in transferring
the load. But; when the loads are applied on the bottom flange, these
intermediate diaphragms provide an efficient tfansfer of load from one
girder to another and resist excessive transverse deflections of the’

longitudinal girders.

Significant diffe:ences are noted in the_reactions of the no
diaphragm bridgé girders and the reactions of the bar diaphragm bridge
girders. The longitﬁdinal reqction% of théino diaphragm bridge are much
greater than the transverse and vertical reactions. The longitudinal

reactions are considerably reduced for ‘the bar diaphragm bridge. They

are now comparable in magnitude to the transverse and vertical reactions.

The transverse reactions of the no diaphragm bridge have almost
a fixed value for various positions of the load on the top flange of the
exterior girder. These reactions vary linearly with load position for

the bridge with bar diaphragms. For this bridge the reactiouns
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of the interior girders are almost double the reactions for the exterior

girders.

When the loads are applied on the bottom flange of the exterior

girder of the no diaphragm bridge, the loaded'girder undergoes considerable

transverse deflection and resists a sizéable»portion-of the applied load.
The rest of the applied load is carried by the unloaded girders in equal
proportion. The behavior of the bridge with the bar disphragns is

similar to the bridge subjected to top loading.

The coefficients of the compbsite girder moments at various
sections of the bar diaphragm bridge are almost negligible in comparison

to the corfesponding coefficients of the no diaphragm bridge.

The chan;es in the transverse rgactions of the girders, when the
boundary conditions of the bridge are changed from nonsymmetric to
symmetric ére small, For thé no diaphragm bridge the distribution of the
transverse reactions is a little more uniform for the top loading. There
is almost no change in the reactions when the bottom flange‘of the exterior
girder is loaded. When the bar diaphragm bridge is subjected to the top
loading, there is very little change in the transverse reactions. But for
the case’ of the bottom 1oéding, there is considerable redisfributién of
the total reaction resisted by ?he two ends of a giyder. With the above
change in thé bdundary conditions thé CQeffiéients of moments are reduced

almost by-a factor of three for the no diaphragm bridge subjected.ﬁo the
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transverée loads .at the top.flange.of the.exterior girder, whereas virtually

7

no change is.noted for the bar diaphragm-bridge.

5.3 RECOMMENDATIONS FOR FURTHER STUDY
( - The finité elemént model devélopéd in the'présenﬁ analysis has beén
verified with,se&éral appro#imate méthods of bridgé analysis. The elémeﬁt
is.dlso checked to sée if if can exactly predict thé theory of elasticity
solution for uniform tensilé énd shéafing strains. A true répresentation
of these strains is a necessary critérion for convérgénce of the solutioh’
with the réduction of élement size. However, an experimental: investigation

of a model bridge is recommended in order to increase confidence in the

analytical approach.

The extension of the method to study various other parameters.
that affect the behavior of bridges like the relative sfiffness of various
members, number and spacing of longitudinal girders and diaphragms, are © -
recommended, The computer program in its prgsent form can solve the

problem of a bridge on continuous supports.

The extensiqn'of the method for the stability analysis of bridge

structures also seems to bhe an interesting field for future work.

The method is capable of solying folded plate and shell problems

and hence it opens up another avenue of research.




APPENDIX 1

Stiffness Matrices Tor Plate and Beam Elements
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Dimensionless stiffness matrix.jgg Tor transverse bending of the rectangular

plate element of figure 3.
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The complete 12x12 stiffness matrix of a rectangular finite element

may be constructed from the 12x3 matrices ‘associated with the displacements
¥ 1 D

of each joint. Thus, the stiffness properties of the element are completely

defined by the 12x3 matrix associated with any joint.i.
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The 12x3 stiffness matrix associated with joint i:

Toc. + .
1201 1202 203

3 736,
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3

hcz + hCh

...03
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_301 + C3 + 3(3)Jr 0
~6C, ~6C, + 2C, + Lac) =30, + 3¢,
=30, + 3C), 0
ilzcl + 602 -203 -l-rzclL 3c2 - 03 *3Cu
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Where Cl = D(b/a)z/(Bab),

¢, = D(a/b)?/(3aD),
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Dimensionless stiffness matrix for the plane stress rectangular plate

element of figure 3.

{r} = [xl{s}

where By = oy - {F: ¥ = bF
F. al’ ,
P Poove
Ek f FGZl
=l .
{6} 8, ;o sy = U
J §j > ) Vi/aL
5 9,
L8y

Let (k] = 1= | (3% [y 1+ 7 [, + (k] + (500K
L

)

where [51], [52], [

iy
—

and [Eh] are as defined in the following pages.
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Matrix [C] relating dimensionless degrees of freedom {8} with the general-
ized coefficients {a}.

L 1
11 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0

0 1 0 O 0 0] 0 0 6 0 0 O 0 0 0 0 0 O 0 0

1 0 1 O 1 0 1 0 1 0o 1 o0. 1 0 1 0 1 0o 1 0.

60 1 0 1 0 1 0 1 01 0 » .0 i 0 1 0 1 0 1 B

60 0 0 0-1/2 1/2-1/2 1/2 -1 1 0 0 -1/2 1/2 -1 1 O 0 =-3/2 3/2 w

0 1 0 0 0 1 0 0 0 1 0 0O 0 0 0 0 0 O 0 1

(@]

0 0 0 0-1/2 1/2-1/2 0 0 1 0

-1/2 0 0 0 0 o 0 3/2
. S
Column number - |

1 2 3 4k 5 6 7 8 9 10 11 12- 13 1k 1516 17-18 19 20

Column number : . -
1 2 3 L4 s 6 7 - 8 9 10 11 12 13 1L
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APPENDIX 2

Bridge Deflections, Reactiong and Composite

Girder Moments and Diaphragm Forces




LOL/L
L4
2L/4
L/G
Ll /4

QL/4
iL/4
C2L/4
AL/a
AN

oL/4
1L/4
2L 14
3L/
4124

oL/se .
Lsé
21748
C3L/4
DAL/ G

A LIAY

oL/&

~Os/uﬂ8
09358
~-0.8707
“098120
~“0 7834

~0,9828
~0,9328
- .8688

~0,8105

~0.78232

~00443
~0,0371
00354
“Ge0351

”an351

-0e0944
~00 1850
~00824

-0:0819
-0,0818

LONGITUD INAL

DEFLECT

1L/4

~0.5282
-0.5212
~-0e5102
~064826
~0eb4639°

~065257 -
~0:5192
~065088
~064815
~0e&633

00496
00206
*050268
“GqOﬁB?
~0.0657

060253
~-0.0031
~0.0502
-0.0788
"OGOGSB

~ LOADS
TOP FLANGE AT =
2074 3L/4

~0s14623 00,2024
*Oa1333 032128
-061365 00,2338
<0s1398 02380
~061309 023268
01402 00,2041
~061315 0,2143
~0s1353 0.2350
~0,1390 0.2388
~061304 2370
00773 00665
060576 060562
00002 00270
~0,0572 ~0.0208
«0s0770 «0.,0563
0.0772 0,0907
00578 (00799
00005 00,0506
060569 00,0027
~0.0266

ONS OF TOP FL

~0a.0764

DEFLEC

ANGE

YO:Q U FOR GIRDER A&
{NONSYMMETRIC BOUNDARY CONDITI

ARE APPLIED ON

4 /4

05265
0.5388
0.5841
0eb6357
06724

0.5283
05400
0,5851
0.6358
0.6695

0.,0355
0,0349
0.0345
0.0358

'000423

0.0841

"0.,08253

060814
00827
00,0903

NODES

HE

or

BOTYOM FLANGE

.74

0.0391
00293
0.0003
~0.0224
~0,0275

00340
00260
00006
. =0.0192
~-0.0229

001428
00827
-0,0198
~06s0780
“0909?0

021410
Qo766

~0.0300

~0o0872
~0s108&2

2L

001152
01046
00660
06,0282
00170

01087
0.0999
00660
00327
0.,0241

01377
001641
000393
“009862
“QolZ@@

IN MICROINCHES,

0.,1201
01145
G.0205
Gol61l4
00501

01159
0.1112

. 000902

0.0646
00557

0601274
0oll08
T 00530
~0 3506
~(3ollB6

0.1624
061458
00889
-0-0181
“0908?7

CNS}Y

=4 {U
- A
iy =

iR

{7}

€eT




TABLE Al {CONTDo)

{18) DEFLECTIONS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)

DEFLS LOADS ARE APPLIED ON THE NODES OF BRIDGE
AT, ‘ TOP FLANGE AT X= BOTTOM FLANGE AT #= TYPE
oL/4 124 2074 3L/4 G178 1L /4 2L48 2L/
OL/&  w0o3014 «061162 ~0.0019 00272 00483
IL74 =0:2%89 ~0.11%4 0.0049 000174 (00385 "y
2L/46  =0,2023 ~0.1095 0.0000 -0.0118 0.0000 SN6
31./4 =0a1520 ~0.0869 -0,0049 ~0+0353 -003385 L
GL/G  ~061337 ~0b.0744 00,0019 -0 a04600 ~0,0483
OL/4 =0.0381 0,0526 00,0770 01355 0,1565
IL/4 000305 0.0238 0.0574 0.0748 001213 U
2L/8  ~0.0289 =0,0237 0,0000 ~0,0275 0.0000 SA6
3L/4  ~06.0292 -0,0528 —0,0574 ~0.0851 ~001213 L
4L/t ~0.0304 —0.0633 —-0,0770 ~0,1034 =0a1565
OL/& ~0.0384 0.,0530 00,0771 00816 00,1116
174 ~0.0307 . 0.0239 00,0575 0,0562 00806 U :
2L./4  ~0.0289 -0.0238 0.0000 ~0.0036 (.0000 SAGH*
3L/4 ~0,0292 ~0,0528 —0,0575 ~0o0574 ~0.0806 L
4L/4  =0,0304 ~0+0632 =0,0771 ~0,0769 —0.1116
OL/4% ~Oo2‘£}52 ~0,0878 0e01lls 0.0322 00638
/4 =0a212% =0608%4 0.0145 - 000177 000508 U
2L/ =061797 =0.0960 00,0000 =0,0223 00000 SN&
3L/ —0.1532 =060899 -0,0145 ~0.0519 ~0.0508 L
4L /4 =0s1426 ~060832 =0,0114 «0o0571 ~0,0638
OL/&  ~0,0373 000358 00,0565 001045 00117
AL/4 =0,0295 00,0146 0.0423 0:0569 000924 U
2Ll ~0502868 =0.0203 00,0000 L =0,0220 0.0000 SAL
C3L/4 ~0.0269 —06e0416 ~0,0423 ~0o05645 ~0,0924 L
4L G —060279 =0,0494 —0,0565 ~001178

“00779

HET




TABLE

DEFL .
AT

oL/4
lis4
2L44
LG
Li S a

oL /4 -
1L/46
2174
" aLs4
LI /4

OL/4
1L/4
2L /4
3L /4
41/

ClL./%
iL/4
2174
3L/4
Li /4

Al (CONTD«!

{2A) DEFLECTIONS OF BOTTOM FLANGE (NONSYMMETRIC BOUMDARY CONDITIONS)

OL/4

0,0000
~( 25240
~0 9398
~102240

~1,3455

00,0000
~-065233
~-06:9372
"10218@

~1.3367

06000
~0.0291
-0.0410
—-0.0480
~0,0507

00000
“006589
(10927
~0ellZ2
“091192

LOADS ARE APPLIED ON THE HODES OF

TOP FLANGE AT = BOTTOM FLANGE
1L/4 2L /4 e LL /4G iL/s4 2L /4
D0.0000 00,0000 0,0000 0.0000 0,0000 0.0000
”002825'“Qe0478 001869 00%224 “OJO?ZG “000674
“065330 =0.1259 0,2578 06540 ~0,0022 0s0689
~0:7205 ~0.2255 (0.2629 0,7520 0.0800 0,2017
~0eB088 ~0,2800 00,2424 00,7618 0,1050 002596
0,0000 CL,0000 00,0000 0,0000 0.0000 00000
«062838 =0,0505 ° 0,1850 064203  ~0,0310 ~0,0086
~065310 ~061353 0.2571 00,6533 0.0049 00634
~0s7160 =0,2202 0.2671- 0,7538 00387 001417
~0e8013 ~0,2719 062519 (.7685 060432 001640
0.,0000 00,0000 0H,.0000 0.0000 0,0000 00,0000
~0.0126 —~0.0020 ° 0,0102 0.0232  ~0,0519 —~0,1086
—0,0199 ~0,0601 99,0198 0.0402 0.0285 ~0,0015
~0,0228 00,0024 00,0264 (.0524 00594 001534
~0,0249 0.0014 0.0253 0,0510 00671 0,1940
00000 0.0000 0,0000 0.0000 0.0000 0,0000
~000286 =~0.0021 De0255 000537 ~0o0715 ~0.1333
~0a045% 00,0003 00452 0,0918 00349 0,0118
~0s0544 00,0029 0,0583 0,1155 0.0657 Do2134
~0s0590 0.001i4 00,0597 01180 0.0697 0.2636

BRIDGE
AT X= TYPE
3L/4

00000
~Q:0229 U
00,0687 NNMN6
061988 L
02574

00000
0.01%9 U
0.0822
00,1556 L
01848

0,0000
~0.0621 U
~0,03217
01225 o
0.2383

0.0000
“300629 U
060196 N

001894 L

003496

GET




0L/4
ClLsh
2L /4
LG
LL/74

oL /4
iL/74
2L A%
AL/4
HL /4

CL/4
1L/74
ZL74
3L/
1./4

OL74
TL/4
274
C3Ls4
Li /4

QL /4
L/ b
2L74
AL/ L
LU AL

Al (CONTD.)

{23!

CL/4

00,0000
~0,1832
~0,2722
~0o2276

0,0000

00000

*0@0351‘

~0,0408
~0.0292
00,0000

- 00000

"“O 563&"’%
~0501s16
~060300

00000

00000

~061787
~0625303
~001998

0.0000

0,0000
-0.0241
~0.0389
~G.0276

00000

DEFLECTIONS OF BOTTOM FLANGE {SYMMETRICAL BOUNDARY CONDITIONS!

TOP FLANGE AT X=

rsa

0-.0000
~0.0783
-001329
-01231

00,0000

G.0000
~0.0165
-0.0198
~0.0136

060000

0.0000
~0.0166
-0.,0189

~0,0133

0,0000

00000
~0.0810
~0s31221%
~001040

C-0000

0.0000
~0s0146
=0.01%94
-0,0139%

0.0000

LOADS ARE APPLIED ON THE NODES OF
BOTTOM FLANGE

AL

0.0000
Co0215
0.00G0
-060215

0,0000
~0,0016
0,0000
‘30C016

000000

0.0000
-0.0026
00,0000
00026

G.0000

00000
0.0111
00000
~0,0111
00000

0.,0000

0.0002

0.0000
“'O 030002
0,0000

3L/4

4L 74

1L/74

G.0000
~0.0642

~0:0034

. OoOé?S

0,0000

00,0000
~0o0436
0.,0291
0.0355
00000

00000
~0.0699
G.0076

006597 .

0-000¢C

00000
-0.0882
*JQGOSQ

0.05831

C»0000

Ge00C0O

“OaOQZ&

0.0283
00327
0.0000

2L/4

05 G000
~0s0810
000000
00810
000000

0.0000
~0o0857
0-0000
0-0857
00000

0~ 0000
~001003
00000
01003
0 00D0C

05000
“06 1036
02000

01036

00000

" 90,0000
~0,0824

=0,0000

00824

0-0000

AT X=

3./4

BRIDGE

TYRE

9¢€T




TABLE

DEFL.
AT

OL/4
/4

2L/74
3L/4
4L /4%

OL/4%
iL74
2L/4
3t/4
Ll /4

oL/4

,15_‘_./'[#,

ZL/4
/G

AL/ 4

CL 4
it/4
2L/ 4
aL/a
4l/4

A2

LONGITUDINAL DEFLECTIONS U FOR GIRDER B IN MICROINCHES.

{1A) DEFLECTIONS OF TOP FLANGE (NONSYMMETRIC BOUANDARY CONDITIONS)

oL/e

~0s3073
~0 02884
02691
02511

"‘003}.32
~063075
-0,2879
~0a42686
~0s2601

b
S Ne]
s =
(&N e

ek P e ek (D

Fud et fed (O 4t

I
<
@
<
(s JE¥e RNV LN S5\

~0.0271

/e

01782
~0s1735
-0.1675%
~061592
~0.1546

“001784
~061733
-0:1671
~-0,1588
~061537

0.0116
00058
~0,0074
~0,0176
~0.0207

00032
~0.0021
~0.0151

2 —~0,0252

~0,0283

LOADS ARE APPLIED ON THE NODE
TOP FLANGE AT X=

274

~0.047%
=0,0466
~0.0454
-0 90‘:}"‘?0
~0:0433

-0.0476
-0.0465
"‘O o0f+51
"000437
~0e0425

00232
0.01656
00060
“‘O90165

"'OQGEBZ

0.0233
0.0166

00001

~0.0163
~0,0230

LIS

[oReNeoRe e
@ 2 @ o 0

TOQ OO
@~~~ O

A AR Q0
WA WU O

00676
00,0698
00757
00797
0-0820

00209
0.0176
DmOO?"”}
~0,0059

”‘anllhﬁ

C.0289
"0.,0255
Co0151
0.0019
~0,0037

LL /G

0el764
01787
0,1931
02075
0.,2041

01759
0.1787
01933
0.2084
05208‘:\.‘-

00117
000115}
0,0111
00094

-0.0002

0.0278"

00272
0.0268
0,024%
0.0150

S
BOTTOM

IL/4

~0.0008
~0.0001
~0.0001
~0,0025
-0,0031

00049

00,0044

00010
~060035
~0a0049

00383
0.,0252
~050041
«060257

~000323

00,0254

00187
~0.0052"
~0o0285
“000359

~

OF
]
3

LANGE

™

i.F 6

00224
0.0211
0015
00167
00163

00294
0.0273
002215
2.0151
0.0130

GoC578
6o 0466
Q0074
“0.0305

~0a0H55

0.0602
000453
0.0120
~0.0228
~0,0392

(8}

LA 4

{

00305
Go0289
00267
00254
000263

000349
0.0331
0.0285
Ge0242
00233

Q.0426
0.0368
050149
-0.0163
"“30031‘:"

00838
00468
Do0225
~0 00849
00136

BRIDGE
TYPE

U
NNG

NP6

LeT




QL/4
L/
2L/4
3L 4
4i /4

oL /4
1L/4
QL/#
374
Ly 4

OLk@-

It 74
2L/4
3L/4
LiL/é

ClL/&
1L /%
2L/ 4
3174
Gi /o

oL /4
ClL/4

2L/74% .

]

374

L4

A2 (CONTDe}

¢18)

CL/G

-0e0802
~0,08186
~0,0658
-0.04857
~0 00454

00012
~0.0080
=0.0094
~0.00%96

-0,0099

00016
“‘"Ow\jo S
~0s00%¢
-0,0100

O o~
r\

C

~0.0585
~00635
~0 60580
~0 60497
~0.0485

0.0029

—00005‘5_}

-0 0085

-0 0088

DEFLECTIONS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)

1L/4%

0406
0382

LU )

~0
-G
“O.oo 340
-0.0278
-0.0254

00128
C-QC70
~0.0062
~0:0165
~-0.0198

000123
0.0069
-0.0061
~0s0165
~0o0198

~0.0328

~0.0301
~0.0286

~G.0282
~0.0284

Q0057
0.,0038
-0.,0044
-0s0125

LOADS ARE APPLIED ON TH
TCP FLANGE AT. x=

2L /4

“030004

'—O_DOOO{-P :

0.,00C00
0.0004
00004

00233
0.016%
0.0000
-0.,0166
“000233

0.0233
0.0164
00,0000

~0,0164

”Oe0233

00037
0.0014%
C»0000
-0,0014
~0.0037

00160
00107
~0,0000
~0,0107

~0.0091 =0.0150 ~-0,0160

AR

Re

/5

slL/&

£ MODES

OF

BOTTOM FLANGE AT

/4

-=0.0043
~00033
~06G025
“00035
«00G044

00359
00227
~00066
~0e0279
~06e0240

0.,0122
0092
G.0002
~0,0106
~0e0152

~0.0116
«~0.00680
-0 GOC&‘Z
~0:0055
-0.0073

000226
Goe0157

—0.0041

"'OOGZ}.Q
~3s0256

2L /4

00008
0.00C3
Co0CO0C

~0:0003
“605008

00504
0.0369
00000
-00.0369

-G 0504

0.0197
G.0139
00000
“000139
”Oe0197

-0.0016
~0.06018
00000
0.0018
0.0016

000371

000263
~04 0000
~0:0263
-0.,0371

3

K=

L/&

BRIDGE
TYPE

U
SN&

n

A4

T




TABLE

DEFL

AT

OL./4
1L/4
2104
BL/b
& /4

oL/
1L/4
21./4
3L/4
L1 A4

oL/4
/4
2074
2L/4
Ly s

OL/4
L4
2L /A%
3Lse
&L /4

A2 (CONTDa)

{2Ay DEFLECTICNS OF BCTTOM FLANGE (NONSYMMETRIC BCUNDARY CONDITIONS)

oL/4

0.0060
-0,1726
~003102
~0o4001
“'Ou[4-257

0,0000
~0s1697

‘003098

-0:4056

~0o4385

00,0000
~0,0039
~0,0119
~0.00161
““OQO}_?"«}

00000

~0.0137
~0.0280
~0.0367

“000395

LOADS ARE APPLIED ON THE NODES OF

TOP FLANGE AT

L/4

0:0000
~Co,0984
“091786
“'00233?

Q2477

00,0000
~3e0928
~CelT779
~0e2391
~06s2604

0.,0000
~-0.0051
~060052
""O ﬁ0066
~0.0075

Co QGO0
-0 .0100
~0,0141
~0.0172
“'00018‘{!-

2L /4

0.0000
~0,0217
~0.0471
~0.0685
"000711

00,0000
-0e0143
*Oa0l>52
~0,0757
~0,0852

0.0000
~0.0029

~0.0002-

C.0031
0.0031

0.000N
~0,0024
~0.0002
0.00627
0,0034

o=

/4

> Q@

QOO0
= O OO0
[@ XV s>V, e
MW WD
W Ww--Jo

@ 0 ¢

000000
0.0622
0.0866
0.0874

0,0858

0.0000

0,0022
0.0047
C.0096
00,0129

Q. 0000.

00073
050137
0,0202
0,0238

Gl /4

00,0000

01329

0s2122

0.2502
0+2682

0.0G00
01397
062153
02468
0:2550

00000
0.0076
0.0117
00107
00094

Qe QNGO
OQO‘.’L?(::'
0.0281
0.0318
0.033%

BOTTOM FLANGE AT X=

1Ls4

00,0000

00623

0,0016
00674

—~0.,0%24

0.000G0
00117
~00030

~000118

*Oo@lzﬁ

0,00GC0

“006136

~0.0109

00122
00201

0o0000
-0,0003
~0.0377
~0:0130
~0,0003

2L/74

00000
001054
000389
~0:0697
~0.1163

0. 0000
Ce0307
00242
0,0112
0.,0078

0,0000
~0:0119
0.0007
00259
00471

G 0000

0.0362°

0,0116
"O co léré(’
00,0019

al/s4

00000
0.0844
00527
~0.0305
30758

00800
00301
000364
0027

0.0199

0.,0000
G.0128
Co0330

00312

BRIDGE

TYPE

NB6

M . £ Co
5 eGG00

Co0210

6ET




TABLE A2 (CONTDa.)

DEFL«
AT -

CL/4&
L/4
2L/4
3L/74
4./ 4

OL/4
iL/4
2L/74
3L/4
LL/4

OL/4
1L/4
2L/ 4
AL/4
4tz 4

DL/
L4
2L/4
3L/4
4y /4

oL/4
1L/4
Z2L74
IL/4
LL/4

(28)

oL/4

OcOGOO
-0 90590
~-060859
"'Oc\’.)égl

0.0000

00,0000
~0.0057
~0.0115
-0 0094%

.0000

0.0000
~0.0064
~0,01085
-3 0085

00000

008000

~0,0530

~0.076%9

~-0.0612
00000

- 0.,0000
~0,0037

T=0,0100

~0.,0087
0500600

LOADS ARE APPLIED ON

TOP FLANGE AT

1Lz4

D.0000
-0.0300
-0 20434
~3.0358

00000

00000
-0,.0050
~0.,0050
“‘O 00@‘%4

00000

0.0G00
"C OGOS‘B
““O 60060
~0.C058
00000

000000
~0,0286
~0,0398

~0e0316

00000

00000
-0.0062
""O mOQ/"rB
-0.0029

00,0000

274

0,0000
0,0023
0,0000
~0.0023
0,0000

0.0000
~0.,0027
0.0000
0.0027
0.,0000

0.0000
~-0.0018
0.0000
0,0016
0.0000

00000
0.,0010
00000
-0.0010
00000

0.0000
~0.0033
S 0.0000

0s0033

00000

A=
M=

3L /4

4l f4

BOTTOM
iL/4

00000
004773
-0,0132
~“0,0554
000040

0,0000
~3a0109
~0.0107

00,0046

0.G000

. 00000
00480
~0,0095
~0.0505
0-GG0Q

0.00C0

0.0529.
«0,0248
~0.0673

000090

0.0606G90
~0.0082
~050135
0,0025
0.0000C

THE HODES OF
FLANGE AT ¥=

2074

0.,0000
0-0741
00000
Qe f}?b }.
00000

000000
~000050
040000
'0,0050
0.0000

()
2

~ O ~NO

o
&

cacoco
QOO OQ
O - O 1 O
SN NG

e

o

000000
000830

00008

~0,0880
o 0000

00,0000
00004

={.0000

-3¢ 0004
0, 0G00

3L/a

DEFLECTIONS OF BOTTOM FLANGE (SYMMETRICAL BOUNDARY CONDITIONS) .

BRIDGE
TYPE

SN&

7 0 C
>
i

oK




TABLE

DEFL,
AT

oL/ %
i1L/4
2L74
374
Lisa

OL/4
1L/4
2L/4
3L/4
GLIG

oL/4
iL/s4
2L 74
CAL/4
a4iLs4a

CL/4
/4
o 2L74
"3L/%
SLil/Ze

cooao

A3

L ONGITUDINAL DEFLECTIONS U FOR GIRDER C IN MICROINC

[T vy
HES.

{1AY DEFLECTIOMNS OF TOP FLANGE {(NONSYMMETRIC BOUNDARY CCNDETEONS)

OLA4

' 0.3265

0:3106

02882

De2689

02609

003250
0.3096
02878
002685

02600

s O

SO OO0
Geomd jead femd fnd fnd
[ e N N [ %1}
Jod et et ON N

2 8 &

0.0322
00283
0.0270
002568

- 000268

ILr74

01724
01722
061650
0al597
001551

0.1728
061719
001687

01594 -

Valbd2

~0.0165

~0.0071
0001381
00212

~0.0085
00,0008
00165
000257
0.,0288

LOADS ARE APPLIED ON
TOP FLANGE AT

2L /4

0.0453
00436
00452
0.0466
05,0449

0.0456
Q0,0435
00449
00462
00,0441

~0,0253
-0.0194%
~0,0003
00188
00248

~0s0253
~060194
""050003
0.0188
00245

N
3L/4

~0.0689
~060707
~0.0775

w0786

~0.07560

~0,0685
~0,0708
00777
~0.0789
~0,0769

~0,0219
~«0.0186
=0,0092
0.,0068
00165

~0,0299
~0.0265
~0.0170
~0,0011

0.0087

4L /4

~0,1763
~06,1785
“00193}.
~0o2111

-002212

~061759
~0-1786
~0,1933

~0,2108

—002204

THE NODE
oTY

s
B OM
iLse

~0o0139

-0,0113

-0,0001
0.0091
0.,01258

~00145
~0.0104
~0.,0002
0.0077
00100

«0 0485
-0.0288
0.0050
020238

00298

~0.05%12
~0.028%
00684
00,0267
0.,0322

OF
FLANGE

2L 7

~000424
w0389
~000218
~000069
~000005

-00401
~0,0356
-0.0221
~36008%
”000943

‘00058?
«~0s 0483
~0s0086
00312
0s04632

-0 3675

~00571
~0.0150
00269
0.0390

AT ¥=
3L/4

~0.0428
°Ga0396
-0.0300
~0.0186
~0:0129

~0,0411
‘“600365

=0.0302
~0.0200
m@00155

~0.0419
003567
~0.0183

00154

BRIDGE

TYPE

000365

~5o053%9
“@oG@?Z
”603313
Go0051
0$:0295

THT




-
>
3
Z
m

DEFL o
a-l'\ T~'

QL%
1i./74
ZL/4
SLfQ

LL 75

OL/4
1L/4%
2L74
3L74
Ll

oL/4
1L/4
2L 74
3L/
Ll j4

OL/4
iLz4
2L/4
3L/

4L /4

oL /4
1L/4
2074
ILss
4L 74

A3 {CONTDa)

{18}

]

oL/ &

0.,0972
000849
00654
060495

D.0452

000133
001086
0.0092
0.0093
0.0096

0-,0136
00107

0.,0091 .

20092

00096

0,0777
00707
Gﬁ05?9
00493

000482

00123
00109
0.008%
-0.0084
00087

DEFLECTIONS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)

LOADS ARE APPLIED ON THE NODES OF

TOP FLANGE AT

+
iL £ &

0,0351
0003270
0,0358
0,0286

D.0251

~Q0.0175

‘“000080

Cs0078
00,0172
0.0205

~0,0178
~0,00381
80,0079
00173
0.0206

00243
00284
0,C316

0.0293

00294

”OaOlZB
~0.0052

00070

000136
060160

2L 74

~0s0014
~0,0023
Q.0G00
00,0023
0.0014

“OQOZBO
~0.0191
00000
0.0191
0.02590

-0,0251

\t —
”~n

~
e}’

“"000192 .

0.0000
00192
0.0251

~0+0066
~0,0057

"'O 50000
0.0057
000686

““05018{3
~0,0146
~0,0000
0,0145
0.0186

i

74

HL/4

BOTTOM FLANGE

/24

~0.0124
~0,0076
0.0038
0«0135
0-0165

-0004652

~00254
0.0084%
00,0270
0s0326

~0o02838
~0.0201
00012
0.0205
00274

~0.015%3

~G J00 85
06,0073

00,0196
0el236

~0.0359
~0.0198
G068
Coi202

00,0241

2L /4

“00020?
“050153
0.0000
0.0153
00207

~0.0505

“000396

00000
00396
00505

~0.0396
“000288
C.00C0
0.,0288.

00396 .

“Oo0279
~0.0203
~06 000
0.0203
Go0279

“000379
~0,0304
=0, 0000
00304
0.037%

AT X=

ALsg

BRIDGE
TYPE

U
SN6

T




TABLE

DEFL.
AT

oL /e

iL/4
TZLVQ.
3L/4
474

OL74
L/4
28 /4%
3L/
LL/G

oL/4
1L/¢
2074
3L /4
4L r4

"CLAS
/4
2L/4
3L/4
AL/4

A3 {CONTDW}

t2A} DEFLECTIONS OF BOTTOM FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS)

OL/4

00000
01768
003140
064025
04276

C.0000
0.1720

0.3314

G060
O$Q385

0,0600
0.008%9
0.0133
00154
00161

- 0s 0000

0.0138
00310
0:037%

00395

iL/4

02,0000
$.0978
Col779
023353
Oo2l&its

0.0C00
0G930

061755

02378
02597

00000
020042
0.0060

00068

00073

0.0000
0.0090
Qo141
00174
00185

LOADS ARE APPLIED ON
TOP FLANGE AT X=

2L/4

0.0000
0,0168
00451
0.0727
000828

00,0000

0.0011"

-0.00C2
-0.,0016
~0,0018

0,0000
0,0011
-0.0002
-0,0018
~0.0022

aLsb

. 0.00060
«0.0558
~0,0832

2 ~0,0936
o &L “061024

0.,0000
~«0,0612
«0,0842
"“O qy0883
~0.0909

00,0000
~0s 0030
~0o0063
~0,0088
~0.0095

0.00C0
~0.0081
~0s0145
~0,0194
-0.0217

sl st

C.C000
~0.1342
-0,2156
“002560
—-0.2736

0,0000
—0.1399
002165

~0e2497
~0,2605

0-0000

~060077

-090137
~0,0176
~-0.01384

0.0000
“060179
-0e0308
~0.0383

-0 0405

THE

[HODES OF
BCTTOM FLANGE
1L/4 2L/4
0.0000 G.0000
00317 0.0335
0.0084 —~0.0096
~0,0340 =0.0777
“0:0581 ~0,1155
0,0000 00000
0,0137 0,0078
-0,0006 ~0,0196
~0,0168 -0,0525
~0o0241 ~0,0687
0.0000 Co.0000
0.0180 00,0401
~0.0133 =0.0002
“~0e0241 —0.0576
~0,0259 <0.0729
0.0000 ©.0000
00304 0.0577
~0eG1l43 ~0.0022
~0.0338 ~0,0885
~0a0368 —=0.1170

AT X=
3L/4

0.00G00
0.0162
"006211
~0o0746
~0,103¢4

00000
~0,0028
-0o0262
”000557

~0,0715

0.0000
00237
0.0134
~( Q4L L

~0.0885

00000

0.0334
00118
“QoGTé?
«~0el401

) by

{

R
Y

NAG

b

B

U
NPS

DGE
E

€T




oL/b

N R

2L/
3L/
L/

Mo O
e
REgE

NN N
£

3L/4
HLLG

OLL/4
TAL/S
2174
3L /4
4L /4

QL4
/4
2L/

L4

&y /4

oL /4
IL/74
274
374
AL/4

A3 {CONTDe)

(28) DEFLECTIONS OF BOTTOM FLANGE

00000

00636
00899
0.0712
00000

00000
0.0110

" 0.,0135

00095

00000

0,0000

- 060104

000139
0.0102

050000

02,0000
. 00594
00,0829
0s0645 "

00000

0.0000
0.0109
0,0131
06,0090
0.0000

TOP Fi

li/a

00000
00295
0.0431
00357
0.0000

. 00000

00052

-.0.,0060

000040

00000 -

- 00000

Q0024
0,0056

000037

0.,00600

0.0000
000279
64,0393

0,0316

0.00C0

0.0000
000047
0.,0058
00040
00000

LOADS ARE APPLIED

ANGE AT x=

2L/4%

0.,0000
~0,0022
- 0.,0000

00023

00,0000

0.0000
£.0010
00000
~0,0010
0.0000

C.0000
000156
0.0000
~0.00186
0.0000

0-0000
~G,0011
TO@OGOD

0.0011

0.0000

80000
0,0006
~0,0000
*Oo0006
D.0000

3L/4

G4l /4

ON THE NODES OF

BOTTOM FLANGE AT X=

iL/4

0.0000
0e0224
OQGOQO

~060164

0-0G00

C.0000
00153
=0.0129
~0,0149
G.0000

0.,0000
00219
0.0004
“09621@
0.C000

0,0000
0.0271
0.0083
“000153
00000

GoC000
0,0158
“0@9126
-Q0145
0-00G0

2L/74

Q0000
00275
00,0000
~0.0275
0.C000

00000
00328
00000
“000328
¢.0000

0,0000
£.0307
G- 0000
~3.0307
Go0000

0.0000
0.0301
~0.0000
~0.0301
0.0000

0-,0000
C.0327
=-0.0000

~0.0327

0.0000

AL/4

(SYMMETRICAL BOUNDARY CONDITIONS)

BRIDGE
TYPE

SN6&

SN&

U
SAG

T




TABLE

DEFL
AT

T OL/4
1L/4
2L/48
YL
LiLsa

OL/4
L4
2L/74
3L/4
L/ L

oL/4
L 1L/4.
2L/4
3L/4

4L S4

OL/4
iL/4
2L/74
3L/L
L4l /4

(1A)

OL/4

0.2682
09324
08704
JeBLi7Y
07830

09586
09307
0.8686
08103
07821

LU

N
R OS B oe)

1303

DO QO

? - 0

SO QOO
W W
Y O O N

ol

0.0751
0.0817

C0.081%

0.0813
00812

DEFLECTIONS OF TOP

1L/4

jat

9
1
3

0O~

J

S Ut W
OO MN

39
.

1645

CCoOTCOoQ

e
@
2
]
o

£

055258
0.5185
055083
064820
054638

“000566
~-0,021i9
00265
00560
006860

~0o0259
00019

0.0498

00792

 0.0891

LOADS ARE APPLIED ON
TOP FLANGE AT

ZL/4

01404
0.1323
0,1363
0e 1404

061323

0.,1386
00,1308
00,1331
01394
00,1318

-0.0792
-0.058¢9
“OOGGOB
B,0579
0,0782

-0s0791
“000590
~0,0007
00575
00778

X=
3L/h

~0602034
w(,2138
“002339
~0e8374
~0.2370

~0,2051
~0021561
«062348
*Oa2382
~0e2374

~0.0675

~0,0571
“CoOZ?B
0.0214
C.0506

~0 60917
~0o0809
""O 06508
~0.0021

0.0267

&L /4

-005262
~065385
~005839
~0.6322
~066517

_0052?9
~0+532983
“405848
~0:6335
~0.6551

-00357

-0,034%
~0e0344
~0.0330
~=0,0243

~000840
“000822
~0.0812
~0.0795

“000?12:

THE

IODES

GF

BOTTOM FLANGE

/4

«03,0213
=0.,0168
0.0028
00199
D,0220

-0,0295

. ~0o0233

«Q 0005
00195
0.0234

~0o01344

~0e0813 -

00164
00769
Q0972

~0.1186"

“000702
00,0236
Go0848
0ol00R3

2L/6

~3.0933
-0.0873
”Oeﬁéeo
“GQQBEB
“0002?6

-0 1046
~3.0%965
~J,0648
~3.0326

~0.0264

0.0976 . ¢

0,-1391

01912
=0e 1567
~3,0388
0.,0786
001205

LONGITUDINAL DEFLECTIONS U FOR GIRDER D IN MICROINCHES,

AT X=

3L/6

~001064
~001027
~0+0851
~0 00643
~0 <0593

~001141
”001@92
“659885
~0006%4
~0.0571

G697

FLANGE (NONSYMMETRIC BOUNDARY CCNDITIONS)

BRIDGE
TYPE

U
NNG
L

v
NBé&

AN

~ &
>
[33Y

ST




TABLE

DEFL .
AT

OL./4

1L/74

2174
2L/4
Al /b

OL /4
IL/74
2L/7%
3L/ 4

L1745

OL/4&
iL/74
274
3L/4
LA

A4 (CONTD»)

16} DEFLECTIONS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)Y

@]
~
~
S

oNeoNeloNe
s 3 9 O o
WSy O G D

b e N3 D)
W e N U O
\Jt €0 0

00205
0.0276
00284
0.0288

00,0299

N.0202
0-0275
00285
C.0288

00299

002205
002057
01791
01529
001522

0401?@
00239

00259

Go0262
1

0,027

A
TOP FLANGE A

iLs4

01161 .
.0011@6'

01094
00876
00752

-0.0531
~0.0247
0,0236
00535
G.0641

0.0887
000885
00,0953
00907
000842

~0,0361
~0:0159
"De0198
050423
0.,0502

Lo

274

0,0003
*090057
C-5000
00057
~0,0003

"050787
~0,0584
G.0000
0,0584
00,0787

“000787
~0,0583
C.0000
00,0583
D.0787

~0,0133
"‘“O QC) I"‘?'g

0s0149
0.0131%

~0+0583
~0 20430
-0 0000
000430
0,0583

DS
T

p

ARE APPLIED ON THE

3L/4%

Ll f4

[§ODES

iLz&

-00l24
=G G082
D.0110
0.0273
00295

~0,1262
~0450725
0.0249
0:6847
01034

~0,0669
00470
00027
0-049%
Q0667

-0-,03085
~0a0040

00205

0e0412
C0436

~0,0%16
=(0.0532
00189
00642
00782

OF

ZL/&

~0,0308
~0o0260
00000
Co0280
00208

~061552
~0s1178
0.9000
10,1178
001552

~00 0944
“000683
00000
005683
Co 094‘-4

~0:0385
"“(’}50332
-3 0000
0.0332
0.0385

""Oellcj—i
«~QoDETS
~06 0000

0,0878

BOTTOM FLANGE AT X=

L4

ont




oL/&

AL

2074
3758
4L /4

CL/4&.
1L/4
2U/46
3L/4
Gl /4

£

£ 0N e
| N A
i 6

NG ™ Nl NN
o~

-

]
[N
s

~

sy

M =
e
S
£

~
Eans
“§e

—
3L/74
SLA%

AL (CONTDo)

‘€2A3 DEFLECTICNS OF BOTTOM FLANGE {NONSYMMETRIC BOUNDARY CONDITIONS)

OL/4

L 00000

05126
0,9359
152214
163435

0.,0000
05209

09355

12179
13367

0.0000
0s0219
00374
0.0%57
0499

0,0C00

Or}OBZg ’

-0,0889

0-,1107
0-,1185

LOADS ARE

TOP FLANGE AT X=

ilL/4 2L 74 AL/ 4
00000 0.0000 060000
0:2827 000480 ~0,18638
065327 00,1357 =042579
007200 Q02248 =0,26326
008082 062792 -0,2433
0.,0000 (,0000 00,0000
062833 0.0480 «0,1860
065326 0.1350 ~0,2594
007165 062224 ~0,2665
08012 02735 ~062476
060000 00,0000 0.0000
D.0140 ©.0039 ~0,0093
050180 ~0.0001 ~0,0182
00214 ~060049 ~0.0278
00240 ~0,0038 -0,0298
0.0000 00,0000 0,0000
0.0291 0,003L .-0,0247
0:0439 ~0.0004 «0,0484
0s0532 ~0,0048 «0,0596
060580 =060036 -0s0628

APPLIED

ON

4l 74

060000
-0:4211
~0e6506
"007462
~0oT7565

00000
~Ge4201
“606521
“007509
~0,7630

060000

=00231

-0.0382
~0:0455
~0s0441

0-C0O00
~0.0533
~0.0890
~0e1089
_001118

O »n

0.0000

. ~0.0221

~0,0051

- 0,0258

00497

0.G00O0
0.0058
~0,0007
-0.0094
-0.0056

0.0000.

00461
~3.0077
~0.0509
“000647

000000
0,0394
0.0121
~0,0239
~0.0376

0.,0000
“00G705
~0-0748
-0.0482
“00@203

000060
-0.0297
~0,0673
-0.0991
“051015

0.0000
0.0804
~0-0010
-051255
“001719

00000
0.03%6
—0.6 0240
~0o1161
~0,1538

AT

3L/

00000
~Co0770
“~0,0981
~0:0894%
“0e0728

00000
“GoOQ?l
~060920
-0.1262
-061321

0,0000
0+0503
0+0055

~001130

=0 1845

050000
00084
~0 50497
~051381
~0:1801

BRIDGE
TYPE

U
NNG

LRT




DEFL,

A4 (CONTDo)

{28} DEFLECTIONS OF BOTTOM FLANGE {(SYMMETRICAL BOUNDARY CONDITIONS)

CL/4

0.0000
0.1785
02681
062255
00000

0.,0000
0.0282
0.0377
0.0285
00000

0,0000
00288
00371
00278

G5sC000

00000

Oeli?720
De244}%

001965

00000

G-0000
0:0248

0 005"{."5 :

Del257

G,0000

LOADS ARE APP

TOP FLANGE AT

1L /4

00000
00785
0.1329
01229

00000

0.0000
00170

0.0181.

00127
0.0000

00000
00169
0.0188
00131
00000

00000

020813
051220
051037

00000

00000

00158

00171

0&012@
00,0000

2L /4

0,00C0
“OGOZ].?)
00000
10@0213
0,0000

00000
0s0035
06,0000
~0..0035
00000

0.0000
00,0028
0.C000
«0.0028

0.0000

s 0000
”O 90107
~-050000

V0107

00000

3,0000
00029
-0 QOC‘OO
~0,0029
30000

3L/4

[ A o
| A

3L/4

D ON THE NODES OF
.BOTTOM FLANGE AT X=
LU A4 - L4 2L/4
0.0000 ©0,0000
-0,0057 ~0.,0212
Cs0127 0.0000
00248 . 0.0212
00000 (0000
00,0000 000000
00383 (©.0588
“‘000073 OOOCGO
«“3.0261 ~-0,0588
00000 000000
- 0.,0000 ©-0000
CG.0000 —-0,0018
00017 0.0000
0026 Q.00i8
0.0000 0.0000
. 00000 " 920060
009983 ~Ga.0154
00256 =0o0000
\ 020305 00154
.G=00C0 060000
0.0000 0,0600
003462 0.0502
~C.0036 ~0.0000
“600213 ”OQOSGZ
CeCGGO

Go0000

BRIDGE

TYPE

gt -




TABLE

> QO

_oLse
Lrse
2L/4

378 -

4L/

oL/a
IL/74
2L/4
374
4L /4

OL/4
1i./74
2L/4
S

GL/4

OoL/74
1L/4
2&/@
AL/a
Li /b

A5

—=4 [T
=
P
@

OL/4&

~0o&243
“004222
~-0e4203
~0.4186
“Oo@l?o

~3ef241
*064221

- =064202

-0 k177
04169

*0&0004
=03 0002
~0,0001
~0=0001

Ne0000

~0s0008
=D 0005
~0e000%
“OODOOZ
00000

DEFLECTIONS OF

TOP FLANGE

iL/s4

~0s&222
~Ook212
~064200
*00%190
-0.4180D

~0e:4221
~0e%211
“004200
~004184
~0e%180

~060002
~0 00004
~0.0003

“GQDGOZ

~0.0001

~0,0005"

~0 0007
~0,0006
~0,0004
~(0,0002

LOADS
AT

2174

“OQQZOO
~0.4198
—064195
~-0.%152

""'O 31?202
“004200
~-0:4198
~0,4193
~0o2191

~0.000%
“0@0003
“OaGOOB
“OGGGOB
~0.0002

~0000%
~-0.0006
-0.,0007
“066004

TOP FLANGE

ARE

W=
3L/G

~0.,4186
~-0,4190
~0a%4195
~0,46201
“004205

~0s4185

~0,4189
—Oglﬁlgé'-
«064200
=0al204

“0,0001
~00002
~0,0003
“"Gu O‘OO(}
-0.,0002

~OoOOG2
00004
«0,0008
~0,0007
~0 0005

APP

LIED ON

AL /4&

~068170
-04180
“Oa4192
~-0,4205
*054220

*004169
~04180
~0:4191
=06:4204%
~04219

0s00G0
~0.0001
-090002
“0@0002
"Oa0004

00000
-0.0002
~0,.0004
~-0,0005

~-0,0008

{NONSYMMETRIC

(o]

L/4
=D 2429
~0:2430
02630
«0 243
wo2829

~-002429
~0c2430
~0e2431
w0e2&30

“03243@

~( o000 2
~00005
~000005
~(3o0003
~0.0001

. ~0.0004

~0.00C7
~-0,0007
~0,0006
-0,0003

18]

<

2
P

DARY

THE NODES OF

BOTTOM FLANGE

“003363
~00 3365
~De3367
*0@3368

“063368

“09336&
063366
M603368

“603369-

“003369

~30 0001
“OOGOCS
~3.0007
~0o G005
—0000@2

-0 0003
~0s0007
“000009
~0,0008
~0.00035

TRANSVERSE DEFLECTIONS V FOR GIRDER A IN MILIINCHES.

LAY

~o2425
~Qe2b&27
“~0eZ8629
~002431%

~002532

“002@25

=002428"

“JGEQSC
02431
$092432

000860

Do V003
~0.0005

“00@@05 L

-0:0002

=0.0001
"090005
WOOGGO?
~0,0008
~0,0006

6nT




TABLE

JEY"LG
CAY

OLZ4
1L/
2Ls8
3L/
Gl /4

OL/4
IL/74
2L/4
3 /4.
4l 74

oL/4
1L/4
,2L/i:
3L/4
LL/L

DL
IL/A%
2/
3L /4
L1 /4
oL/4
/s
2L/4

RCTIVE

4LAG

A5 {CON

{18}

OL/&

~064209

-

~0 04201
~0oh1936
~0m4192
~0o#4189

“030004
“OQOGOE
=0 ,0002
-0.0001

00000

-0,0004
~00002
-0.0002
-0 0001
~{0%00G0

~0,0000

~0,0C01

TDe}
DEFLECTICNS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS}
LOADS ARE APPLIED ON THE NODES OF BRIDGE
TOP FLANGE AT X= BOTTOM FLANGE AT ¥= ?{PE
1L/4 2L/4 C3L/4 a6 T 1L/4 2L/4 L/
~064201 —0,4196 ~062430 -003365
~064199 ~0,4196 «0o2430 =003367 U
~064196 —0,4197 (02430 ~063368. SN6
~0:4194 —=0,4196 ~002430 =~0e3367 L
—Deb192 ~0.,4196 ~0,2429 «Q03366
—~060002 -0,0002 ~0,0002 ~0,0002
-0.0004 —0,0003 ~0:0005 ~0,0005 U
=0,0003 ~0,0005 ~0,0005 ~0.0007 ‘SA6
~00002 ~0,0003 | ~00003 ~0.0005 L
»OoOOOl “OQOOOZ “OmOOOl‘“GoOOOZ
~0,0002 ~0,0002 ~0,0001 -0.0001
~0,00084 —0.0003 «06,0003 =~0,0003 U
~00003 ~0,0005 00003 —-0.0004 SAG#
~0,0002 . -C.0003 ~0,0002 ~0.0003 w
-0.0001 ~0,0002 ~0,0001 -0.0001
002326 ~042322 “0o1T31 ~002353
~002325. -0,2323 ~061731 =0e2354 U
w(0a2323. 40,2324 ~0e1731 ~0,2355 SN&
=0e2221 ~002323 - ~0s1730 ~062354& L
—002319 =0,2322 ~06o1729 —-002353
S ~0,0002 ~0,0001 ~0.0001 -0.0001
~0,0003 ~0,0002 ~0,0003 =0,0003 U
~0 60002 «0,0003 «0,0003 ~0,000% SAL
~0s0002 ~0.0002 ~0,0002 -0.0003 L
-0.0001 ~0 0001 =0.0001

0sT




TABLE

DEFL.

AT

0L/
1L/4
2L A4
3L/4
L/

CL/4
/4
274
3L/4
bt /4

oL /4
/4
2L/4
374
I

QL /4
IL/4
2174
3L /44
4i/4

A5

{CONTDo )

{2A) DEFLECTIONS OF BOTTOM FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS)

QL/4&

00,0000
“(0 2429
“633363

02425

00000

0,0000
~0e2629
”09336@
~-0e1336

0.00600

0.,0000
~0,0002
~0,0001

00,0000

'009000

00000

AWOmﬁogﬁ

00003
*OOQOOI
10,0000

TOP
itze

09,0000
=~ o 2430
“Qe3365
~0e2427

0.0G00

10,0000
~0 62430
~0o3366
~0.1338

0,0Q000

0,00C0
~-0.0005
~G.0005%
~0.0003
00000

00000
~(-0007
~0:0007
“GQOOO5

00000

LOADS ARE APPLIED ON

FLANGE AT

2L/4

00,0000
~0,2430
~0.3367
“002429

0,0000

00,0000
~0,2431
~0633268
-0,1339

0,CC00

0.0600

~-0,0005
~-0.0007

=~0.0005%

00309

00000

~03o000T

~0,06009
-0,0007
00,0000

=
3L/4

0,0000
~002430
~0.3368
~062431

0.0000

0.0000.

“002430
~0.3369

~0,2431

.0,0C00"

0.,00060
“QeOOOB
=0, 0005
=0,0005

00000

00,0000
=006
~0es0008

~0.0008

00000

4l/b

0.,0000
=-0,2429

~063368

_002432
0.,0000

0,0000
~002430
~003369
~062432

0.CC00

0.,0000
~0.0002

—OQOOOZ'

00000

5.0000
-0-0003

“OoOGOﬁ‘

~0.,C0058
00000

M

NODES

OF

BOTTOM FLANGE AT X=

/e

0.0000
”608512

~0o9049

~005155
000000

060000
“O08507
~0e69042
fOoZé@Z

0.0000

C.0000
-0,0018
~0.0010
~-0a0007

060000

00000
-0.0045
~00015
=0 o009

0000

2L74

0.0000
~0.9049
~1e3556
“009050

000060

80,0000
=0 9042
~1e3546
“004771

00000

0,0000
~0,0010
-040025
~0.0012

00000

$.0000
=0 0015
‘009054
~0.0018
0.C000

3Lss

00000
~Q.5155
”QOQGBO
~008513

0.0000

00000
~0o5151
“009042
*008508

0.0C00

G .0000C
“OOOOO?
“006012
~0.0020
. 00000

00000
-0+000%
“000018
~3.0050

00000

BRIDGE
TYPE

NA6&

-

NP6

6T




TABLE A5 {CONTDa}

$2B) DEFLECTIONS OF BOTTOM FLANGE {(SYMMETRICAL BOUNDARY CONDITIONS)

DEFLe = | LOADS ARE APPLIED ON THE NODES OF BRIDGE
AT TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE
OL/4 iLss 2L/4 374 4l /4 Lfe . 2L/4 3L/4
OLAs  0.0000 05,0000 0,0000 00000 0.0000
1L/4 =062430 <002430 =0e2430 ~0:8511 ~0,9048 U
2L/4  =0633656-~003367 ~0,3368 - 049048 ~163553 ‘ SNé
3L/ 20.2429 =0602430 —0,2430 “065154 ~069048 L
4746 0.,0000 00,0000 0,0000 00000 00,0000
OL/& 020000 - 0,0000 0,0600 : 0.0000 ©,0000
1L/4  =060002 —0.0005 ~0,0005 ~0,0017 -0,0009 U
2L/% ~0o0002 -0.0005 ~0.0007 : ~0o0G009 ~0-0023 SA6
3L/4  =000001 -0,0003 —0,0005 ~0,0006 ~-0.0009 L
C4LSE L 0.0000 06,0000 0,0000 00000 00000
OL/%4  0,0000 060000 0Q.,0000 0,0000 Co0000 '
IL/4&  ~8+0001 =0.0003 -0,0003 ~067206 ~067100 , u
2L/4  ~0,0001 —0,0003 ~0,0004 ~067100 =1,0855 SAGH
3L/4  ~0.0001 060002 =0.0003 : ~003749 =067100 L
Li F& 050000 0.0000 00,0000 B 0.0000 0,C000
BL/4 00,0000 00,0000 00,0000 060000 C-0000
cib/s - ~061731 =06l731 ~0,3731 - ~005304 =005150 u
2L/4 =002353 ~0.2354 «0.2355 ~0e5150 ~0,7963 SN4
3L/E =061729 ~0.1730 ~0.1731 : , ~002652 -065150 L
4L7% 00000 040000 00,0000 ‘ 00000 0.0000
OLf%  0,0000 0,0000 00,0000 - 050000 00000
L IL/G =0.0001 ~040003 ~0.0003 ~000013 ~0,0006 Sy
ZL/4 =0.0001 ~0,0003 «0.0004 ~0.0006 -0,0016 SA4
3L/4 0 ~0,0001 =0,0002 -0,0003 ' - =0,0004 -0,0006 L
J4

S 00000 0.,0000 D,0000 06,0000 00,0000

2sT




TABLE

DEFL,

-

oL/4
IL/4
2L/4
3L/4
4L /4

L/4

iLrza .

2L/4
3L/4
AN

oL/4
1L/5
2L./74
BL/h
&1 /4

oL/4
1L/4
2L/4
3174
4174

A6

{1A2

Tt

oL /4

~0e&242
~064222
~-004203
~064186
"094170

~004241
~0.4221
~0e 202
~0e41TF7
-Gt 169

© =0%0003

~00002
~0,0001
~0.0C01

0.0000

~00007

~0.0C05

-0.0004
~0.0002
- 00000

i

'TRANéVERSE DEFLECTIONS V FOR GIRDER B IN MILIINCHES,

BOUNDARY CONDITIONS:

DEFLECTIONS OF TOP FLANGE {NONSYMMETRIC
L OADS ARE APPLIED ON THE HODES OF BRIDGE

TOP FLANGE AT = BOTTOM FLANGE AT X=  TYPE

174 2L /4 /4 X2 /G 2046 3L/4
~004222 =0:4203 ~064186 =004170  ~0o2429 ~0.3363 ~002625
~004211 ~004200 =064190 04180  =002430 ~003365 —002427 U
“06s200 =064198 ~064195 ~006192  ~002420 ~03367 002425 NNG6
~046190 ~0c4195 ~0,4200 ~0,46205  ~0,2430 ~063368 —002431 L
~004180 ~0,4192 =0,4205 -064219  =002429 ~003368 ~002432
~0ob221 ~0o4202 «0ab1B85 ~004169  =0o2429 ~003364 ~002425
“004210 =064200 ~0o4189 =004180  ~0a2430 =003366 ~002428 U
~0s4200 =0046197 ~0s4194 =004191  ~0024630 ~003368 ~02430 NB6
004188 ~004193 =004200 —004204  —~0o2430 ~00336% ~0.2631 L
~004180 ~0,4191 =004204 =064218  ~002430 =~003369 002432
—0s0002 ~0,0001 ~0.0001 00000 = =0o0002 —0o0001 8.0000
060004 =0,0003 «0o0002 =0,0001  ~00005 —0o0005 -0o0003 U
~000003 =0,0005 ~0,0003 —0,0002  ~0o,0005 ~0,0007 ~0.0005 NAG
~060002 ~0a0003 ~0,0004 =0.0002 = ~0,0003 =0.0005 ~0,0005 L
~0+0001 ~050002 ~0,0002 =0s0003 - =0,0001 00002 ~0,0002
~060005 =060004 ~000002 000000 - =0,00086 —0.0003 ~0.0001
~0,0007 =~0,0006 =0,0004 -0.0002  =0,0007 ~0,0007 ~0,0005 U
000006 —0,0007 ~040006 ~060004 . —0o0007 —0.0009 —0.0007 NP6
050004 =0,0006 ~0,0007 =0,0006 =0,0006 —0,0008 «0,0008 L

00005 ~0,0007 - ~00 0005 ~0o0006

“O@OOOZ

-00004

~320003

—
U
w




ClLs4
L/4
L4
3L/4

el /4

OLA4
iL/4
2U74

- AR Y
IDLF &

R

CL/4
11 /4
2540
3%..1",‘:}

LU AL

OL/s
iLsn
2L 74
LS4
GL7G .

OL/4a
1i./4
2L
e !' ]

237
LUAG

4

AG {CONTDe)

1B

+

OL/&

”OG@ZO?‘

~Q0a$d01
~0 4196
~0nf192
~Go&189

~0,0003
~00002
-0 0002
“000001
00000

~0,0003
~0 0002
~-0.0002
~0-0001
~0,03000

@uoEBBO
=(0:2326
~0s2322

~0s2319"
~0.2337

~0.,0002
~0.0002
«G,0001
~0,0001
~0,0G00

iy

TOP FL

Lz

-0o&201
-0 ot199
~0e4196
~0ob1%4
“094192

~000002
~060004

~0,0003

~0.0002
~C0s0001

~0,0002

~020004

~0s0003

~0.0002
~3,0001

~0e2326-

~0e2325
~0¢2323
-002321
“«(3e2319

~0.00C2
~0.0003
~( 0002
~-C.,0002
-0 40001

LOADS ARE APPLIED ON THE MODES OF
- BOTTOM FiL

ANGE AT
2L /4
~0o4195

~0:4196

""03‘1"19?

’“094196

~Q.41%6

-0.,0001
""000003
~0.0005
~0.0003

~0.0001"

~0,0001
~00003
~0,0005
~0.0003
~0.0001

-0:2222
~0e2323
042323
~Qa2323
=~0.2322

-0.00601

~0,0002

~0,0003

~0,0001

A/

7

L/4

~0:2430
~0 24350

02430
S =802630

~002629

~0.0002
-0 0005
~0,0005
“000003
~0,0001

~0,0001
“000003
~0.0003
~000602
~00000 1

~001731 ¢

“~01731 —~

~0s1731
~0.1730
~0e1T29

~0.0001
-0.T003
-0 0003
“0000@2
“OQG001

2LA4

~0s3368
—-00 3367
~0,3368
~303367
04,3366

~0.0601
-0:3005
-0-0007
‘“"OQOGOS
=0C001

~0.0001
~0.0003
~0,000"
~0:0003
~3s0001

NN ha

[ I A A

OQ OO0

[ 2 ] S 2
(RS

T L) Lo
TS U1 U A
W dN U LT

AN}

~000001

~0.0003
“OéQQGQ
-3 0053
00001

ANGE AT X=

ALrse

DEFLECTIONS OF TOP FLANGE (SYMMETRICAL SOUMDARY CONDITIONS)

BRIDGE
TYDE
L -

SAL

HST




TABLE A6 (CONTDo)

{2A) DEFLECTICONS OF BOTTOM FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS!

DEFL .

LOADS ARE APPLIED ON THE NODES OF BRIDGE
AT - TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE
0L/4 1L/4 2L/4 /4 &L /& iL/4 2Lf4 3L/4

GL/& 040000 00000 0.0000 "0,0000 060000 00000 00000 00000
1L/4 =002431 ~00243Y —062432 ~0,2431 ~062431 ~061409 —=061952 ~00o1409 U
"2L7% ~063365 ~063368 ~0,3369 -0,3370 ~063371  ~001952 -0,2706 ~001953 WN6
3L/4 ~002428 =002429 =002431 ~062433 =0.2434  «001409 =0619583 ~0.1409 L
4LF4  0,0000 00000 0.0000 00,0000 00,0000 060000 00,0000 000000
OL/&  0.00R0 00,0000 06,0000 00G00C 000000 0.0000 0-0000 000000

S 1L74 ~0.2430 ~062431 —0624321 «0,2431 ~062430  ~061409 ~0.1952 =Q.140% U
2L/4  =~003384 =0s3367 ~0:3369 «003369 -0o3370  -061952 -0,2706 ~0.1952 NBS
3L/4  —061336 =001338 ~0,1339 ~0,2432 =0,2433  ~0.0776 ~0.1076 -0,1409 o
4LFL . 0.,0000 00,0000 0,0000 00,0000 0.0000 06,0000 00,0000 0,0000
OL/6  D.0000 00000 00,0000 000000 060000 . 0.0000 00,0000 00,0000
1L/4  =~060002 ~0.0005 ~060005 =0,0003 —0.0001  ~000012 —0,0010 ~0.0007 U
2074 ~0,0001 ~0o0005 ~0,0007 ~0.0005 =0sC002  ~0o0010 =0o0019 ~0,0011 NAG
L4 000000 =000003 =Ca0003 ~040005 —0,0002  —0,0007 =0,0011 ~0,0G015 ¢
478 00000 0,0000 0.0000 00,0000 0,0000 00000 $.0000 G,0000
OLAG 00,0000 0,0000 0.,0000 0,0000 0,0000 00,0000 0,0000 00,0000
IL78 =Ds0004 =000007 =0e0007 ~0.0006 ~0s0003  -0.0018 ~0.0013 ~0.0009% U
2LA%  =0o0003 ~0,0007 ~0,0009 ~0,0008 ~0.0005  ~069013 ~0,0026 ~0.0016 NP6
3L74 ~0,0001 ~0.0005 ~0,0007 «0,0008 =0,0006  =0o0009 ~0,0016 ~0,0021 L
4074  0,0000 0.0000 00000 0,0000 0.0000 00000 000000 -0,0000

6at




TABLE

oL/4
L4
2L /4

SL/4

L /4%

CL/74
/4
2L/74

BLS

L /4

01 /4
/74
2174
3L/4
4l /b

QL %
iL/4

2L/

3L/
Gi /4

OL/4
/74

" 2L /4

3L/4
L/

A6 {CONTDs?

(283 DEFLECTIONS OF BOTTOM FUANGE (SYMMETRICAL BOUNDARY CONDITIONS!

oL/4
00,0000
”092@31
~063369
“0@2430
00000

00000
—0 60002
-0 ,0002
~0,0001

00000

00000
~10001
~0,0001
~0.0001

00000

0.0000C
“001?32
~00235%
01730
00,0000

050000
~0,0001

~0,0001

~0,0001
00000

TOP FLANGE AT X=

1Lsa

00000

“0e02432

~06e3370
~0e2431]
G.C000

00000
—0G,000C5
—Ow0005
~0.0003
10,0000

0,0000
~000003
~0.0003
~0,0002

. 0.0000

€«0000
~-0e1732
~Ja22356
~061731

00000

060000
~-0,0003
-0.00603
-0a0002

02,0000

' LOADS ARE APPLIED ON THE HODES OF
" BOTTOM FLANGE AT X=

2L /74

00000
~0:2432
~0e3370
“002432

0.,C000

Go0000

~0,0005.

=0.0007
-0.0005
00000

00000
~00003
*GDOOO@
~0.0003

0.00GC0

00000

~0a1732 -

“902356

=0e1732

00000

0.00CO
-0 0003
-0 QOOO"’\"
~0.0003
00000

3L/74

L /&

iLss

00000
~001408
“Q 1982
"“'0 ° }.408

00000

00600
~-0,0012
~0 0009
~0 0006

00600

00,0000
~G.0002
~0.0003
“OGOOGZ

0.G00¢

0.0000

~0,1290-

~0s1755
~0c1291
000C0

00000
~0,000C8
~0 05606
~0s0004

00060

2L/4

S0 0000
~0:1952
~Gs2705
~061652

00000

0.0000
“090069
~-0,0017
~0.0009
000000

00,0000
—~0.0003
~0:.0004
~060003

Co0C00 -

Ce0000
-0 1755
~0.2288
~0c1755

0-0000

0. 00600
*000006

~-0,0011

~0.0006
0.GG00

3L/

BRIDGE
TYPE

94T




TABLE

DEFLe
AT

OL /&
1L/4
2178
3L/
4174

oL/4
Ls4
2L/
3L/
SLSG

OLse

.28
ZL/4

CBL/n

GL/4

QL/%
1L/4%
2L/
BL/Q
4y sb

A7

TRANSVERSE DEFLECTIONS V FOR GIRDER € IN MILIINCHES.

(1A} DEFLECTIONS OF TOP FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS!

OL/4

~0o8424]
“De&222
~0e4203
-0.4186

~0.4170

~0 4240
~0,4221
04202
~0e&}77
-~O 94169

-0.0003
~0s0002
~0.0001

060000

~-0.0007
-0 =0006
(o Q004
“boOOOZ
- 000000

LOADS ARE APPLIED ON THE NNCDES OF -

TOP FLANGE AT X=

1i /4

—0o.4222
-0.4211
~Qe4200

—~0,4120

04180

-0.4221
-064210
~04200
~004184
-0.4180

-0,0002
~00000%

"‘OQOOGB

00002

“OeOOQl

~0.0005
~00006

~0s0006
~0.0004%4
~0.0002

2L/AG

~0e£203

~0:4198
“Ooé’r3.95
~-0.4192

~0,4202
"‘004200
06,4197
~0.4193
-0.%191

-0.0001
-0o5003
-0,000%
-30003
~-0500062

~0,0004
~0.0006
=0 aOOO?
-0,0006
““OGOOOIJ‘

3L/4

=~0,4186.
~«004190
~064195
“004290
~0.4205

~0'a%185
~0.4189
~0:4194
~0o419%99
~0.4204

~0,0001
~0,0002
-0,000%
~000004
~0,0002

~0.0002
~0s0004
~0,0006
~0.0006
0450006

LAY

=0.%170
-0+4180
~Cek192
-0c&205

—0o4218

—0.46169

-00[4180

04191,
~00420% .
~004218

0.0060
-0.0001
-0.,0002

'—090002
=0,00C3

00000
-0.0002
~-0.0004
~0.0006

~0.0Q07 .

BOTTOM FLARGE AT X=

iLrs4

~0e2429

~0e2430

"‘0 021{30
“002430
~062429

«w0.2430
062430
~002430
«002430
062430

~0.0002
=-0.0005
‘QOOOGS
‘GGOOGB
“v@@OOl

-0,0004
~0-.0007
-0 0007
~0,0006
~0 0003

2L /4

-063363
=0 33565
~0:3367.
~0:3368
~3c3368

“~0e3364
=0o3366
~063368
~(3s32369

“003369

—OQGG{‘.}l
~0.0005
~0.0007
~0. 0005
~0.00G02

“OGOGGB
*000007
-0.0009
~0.0008
~0e0005

3L/4

~002425
~002427
~0052429
~0e2431
~062632

“~062425
“0c2428
“«Qo2&3(
“~0e2431
~-{62432

00000
~0e0003
~3.0005
’GOGOGB
~D.0002

~0.0001
~03e0005
~3.0007
“GQOOGS
“060006

BRIDGE
TYPE

NN6

LST




TABLE

DEFL s

AT

OL/z4
iL/4
2L7%
-3/
4l 74

oL/74

LS

2178
S 3L/4%
: /4

OLsa
iL/74
2174
3L/4
4174

OL /%

1L /4

2L74
3L/4
QL/é

. OL/s
L4
2L74

- ‘
3L/4

Li /8

AT {CONTDo!

(1B}

oL/4

~064207
-0:4201
~0,4196
064192
~004189

~0.0002
~0.0002
~0.0002
~0,0001
. 0.0000

~0.0002
~060002
-0 50002
~0 o000
“aoOOOO

}

<

o

[N IRAN
WU W W) Lo
Lo SLEAS BN IS
~} O MO

P
<O
o o
2

™~

=0 00062
~0,0002

—~(,0001

~0e0001
~-0,0000

PEFLECTIONS OF TOP FLANGE

LOADS ARE AP

TOP FLANGE AT

1L/4

~0.4201

-0s4199

~0s4196
“004194
~0e4192

~0,0002
~0,0004%
~0.0003
"000002
~0s0001

~0,0002
“000604
“OGGOO3

-G e 0002

“060001

> ~0,2326

~0023524
~0e2323
~0,232
~0.231

~0.0002
~0,0002
~0,0002
=G 002
~0.0001

2L /4

~06s4196

OB ("—96
=0,4197
~0o4196
~-0,%4196

~0600C1
~0.0003
~0.0004
~0,0003
~0,0001

~0,0001
*OQOODS
~0,0004&
~0.0003
-0.0001

-0.2322
~0a2323
“062323

l'*002323
9 -0,2322

”OuOGOl
~0,0002
-0,0003
00002
~0.0001

3L/4

{SYMMETRICAL

PLIED ON

AN

BOUNDAR

THE NODES OF

BOTTCM FLANGE

iL/74

~002430
-04,2430

2L/

£

A

~o 33867

~003367

~062430 ~0,3368

=0 s 2!30
mP\QZ

~0,0002
~0.0005
-G .0005
~0,0003
~0.0001

-0.,0001
~0.000C2
-0,0003

-0,0001
=0,00073
=-3.0003
00002

~0,0001

~003367
~0:3367

~0,0001
~0.0005
~060007
*OOOOGE
-0.G001L

-0,0001
~0,0003
~0,0004
~0. 0003
~0,0001

“Oc? 53
e 2354

<

1 ~002355

“09¢J54
~0623253

—000001
-0.00032
~0o QO04
~0e 0003
~0. 0001

AT X=

IL/4

Y CONDITIONSS

BRIDGE
TYPE

SA%4

94T




TABLE

OL/& .
lu/e

2L74
LS4
L 74

oL/4
1L/74
2L/4
3L/4
L /4

QL/4

ClL/4

2L/ 4
3L/
LL/G

0L/ G

1144
ZL/A%
LSS
G174

A7 (CONTD»)

(2A) DEFLECTIONS QOF BOTTOM FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS)

oL/ 4

" 0,0000
=0 62431
~0 03365
~0 02427

00000

Ns00G00
~0e2430
~0.336%
~0.1336

00000

0,0000
~0.0002
~0,0001

00000

000000

00000
00004
~0e0C03

‘”Oc@@Ol

0,0000

iL74

00000
~0,2431%
“Oe3368
-052429

0.0C00

00000
“002@31
-0.3367
~0,1338

00000

$.0000

‘OGOOOB
~0.0005

~0.0CD3.

0,0000

00,0000
~0.0007
~0s0007
-0 0005

00000

LOADS ARE AP
TOP FLANGE AT X=

2074

00,0000
“002&32
~0.3369
~0e2431

00000

Do00CT
-0,3368
~0,1339

G.0000

Q.0000
-0.0005
-0,0007
~0.0C05

0G000

 0.0000
~0a0007
~000009
~0e0C07

0,000G0

3L/4

0.00060
~002431
-0.3370

~0s2433

00,0000

Do0NN0
~Ca2431
“003369
~Oo2h32

00,0000

00000
~0.00C3
~0o0005
~0.0005

0.0000

00,0000
~0.0006
~0a0008
~0,0008

00,0000

LIED ON

LI A4

0,0000
~002431
=-063371
~002434

00000

00000
-0:2430
“Om337o

-002433

0,0000

0.0000

=0.0001

~0.0002
~-0.0002
0.,0000

0,0000
~0s0003
~0.0005
~0.0006

0.0000

LS4

00,0000
*001407
"‘-\101950
~0:1407
- 0,0000

D.0000

~001409

~0.1952
“0907?6
0-00GC0

00000
~0.0010
‘030010
~0.0007

0,0000

000060
~0.0CG1 1
~00011
-0.0008

00,0000

THE NODES OF
BOTTOM

FLANGE
2L/ 4

0.00C0
f091950
~-0e2702
“O¢195O
800000

$0000
~0.1952
~062706
*0616?6
00000

C.0600
-0.0010
~0.0016
‘Oa@ﬂll

80,0000

< 0,0000
=-0,0011
~0.0017
00013
00000

AT A=
3L/4

00000
~3'er407
~01250
;001&0?

0.0C00

00000
”Oolﬁog
~001952
~-0-1409

00000

Co0000
_000907
~@.0011
~0:0012

C.000C

0.0000
~0.0008
~0a Q013
~0.0013

0.0000

BRIDGE
TYPE

65T




QL/4
JR YN
2L/74
3L/4
4 /4

CL/4&
ivss
2L/%
3L/4

AL /G

OL/4
1L/4
274
AL/4

Car/4

=
Ey )

U N e O
TN T Ny Tl N,
I 42

&l

OL/%
1L/4
2074
3L74

Li /4

AT {CONTD.)

(283

oL/4

05,0000
-0e2431
~0+3369%
~0 02430

G.0000

Ne0000
~-0.0002
~0,0002
“OQOOOl

0.,00G0

0,0000
~050001
~0,0001
~0,0001

050000

00000
~0,1732
~0e2355
“0.1731

10,0000

00000
~0.0001%
~(s0001
“OmOOOl

06000

DEFLECTICNS OF BOTTOM

i/4

00,0000
“Qeo2d32
~0e3370
“002431

000000

0.0000
~0.0005
~3.0005
-0.0003

G.0000

00,0000
~0s0002
-3.,0003
~0.0002

00000

00000
~0e1732
~0e2356
Q51731

0+0000

Ce0000
~0.0003
—-0.0003
~Q,0002

00000

FLANGE

LOADS ARE APPLIED ON THE NODES
TOP FLANGE AT -

24

0+6Q00
“002432
“003370
~0o62432

00000

0.,0000
-0,0005
“OQOOO?

“OpOOGS,

C.0C00

0,0C0O0

~=0.0003

-0.0004
~0,C003
00000

-t C

[CSS NS N e

{

t
QO Qg
o o 0 0
N s O
-] N
Ny O

Lot

h

0.0C00

0,0G00
~0.0003
“OQOQO4
~0,0003
0.0000

A
K=

3L/4'

LL /G

BOTTOM

Ls4

020000
~0c1407
~001950
~061407

00000

00000

~0.0009
~0,0009
-0:0006
- 0.0000

00,0000
~0.0001
~C,0002
~0,0C0 1

00000

00000
~-0s1290
-061754
“001290

00000

0eG000

~0.0006

~00006
~0,0004
G.0000

OF
FLANGE

2L 76

00000
“0s 195G
~0,2703
~0al350

000600

00000
~0.0009
-0.0014
-0.0009

00000

0.,0000
-G 0002
“000003
~0.0002

00000

GGOGGG
~0e 1754
~0:2386
~0e1754

G.0000

00000
“0@0@06
=0, 0009
“600006
00000

AT X=

aL/4

(SYMMETRICAL BOUNDARY CONDITIONS!

BRIDGE
TYPE

SNO6

fuw

09T




TABLE A8 TRANSVERSE DEFLECTIONS V FOR GIRDER D IN MILIINCHES,

. {1A) DEFLECTIONS OF TOP FLANGE ({NONSYMMETRIC BOUNDARY CONDITIONS)

~0s0004

-0 ,0003

DEFL, _ LOADS ARE APPLIED ON THE NODES OF BRIDGE
AT TOP FLANGE AT X= = BOTTOM FLANGE AT X= TYPE
oL/4 1L/74 2L/4 3L/4 L 4 1L/s 2L44 3L/4
SOLfL  ~004241 ~004222 ~0c4203 «0,4186 ~0.4170. ~0,2429 =003363 —=0,2425
/8 =064222 =0:4231 ~064200 «064190 —0.4180 ~0,2430 ~003365 «0o2&27 U
2074 =044203 ~0e4200 ~064198 ~0,4195 —0.4192 ~0,2430 —003367 ~0,2429 NN6
3L/8 ~064186 =068190 ~064195 ~0,4200 ~0.4205 ~06:2630 ~063368 ~0.2431
LG =0641T0 ~Qsb4180 ~0,4192 «0a4205 ~0,4218 “062429 =063368 ~0,2432
OLAL  —0o42480 ~064221 =0.4202 ~0,4185 ~064169 . 02430 ~003364 =(,2425
1L/4  ~064221 ~064210 «0,4200 «0,4189 —=0,4180 2062430 —063366 ~0Da2428 U
2L78  ~0a4202 ~0:4200 ~0.4197 «0.46194 ~0,4191 ~062430 ~0.3368 —0,2430 NBb
3L/G =0,4277 ~004184 =0,4193 =0,4199 —0,4204 ~0,2830 ~0.3369 ~0o2433 L
G4 ~0e4169 ~064180 =06,4191 —0,4204 ~0,4218 «062430 ~003369 ~002432
OL/&  =0,0003 =0,0002 -0,0001 ~0,0001 00,0000 ~0.0002 ~0.0001 0Q,0000
IL/4  ~0.0002 =060004 —0,0003 «0,00Q02 ~0.0001 «0 0005 =0.0005 ~0,0003 U
2L/4  =060001 =0.0003 =0,0004 «0,0003 —0,0002 ~0.0005 ~0,0007 ~0,0005 NAG
2L/ - =0,0001 —0,0002 ~0,0003 ~0,0004 «0,0002 ~0,0003 ~0;0005 -0,0005 L -
G /G 0.0000 ~0.0001 ~0,0002 ~0.0002 00003 ~0o0001 ~0,0002 ~0.00602
0L/4  ~060007 —0e00086 ~000004 ~0,0002 0,0000 ~0o0008& —=0o0003 ~0.0001
IL/86  =0Do0006 =0.0006 —0,0006 =0,0004 =0,0C02 ~0,0007 =0,0007 =0.,0005 U
2078 «0a0004 ~0600086 «060007 «0a0006 ~C-0004 ~00007 ~0s0009 00067 NP6
) 35.../4 ”OQOOOZ ‘“QQOOO'{{- “‘C'00006 “"'000006 ‘TO«:OOO(D “OODOO{D “000008 “‘000@08 I,
AN 00000 -0.0002 «0 0006 =0,0007 ~0,0005 -0,0006

9T




TABLE

DEFi»
AT

OL/4
CiL/4
2L/48
T3LAG
a4l /4

oL/4
iL/n
2174
3L/
AN

OlLL/4&
AL/4
2L/74
RIS
EL/b

QLSS
/4
2L44
AL /4
Li /4

AR S

WN O
el el el S

RN

I~

A8 {CONTDs)

{18) DEFLECTIONS OF TOP FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)

oL/4

'“004207

~0e4201
-004196
-0o4192
-0o4189

~0.0002
«00002
~0,0002
-0 0001
00000

~0,0002
~0.0002
~0,0002
~0,0001

=0 OO0

—062329

~062326
~002322
~0,2319
~0e2317

~050002

~00002
~0,0001
-0 0001
~0+0000

AL/ 4

~0e%201
~0s46199
~0,4196
“0Ds4194
~0o4192

~0.0002

~0,00064
-0+0003
~00002
~0.0001

~0.0002
-0,0004
~-0,0003
*QQOOOZ
~0s0001

~-0e2326
~-0:23224
~002323
~0e2321
~Q0e2319

~0s0002
~0e0002
~0e0002
~0.,0002
=0,0001

LOADS ARE APPLIED- ON
TOP FLANGE AT X=

iufh

*Oo&196
~0e86t194
~0e4197
~0.4185
“0e&196

“000002
~0,0003
~0,0C04

~0.0003

-0.0002

~0.0C02
~0.0003
‘000004
~0.0C03

-0,0002

~0,2322
“Ou2323
~0n2323
062323
~0623222

~0,0001
~060002
~040003

~0,0002

~0,0001

1)

AR

THE NODES OF

BOTTOM FLANGE

/4%

~062430
~062430
~002430
=0e2430
~0s2429

~0.0002
~0s0005
~060005
-0 0003
~3.0001

~0,0001
~0.0002
~0.0003
“OQGOGZ
~0,0001

S BE VA |
P L) WWw
(¥ R we T SRS )

~05000 1

~0.0003

- =~0,000G3

~0.0002"
~0,.0001

2L/4

~“(3e3367
~0s3367
~0e3268
~003367
~0.3367

-000002
~0,0005
«0s0007
“000005
-0,0002

-0.0001

-0.0003

“000004
“0@0003
~0,0001L

“902353
~022354

:”002355
=3o2354

~0.2353

~0,0001
-JOOOOB
«0a 0004
-=3.0003
~0s0001

AT X=

3L/6

29T




050000

TABLE A8 (CONTDs)
{ZA) DEFLECTIONS OF BOTTOM FLANGE (NONSYMMETRIC BOQUNDARY CONDITIONS) .

DEFL LOADS ARE APPLIED ON THE NODES OF BRIDGE

AT, TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE

oL/& iL/e 2L/4% 3L/4 474 1L /4 2074 3Lr74

GL/% C.000C 00000 .0.0000 0,0000 00,0000 00000 ©0,000C 0.0000
1L/& ~062429 =002430 =0:2430 -00,2630 ~062429 ~061406 -001949 ~0.1406 U
2L/8  «063363 ~063365 —063367 -0.3368 00,3368 ~001%49 -0,2700 -0-1949 NNG
3L/4 =062425 062427 ~062429 ~062431 ~062432 . 01406 061949 ~0,1406 L
AL/ 00000 000000 050000 0.0C00 0.0000 0,0030 00000 0,0000
OL/4  0,0000 060000 0,0000 00,0000 0,0000 Co0000 000000 000000
176 ~0,2430 ~0.2430 002430 =002430 ~0,2430  ~0,1408 =001951 ~0o1408 U
2L74  ~063364 ~003366 ~0o3368 ~0,3368 ~0a3369 ~0o1951 ~0.2704 ~0,1951 NB6
3L/4  ~001336 =001337 =~041339 =0,2431 ~0,2432  =00776 ~0.1075 =~01408 1L
4L/4 050000 0,0000 060000 0,0000 0,0000  0,0000 0,0000 0,0000
OL/74 Co0000 GC.0000 0,0000 00,0000 0,0000 Go0000 00,0000 €,0000
/74 00,0002 «0,000% ~0.0005 ~-0,0003 -0.0001 ~0.0009 ~0,0010 ~0,0086 U
274 =0.0001 «060005 «0.0007 ~0.0005 ~0,0002 =0:0010 -0,0016 —-0.0011 NAG
3LAL 0e0000 =0.0003 ~0,0005 ~0.0005 ~0,0002 ~0:0006 ~0o0011 ~0,0011 1

CAL/G Bo0000 0a0000 0.0000 00,0080 00,5000 0.3000 000000 0.,C000
OL/4  0.0000 0.0000 0.0600 0,0000 040000  $o0000 0.0000 060000
1L/%4  ~0s0004 ~000007 =000007 =0a0006 =000003  —0e0009 ~0.0010 =0.0008 U
2L/%4  ~0s0003 —0.0007 ~00000% 00008 ~060005 * ~0,0010 ~0.0015 ~0.0012 NP6
3L/74  ~020001 =050005 =0.0007 ~0s3008 =0:0006 =0:0008 ~0o0012 ~0,0011 ¢
AN 00000 0.C000 0,0000 Q,0000 0,0000 0,0000 0.,0000

€91




Y L Ké l;.

OL74
1L z4
2.7
A4S

AL/l

0L /4
1L/4
2144
3L/4
LI 74

OL/4
/4
2L44%
3L74
GL A%

0L/4
1 /a
2L/74
3LFa

oL/
lLAL
274
3L/%
QY /4

A8

{CONTDo®)

{28) DEFLECTIONS OF BOTTOM FLANGE {SYMMETRICAL BQUNDARY CONDITIONS)

.OL/A4

0.0000
~Qeal&3
~Qe3367
“Qad&T9

06000

0.0000

-0} 0002
«0,0002
~0,0001
020000

00000
-0 0001
*030901
~C 0001
G 0000

“0.0000

~0-172%
-0 2353
~0.1729

0.,0000

. 0,00C0
~0:0001
~3s 2001
«0C001
040000

LOADS ARE APPLIED ON THE NODES OF

TOR FLANGE AT

iLrsea

'OOOOQO
~Q0e2430

~0a3267
e 2050

o

050000

0.0000
~0 50005
-00005
-0,0003

00000

00009
~0.0002
~0,0003
~0.0002

00000

10,0000

~061731

—0e2354

~0e1730
00000

00000
~0s0003

~0,0003

-0.0002
00,0000

L7484

00000
~0:2430
“Qa33é5
”OaZQBG

G 0000

00000
~0,0005
050007
~0,0005

0,0000

00,0000
~0e0003
~0,0004
~0.0003

00000

00000
“Q0s1731
~0e2355
-0s1731

0,0000

00000

~0s0C03

~0.0004
~0.0003
00000

3

]
-

/4

4L /4

BOTTOM FLANGE AT X=

iL/s4

0-0000"
~0a14CT

=0s3950
-3 1407

0-5000

0.0000
“050009

- =0o0009

~0.0006
0.0000

0.0000
~0.0002
~0.0002
=0 G002

OGOQGO‘

00000
«~(el2893
«Qe 1754
~0e1289

00000

GeQCOO
~0,0005

-
-0 0005

~0e0004
00000

2L/4

00000
~{ 31950
- 2702
~0a 1950

00000

00000
“000009
-0,0014
-0 Q000G

00000

009000
~3.0002
~0.0Q032
~0o00802

G- 0000

060000
~0s 1754
<0 2386
01754

00000

0-0GL0
-8,0005
~0,0008
“UGQGGS
0.0Q00

3L/4

BRIDGE

TYPE

SAL

hoT




TABLE

DEFLe

AT

oL/4
1L/4%
2074
3L/4
474

OL /4
1L /4
2Lz4
3L/

Gy /4

oL/4
1L74
274
374
AW

oL /4
1L/4
2L/4
3L/4
LY F 4

A9 ©  VERTICAL DEFLECTIONS W FOR GIRDER A It MICROINCHES,

{1A}Y DEFLECTIONS OF TOP FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS:

LOADS ARE APPLIED ON THE

~0.0172

‘ NODES OF BRIDGE
TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE
OL /4 1L/4 2L7& - 3L/4 4L /4 1L/4 2L/4 3L/4
000767 000528 000271 0,0015 =0.0241  ~0,0079 ~0:0086 ~0,0055
26774t 105667 005652 062718 =1,0265  ~064929 ~0,8220 ~006549 U
303240 109474 0.7445 =001867 =0,9504  ~0.78%%4 —1.3408 ~1,0755 NG
252051 153449 0,5707 =0.,0393 -0.4497  =005384 —009698 ~0,8198 L
0,0495 0,0383 0,0271 0,0161 10,0030 . ~0,0056 —0,0159 -0.0182
00601 00511 ~0.0257 00002 =0.0253 = =0,0003 -0,0005 ~0,0012
2:7406 "1.5363 0,5415 =062920 —=1,0466  ~0,2780 ~005274 —-0.4531 U
322878 169167 007046 ~042177 =0s9809  =0,4162 ~0:8046 —0,6882 NB6
101847 007324 003193 ~0,0758 =0,4829  ~0,1332 =002916 ~0.5014 L
0.0479 0,0367 0,0256 0,0144 -0,0133 0,0027 =0.0018 ~0,0059
0,0539 00319 000205 0,0095 =0.001%4 0.0012 0.0098 000059
01068 —~001691 =062759 ~0,2230 =060878  ~009458 ~1.0804 -0.7028 U
051046 ~062256 —004033 ~0a3313 ~0.0942  ~1.0328 -1.9057 «1.3299 NAG
0:0631 =001447 ~052782 ~0a2497 =0004637  =006262 ~102769 ~1o3267 L
0.0017 0,0113 0,0206 0,0302 00507 . 0.,0140 0:0146 0.0001
0,0460 060311 0,0195 060081 =0.0032  =0,0107 0,007l 0.0055
052342 =051110 =0,2755 ~002826 ~062089  ~1,1127 ~1.2706 ~008489 U.
002468 ~051562 ~064056 ~0o3991 ~0,2295  =1o1591 =2.2684 ~1.6222 NP6
001513 ~061000 =~0e2770 =0a2946 ~0,1256  ~0,6717 =1,5009 ~1.6567 L
0.0042 0.0120 0,0196 0.,0273 0,0384 0,0139 0.0089 ‘

a9T




TABLE A9 (CONTD.)

{183 DEFLECTIONS OF TOP FLANGE {(SYMMETRICAL BOUNDARY CONDITIONS)

DEFLs ‘ . LOADS ARE APPLIED ON THE NODES OF _ BRIDGE
AT o TOP FLANGE AT ¥= ' BOTTOM FLANGE AT X= TYPE
OL/4 1L/4 2L/4 3L/4 Gt /b 1L/4 2L/6 3LAG
oL /4 Co0298 00248 00,0175 «0eQ073 ~0o0044
1L/4% 07224 063366 051457 “0e4170 ~055599 U
2L/4 0o6032 0:3160 0,1867 ~066301 ~0.9105 SH6
3L/ 061462 01092 001457 ~0c3674 ~005599 ¢
IXNES 00027 00103 0.0175 ~0el003 000044
oL/4 00516 0,0308 0.0206 0.0042 0.0181
1L/4 00548 ~0o%942 =0,2732 ~068797 =0.8954 4
2L74 060014 ~062754 —~0,3980 «008996 -1,5328 SA6
3L/4  ~0.0806 ~051949 =~0,2732 ~-0.4906 ~0.8954 L
C&L/4 0 0600007 (o0108 060206, 0.0153 00181
L& . 00821 00302 -0,0207 ~0,0053 =~0.0G022
iL/4 000640 ~0,2027 =0.2760 ~006724 ~0,83981 U -
2L/ 00089 —=002780 —=0.4072 ~0a29738 ~103868 SALH
3L/& —=0.0383 ~0s1951 -0.2750 ~Do60031 —0.8981 n
LS 950007 06,0109 0.0207 0e0010 ~Do0022
OLZL T (0.0254 0.,0200 00127 ~0:0039 00,0016 :
1L74 Do5866 00,2271 00,0400 . “0oBT704 ~0e7552 U
2L/4 03762 021312 0,0243 ~008565 ~1,2426 SN&
3L/%  =0,0145 —=0,0185 00,0400 ~0,4863 ~07552 L
L 4L/4 ~0.0018 000056 0,0:i27 00041 0.0016
oL/% 000402 .0,0214 0.0139 00040 000146
CiL/a 060565 ~0,1531 —~0,2260 ~0o8089 ~0-8158 U
20L/4  =0o0005 =002273 ~063248 ~0s8188 =1,4197 SAL
3L74  =0.0440 ~0.1677 =0a2260 ~0e4360 <0,8158 L
4L7G  =0oD002 0s0069 00,0139 00113 060146

99T




OL76

TABLE

gl
il e

CAT

OL/s4

1Ls4as

2L/
3L/4
L/ 4

OL /4
iLs4
2L/
3L/4
LL/4

OL/4

TlL/4

2L/4

3L/4

4L/G

IL/4
2L /4
AL/
LS4

A9 {CONTD»}

{2A) DEFLECTIONS OF BOTTOM FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS)

"OL/4

" 0.0000

227586
343131
20,1986
00000

0.,0000
27251

" 362771

1.,1801
00,0000

0.0000
001065
0.1043
00622
00000

00000

02330
Co245H9
0.1508
0.,C0000

LOADS ARE

TOP FLANGE AT X=

1L/4

0.0000
165560
19397
163400
0,0000

000000
15264
1.59091
0,7287
0,0C00

00000
~0.1719
~062271
~0s1455

G.0000

050000
—Qa1137
~0.1580
~0o1009

00000

2L/ 4

- 00000
065621
0.7403
0s5675
OOOOOO

D.,0000
05385
0-,7011
00,3165
00000

00000
-0e2772
-0.4063
~02795

20000

D.0000
”002769
~0.,4083
~-0,2783

00000

3L/4

00,0000
-0:2672
~0,1850
~0,0406

00,0000

V0000
~0,2871
“‘O a~2 }. 60
-0,0762

00,0000

0,0000
~0a2234
~003324
~02520

00000

0.0000
“062825
-0:3999
062963

0.0000

APPLIED ON THE

—009730
~Qa&795

00000

00000

~0.0871

-0.0937
~0.0431
$.,0000

DeCOOC
“OeZO?S
—~0.2284
~-0.1248

00000

HCDES

CF

BRIDGE

BOTTOM FLAANGE AT X= TYPE

1Ls4

0,00C0D
04921
~0,7810
f095357
0.0000

0.0000
~0.2796
~0o4179
~0.1333

0-0GC0-

00000
-0:9579
«1:0342
“O®6269

00000

00000
~101437
-1-1612
~0.6728

0.,0000

2L/4

00000
~068207
-103348
-0 9659

00,0000

00000
~{3.5288
-0«806690
~-0.2911

00000

00000
~1.0838
~169153
~162769

JGoOOQO

00000
-1.2748
~222962
~31.5013

0.C000

3L/4

0eDGOT
~0o6537
~1.070¢
~068157
00,0000

000600
~004534
~06887
~065020

0.0000

0-06800
~0o 7048
~13302
~1e3347

00000

00000
~0.8509
~108227
~1.86826

00000

NAG

19T




OL/4

1L/

2L 7%
3L/4

Gisa

OL/4
iL/s4

2L/4

3L/

4L/t

OL/@

1Lrs4

2L/4.

L4

4L/4

-0L/4&
174
2L/4
3L/4
oL /4

oL/4
1L/4
2L74
3L/4
4174

A9 (CONTDa}

{2B) DEFLECTIONS OF BOTTOM FLANGE (SYMMETRICAL

oL/4

00,0060

07186,

0086042
Cel518
0.0000

00000
00,0546
00016
“000399
00,0000

00000
L0636
0.0090
~0.0375
0,0000

0.0000

005833'

0,3768
~0.0103
0.0000

00000
0.0563
~=0,0003
~0a0443
0.,0000

LOADS ARE

TOP FLANGE Aj

1L/4

00000
0.3331
0:3154
0461116
050000

0.0000
“001969
-0.2767
~001953

00000

00000
~0:2049
~0.2794

~021955

0.0000

00000
002242
01308
~0.0168
00000

0.,0000
-091551

~0,2282

~0s18679
0.0000

2L/4

00000
001450
0s1850
0s1450
0.0000

00000
”Oa2745
~0.4010
-002745

0,0000

0.0000

~062774°

*u94097

~0.2774 .

00000

Cs0000
00393
00233
Q0.,0393

0,0000

0.0000

-062268
“063270
~Cs2268

00000

G

LU /74

BOTTG
iL/74

D.0000
“094161
~0e6272
“093573

06000C

GsG000
“008918
-0.2016
~004926

0.0000

0,0C00C
“Q,67%7
-0o9714
~0.6006
‘00000

00000
~05636
~0o8517
~064865

00,0000

00000
~0,8179
~Gs8200
Qo233 74

00000

BOUNDARY CONDITIONS}

APPLIED ON THE NODES OF
' ' ' M FLANGE AT

2L 74

0.0000
~0eb594
“009062
~0e5594

620000

000600
*068937
~1e5440
~-0.8987

0.0000

00000
”008982

.*103832

008982
Gs0000

0.0000
~0.7550
~162383
Z0.7550

000000

00000
~0.8181
~Lo&2TT
~0-818L

00000

BRIDGE

TYPE

89T




TAQLE AlQ VERTICAL DEFLECTIONS W FOR GIRDER B I MICROINCHES.

{1A) DEFLECTIONS OF TOP FLANGE (NONSYMMETRIC BOUMNDARY CONDITIONS:

DEFL. , ' , . LOADS ARE APPLIED ON THE NODES OF BRIDGE
T TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE
oL/4 1b/4 2L/4 3L/4 AN 1Lz74 2L/4 3Lss
cLs4 0.0085 060021 ~0,0049 ~0,0120 -0,0192 0.0142 00,0106 0,0029
1Ls4 0e8431 00,4780 00,1333 ~0,1500 —-064050 063335 00,3699 00,1989 U
2574 10307 00,5853 05,1893 -0,1328 -0.3992 005262 07007 0045611 NNG
IL/4 06584 03753 01173 ~0,0786 ~0.2464% Co3859 05402 0.4052 L
L /4 0.0005 -0.0023 =0,0051 ~0.0080 -0.0114% 0.0092 0.0182 0.,0189
oL/4 Qo0402 00,0085 0,0016 ~0,0061 -0,0138, 0.0038 0,001l =-0,0012
174 08373 0,5295 00,1785 «0,1059 -0.3592 - 00,0476 =0:.0109 ~0,0540 U
2L/ 4 1,08%94 " 04,6414 062595 ~0,0700 -0,3342 00,0522 00,0102 ~«0,0348 NB6
3L/4% 03750 062248 04,0901 ~0,0071 -0.,1763 CeD170 00,0158 0.0009 L
B AWES 0,0079 D0Ds0048 00016 -0,0012 - 0,0188 Ca00G9 00,0023 00,0035
oL/4 00014 00004 0,0007 0.,0002 ~0.0005 0.0050 ~0.0015 ~0.0008
/4 00246 =0:0589 =0.0926 ~0,0737 -0.0279 =-0,1184 ~0,2964 «0,2266 U
2L/4 00349 =0e0759 —061363 ~0,112]1 ~0.,0298 ~0:2806 -0.4037 =0.3685 NA6
“3Ls4 00223 ~0,0478 ~0,0948 ~0,0865 ~-0.0211 “002013 ~0,2508 ~0,2147 o
4L/ 4 00003 00006 0.0007 00,0000 N.0007 =0.0011 ~N.0034 00,0025
OL/4  ~0.0004 0.0002 00,0000 ~0,0005 ~0,0011 00,0154 ~0,0017 -0,0031
ARV EC 00584 ~0,0329 ~0,0926 ~0,0947 —-0,0688 001583 ~0.1377 ~0.1926 U
2174 00776 ~0o0523 ~0,1332 ~0,1349 ~0,0781 ~0.,0983 =0.0078 ~0.1765 NP6
" 3L/4 0ae0503 =0.,0342 ~0,0953 ~0,0977 -0,0559 ~0:.1333 -0.1366 0,1288

R e 0,0006 02,0003 D0D.,0000 ~0,0007 -0.,0019 =0,0023 -0.0021 0,0144

'

69T



TABLE Al0 (CONTD.!

DEFL o
AT

oL /74
S1Lz4
2L/ 40
3L /4
al./&

oL/&
L/&
2L/
3L/G
4L/ %

OL/4
iL/e
2L/ &
3L /L
al /4

- QoL/s
lisa
2L/4
3L/4
4 /4

oL/4
1L/4
274
S3L/4
aLza

(18) DEFLECTIONS OF TOP FLANGE {SYMMETRICAﬂ BOUNDARY CONDITIONS!

.0 /4

~0.0042

01570
0c1261
00118
~0.0121

0.0013
00067

-~ 5@001-}

-0,01320
”000004

. 0.0008

~0:0046
“006082
~0.0154
~00004

~0.0036
01069
00,0609
~-0,0578
-0.0308

00005

. 00008

“0e0N31
~0.0144
~0,0005

TOP FLANGE AT X=

iLsa

~00055
0:0669
0.0455
=00203
~0.0098

0s0004
~-0.0655
~=0.0928

~0.0645
060002

00009
~0.,0552
~0.0897
-0.0644

0.000Y

«0eQ044

00474
-0,0068
-0.0522
~0.0086

00001
-0,0519
~3.0781
-0.0556

00001

LOADS ARE APPLIED ON THE NODES OF

2L/4

~0,0076
~0.0056

00110
~0,0056
-0.0076

0.0007
~0.0920
=0o1344
‘000920

0,0007

00006
~0.0892
~0o1242
-0.,08%2

0.,0006

00064
~-0sC273
~0,0164
"0802?3
“006064

0+0005
-0.0768
~0.1124
~0s0768
0.0005

4L s

BOTTOM FLANGE AT X=

Cil/4

00147
03021
004263

0e2267

- 0,0047

00051
~0e0%73
~-0.,2380
~0.1585
~0.0003

00159
Co2&92
03477
01818
CoQ0O79

00141
033974
05227
G-2467

~0.0004

0.0054
~0s0388
~0s1866
~0e1352
~0,0002

2L/74

0.0122

" 03697
06091
003697
0.0122

~0s0011

~0e 2364 .

~002854%
~Qe 23064
-0.0011

" 0o0155
0.3019
0.5003
03019
0.0155

0:0074
0@4@83

Be7538

Do&s483

0.0074% -

-0.0005
_OQESSO

-06 1965
~061850

“000005

BRIDGE
TYPE

SN&

0LT




DEFL.
AT

OL/4
174
2L/4
3L74
GL/4
oL/4
1L/4
2074
AL/4
L1 /4

QL/4
L/
2L/74
3L/74

“L/4

OL/5
1L/
2174
3L/4
Ltk

Al0 {CONTDs)

(2A)

QL 74

05CQOO
08378
102569

0a65567.

0.0C00

04,0000
0.8%07
1.0849
037456
00000

0.0000

000243

Coe347
00222
B.20C0

H,0000
0.0578
00772
00501

OsQOOO

[ ellind

DEFLECTIONS OF BOTTOM FLANGE (NO

1L/4

Q0000
064753
05827
Oe3742
0.0000

00000
05247
056383
02246

00000

00000
~040579
~0 40764
~0,0481
00000

00000

~-0s0336
”060528
~0.0342L

02000

LOADS ARE
TCR FLANGE AT ¥=

2L/4

00000
021326
0,1883
0.,1168
" 0.0000

0,0000
01767
062571
00902
00000

0,0000
-0.0931
-0.1374
"“O 50952

00000

0.000D
~0a0931
~-0,1328
~0s0957
0.0000

3L 4

00000
~0614381
«0o1323
~0.0780

0,0000

00,0000
~041054%4
~0.0701
~0,0089

00000

00000
~000738
~061124
~0.,0873

0a0D0C0

00000
~0,0946
~0,1351
~0+0979

060000

ARPPLTIED ON THE

4L 74

00000

~0»4005
“0a3967

~0,2453
0,0000

0.0000
-0:3562
~063327
“001768

(.0000

00,0000
-0.0278
-0.0298

~oo0212;

00000

00000

-050684

~0.0779
“090560
0.0000

NSYI

iL/4

00,0000
0.3318
0.5224
03639
00000

0,0000
0,0502
0.0565
0,0166
0.0000

00,0000
~051344
-0,2816
"002013

00000

00000

021353

-0,1007
~001336
00000

RODES OF

BOTTOM FLANGE AT X=
274 3L/
00000 00000
03691 001992
066953. 0o,4576
0053{)3‘ TedH5
D,0000 0.0008
0.0000 00,0000
-0s0071 ~0,0514
050166 "‘OoOBOO
0.0148 00043
00000 00,0000
0.0000 0.0000
~002978 ~0.2269
~064187 =0035692
“063516 =0,2305
00000  0.0000
T 0.0000 000000
~0,1397 00,1925
“D.0326 ~0.1791
~0e1394 00,1061
00000 0o0G00

MMETRIC BOUNDARY COMDITIONS)

BRIDGE
TYPE

i
NN6

LT




TABLE AlO {CONTD.,)

{2B) DEFLECTIONS OF BOTTOM FLANGE (SYMMETRICAL BOUNDARY CONDITIONS)

DEFL. . : LOADS ARE APPLIED ON THE HODES OF ‘ BRIDGE
AT ' TOP FLANGE AT X= BOTTOM FLANGE AT X= TYPE
oL/s4 . 1L/s4 2L/4 3L/4 LL /4 1L/4 2074 AL/4

0L/4 00000 . 00000 00,0000 . 00000 0.0000 .
/4 01557 060666 ~0,0055 03000 00,2681 U
2L/L 0 Ue1263  0,0453 0.0110 : : Gob227 (6038 SNG
3L/4 =0.00986 =«0,0192 ~0,0055 o 062263 03681 R
I 0,0000 00000 00,0000 Ga0B0C0 .0.0000

OL/& 0,C000 0,0000 00,0000 ' ‘ 0:.0000 0-0000

1L /46 00064 ~000666 ~0,0924 - ~0e1134 ~0D.2378 U
2L74  ~060004 ~0,0932 —-0,1355 =0,2392 ~0.3018 . SAG
3L/ ~0.0128 —0.0646 ~0,0924 C © =0,1588 ~002378 b
a4l ta Co0000 (0.0000 0,0000 : 0o0000 000000

oL/4 0,0000 G-0000 0.0000 . 0s0000 00800

it/8  ~0.0081 ~-00,0565 -0,0897 . 002468 002998 U
2L/ =0.0083 ~0,0902 ~0,1245 ' 0a3440., 004947 SAB*
Sl ~0a0182 ~0e0646 —0.0897 . 01809 (0.2998 _ L
U784 0 00000 0,0000 0,0000 : Co0000 (.,0000

0L /4 00000 0.0000 .0,0000 _ 00000 0-.0000 -
R Re 0.1056 0.0472 —0.0273 063951 0o4470 U
2L/74 00609 DeD065 ~0.0164" 05195 07487 SN4
3./84 =0e0562 ~0.0513 -0.0273 . \ 062467 0o044a70 o
Ll s 0.,0000 00,0000 0,0000 - 00000 0,0000

oL/ 00000 00000 00,0060 . - 00000 0,0000 ‘

1L/ §s0005 =0e0527 =0.0771 «040512 ~0.1862" U
2174 =060032 —~0.0784 ~0,1131 ~3.1876 ~052094 SA%
3L74  =0:0142 ~0.0556 ~0.0771 T =(051354 —0.1862 L

AN 00000 D,0000 0,0000 : 30000 00000

gLt




TABLE

DEFL

AT

OL/4
1Ls4
2L/74
3L/4
474

oL/4 .

1L /4
2L/4

3L/4

CAEL/L

OL/4
1L/4%
2L74
2L/4
HL/4

oL/s4

1L/4

2L/4
3Ls4
41 /4

All

. VERTICAL DEFLECTIONS W FOR GIRDER C IN MICROINCHES.

t1A) DEFLECTIONS OF. T0OP FLANGE (NONSYMMETRIC BOUNDARY CONDITIONS)

CL/s4

ﬁOeOO?é
~0,8785
N1ﬁ0516
~0 6666
“OOQOOB

~0,9089
~1s0934
~0.3750
-D.0078

~0,0013
-0 ,0367
*000349
~0:0204
~-0.0002

~0,0012
~0.0823
~0085%8
~-N.0511
-0-0004

i

iL/4

~-0.0021
~0.4586
~0.5766
~0.3718

0.,0023

~0,0094
~004943
~006264
~0.2248
~0.0049

~0e0011

00629

0.0792
0,0507
~0,0005

~0,000%4
00451
00563
0.0360
*O@OOC3

, LOADS ARE APPLIED ON
TORP FLANGE AT X=

2L/74

00049
‘OolZﬁ@
_001680
~0.10%2

10,0051

-0,0018

~0,163%
~0,2165.

~0.0825
~-0,0018

~0.0006
0.0961
00,1425
00971
“000006

00000
0.0567
Dollt?
00977
00,0000

3L/74

0,0120
0.,1535
01411
0.0974
0.0081

0,0059
0.1106
00867

0.,0461"

0.0015

~0.0001
007656
01143
00896
-0,0008

0.Nn006
0.0965
Ne1374
01068
D.0004

GL/74

0.,0194
00,4031
0.3885
062212
0.0107

0,0138

003592
03323
01692
. 0.0030

00006
0-0301
0-,0322
00147
“O@OOOS

0.0013
D.0699
00753
0,0401
N.0005

THE NGDES OF

‘BOTTOM FLANGE

iLss

00057

- 0:2012

Co3464
02755
0.0112

0.0036
01330
0.1966
00,0732
0.00320

000063
003393
0.3632
062142
0 0004

0,0087
0ett197
04666
0.2685
0.0006

2L 4

0-.0100
0.3451
0.5689
Q4473
00,0167

00048
02298
03515
D.1394
00061

000000
003785
0.6726
004494
060024

0,0025
05027
0.885%
00,6109

00064

BRIDGE
AT X= T

3L/74

0.0082
0.2809
0a4511
0+3514
0,0123%

00,0036
No1871
0.2892
0,2197
0-0060

~00010
602389
04665
04760
10,0096

~0.0003
063256
Dob497
006479
ND.0144

YPE

U
NN &

U
NP6

€LT



TABLE All (CONTDa)

 DEFL.

OL/a
1L/4
274
3L/4
&L /4

oL/4
iL/4
2L74
AL sa
DAL/

QL/4
1Lr74
2L/4
3L/4

RN

DL/4
1L/4
2L/4
3L/
ANES

oL/4
1L/4
2L 7%
3L/4
%L/@

3

oL/4

00,0031
”Oolglﬁ
~0s 1445

0.0069

0.0123

~0o0012
~0-0205
-0,0019
0-0131
0.0005

“090015
"':O'u‘a 02 'f) 5
-0.,0085

0.0106

~0,0030"

00140
0.,0006

DEFLECTIONS OF T(CP FLANGE {(SYMMETRICAL BOUNDARY CONDITIONS:

TOP F
1Lz4

0,0056
~0:0482
~0s0376
060233

0.0098

=0o0011
00707
0.0951
00667
~0.0001

~0 0009
0«0748
0.0977
00674

-0e0002

0.0044
~0s0179
G.C070C
00565

00086

~0.0008
00,0600

0.08308-
0.0581

040000

LOADS ARE
LANGE AT xX=

2L/4

0.,0075
00135
0,0098
0.0135
00,0075

~0.0006

0.0947
0,1400
0.0987
~0.0006

~0,0006
G=0971
001451
0a027T1

=0.0006

0.0064
0.0416
00495
0.0416
0:0064%

«0,0004
0,0806

0.1105 .

Ne0B806
“Ow0004

3L/4

APPLIED ON

4L /4

[}

I_TE

DE
I7

1O
BO
1L/4

00054
01532
002392
01582
0e0066

00062
0s3154
0.3158
061657
“GoOOiB

0.,0006
02051
02172
Go2024
Ce0C13

0.0031
0.1876
00,2981
C.2016
00058

00038
062952
0.2955
00,1495
“OoﬂOlg

S
OM FLANGE AT X=

OF

2174

60087

02228
03414
002228
00087

-0.0003
03145
05432
063145

“OQGOOS

00016
‘002894
0slhO5
002894
060016

00065
$e27%5
0o&265
062795
00,0065

00010
02938
QoSi@B
062938
~0.00610

3L/4

B
T

RIDGE
YPE

SN6

HLT




TABLE

oL/&
L4
2L/4&
Il %
hi /&

OL/%

1L/4

2L/
LG
LU/

oL/
1L/ 4
2L/4
3L/4

AW

OL/@
iL/74
2L/
3L/4
4l /4

DEFLECTIONS OF BOTTOM

LOADS ARE

TOP FLANGE AT X=

Ail (CONTD.)
F2A%
QL/4G /4
00000 0.0000
~0 87356 ~0.4553
=1o0478 -0.5740
~026650 ~0.3703
Gs0000 00000
0,0000 0,0000
-0 09027 —~Q o 4900
~160890 ~0.6230
~0e3746 ~0:2227
20000 0,0000
00000 0.0000
—090348 Oe0797
N204 0?0509
zoVQOO (00000
00000 00000
0!\;0.: Oﬁo J7
~-0.0854 0O QJD9
~0.0210 0-,0363
’OGGOOO

¢.C0000

2L/4

00,0000
*0912@2
-0.1666
”QolQSB

0s0000

0,0000
~0,1612
~00 2145
-0.0827

00000

0.0000 -

0.0966
0s1430
00975
060000

0.,0000
00971,

0s1448

0.0981

0,000D

3L/

0,0000

0.1516

01405

000973

CeGOOO

0,0000
Q0e1102
0,0871
00476
0,0000

00000
00767
Oallad
00898
0.0000

00000
Ooo 65
01376
0,1071
00,0000

FLANGE

CAPPLIED ON THE

Li /4

003985
063859
022195
00000

0.0000

03562
$+3307

061694

0.0000

060000
0,0298

00320 -
00147

00000

0.0000

De0H24
00749
00398
00,0000

{ NONSYMMETR

INODES OF

BOTTOM FLANGE

IL/4 2044
0.0000 06,0000
0.2013 03447
0:3450 065656
02760  0ab4B
0.0000  0.0000
G.0000 0,0000
01317 002285
061948 (Q.3484
0,0728 001388
0.0000 0006000
Ge0G0C0 060000
03331 00,3786
003626 “0ob66H4T
C’n:?},lr.) Oo4480
000000 050000
0.0000 0,0000
0s41466 0.5016
Doh 645 D B8YTG
02680 -0,6075
0.0000 060000

'BRIDGE
TYPE

Go00C0
002803
0464973
024695

('GGC ‘\n

003000
DolB64

De28T0

02317%

0.0C00

0.0000
002395
004653

04679

'330900

0,0C00
Go3257
606463
06395
00000

IC BOUNDARY CONDITIONS)

U
NNo

1Y

Z
p
(o)

ol

NP&

QLT -




TABLE All (CONTDs,)

(28} EFLECTIONS OF BOTTOM FLANGE.QS; rT?ifAL DOURDARY CONDITIONS)

DEFL, . LCADS ARE APPLIED ON .HE_NODES oF BRIDGE
AT TOP FLANGE AT X= BOTTOM FLANGE AT X= YYPE
oL/ & - 1L/4 2L /4 3L/4% 4L 74 1L/4 2Li4 3Ls4
OL/4 - 0.0000 00000 0.0000 0.0000 ©0.0000 ,
CIL/4 =Ds1906 ~060474 00,0133 : _ 001532 0062226 U
274 0 =00144T7 =0s0374 00104 : 002383 (03401 SNG
C3L/4 0.0046 . 0.0221 0.0133 Cel1579 002226 L
4L /% 0,0000 0.0000 000000 : “0.0000 0.0000C
OL/%& 060000 10,0000  0,0000 - 00000 00000
1L/4 =0,0202 0.0710 00,0951 03092 003146 U
2L/4  ~0.0019 0.0955 001403 , 063154 005361 - 5A6
3L/4 . 06,0129 D06 68 00,0951 . 0.1663 003146 L
4L/4  0.0000 00,0000  0,0000 . 0,0000 0,0000
CO0L/Z4 0,0000 0,0000 00,0000 0.0000 00,0000
S 1L/74 =0,0264 0.,0756 00,0975 002053 002896 U
2074 ~0s0085 000981 00,1459 : 003165 . 0.4485 SAGX
3L/4 0.0103 06,0675 0.0975 00,2026 002896 L
4L/74  Qe0000 0.0000 0,0000 K 0.0000 0.0000
0L/4  0.0000 00000 0.0000. 00000 00060
IL/4  ~0+1596 ~0.0172 o¢0415 . ColS79 02794 U
ZL/4 =060936 . 0.0072 0500 De2974 066257 SN&
3L/8 0 0406567 0.0557 o 0415 " 062013 02794 v
4174 0,0000 00000 0,0000 ' CoGO00 0o0ODD
OL/4 0,0000 0.0000 00,0000 uouooo 0.0000 .
1L/46 =0,0231 00601 0,0809 2905 002937 U
"2L/4  ~0.0031 0.081%1 00,1197 0029$8 05087 SAL
2L/4 0.0138 0.0582 00,0809 0,1499 00,2937 1

4L/4% 0.,0000 0.,0000 00,0000 0.0000 G.0000

9.LT




TABLE

. DEFL,

AT

oL/
L/4
2L/74
3L/4
bi /o

C oL/

1L/4

2L/ 4
3L/

1] '3_/1':;,

QL4
IL/4

2L/%

3L/4
Ly /4

0L /%

1Ls4

2L/t
3L/4
4L/ 4

INY:

(1A DEFLECTIONS OF TOP FLANGE (NONSYMMETR

OL/@

-0 ao.78£§-
=26 T424
-363057
~2.1982
~0e 0497

-0,0834
-2:7316
~3,28859

~1e3852
%OaC@BO

~0.0379
~0..0905

—=001020

~Do0637
00019

*Oe@@@l
~002109

~00239%

*001508

“000045

VER

‘Y]
—~¢
[

CAL

li/4

*000528
~-165642
-1 69402
-1.3405
-(0.0383

~0.0512

~165519

*199173

~0,7308 =C
-000255

meOBbé

“000314
01858
0.23832
0eltG7

Dy
~0e01l4

“0o0308
0,1209

0s1680
0.1061.

-0.01290

DEFLECTIONS

" LOADS ARE APPLIED ON
TOP FLANGE AT X=

~0.0271
~0,5577
~0.7361
~0,0271

~0,0255
~0:5422
~0,7207
2196

00206
0.2883
C.4278
062920

~0,0207

“0°0195
. 02873
004246
0,2905
~0,0195

3L/ 4

~0,0015
02762
0.1943
060424
00161

00,0000
00/246
0a2156
0.0564

.*OOO§¢6

A
’
[ I ]

D00 D0

‘e @ a

Do ND
N Oy B ND
VA IRNORRE) BN > JENS |
-] W = O O

N

~0.N082

» 2886
Do&sl25
03076

~0e0270

LL /4

0.0239
1,0271
0.9584
04713
—0.0050

0,0253
1.0456
0.9808
0@4874

~0s0103,

0e0013
0.0869
0.0943

" 0.0541

~0:03467

S 0.0030
02074 -
0.2315 .

0.1407

~0,0327

THE NODES
BOTTOM

IL/4

~0,0110
30433
“Oc0918
~-05,1061

~0.0140

~0,006%
0.1173
0,1939
00522
~000063

-0.0150
De7481
0.955¢0
06149

~0.0122

“GcDle

065755
0+8000 .

053290
-0.0118

OoF
FLANGE

2074

~0.0108
01038
Qe0657
“000220
“OoOl?B

“000049
0.3348
04809

- 0.1505

‘0&0062

Q)dPJPJO
N
W T Q U W

“ L] a

OpdotDC

8
-
0
6
o
o
}

w (RSN

~0-0086

104341

10342

~Na0150

W FOR GIRDER D Ii{ MICROINCHES. -

AT X=
3L74

~0 0048
001722
Ooi)oo
0.0563

~00117

"000909
063376
04605
C0a3014

«~30030

~0o0038
0566912
1.2352
1.0875

”000142'

~0.0013

0,7162

1,1546
09178
~0.020%

7C BOUNDARY CONDITIONS)

BRIDGE
TYRE

NP6

LLT




OL/74
L /4
2L/4
3L/4
4L/ 4

oL /4
1L/4
2L 74
3L/4

4174

oL/4
L4
2L/4
L4
a4

oL /&

1L /74
2L/4
IL/4
41/4

QL/4
1L/4
2L /4
3L/74
CRR

A12 (CONTDs)

{183 DEFLECTIONS OF TOP FLANGE {SYMMETRICAL BOUNDARY CONDITICONS)

OL/4

«0,0315
~-0:6917
~065879
~0es1428
-0,0029

~0.0356
~0,0401
~0.0009

0.0385%
~OQOOO9

-0.0352

.~00321

0,0058
000409

r90a0009

~0,0268
~005390
“003495

090207

0.0015

~0o0235
~-0.0348
00020
0.0414

-0.0001

LOADS ARE APPLIED ON

TOP FLANGE AT

iL/4

~0,0248
~0e3349
~0s3099
~0s1057
~0.,0103

~0.0303
0.2100
062867

0.1988
~0,010¢9

~0,0307
052044
002841
061986
~0,0109

~0e019¢9
~-0e2261
~0,1235%

00237
~=0.005%5

~060210
0.1754
Oa2452
0:1743
~D-0071

2L/74

~0e0175
-0,1392
~0el799
“001392
~0.0175

~0.0207
00,2847
04207
02847
~0.0207

~0.,0207
0.2826
Codl&l
062826
—OBOZO?

fOoOlZB
~0.0321

~0.0159

~0,0321.

~0.0128

~-0,0142
0s2837
023591
032437
~0.0142

3L/ 4

al/b

THE RODES

BOTT
L/74

~0o0117
~0,0307
~0e0Z61
=~0,0107
-0,0102

-00180
06795
08185
04798

~0.0135

~0o0146
Ce2248

~060153
0.5673
Ce 7079
04178

“"v'DOC’g?

OF

M OFLANGE AT X=

L LsL

~0,0153
~0o0226
~0.0268
365226
”000153

-0.0168
0.8160
102922
08160

~0,0168

~0.0188
053159
004498
063169
”600188

“000136

00473

0.0892

Ge0473
“000136

~0s0132
0. 7050
1:1150
Q07050
MOOOEBZ

3Lss

BRIDGE

TYPE

SA4

QLT




oL/4
IL/4
Z2L/4
3L/
4y /4

oL/4
ts4
274
CAL/GL
v

Mo
1L /4
2L/74
ALz
QL7 4

oL/4
iL/4
2L 74
3L/
he ta

Al2

(CONTDa)
(2A) DEFLECTIONS

CL/4

00000

L m2a7262

~3,2947
-2,1916

0.000C

00,0000
~2.7157
"302?50
~1,1806

00,0000

00,0000

*0@0896
-Ns1015

~0,0635

850000

Go.0000
~062093
~0 42382

"=0s1502

0,0C00

e

oP F
1L/l

0.0000
-105536
~1.9324
-1.3356

0.0000

00,0000
~1e5412

~1.9098.

~Qe7270

00000

0,0000
01877
0.2298
041505
00000

040000
0-1233
0.1699
0.1070
06000

LOADS ARE AP

0.,0C00

LANGE AT %=
2L/4 3L /4
0,0000 0.0000
‘“Op55@5 '002716
-0,7323 061927
~0.5595 0,0437
0.0000 0.0000 .
00000 00000
~0e53%4 00,2896
~0s7165 0.2137
~0,3168 00,0576
0,0000 00,0000
0,0000 0.N000
0.2898 0.228%
04301 0.3462
00,2933 0,2707
00000 00,0000
0.0000 0:0000
02888 0.2835
0.4269 054134
0.,2919 0.3089
0.0000

PLIED ON THE

LG

C,0000

10147 |

0.5508

" 0.4688

0.0000

0.00C0

11,0329
0.9730

04845
G.0C00

Co0CGO

0.,0862

00,0939
0.0542
0.0000

00000
002058
02305
CsltC4
0.,0000

OF BOTTOM FLAMGE {NONSYMMETRIC BOUNDARY CONbiTIQNS)

BRIDGE
TYPE

u

NPS

NODES OF
BOTTOM FLANGE AT X=
C1L/4 20/6  3L/%
0.0000 0,0000 00,0000
~0e0424 0.1038 0.1713
~0,0899 (.0676 01598
wDo1042 ~0.0196 0.0578
0.0000 0.0000 00,0000
0.0000 . '0eC000 060000
001175 'Go3336 003359
061931 0s4789 0.4585
0:0532 06,1516 0.3003
0.0000 0.0000 00,0000
00000 00,0000 00,8000
07493 100050 006926
09558 15600 1.2347
0:6152 '161819 1.0853
06000 0s0000 00000
06000 00000 000000
0:5773 002154 QCoTl64
568010 "1.4337 101538
05392 1.05337 09167
N.0000 0.0000 0.0000

6.T




" TABLE

OL/4&
L/
2L/ 4
AL/4
HlL/4

OL/4
L/4
2L /4
" AL/4
Ll /4

CLké
L4
2L/74
AL /4
Ll

0L /L
L4
2L/4
3L/4
S

CLrs4
S lbsa
2 v l"{.
3L/

SN

Al2 (CONTDo)

(283 -DEFLECTIONS OF BOTTOM FLANGE €S?MMETRICAL BOUNDARY CONDITIONS)

oL/&

00000
-0.6874
~0.5887
-0e1483

00,0000

0.0000
~0.0393
~0,. 0009

0,0378

0,0000

0.,0000
~-0..0313
05,0058
0.0403
G"e OOOO

0.C000

~0e5352

-0 23500
0,0166
06000

0,0000
~0,0341

T 00021

0.,0409
0,0000

LOADS

TOP FLANGE AT

1L/6

00000
-0,2315
~0s3093
~0.1081

0,0000

00000
02119
02882
001992
0.0000

0.0C00
. 002065

002856

0-1990
0,0000

0.,0000
~002233
~0,1231

0.0220

0.0000

00200

01787
Ds24851.
01745

- 0.,0000

2i./4

Ga0000
"'O_e 1384
"“001?82
~0,1334

0.C000

0000N
02862
04230
0.2862
00000

0,0000
0ec2841
051#165
02841
0.0000

00000
"'an:))ll%
~060149
~0,0314

0.0000

K=

3L/

0.0000

0&2[-!—!1'»
02605

@\32"'1'":5-7 .

0-0000

4L /&

ARE APPLIED ON THE NODES

oF

BOTTOM FLANGE AT X=

IL7%

00000
~0.02%94%
-0 002'{5*‘5!-
~0:0100

00000

00000
066807
0,8209
0.4812
00000

0.0000
02264
043201
0.2235
0.0000

00000
00026
De0541
0517
00000

0,6000
065685
007086
04188
0,0600

2L/4

00000
-0s0211
000244
"“00021-{

00000

00000
008185
102927
08185
00000

020000
. 003179
04529

03179,

"0.0000

00000

000487 -

(00911
6487

00000
07066
15,1149
067066
000000

3L/4

BRIDGE
TYRE

08T




Kip

1

L.OAD OF

FOR AN APPLIED

ERS IN LBSe.

RD

=

kd
A

ITUDINAL REACTIONS OF

\,G

&
H

1
%

O

]
|

13

A

TABLE

182

L} 1J

(] (U %] DO
x3 il ) Zs |
- L ) <0
>0 wd <L X Y] oL
SO Lo Li wo
Q.0 wod Iz o
o a8 foe 222 0.
420 ow O e=n QW
I o peny ma. p bt
: b 3 b
DO . DOUND OO0 WWOWOG OO DU OO0 OO0
2M<L0, T Zo<C <K ZO<Ch, Pl B Zen]
SZEZ ZFBEZD DZEEZZ ODEZE OZEZZ NN WU Omd
DDODD DLV ODDDOD DD LMD MDD OMTID O ODDD
QOO0 - OOOC OO0 OODOD OOOD  Oerd 0 OO
D RN R ] Qo D OO LU I I ] L2 VI I 5 D0 GO a &2 [+ 3o B <3 [~ v I #]
OGO OO0 OO COOO OO g Ol OO
' PO e D O |
eedeie-l ) N |
e~ § 1 ! H L
1
WP~ MNg NWOWO OGP0 NSO~ I D (DN
Q9 0 ¢ v (-2 < I < } o 7 o0 LI ST ¢ D0 & & o Q& [P aN ST ] O 0O 9O
DOt (A0 INOENDY (NS OO O @G NSO DO ’
QP00 OF~N0 Ciredest | -0y OO D vt Ot O 0§} I8
Paf= f et 02D et 1 v OO0 N \Drted 2 )} 09 N
i it § et 111 i

it
OO0 OO0 D000 OOOC ODOO MM OO VMO T
1

e e v o 8 o Q0 2 00 0 2 0 9 ¢ [ A (-3 S & o © 0 C

ODOCO OVOO OOO0D COOD OOOD =G DO NOOM
‘ W d DNeie !
U I R _
N . { i .
W0~ 000N DO om0~ SO0 NS Ghve O MY
e o’r’ sde 0 @ o0 e o ¢ 0D 0% ¢ 0o [ © & @ LI
O0et OO rd =ed 320 G® OO WD WO N0
A e O G o NI O Do oy
Relta it B A T R A R ] iy i N I B I H
t i1 i- i i o
lelalulolelalole OOOD CO0D OO VO O~ 00
L o s Q0 L B <] a9 s o 0. 609 O L e 0B e o e T e o & & 6
ODOO0O D000 OO00 ODO0 OO0 FNW DY OO0
Pt ONedet DNt
C N e 11

P10 (O (NDGT P~ OO 0N O VDWW
,0.00..D L2 B T Q.QQO e & O o 6 D e Q.O.n" QT o [ R 4]
OJIOVG Y =g (N0 Nt GO QO N I~ WO
MO G el O Mted O ) O OEVMAD 8 N NGT N (N et

O Gl ) L VA SRR Ua B B N oV o

. - Pt i
OOCOO OO0 QOO OO0 COOUD (N - MWD O
o G ¢ 0 0 O v T G & 0 O ¢ % 6 B o c &9 o 2 0 L2 ] o O @
OO OO0

OO0 QOO0 QOO0 N D@ OO
. WNS O Wt
el etped o

PPN DO Tt NN OF e AD N ANO OWND
0 Lol

n..@cw e 8 D 0 QD e G ¢ v a0 P o & B & 2 0Cc D Qe O 9

SFOOO 100 QO OIS O PNy OOy O -

GO0 WO o OOEFO OO Mg O O ﬁ
P-Peeigd o i G\Or [ vt QO § O DO riets 1~ - 0N

g ot [ P et i }

i1

R U, QOO U Y OO U U SR U U JUNK SR A JUR: U SO U U DU R UK SO0 SV U U SR DU PO
CGIOG000 WUl OMWM O WD I O oW
TN RN T RO R S ONORONRISY RN, TR N, RN NN
OOCTD NN SIS OO0 D0 sy OO0 NN ST




{CONTDo?

TABLE Al13

REMARKS

U

L teet
fom
00 FEWD
=400 QW

oo =0

[S VS 4N
b

QOOCOo

a v o oH

lslulelel

e~ sD

e ¢ oo .

fand ¢S FETRN o
CACY O
NN
LR I

QOO0
o0 a0

OODO

f~u oo
.640 [ 3
OO N
g\ BTy
e Q)
{1 I

OO0

& a0

OOOO

NN P P
L9 & @
At O
ON-T
NN ~O

L)

PN B W { < 0)
DD L)
RN
[ s o\ T o\

o

ni o

OO
Qo 0O o
e odhed
Lot g {a¥eN]
&._zLFMJﬂMJ

SO0

st & Cc 9

o000

= 0D (D
oD 0 5
O o (O
ONC
M= 0D
[ I

QOO0

¢ & 0o
QOO0

~OVN O
BECRCRC
VN Oy
oI
P~ e et

i 1

[elelele)
e 08

OCoo

[SRES ok aat el

0 e v &
AN
OO
Wy e DO

DAONDWD
Z DT,

550
pripatrdrie

PO T P B

OOOC
© o oo
QOO

e COG N
9 O U o
o] e OO et
O LD
O et

i

jolelole]

LR VI

slelole)

O Do (Y

G @ O &

[eoX < Yant
O TN C0
1§ o=l

i 11
oOOoQo

ERC I
[eLwielel

[TaVestiatay
¢ & O «b
N O o=t
3Oty
Wieled §
i

[l ie i)

o ©w & o

COoO

OSSO
o
[SARISE gip)
P~ e~V 0
[V I 3 5Tad)

U U DU |

LD

N
O DD

182

P O
[caiesiae]
NN
CNOJTY

ARE PINNED

OO

o~

~N~N

o Cc o
[o7teYiaY
<O
OLOI O
[ I

N
-

TONG

OOy

EEAS AN 5]

IO
2 0 0
ONO
Ot
0
! }

WO -

2 © 9

LG

Oy
DD
14

O
2 ¢ o
BNy
[@ZeSTY)
Lajtateel

SAldld
O
NN

A




& L3 Lot '
- U7 [a TN Gl ¥} [\l
PGV I ] Zud
o = =0 = L) |
=i <C e Al Ly P L
= 1O WO Lt Lo
L. J Q.. -4 =z oot
O oo o, bm 22 o
= Ow O o ow )
[ UL et [anYal Jome tmnt
% . vk E W
L4l OO LW OUNDE DWDDD 200D DO OO OGO
Jo, ZM0En, ZOCG Z20ah 2O Zoeii. Zaa 2 ZaL
O 0> Z2TEZR OZIEE ZERZ TEREZ OZEZTEZ NN GV WD)
tad m_l DD DD DD DO 20D DD DD DD
i t
0 MR D0 OGN N F N @ OvT e Od T .
O, [ I ] [CI- 2 - - 1 © 0w D D e 9 9 ¢ @ © o & a o S % e -3 '
2% GG S GUE SN0 NN O e @ et Oy [CaRNalNs] L i
<z i [a%¥a W OO OO0 GO [qX oV FaixN| NN Y Cdetet N NG 1
S e e =t el =i s~ T T o B e P o ) 3 1
i ) ’ , H
=~
<t
Dl\ B
[ G | NGO OGOl e Y e NS s O~ Ot
(@) ) ¢ v e o a ¢ o ¢ C 6% s . 02 0 & e &6 5 ¢ ® & ¢ o6 Q o 6 0
. O Wvdty~t Wit~ NN g~ Gy NG neam nn0g
L] CJONUNYS (NI NSO O N - O ONSF -3 OdINOY NSO
& ADN el ed b peiped et P ] P ] redrieet eetr—lemd
)
B! .
i :
FEOOWN SO0 G NSO Ny GO0y Gre N O I
= O ¢ oo s s o0o0H- €8s O ©C o0 e v o o o0 a 90 @ 0 o 1
— It PO G Omd TS M NN D e PN ISP wnienien
U NN~ OGSO NGO I3 oy NI O (NI NGy DD
[s] e pd =t i e eted e OO ety -t -l :
\_\l\ DM - PR h
L . !
o o [P0 W00 O OO S0Ced NN AV OO :
(e ) 0.4 ¢ & ¢ 9 0 0 v & o o 6 6 0 6 ©.0 B © N o O s ¢ O 90 0 - - . [
N U e §3 o TR oV N Ta W14 PEVEUS IR T o RTa FoX Fea MNP IRC TR PEE IR IS o vu Ko S (oY Vo SN0 RN Vo Ve aWo s TR Ta Ve g Ve o . ¥

O WX IODEC ONOISE@ NN N0 N et NS00 (Neien (N OO ;.
e W (a0 R e B e o N A B e R | ~—ip- e~ OIS NI et -

Sy M OTG HOVO NN NN A NGt O O
953 1 ¢ ce A s 0 o o @ oo © 56 0 o © 9 0 6 ¢ o o o o 2 o0 ¢
zZ [EIS QR ts T N A N T A I A e Pt E e T ARt o RV TS NN o o S W s SR CA T b S Ta T Ve
(@] I (NN e OO0 OSSN NS ON ONIDOY CNONY NNV T N D
oty
Tl
(W)
<

o Raid 3=t et rleteet el O e NN —t [aan Eant Mo
X :
l
d [ It NGO Ny YOOAS N OO (N ES 1S OO0
w o v oo o o v 3 © o o0 o ¢ 0 2 6 ¢ e 0 0 o o 0 e s R > e s
QfF =) DY VNN VNG BN PO OO NN gy

ORI AT NN N (NN . ST NV 0D

1! P L a2 L T e e RS TGS o S N T S 2 it Y O et e

[$54

jaxd

54] MG DS O EC e NN SO O d 3 O3 ™

> . ¢ ¢ o T e & 9 0 g 2 0 C 9 & 9 0 8 o ¢ ¢ o o D 2 ¢ &-_ & & b

%3] H IOy GOm0 im0y e ST iNSD

2 NNy OO ONINCOQD CJONDNOY NONDD (Nt (ks N AV (o o] ou]

=T r={ ot =3 parl - redp—d it peded et el ~— —~

[C ’ o

e Ll
[l O~ A e OV OO NN O D00 O [
R 09 a6 9 ¢ 7 C O [N -] T 9 9 3 ° 0 @ 7 O € e & e. o 6 ¢

- Toea D O g [EaRTatts T A - ey WNC O NN DWOD . Coe

FOOH N0 oI NN ONTONELAE N TN | NN ORI NCOCD , [ L

ol B rdeeled e e el sedpee] ged el e-ted gt e L e T e N . |

< A a .

Ll - ' B

Q0 JOULJS SR DU SN U SUUSF JUUES S UG- UNE JURS EEON SN DUV U SRR (U JUUR JSUOU JNURS S U O SRS JUUG: N SO J

o < DCOLG D Lo} COlDGEd OO Wil DOSC) L GImMa oSO

R O 1 O N N S N N S S N NSNS N

e LT OGO NN ST OO 00D SO, NN ST




{CONTDo ) -

Al4

TABLE

- LOAD
AT

184

[

o] v VIS

Les ot Q=

- il
-0 oy EE s1r~a
=IO OBl G
Qo 2L x
=0 e =T L)
L QA O G
wy) L. o <

%
Ound 00O

OWWOD O D9 OO0

ZH <, o<, 20t Zaa Za
BEZZEZZ ZERREZ ZZZZ iWnu wnuaawym
[N D NS SO OSSO SN SN SN IO JURN JUUR SN DU IO S . B
@ T 0 NGO SRS e Qe
Lo B TR ] Q4 ° e« U 2 0 0 4% a O 9 T 90
OO QOO NIOW  NQ Ot
PPt OCieded I~ O O~

= ef pelred reir—l o=}

GO NOME QP O e
@ D OO e O ¢ O Do o0 o D0 Lo I T 4]
CIONP-CO OOy NOWDD BN OO et

0 Ohn OOINEY -0 O D@0

et P gl

G Oe OWF Gy FTINOIS G0
o 6 D O [ 0 T <} e G o0 & 6 O @ 0 0
NOO~ OO NNT~T IS OWe
fef~ @t OO0t IP-T0 il O

el e NN [atIaN} 4 Foed ed et

OO N Mem0d NS GO A
QO O 0 0 9 QT * 0 ¢ o o 9 & o 9 ¢
TONOND DO NN NG O
P~ 0 O Oetet PPN ity O

L Dot S X o M Tt | [qV] e el

P T Ou N0 O OV O
o o & 0 G e 00 ¢ 020 9 @ o LR -
NONIND OONG (NANLINT NSy O
=N OO et NP~ et ONDM

- < plemt et e VOV ooy i P Laca ]

Had e IO SN GO0 GO0
.0 0 e 9 00.0.5 ¢ Q¢ 0 L B+ I e o 0
NN GO0 NNOT~- (N0 OS5 T
PGy OO Qe IMun M0 ONDM

refe-d it Ot rde=ted

NN NOOO NN gF ey et
o & ¢ © o Qe & o G @ 8D ® & D o 2 o
DGO NG 0N SO SO
OO~ WOttt SO ST L OO OV

e e L2 B 14 308 Ran i | ~t =4

FONINTS OV E AN S OND N
@ Cc &0 a e oL Q 0 DG LN+ I 4] e o 0
e h ey OO e IO
OO0 NG VDN O~ItD el
DA et e

PN NS N U5 RN U DNV N0 St U OO S B DU [ e O J
WO} IO DOWW om0

N R N
[aSTaNE AN TQVENNRC S R Yo KN ¢ JXo AN+ BN oV T o T VN R




ED LOAD OF 1 KIP

=
A -

T

APPL

GIRDERS IN LBS.

CF

FCR AN

VERTECAL REACTIONS

o

et}

~
GO hH
>

LOAD

VNN
G o G D
[aRNeRiatiey
NN et et

g

(ST RVENJ T
6 95 o @
) i et $0Y
3t

WOIOND
das Lol
L ZE
DD

[iatuntaNisat

[andsateNEag
$ 0 .6 G
P L

N

NINAOO
e e 0 0
OO
ftélel]
b

=20 M

Q0 5 5

-1

L

& i
o
i

GO~ O
& o0
O NF
Ot}

SO ON

® e a0
PG D)
LIS T

esle—y |

N

e O
o 5 & 9
CTHN (NN
LoD TP~
1ottt

S
QO WD
NN
(RIS VI aNEaN]

185

LJ
) (G
%3] S
b <€

Q. o

=00 o

w1 oW

Vo2V fre 1
OO0 UNOWDD
I, FEoe o
DEEZ ZFeEZE
DIDDD DD
PONet D e O
LI ) 2 0 0 &
et oy

YO ONON D~

=ie=] pt et 4t

QOO i O
a8 89 2 0 o & ¢ 2
D=0 NODN
YNNG OhEONOT™~

=% ef e el Lo Kt

[IaRAVE w7 B T e vy
e 9 8 © e 0 u g
~OOE OO
—< N~ i

H o

aatwiVsica BN TatiodeaNeyl

¢ & O ¢ ¢ 0 o
D De~  LOIFTM
o =0\

O MWD P WY i) ~{
€ ¢ & © L2 R - Y]
P~ gi~r-0
~ 4 b N g

f~rtA N OO O
o 0 2O LA T VR ]
DO O M
S ] ete )]

OO NN
& a 09 29 0 ©
[@Xatla s T ANNNEL v e B o
COCICITy =D~
Bt T Eo] Tt

B I i

b e e
& & 0 ¢ ® 2 & ©
et} oV IS a2 M un TN o AT
OO G 0OND ™~
petetemtet et

b i

0 YU U D S T O |
esTaslislso RN olculcaken
NI T NN
G 000

OO0
=74
ZEZZZ
o B> 3 By
=t O D
2 0 0 @
QOO0
4 0 v red

(NN

O O U P
[seiusfenjen)

NN N

[sefenieuiee]

DD
Z< <
I
D500
NN
@ o ¢
[oAYarRaN]
<N
od

WI~N
¢ 9 o
Ha¥aViee)

SN OO

-t

M~

OIS

Ny

o o &

OO

-t

el

- A

W ~1n

00
o D 0

[seINo1Ne]

—~: } 1}

"0

WO

i

PG e
o O @
[Safeelon)
-~

ot} .N,_,

H

iy

D T D

e

SDM~0

1 et

I

[ -
[ealealeel
N
OOV

Oy e
v o ¢
[anEaNE ey
YOO
=i et ol

200
Q@ 9 0
DINOG
™
H

~{ 0 G
5 € QO
TNy
il

M~

¢ D¢
t~ e
VOO
e

it
[aad adizat




NTDo)

Q
o

~

Al5

TABLE

X=0

GIRDER C
={)

2
N

3 (O
(S}
>

<
O
g

DGO
)< Q.

wded i d

WD
Lol cL e I ]
N~ D3 Oh
SO PG TS P

OO O
e 6 0 Q@
N~
Orvedy § P~

OIOAD
e o0 B

[saia Rty

[Tl i

[Caliatating]
S 0 0 O
OGO~

[sligtendngdl

e ] i e

i 1

Q-3 OO
LA B R ]
S
o0y

i

WG F M

L T B
NN O
[teiXeTasRin]
-t O

dddd
[selcalanyes;
RN
[aGatigN Y]

SIMPLY

%3]

fravg

=0
OO
e <L ]
Q.10
D

UPPORTED

w2

]

DD OND
Z =g,

e ddd
GO

a4 a0
[aSETAY T
WO

=

M~
c @ O o
DO
D
i i

- e D
"o weo
Do
TO Ny e~
PLbd

[Fo¥ i Rer i
o 00
OO
OO
J_q i1

OO
o 8 8o
N OND
D e
1

OO
¢« & 0 0
Nl mdNo Ry
O et
oV i i
¥ .

oA -0
o 0 oo
ST OVEND
e O

P

SO0 i)
o 0 0@
NSOy
PSSy

r—t I

P D N
OO LILO
NN AN

F

186

D00
“LM0<T QL
ZZEE
JUO% S DUt J |

O Ot
2 906
0y 4 i
a¥t [oa¥en}

=1

Si={m

o 5 6 O
I~ odenis-
G o
~t ]

(S TaaY e
LK - N + B 4
(¥ e T eeleN)
YOIV O
b e

i

~NO
o 6 O 0
= 03O0
P~ NN
i

OO NND
e g0 9
[ eV aN}

OO
O ©® 0D
MO~
@iy

Sd ]
OO0
NN
NafNeRte 3o}

e
OO
2y T,
wNWw
wddd

et (TN
[o2 I v
O
O i~

RO

o 9 2
fwitateyl
PN GO

e~} o

| l

Gy e~tp—i

¢ o @

Bodtalea]

P~
i

[Pa e {ab]
0o w0

O~

WO
e~y

OV

[seldul<o Ry

NN
SO

GO
Q0o
DN
O\ pofem]

LS I

WG
o 80
[g\EenTl o
E NSt 2
e

M~




GIRDER MOMENTS CM¥1Q

oo
e

Vel
.

TABLE Al

MPOSIT

QEFFICENTS OF CQ

h:G

Emgh

G
A

GIRD GIRD

. D

[LaT N g]

e (g

~ GO
Q¢

I~
[t g\
{20
[ I o]
HEE R

oo -
NOW
Rttt
o0 0

Prt

U=t OV
[ANANAT I pag
PG et Oy
Q0 00 ©

QDT

[QA T Talo s Nut
N O et
[SI I B 4 S 0}

L]

PO O
EHES - TaVea
N~ OO
LR S I+

U

DN O r
OO

GO et I
OO O O
e~ OO
000w 0

$ 1

ORIy
Dt ekt Bk Ve
Dy =IO D
¢ oo % o

I

QOO
oW~ ®
O ¢ o o

0N
=0
oo

o9

=N OD DO
O 0N
D 1 O
ok 06O

i

MO0 Oy
FINY O
et D ~—t

¢ o0 o]

e S
TN NO
Nt OOt

e 0 9 00

Lommem
e~ WD 0
Py =1 OO
o8 00O

Pid

IS (o) antlatiaY
[l I (R X7 ATNS ]
AN OO
c e ov s

i
O~

OOV s,

et COWN
E~JE VI L I ]

(I

Orvert OO0
O emt
NOON
9 95 86 00

LI A

M= OO0
~- 20D IO
VO e~ OIND
e 0 o0& e

(I

O OO
e~ o
O 6 v e

187

OGS0 O NDND
L leZal< Q0.0
R ZZE
DT DD LU
) et (N D0N

L R d qJ Pws D B a LAt R Dl
QLS00 DO OO
[ IV I IR o0 0 ¢

L {

Qe IED 00 O
OO0 OO
QOO DOOO0
IR Y © »
k] i
NS et TN O] it
[elnlwlole B laiwiy
QOLDD OO OO
¢ o T 0 E 2 ©

1

e
OGO T

R igten]
el OO N OO
OO CODO
c v 0

-~
[~ R 5 B @

(A

DO O N
ONFEITIN DM OO
OOoCOoC OODO
o G @ 6 & [T T E « ]

I I R !

O OE e OMNIN D
OBt it DO
OO OO0
9 9 & L O L2 <IN - I

11 i

a2 Y =+ 2 X PC A FEY o\ B v
OO0 N DO

OOOD OO0
AT YT XN

it [ O H

CNODC . I-aun
e et 30Ny WD I
OO OOHO0D
¢ D OD O o ¢ o8
N~

? 311

YD D DMt
OOt 3 OO0 O
OO0 ODLCO
o ¢ &0 Q o DO

1A |

[N Tun Ty SR gt lvak eat et
el It TR D
OO0 OO

DL 80 0B

11 i

et A ERE T SOTO T 0
O T Qe Cet
OO0 SDoD

o & e ow @3 0B

P4y A

OO grt P00
(S TAR LTt Rl ¢ 0 L A W T d
QOO OGOOo
o & o6 [N

beso ot

OO CNoin
OGP~ B C-laNEte

Q¢ 6 Nl O r e v,

DA
ZZE
WU
DD

NG
WG O
Ot ©O

G 80

§ i

OO
QN
OO
05 o

i1

W
N D
0
[

[NaTat g aN]
ot O
0% o

WD DD
L < el
IS AW
DD DD
I
Oyl (Dhend O
3OO0 SO0
oo w o o
i i 4
VS g
e O O
OO0 OoD
¢ D o e a B
HER i
CIHY o= - Y
4O 00
SO0 ODOC
@ 0 ¢ o 90
£ H
OO = SN
Gt WOed O
SO0 D0
o9 0 o 00
§
Lo Uit Bl e
DO DO
OO OO0
5 9 v o 9o
i
MIOE €08
OO OO
oOD OoCo
e O G 0 B O
P, ]
SO e O
OO0 ol
QOO0 OO
o o 8 & ¢ 9
-1 111
D W~
SOt OO
ol oLl elele]
v o o 2 © 9
i 14
O OOy
e SO
OO0 OO0
o' » ¢ uC
Ot Y 3OV
el 0 D
D00 OO
o O & & ﬂ. &
i
r~t O r—i gl e Ran]
NOT 00O
OO0 OO0
[ + 13 e L e
§ H § i
O@if~ Wi~
D (NG
OO OO0
e & 9 ¢ o O
f 13 il
23
oG Ond
anguy iaViiet
[T

R O

ONQ

Cagyen
oo &

Doy
Qe
Redunlyal

° v o

-4
ST IS

e~
Do e

hea N -

AN
<P ND T
E O <3

DO D
0N
TN v
o 0 0

iy
W10
[OX RS
¢ B B

i en

GO

W RN
LU S




(CONTDo }

TABLE A16.

188
OO QOO 202 O OD O\ O Lird
ZZE MR <l Ao el <Lt (Ol
EEZ ZBEZ ZZ2Z ZFE vy vy vy O
JUUR TS OO S U S R N JUN SRS SO | R U SO OO BN Y | et
3 K o0
Q3 N MCOUY e Sy g ey )
e fom KR Ta Y S A T R O = Oet -
(i) O O O oo o0 O ¥
o o o} 5 0 o c 0 o9 ¢ e oo (€2 18]
i L i . <<
' , o
O~ Gy 0 OO Sas O -0 T :
[enlgN] [lg] OND ~O ) (AT o0 [T I
St SO0 O QO oL OO <L : A
e 9 o L I & © o D (o3 < o6 [y 0
(] 1IN T T S KA L T : j
WLy e~ OO0 Q0D Gt ONAD O O
QD [N Tk QURIIS JFo Q- Gy Y b
o Lo O Q0D 00 SO OO OO
o ¢ [ ¢ oo ¢ o e o -3} ¢ » (Y]
¢ § ] (| Lt
foooe e
oo . SO0y $0 - NN CO [Sufe
= (Y W NI =D —~oy G N [&]®)] |
-0 . O Oemid Ord SO oo 00 [n WS
o © ® 00 0O o o c o s o o e [A sl
[ i o R
wiv !
OV MV D~ Oy NF e O I
O~ oNO Oy VDO D L=t B Ve Te o IR ST ot} e
OO OO0 ONrt Cr GO O~ GO 3. 4
(I3 o T O c & o e 9 o © o ©® o 0 wdd
| L I Pl 11 it <
. s
NG DTy S8 e [C2 EGRE e o NI 9 T2 ey . :
O S OW O Bt N~ N I [fg]nde s !
Ot OO OO O O o~ 0O e mat Al :
[ ] o0 & o o 0 & 0 ¢ o o o o o [@IYRITN]
LN TN SR N TN ST N B SN B Poi 2 I | e Z
' bR
[ B SN G T il T WS X (AN (s Y &) [celes BN s o NN TS [
P Oy O e NFet NP e www
~NO OO0 OO0 O ~oN OO ity =z
o o0 20 0 S e 0 o e o © 0« ¢ & OO
it { t i H it OE =
GO Omy OO O3 D SO0 OV Lt b
Gt~ ey osF O - i g (D 00 - :
D Oried OF et O SO0 O N e R |
e o o ¢ 5 © ©c o & ¢ ¢ o o o e ¢ o <L <L i d
4
. . . palasfad
NSO S s B s e X A LA I oY G N ERITRITE Y
e OOy Ot Oy N IO et 200
ooON COC OO OO OO O QO [sisgad
[N o e O v ¢ o 9 0 o o ) LY ben bt
i1 i1 i ! i DU
. ui
L O OGO D et et - Dal O Q&2
COONGY  On it O S e OO =10
SO0 OO CCo OO QO oo 0O =
& s 0 oo @ ¢ o e e o & e 0 ) (172175
L] [ B i i [ i i [cf Yo
R
AN (NG N~y SO et DD O~ OO
TG Oy O o NS B0 T Nod Ut
OO OO0 OC0O NO oS OO OO0 =
oo o ca 't oo ) e 2 B o Q0 Do
§ : i i i i [ <L <L
. - R e LW
Oy OOVD D Oy Qr~ oy O Jor—ae
Of~g NI~ O G L e AN . W Wy L DU
oo OO0 NOD GO OO NO OO Lo
600 V& O Qe o O o 8 o 9 & 0 o v by jlid
T ] | OS>
"N O KON Ao "o e NG ES
O~ o P~ ol o [SVA(a BN o\ N oV T o) neds
L SR - ¢ 0 e o 90 e o ¢ ° ¢ o6




TABLE AI7 IR
A
DIAP,
AT X=, COL/4
OL/@ ”J7301
1L /4 949
RL/G 009
?‘!Lf"? "“Cflog
’fC'L/' "‘unT
OL/& ~35T7a7
1L/4 1060
2074 1.0
3L/4 ~0468
48 14 ~2205
OL/%4 ~35708
L /b 207
OL/4  =333,.5
1L74 168
2174 1.9
3?:..//' 0ok
IANEA ~1756
oL sa ~5542
11.../1’:" - 35}/
2L 74 053
3L /4 ~303
b st ~15%5
* DIAPHRAG

ANSVERSE FORCE 1IN
AND B

LCABS ARE

TOP FLANGE AT X=
il/4 2L/ 4 3L/4
«~239,5 7}6300 ~85.85
~12a2 209 Qek
3.7 “Z 0 el
006 309 "“1002
“*8607 «16409 "2'£§Qa7
~232,2  =164,0
~12s2 208"
3.6 -~945
L 0.2 2.8
“94bo2 16450
=232.4 ~164,0
=52 =16460
“237 4 ~16445 -381 .5
“Gal . Col =043
Z2o0 ~301 L 2eh
“0e2 05 -5 a4
~“92:6 =165H.0 =~238,3
19,6 ~1%.8 «1Z2e8
"‘laob "“12.93 "'5':39
““69}. "‘13::3 *508
-3:8 =965 17
~36.7 . =145 ~18.6
MS ONLY AT END

PROVIDED

APPL

a..BSO #*
FOR AN APPLIED LOAD OF 1

IED ON THE

RESISTED BY DIAPH RAGﬂD BETWEEM GiRDERS

L4i./4

“8o L
"“'.Lc)l
""093
I{)o.@

~37204

NODES

BOTYOM FLANGE
N 2L74
193, 8 ~3107.5
47306  w£5.5
5} Lb&bhat
5.8 wh4o5
*1)3 0 =~220s5
““21[-5-50 ~163 a4
‘53-73‘9‘-6 ~454 0
il b 500
565 ”%5QU
~114,5 ~163.4
~104, -132:8
-88.,0 ~12Z.8
~1%1e8 ~113,0
645 o3 &2 a5
~41.7 6017
~21.0 «“57s
~137e4 =21907
~2207 ~14af
""7097. “‘8/:10
-108.1 -—-151.6
“wTTe0Q =121.9
~11,% =19, 7.

AT

K=
3L/

BRIDGE

TYPE

NAG

SASH

™ 2.
ke
o~

=
l9y]
[0}

69T




Al8 TRANSVERSE FORCE }IN LBSo% RESISTED BY DIAPHRAGMS BETWEEN GIRDERS
B AND C FOR AN APPLIED LOAD OF 1 KiPe ‘

: TRANSVERSE. LOAD APPLEED ON-
! TOR FLANGE AT X= BOTTGM FLANGE AT

X= BRIDGE
oL/& - 1L7/% 2L/4 3L sL 4 sb W/ 2L G 3LA% TYPE
~7’3~_802' "‘252@L' ""17003 ““89&1 “"8&3 "‘19609 ""‘1}_297
—-d63 ~2.0 -l ot “Qab Oel 325.6 1604 U
10 ~0s5 307 -069 1.3 16501 32962 NAG .
God- 0,9 2o 2.2 -3 a3 i e 14,2 : i
w7 5 w0 o d w3 F2,3 w288 B ~R1449 *-lé%.(_‘}e‘? wP@PBeh
"'30290' "2"!}‘{;136 “‘1?153 B “2}.893 "'17106
-ty 365 -1 ok 32506 léot: U
1.0 w05 369 ' 1605 37406 SAG
. 0:0 ~0o6 ~1al -2 40 164 L
~2365 ~98,2 =171,3 0 w1197, ~171ab

~98.6 =~13006 : U
“8869 ~13066 - SAGHL

w28107 =167l  =9208 =186S - ~19008. =1150T7  =59.5

~311.8
-""3@3 1,0 =063 - 228,77 2ho? . "Oag i)
“1ad Dok 1 Lol 256 24864 2805 O WNPH
S w? “d T 3,1 A 2841 - v
- 18,7 -~ e h 25 R ING w308k w2160 =2 T0.0
«98al . =23.6  =23,5 =21.9 =20.9. =12 ., ~=B8a3 ~865
~58e6 . =5403  =54.T7 =607 =623 8602 8768 - 40,3 U
«33,8 ' +31,6  =53,3  =35.7 - =&1.9 121.9 179.2  122.1 NB6
—6Lab =656  —62,%  =82,5 1~66.6 4301 9306 9368 i
“22s1 | =21e8 =22.0 ~21lel  =%4,9 “94 ] -9:6 ~Zob

DIAPHRAGMS PROVIDED ONLY AT END SECTIONS.

06T



TABLE

DIAP.
CAT X=

oL /4
iL/a
2L/4
SL/4

Gls4

oLsa
iL/sa

2174

3L/4
Ll /4

CL/4
4L/4

OL/4
/4
2L74&
3L/ 4
4l /4

Ot/@

/4

2L/74

L4
BRI WD

Al9

oL/4

~286.3

—-T63

"‘003'

Dol
-7s0

-27T1s0
-T2
“‘“Oc7

Qa2
«2205

~27760
~_—"22e:5

DTAPHR

TRANSVERSE FORCE- !IN LBSo¥* RESISTED BY DIAPHRAGMS BETWEEN GIRDERS

C AND D FOR AN APPLIED LOAD OF 1

TOP FLANGE AT

C1L/4

~242.4"

563

2L/

. TRANSVERSE

e
AT

3L/

=854
“098
~0e5
5.5
~243,8

609
-19.2

"1000

KiPo

LOAD APPLIED
. 80TTOM
AN 1L/4
""800 ""—JBOO
. 0.5 19163
066 3642
—/ 69 6a5
-285,1 ~1356%
~23343
181,2
35,3
bo?
~115,2
~10606
“91@8
~18,8 ~192,1
~0.4 $4 L0
0.3 35,2
269 1402
~29708 ~13762
“1251 Qots
""502 ZBoL'
162 5709
-343 4248
~65,8 ~5,1

AGMS PROVIDED ONLY AT END SECTIONS.

ON
FLANGE AT
2L74

t

Tt

N ) O
=~ ) G U D
9 & S 0 9
O B~ O

-

H .
b o S}
(o]

W

e
G

N el

) >

— U
.
o

o o
EolR) ]

Ealtel

~ N3
a0
0N

O i

-2 o
2765
6ic2
4509
“2e8

T6T




-4
>
=
£

LOAD
CAT

0s8L

/8L
2/8L
"278L
a4/ 8L
4/ 80
278L
2/8L-
4/ 8L
4/3L

0/8L
0/8L

2/8L
2/8L

L/ 8L

47 8L

2/78L

278L
4/8L
47 8L

Q/8L
O/8L
27 8L
2/8L
S a/8L
&4/ 8
2480
2780
L /BL
478

A20 REACTIONS

GIRDER A
A=0 X=0L

1211 98,7
5Z24,4 858,11
37-1 53,3
17602 507.9
"'606 606
-165.6 165:6
5619 «132.7
5926 ~288.2
41465 —~414,5
62403 «62443
15506 11:6
12562 124.7
12008 48,8
125.1 124.8
«85.0 85,0
1249 124,9
108.8 6061
4319 394
83573 83.3
119,9 119.9
"‘"1?752' ”"21:79
~16e2 =170,1
~11962 =541
~58e2 =132.5
~BH42° =853

L =95,3  —-95,3

8802 38,5
15661 45513

2el. 2ol
333::-/4 71335/4}

OF 4 FEET DEEP GIRDERS IN LBSo FOR AN APPLIED LOAD OF 1 KIP.
GIRDER B . GIRDER C GIRDER D BRIDGE REMARKS
X=0 CX=L X=0 %=0 X=0 X=L TYPE
=504 33,0 41,7 ~3069 “7%e7 ~=1000 USA4

22004 188,3 ~24646 ~197.7 =508.6 ~B48,4 USNG
4203 11c0 =177 =13,3 -62.8 -49.9 USA4
143,0 7865 =141.3 ~T8,8 =178.8 50647 USN& :

1660 ~1640 ~351 3a1 =763 T3 USAL  LONGI=
34.9 ~349 ~33.1 33,1 . 162.,9 ~162.%9 USN4 TUDINAL
~6%402 =34,0 =211.1 "' 57.2 =~288.3 11163 LSA4 REACTIONS
~4691 .3 353,11 ~175%.2 143.6 72:5 ~214.2 LSN4 :

4602 ~46:.2 =169.T 16947 =~292.8 292.8 LSA4
~58306 583,86 =229.5 229.5 1966F —1967 LSN4
36266 23,8 27Tel  23.7 1324460 1le6 USAL ©
12563 12408 125:3 124,58 | 12%e2 12447 USN4
233 .6 95.2 235,77  95.2 121.¢ 43,8 USA4
125.2 1248.9 125.,2 12449 12541 12408 USN& |
16408 16468 165.0 165.0 8503 8553 USAL TRANSYERSE
1251 12501 125.1 '125.1 12469 12409 USN4 REACTIONS
215,9 "115,7 212.6 116,56 109.9 6062 LSAL '
93,1 93.2  '93,2 93,1 93,1 93,0 LSN&
164.3 16L4,3 166,6 16646 85,8 85,8 LSAL
1267 12607 12607 12627 12606 12606 LSN4
40,5 =4.86 12a1 363 12446 23,2 USA&4
53,1 1003 =58.1 ~“8.9: 21,2 169,77 USN&
C Bod ~305 2.8 3s3  111.0 . 54.3 USA4
4ot 2206 =477 =225 5704 13263 USN4 ,
"“191 ‘“1@1 3.0 300 B3, 4 8304 USAL ‘JERTICAL
35,5 35,5 =35,0 =35,0 9449 Q409 USNL  REACTIONS
wlyly o 8 Bol =T1:2 =443 2769 o7 LSAL -
~174.2 ~T73,2 =517 =57.2 6968 8503 LSN&
12,5 12,5 3142 =31.2° 1606 166 LSAL
~160u4 ~160a4 =793 =19.3  106.3. 10603 LSN4
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