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SYNOESIS

hany a time the topography of a proposed bridge site
makes it inevitable t0 align the bridge at a skew angle, Such
cases arise quite often in mountainous regions. It is, therefore
imperative to thoroughly understand the structural behgviour of
skew girder-bridges. It would also be pertinent to examine g
generalized method of girder-bridge analysis for its suitability
in design office without resorting to the use of digital computez
Harmonics Method of girder-bridge analysisS has been chosen for
this purpose which eminently lends itself to producing design
alds to be used in design office. The study would serve the twit
purpose of saving in respect of time and cost of analysis; and
would also eliminate the need of a digital computer which may

not always be readily available in design offices.

The various methods of bridge superstructure analysis
comronly adopted are as follows |
(1) TFinite Blement Method
(2) Stiffness Matrix Method
(3) Finite Strip Method
(4) Orthotropic Plate Theory; and
(5) Harmonics liethod
Finite slement Method is a highly versatile method of
structural analysis with capability to tackle any structure
having arbitrary physical constraints and configuration of
applied loading. The method, however, needs careful preparation

of large amounts of data required for the computer programe;and



- XVi -

convergence study of the solutions for every new structure(5) .
This makes the method unsuitable for an actual bridge design
wherein many trial bridge sections are required to be quickly
analyzed for various loading cases. Stiffness katrix and Finite
Strip Methods, too, suffer from similar difficulties. However,
Stiffness katrix Method tekes less computation time primarily
due to smaller amount of data involved. It is significant to
note that all these methods become total non~-performers in the
absence of high speed digital computer. Orthotropic Plate Theor
provides analytical solutions in comparatively limited and simpl
cases of loading and physical gonstraints. Harmonics Method as
originally developed by Hendry and Jaeger (1) and subsequently
modified and extended by Surana and others(2,3) to incorporate
torsional stiffness provides a general method of girder-bridge
analysis without encountering the above mentioned difficulties.
Harmonics Method has yet another advantage in its inherent
capaﬁility to completely identify a girder-bridge by a certain
combination of non-dimensional structural parameters. These
parameters help visualize the structural behaviour due to change
in bridge dimensions which in turn help in decision making about

the trial sections.

In this thesis an indepth study of the Harmonics Nethod
of analysis for skew girder-bridges is made and the limitations
are brought-out. The scope of the method is extended and
refinements are incorporated 1o further increase its applicabili

in extreme cases of bridge-loadings and bridgeé-element
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configurations: For ready use in design offices, bending moment
Design Coefficients for various combinations of the structural
parameters have been developed and suitably presented. For thes
studies ,the results obtained by the Harmonics Method have been
compared with the ones obtained by Stiffness Nethod and also wit
the experimental observations made on carefully chosen bridge
models.

With a view to understanding the structural behaviour of
skew girder-bridges due to changes in certain bridge parameters,
a few bridge models have been studied using Qtiffness Matrix
Method. The effects of change in skew angle on moments in the
girders, support reactions, transverse moments in the slab and
rotations of girders (both along the length of the girders as
well as normal to them) have been studied. Cross-girders are
the main agents of load distribution amongst the longitudinal
girders. The effects of the orientations of the cross-girders,
either parallel to the supports or perpendicular to the longitu-
dinal girders have been studied with a view to achieving an
efficient system, Wide skew bridges have heen analyzed by
Stiffness lhatrix lethod and applicability of the Harmonics Metho:
for such bridges studied.

Harmonics Method developed so far has been used to
analyze only simply supported single span girder-~bridges. In th
present work, the method has been extended and applied to analyz
continuous two-span girder-bridges. The results on continuous
bridges are found to compare well with the results obtained by

using Stiffness Matrix hethod.
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Harmonics kethod due to its intrinsic property spreads
out the effects of imposed concentrated load and hence exhibits
some deviation in benaing moment values from those obtained by
Stiffness Nethod. This is particularly so when only one or two
concentrated loads act on a girder. Although this type of load-
ing does not represent real bridge loading cases, a procedure he
been evolved and presented in this thesis to reasonably improve
bending moment values in the vicinity of imposed concentrated
loads. | |

As hag been stated earlier, Harmonics Method Completely
identifies a girder-bridge by a certain combination of the struc
ural parameters defined in the thesis. Taking advantage ofyfhis
capabi lity of the method, bending moment Design Coefficients hav
been computed for different combinations of these parameters
covering real-life bridges. These bending moment Design
Coefficients for four-girder bridges have been presented in
tabular form in the thesis. These coefficients can readily be
used in a design office to analyze four-girder bridges or a
miti-girder bridge after converting it into an equivalent four-
girder bridge(l), without any recourse to a digital computer. 4
four-girder bridge has been analyzed as an example using the
bending moment Design Coefficients presented in the thesis.
Bending moment Design Coefficients for three-girder bridges have

already been presented in earlier work(3,4).

To assess the validity of the method of analysis present

in the thesis, experiments for structural behaviour have been
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conducted on carefully chosen bridge models. The material chosc
for the bridge models conforns in its properties to the assumpt-
ions made in the theory. keinforced concrete was considered
unsuitable for not being truly homogeneous, linearly elastic anc
creep-free besides suffering from micro—cracking,.shrinkage and
bond-slip probiems. An especially developed Sand-Araldite syst¢
has been found to satisfactorily meet all the requirenents
incorporated in the assumptions made in the theory. Sand is
obtained from finely crushed quartz stone after procesSing it
through a set of sieves, A4raldite used is a two-component syst:
consisting of two parts of Araldite GY-257 and one part of
Hardener HY-640 by weight. This was supplied by CIBA-GEIGY of
India Ltd. The Sand-Araldite system was tested in different mi:
proportions for workability, compressive and tensile strengths,
stress-strain linearity and creep phenomenon, The Sand-Araldite
mix in proportion of 8:1 by weight was found to have good work-
ability, high compressive and tensile strengths and linear
stress-strain relationship. It Was also found to be free from
creep effect in the elastic stress range. The material is
homogeneous and can easily be cast monolithically into any shap
and size. High tensile strength of the material eliminates the
need for steel reinforcement. Young's hodulus of Elasticity an

Poisson's ratio of the material are similar to those of concret

Five Sand-Araldite bridge models each differing in skew
angle and/or mumber of longitudinal girders with or without
cross-girders have been tested for various structural béha&iour

The bridge structural parameters of these models vary in such a
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manner that they lie in the practical range of gkew bridges.
These bridge models have been investigated for girder deflectios
rotations along the length of the girders and also nérmal to it
strains in the girder top and bottom fibres, strains in the decl
slab at various locations, and support reactions. Girder
deflections and rotations were measured using magnetic base dia
ganges. Strain gauges in the slab were affixed in the orthogon;
directions in order to incorporate the Poisson's effects in the
computations. Support reactions have been measured using
diaphragm type load cells especially designed and fabricated foz
the purpose. Ioad cells were designed for the load capacity of
50 kg with 1lb-micron central deflection at full load. The syst«

is self temperature compensated and free from hysteresis effects

The theoretical and experimental studies carried out on
the bridge models vividly bring out the fact that Harmonics
Mefhod as presented in the thesis works satisféétorily and
provides a powerful method for girder-bridge analysis. The
method by virtue of its inherent capability to produce design
aids in tabular or graphical form is highly suitable for use in
design office effecting a lot of reduction in time and cost of

analysis of girder bridges.
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