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Fatigueimprovement modification in acold-worked rail bolt hole
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W ABSTRACT : Rail joint is the critical section where induced fatigue stresses are maximum due to the
presence of bolt holes where the cross-sectional areais minimum. These holes may cause a major source of
fatigue cracking when high shear loads are transferred through the joint. This makes the joint weak and
ultimately the critical site for failure. Therefore, it is imperative to pay attention towards improvement of
fatigue life of rail joint. Residua stress is having a significant effect on fatigue life of the structural
engineering components. Mandrellizing expands the hole diameter by means of the radia interference
pressureto alow radial plastic flow of material and someelastic recovery after theremoval of mandrel. Thus
it produces alarge residual compressive zone around the hole. This zone acts as a barrier to crack growth
thereby enhancing the servicelife of the structural components. This paper focuses on the mandrellizingi.e.
the cold expansion process of therail bolt-hole joint which induces compressive residua stress around the

holes, thereby enhancing the servicelife of rail joint.
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ith the need for higher strength to weight ratio of
Wengineering components, fatigue has become a
very important phenomenon especially in
automobiles, aircrafts, gas turbines which are subject to
repeated loading and vibration. Considerable interest in the
influence of residual stresses on fatigue behaviour of
components exists in the industry
Cold expansion of Rail bolt-holesis one of the methods
toincreasethefatiguelife of assemblies(Rail joint), Rail bolt-
holes may cause a major source of fatigue cracking when high
shear loads are transferred through these joints. Cold
expansion introduces compressive residual stresses around
the hole, which delay or suppressthe crack initiation or reduce
the crack propagation rate. An attempt is made in thiswork to
simulate a continuous sleeve split mandrel and pilot cold
expansion (CsSmPCx) process to introduce a uniform
compressive residual stresses around the Rail bolt-hole [1].
This newly proposed method is more reliable and gives
increased service life enhancement compared with the
presently used mandrellizing methods, without any weight
and risk penalty.
The split sleeve cold expansion technique was
developed by the Boeing Company and marketed by Fatigue
Technology Inc. It has been widely accepted as a standard

practicein the United StatesFigA. [2].

Theprocessisaccomplished by using an oversized solid
tapered mandrel and a lubricated split sleeve. The nose cap
assembly restrains the sleeve in the hole while the mandrel is
pulled through the hole. The purpose of the sleeve is to
prevent the hole from damage while the tapered mandrel
expands radially and cause the material surrounding the hole
toyield. The sleeve is discarded after the expansion process.
Theinsertion of the mandrel and removal of the sleevein the
cold expansion process does not require access to the
backside of a component, thus easing the repair of existing
structures. The process can also be applied to stack-up of
multiplematerials[3].

Fig. B shows a typical photo-elastic pattern for a cold
expanded hole and its corresponding residual stress field.
The residual stress field is formed as a result of the plastic
yielding of the surrounding material and subsequent elastic
spring back of the material lying beyond the plastically
deformed hole.

Fig. C shows the typical distribution of residual radial
and circumferential stress surrounding a cold-worked hole.
The annular zone of compressive stresses typically extends
radially from the edge of the hole and has a peak magnitude
approximately equivalent to the material compressive yield
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Fig. A: Schematic diagram of the cold expansion process

Fig. B : Photo elastic residual strain pattern
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strength. A tensile stress zone with a pesak stress of between
10 — 15 per cent of the material tensile yield strength lies just
beyond the compressive zone. Hence, the hole is effectively
shielded from thetensile stresses by the residual compressive
zone[4].

B METHODOLOGY
Sudy of rail joint:

Fishplate is used to hold the two rails together both in
horizontal and vertical planes with four bolts. The name
fishplate is traditionally given to this fitting as its section
looks like fish. The steel used for fishplates should have
minimum tensile strength with minimum elongation. The
fishplates are designed to have roughly the same strength as
therail section. Strength of fishplatesislessthan rail section.
Small gaps are deliberately left between the rails, which are
known as “expansion joints” to allow for expansion of the
rails in hot weather, the holes through which the fishplate
bolts pass are oval to allow for expansion (Fig. D).
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Fig. D : Schematic diagram of the rail joint

When rail passes from therail joint longitudinal aswell
as shear force imposed on it due to this a number of main
areas have been identified where cracking occurs. The French
Elastician Boussinesq wasthefirst and Hertz in Germany gave
detailed theory to determine the area of contact and the
pressure distribution at the surface contact between the rail
and wheel. Cracking can be found in the head of all types of
tracks, but is predominantly found on highly canted curves
where stresses devel op due to the extra pressure and wear of
thewheel ontherail showninFig. E[5, 9].
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Fig. C: Typical residual radial and circumferential stress
distributions

Fig. E: Schematic diagram of the rail cracking and where

it occurs
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Rail failures:

A defectinrail, which will ultimately lead to the fracture
or breakage of rail, is called a RAIL FLAW (Fig..F, G). Rail
integrity refersto control of the risk of therail failures, which
are generally caused by defects in rail metal. Such defects
form and glow in railroad rails from the repeated action of
wheel 10ad exerted on the rail by passing trains. The growth
rate of rail defectsisrelatively slow at first, but increases as
the defects becomelarger. If the growth isallowed to continue
unlocked, the defect will eventually reach a “critical” size at
which the next wheel load will cause the defect to extend
rapidly, fracturing therail into two or morepieces|6, 7].

Bolt-hole crack in Rail

Fig. F :

Fig. G : Fracture in rail due to bolt-hole crack

Split deeve cold expansion of rail bolt-hole:

The systemisdevel oped for therail industry and isbased
on split sleeve cold expansion system. The flexibility of the
system enablesit to be easily applied to all mainlineor branch
linetrack aspart of routine maintenance. Rail with small fatigue
hole-cracks can be reworked and safely returned to service.
Additionally, the system can be used during the manufacture
of railsalso.

The cold expansion process increases the life of a bolt
hole by producing a zone of residual compressive stresses
around the hole. This is achieved by drawing an oversized,
tapered mandrel through an internally pre-lubricated split
sleevein the hole. When the mandrel passes through the hole,
the combined major diameter of the mandrel and thickness of

the sleeve enlarge the hole (Table A) yielding the material
directly around the hole and creating the protective zone of
residual stress. This zone protects the hole from the stresses
applied to the rail end and significantly decreases the
probability of fatigue cracks.

Table A : Stepsin split sleeve cold expansion

Step Steps Process
No.
1 Measure the diameter of

the hole wusing the

mandrel selection gage

2 Slide the internally pre-
lubricated split Sleeve
over the selected mandrel

3 Insert and seat the
mandrel/sleeve assembly
into the hole ensuring
that the tang end of the
mandrel is on the outside
of therail

4 Place the nose cap of the
puller unit down onto the
tang end of the mandrel.
Make sure the nose cap
isflush against therail

5 Activate the puller unit
to pull the mandrel
through the sleeve and
cold expand the hole

6 Remove the used sleeve —
from the hole and discard B

B RESULTSAND DISCUSSION

Graphs of stress distribution in various directions
plotted to see exactly what type of stresses are developed
around the hole before and after the cold expansion of hole.

Stresses are around the hole before cold expansion as
showninFig. 1. Whenapplied 1000 N forceinradial direction,
other sides of block are fixed. The stress around the hole are
found 276.5 MPa.

Stresses are around the hole after cold expansion as
showninFig. 2. When applied 1000 N forceinradial direction,
other sides of block are fixed. The stresses around the hole
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Fig. 1: Von mises stress plot without cold

expansion of hole
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Fig. 3: Von-Mises stress (MPa)
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Von mises stress plot [Mpa] after cold expansion
of hole

Fig. 2 :

arefound 187.5 MPa.

From analysis the stresses around the hole | ess after the
cold expansion. And stress are variesfrom 276.5 MPato 187.5
MPai.e. the stressreduces by 100 MPa. Asthe stressreduces,
the tangent modulus of the material increases i.e. material
stiffness is increasing after increasing strain hardening rate

Circumferential residual stressdistribution:

Fig. 3, 4 show circumferential residual stressdistribution
whenmandrel inserted inthe hole, it isexpands, but for analysis
in ANSY'S use 3 per cent displacement in radia direction
(0.66mm) [8]. The Von-Mises stress and x-directional stress
(radidl).

When mandr €l isremoved from thehole:
The effect of the stresses on the rail web bolt-hole was
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X-directional stress (radial) stress MPa

analyzed. The compressive residual stresses are the
responsible for the fatigue life enhancement of the rail web
bolt-hole. The residual compressive stresses along the web
decreases with increase in the tensile stress and less is the
variation of the stressesis because of the ability of the material
to withstand at more loads due to increased tangent modulus.
Higher the strain hardening rate, higher the ability of the
material to withstand higher load.

Cold expansion has long been used as a means of
improving the resistance at a hole to failure by fatigue.
Effectively, it is achieved when the hole surface is expanded
locally beyond the materials yield point. The contraction of
the material means there are negative residual stresses
remaining at the hole edge as depicted in the FEA asshownin
Fig. 5and 6. The percentage of expans on increases, the fatigue
strength increases and optimum expansion was found. Thus
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Fig. 5: Von-mises stress (MPa)
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Fig. 6 : Plot shows residual stress (MPa)

the method of cold hole expansion slows down the rate of
crack initiation and propagation or will totally arrest the growth
of small cracks under normal operating load conditions.

Conclusion:

The effect of the stresses on the rail web bolt-hole was
analyzed. The compressive residual stresses are the
responsible for the fatigue life enhancement of the rail web
bolt-hole. Higher the strain hardening rate, higher the ability
of the material to withstand higher load.

Cold expansion has long been used as a means of
improving the resistance at a hole to failure by fatigue

effectively, it is achieved when the hole surface is expanded
locally beyond the materials yield point. The contraction of
the material means there are negative residual stresses
remaining at the hole edge. Cold expansion (Strain hardening
or Work hardening) process is the method, which gives out
much better and efficient results in less time. This helps to
avoid initiation and propagation of crack.

This tries to enhance the fatigue life of rail bolt-hole
joint using cold expansion mechanism which helps to make
thematerial harder and stronger. Inthisway the fatiguelife of
therail track has been enhanced and thusfacilitatesit for long
terms operation and maintenance without much cost penalty.
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