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Abstract of the study Conducted

ABSTRACT

Given the fact that roadwayz are already saturated and congested, the anly viable
altemative for the growth of land fransportation remains the railways thal can zither be
achieved by the upgradation of exizing (raclz or by the conshruction of new ones as per
the requirement. In the paszt, the tracl: supersiruciure has received major atiention;

however, the prazent study ic mors orientzd towardz the cubstructurs design, i, the

dezign ic related o the material and thiclmess of various base layers of a tracl. The
substruciure atiaing significance because the performance of the supersiruciure ic direcily
dependent on the support provided from benzaih, Maoving trains fransmit load io the coil
below it through ballast and sub-ballast layers.

The prezent study has been caried oub in four main pariz, namely, gcg@‘cchnical
chargcterl" ation of materialz and interfaces of various iracl: layerz; half-scale, fall panel
laboratory madel tzsic; elasto-plactic three-dimensional finite elemeni analysic of track
ciructurs; and fovmulaiion of design weilindology. Geolechinical characierization of
different tracl: layzr materials and inierfaces have besn carried oul. Teziz have been
conducted on ballast and zub-ballact waterials conforming to Pessarch Design and
Specifications Organization (PDSO), Indian Pailways. Tezts on subgrade soils have been
conductsd on Indo-Gangstic alluvial zilte characterizad by variation in their plasticity.

RBoth monotonic and zlow cyclic friaxial (zzi2 have besn conducted on three
different Indo-Gangeiic alluvial sills, namely, Delhi sili, Allahabad silt and anpur il as
subgrade material. The subgrade soil behaviour has besn analyzed in quasi-zaturated,
critical statz soil mechanics frameworl:. Based on eyclic tests, simple correlations have

i



Abstract of the study Conducted

been given for develapment of cumulative plastic strain and threshold stress of the
gubgrade zoilz under cyelic loading. Paramicters of bilinear log-log relationship for
development of cumulative plastic strain have been evaluated for Indo-Gangstic alluvial
silts. A relationship between threshold sivess and plasticity index 12 proposed for low
plasticity compacited silts pertaining to low effective confining shresses.

Drained monotonic and cyclic iriaxial tests have been carried out on twao different
gradatioms (fine and coarse gradation) of sub-ballast material. These materials are locally
available Radarpur sand (finz material) and cruzhed Delhi Quarizite (coarse material)

respectively. The tests have been carried out on 3S nun diameter specimens for fine
material and 100 mm diameter specimens for coarse material. Large-zsize drained
montonic triaxial tzsts on 380 mm diameter specimens have beesn carried out on ballast
materials — two conforming to RDSO specifications and two othar for compariaon. Both
ballast and sub-ballast materials were maodeled in termz of strength paranieters of Mohr-
Coulomb model. Important conclusions havz been derived from particle brealzage
analysis of ballast samples.

To study the interface properties of various interfaces found within the tracl:
layzrs, direct shear testing has been cavied out (o characterize different interfaczs by
means of shear stiffnesz, normal stiffiiess and coafficieni of inierface friction. Tests have
bzen conductad by simulating various interfaces that exist in typical north Indian wooden

or stesl sleep

(4]

r tracls in laboratory direzt shear apparatus. The interfaces iested are
between subgrads and sub-ballazt; sub-ballast and ballast; ballazt and slezper; and sleeper
and rail. Serizz of normal load tests and direct shear tesis are conducied in the laboratory
on various intzrfaces. Both small sizz and larze size direct shear tests have been carried

= 1] =



Abstract of the study Conducted

cut depending on the particle size of the material conziiinting =ach layzr on cither zide of
an interface.

A half-scale, adequatzly instrumeznted, laboratory mod=l tezting of railway tracl:
has been carrizd out. Saries of lects have been parformed on modzl raillway tracls
comprizing of different thicknezsezs of granular layers, namely, ballast and sub-ballast,
and supported on differsnt types of cubgradez. A sinusoidal loading eorrezponding (o 300
IM axlz load in the prototyps was applied on stzel rail supported by model sleepers and a
steel rail. Baced on the geometric and loading symmeiry, cnly one-half of the iracl: has
been modeled. The main objectives of ihe made] tzzis are to zvaluate the influence of
granalar layer thiclnessez and subgrads typs on load-dzformation behavior of railway
tracl: undar static and cyelic Ioading and (o uze the reculiz of model tracl: for calibration
of numerical model developed in this siudy. The (esting haz been carvied oui for tracls
laid on both compacted and reraonlded soil subgrades. Model tracl: was congiructed using
the same geomatariale on which laberatory tzcis weres conducted.

Finite zlement analysic of a railway (racl: with iracl: superstruciure (rail and
glezpers) along with track subztructure laysrs, viz., subgrade, sub-ballast and cubgrade is
preeented. For this purposs, a three-dimensional (3D) finiie slement analysiz has been
conductsd using the commercially available soflware paclage ABAQUS. The predictzd

results from the analysic are compared with (he model tanl: test results. Next an elasto-
plastic finitz element analysis of the prototype railway fracl: has been conducied uzing the
material constituiive paramezters evaluated from the laboratory f2zis. Mohr-Coulomb yield
critzrion haz been uced o simulate ithe behaviour of granular matzrials and Modified
Cam-Clay maodel has bzen uzed to simulate the behaviour of subgrads soil. The numerical

- 111 —
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analysis alsa includes a parametric study of the response of a tracl: with varying modulus
of clasticity of ballasi, sub-ballast and subgrade; thiclness of ballast and zub-ballast
layer; moment of inertia of rail; and sleeper spacing assuming linear, elastic response.

Finally, a rational design methodology for the determination of a railroad racl:
has been formulated combining the two aspecis of the study conducied, viz.,
experimentation and finite elament analysis. Tha design methodology is based on liniting
the maximum deviator stress induced on the subgrade surface due to iraffic loading
below the threshold stress of the subgrada soil, by providing an adequate [ormation
thiclmess. The degign procedure so zstablizhed has a divect practical application in real
life for the construction of railway iraclk to be laid on compacted subgrade passing
through Indo-Gangetic Plains.

To summarizz, the study presents design methodology baclied by suitablz
geotechnical laboratory testing of the track layer cometituent materials and numerical
stress-deformation analysiz (3D finite element analysis) (o arrive al zafe design of the
railway tracl: wnder different loading conditions in iznms of thiclness of its various

constituent granular layers.
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