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ABSTRACT The study demonstrates the significarfceimforced granular transition zones in contrajlithe settlement of heafreight
rail formations. The paper focuses on the behawbaracterisation of the transit®for static and dynamic effects through perforne
monitoring by conventional singfesint (total station) and automated, real timeg(Bitiving Monitors) surveillance systems, respeaij
The track static stiffness was analysed in relatiothe meaurements of the permanent settlement of the baltabthe substructure (<
creep). The quantification of the vertical deforimatunder repeated freight movements provides & lhasthe estimation of the track dy-
namic stiffness. The change in the track stiffréss to the presence of transitions was studiechaopthis paper. The effects of the dif-
ferent transition configurations were also analysed

RESUME L'étude démontre limportance des zonesamsition granulaire renforcée dans lairdle du tassement de formations de
ferroviaire. Le document met 'accent sur la canmasation du comportement des transitions poueffess statiques et dgmiques grace
respectivement un suivi classique de la performamcan seul point (dfian totale) et un suivit automatisé (systemesulweillance e
temps réel, Moniteurs Pile de conduite). La rigiditatique de la voie ferrée a été analysée agemésures du tassemgm@rmanent c
ballast et de la sous-structure (tassement du &ailjjuantification de la déformation verticale sdes mouvements répétés de trans
de fret fournit une base pour I'estimation de ldear dynamique de la voie ferrée. La variatiorladggidité de la voiderrée en fonctic
de la présence de trsitions a été étudiée dans le cadre de ce docubremeffets de configurations de transition diffdes ont égaleme
été analysés.

1 INTRODUCTION ridor for separating the freight services from paes-
senger train movements.
A new 36 kilometre unelectrified bi-directional  The rail project also involved station upgrades
freight line was commissioned early 2013 in thealong with the construction of track support struc-
southern metropolitan area of Sydney. The A$1 biltures (in the form of track slabs, rail bridgesiducts
lion rail infrastructure was delivered as part of aand culverts). The structures bear on piles sodkete
much larger program of works to improve the effi-into rock, thus a much stiffer system in comparison
ciency and cost-effectiveness of rail freight seegi to the immediate approach embankments.
along the North-South Rail Corridor between Mel- The approaches are formed by compacted granular
bourne, Sydney and Brisbane. There was a majdill (up to 6.5 m high) overlying alluvium, residua
bottleneck in the rail freight network in southernsoil and rock. Layers of soft to firm alluvium were
Sydney where the freight trains share existing raievident. The depth to the underlying rock withie th
lines with the Sydney metropolitan passenger serstudy area generally ranges from 10 m to 15 m below
vices. A third track (capable of supporting up ® 4 ground level.
train paths daily) was formed in the existing rat-



Reinforced granular transitions were adopted tderisation of the track support with Type 3 andaht
achieve better compatibility of deformation betweensitions was limited to static behaviour.
sections of track with differing stiffness. Traisit
provisions were mainly at both sides of each struc
ture. Base course material was used to form thre tra
sitions. Both high strength uniaxial geotextile ttwa
yield tensile strength of 200 kN/m) and biaxial ge-
ogrid (with a yield tensile strength of 20 kN/m) neve
selected as reinforcement.

2 TYPES OF TRANSITION

In general, th,e transitions hav,e the shape of an II'}:igurel. Partially reinforced transition using high-streémgeo-
verted trapezium and are consisted of 20 mm noMigyiile (Type 1).

nal size densely graded aggregate base course

(DGB20). The degree of compaction for the base
course was at least 100 % of the Standard Proct RTARITINT | 45 i SIS VT LD
Maximum Dry Density. Governed by site physical II‘ pERER R
constraints and specific design criteria, the ftaors B — | R —
were formed in variable thicknesses with different = ZFT G ot i
types of basal reinforcement. Nonwoven geotextile: i ﬂ
were placed to separate the base course from the ¢ | BIRS ﬂ" i
jacent rail formation. U ™ e
The different types of transition include the fol-
. igure 2. Fully reinforced transition using biaxial geog(itype
lowing Figure2. Fully reinforced iti ing biaxial
: . . . 2).
¢ Type 1 involves a partially reinforced granular )
transition, up to 3.3 m thick. Only the upper
.. . .  PETI00/5E PLACED AS Gm SHEETS
1.25 m of the transition is reinforced by four S | Covan
layers of 200kN/m uniaxial high-strength wo- ‘ | e romarion v 1000 capmua Laves
ven polyester geotextile (Figure 1). Sy =T
* Type 2 incorporates a granular transition fully —sm- e ot
. . . . BRIDGE ABUTHENT Y EMBANKMENT FILL OR EQuIv. T BE PLACED
reinforced by multiple layers of 20 kN/m biaxi- A 2
al geogrid (at 0.3 m vertical spacing). The tran- / | : o]
sition extends up to 6.5 m below ground level.
See Figure 2.

* Type 3 isf a replication of Type 2 but with a re- Figure 3. Fully reinforced transition using high strengtfotgxtile
duced thickness of 3 m and 200 kN/m geotex{(Type 3).

tile as reinforcement (Figure 3).

* Type 4 is a shallow transition, only 0.7 m thick TAMITSTRE | BOR WRAPPED
(Figure 4). 200 kN/m geotextile was adopted ta / 2‘.3”““‘“”““‘“’*“[
. .. SLAB S50 i CAPFPING MATERIAL
reinforce the transition. 'a

Type 1, 3 and 4 transitions extend over a length o g
typically between 4.5 m and 6 m to the rear of the
structures. Type 2 transition extends about 12 m bq:igure4. Shallow reinforced transition using high-strengéo-
yond the bridge abutment. textile (Type 4).

The study involved the assessment of the track
stiffness associated with Type 1 and 2 transitioms
der static and dynamic effects. The stiffness atrara
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3 CONVENTIONAL SINGLE-POINT
MOVEMENT MONITORING

To quantify the permanent vertical displacements of
the railway, a conventional survey of reflective-ta

The abrupt increase in
track settlement rate imme-
diately after the transition
construction (as observed in
mid April 2013) is associat-
ed with the compaction of
ballast under train loading.

gets on the rail track using the total station was
dertaken. The space between the survey pointpis ty
ically between 2 m and 3 m. Readings were taken at
daily intervals initially and were subsequently in-
creased to weekly intervals until movements reach
stabilisation. This type of movement monitoring was
performed on all types of transition.

To differentiate the displacements contributed by
the railway substructure beneath track ballastleset
ment plates were installed in the four foot (betvee
the rails) at the formation capping level and were
then surveyed regularly. This type of monitoringswa
only applied to Type 2 transition.

2 Rail level

Formation
level

The rail embankment was
also constructed in Septem-
ber 2012 but with transition.

Total vertical displace-
ments of up to 20 mm were
measured.

Minor horizontal dis-
placements were recorded.

No significant increases in
the recorded movements fol-
lowing rain events.

Settlement plates within
the four foot recorded verti-
cal movements of less than
10 mm.

The results from the particular monitoring were re- 3 Rail level

lied upon in the assessment of the static trachatip
stiffness.

A selected graph illustrating the profiles of the
permanent settlements within Type 1 transition is
given in Figure 5. Similar movement trends were ob-
served within Type 2, 3 and 4 transitions with the
transition specific movement profiles highlighted i
Table 1.

Table 1. Overview of conventional movement monitoring résul

Type of Target -
Transition  Location Monitoring Results
1 Rail level The rail embankment was

The rail embankment was
constructed in September
2012 with no transition. No
known track settlements
were reported.

The transition was intro-
duced in mid April 2013.

The measured total vertical
displacements were general-
ly in the range of 10 mm to
15 mm.

Minor horizontal dis-
placements.

Movements do not respond
to rain. No significant in-
creases in the recorded
movements following rain
events.

constructed in September 4 Rail level
2012 with no transition. The
monitoring was only com-
menced in mid February
2013, thus only residual set-
tlement (some 30 mm) was
recorded. Site inspection re-
vealed that the track has set-
tled some 100 mm overall.
The transition introduced
in mid April 2013 was able
to control the settlement rate
(see Figure 5). The track has
only settled up to 15 mm
overall.
Minor horizontal dis-
placements were recorded.

The rail embankment was
constructed in September
2012 with no transition. No
known track settlements
were reported.

The transition was intro-
duced in mid April 2013.
Total vertical displacements
were measured to be in the
range of 10 mm to 15 mm.

Minor horizontal dis-
placements.

Movements do not respond
to rain. No significant in-
creases in the recorded
movements following rain
events.

No significant increases in
the recorded movements fol-
lowing rain events.
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Figure 5. Permanent vertical displacements at rail levehiwit
Type 1 transition.

4 AUTOMATIC REAL TIME DYNAMIC
MOVEMENT MONITORING

Dynamic testing techniques developed for pile driv-
ing have been adopted to monitor the track move

ments under the influence of freight rail rollinpek
in real time (FSG 2013).

The dynamic monitoring was undertaken for dif-

Displacement (mm)
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The measured upward vertical deflections are
typically less than 1 mm for both Type 1 and 2
transitions.

The measurements from the Pile Driving Moni-

tors have consistently returned to a ‘zero’ read-
ing at the end of each event. The typical graph
output from the dynamic movement monitoring

is provided in Figure 6.
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Figure6. Typical graph output from dynamic monitoring.

ferent levels of train loading but was only within Table 2. Dynamic movement monitoring results.
Type 1 and 2 transitions. Measurements were carried

out at both track sleeper and substructure (foonjti ¢! cz2 G ¢ o G
levels. The measurement results were used as the Bg-20am 426  -4.00
sis to estimate the dynamic track stiffness. 120713 1370 6831 S 088 -0.67
The monitoring results are summarised in Table 2 1:49am 1310 606 S boass 102
and have shown the following: 12/07/13 P OF 020 -0.85
e Within Type 1 transition, the peak downward 1:19pm 1380 326 © -1.40 -1.04
vertical deflections measured at sleeper level1/07/13 ™ TS, 403 361
range from 0.88 mm to 4.26 mm, with the aver- 3:06pm 1650 431 F -0.16 -0.25

age values varying from 0.67 mm to 4 mm. At11/07/13 ™ s -4.82  4.09

formation level, the measured peak and averagiote: C1 = Event; C2 = Engine mass in kN; C3 =ifTspeed in

vertical deflections are 0.2 mm and 0.85 mm,

respectively.

e Within Type 2 transition, the measured peak

downward vertical deflections at sleeper level
range from 4.03 mm to 4.82 mm, with the

km/h; C4 = Monitor location; C5 = Type of transitioC6 =
Peak vertical deflection in mm; C7 = Average vettide-
flection in mm; S = Sleeper level and F = Format®&rel.
Negative values indicate downward movements whoki-p
tive values infer upward movements.

measured average values varying from 3.61 The experience based performance criteria indi-
mm to 4.09 mm. At formation level, the meas-cated by the maintainer of the freight line are swam
ured peak vertical deflections vary from 0.16rised in Table 3.

mm and 1.40 mm, with the measured average

values ranging from 0.25 mm to 1.04 mm.



Table 3. Experience based performance criteria (Aurecogpol  dreater than unity. The ratio was less than 1 at th
track sleeper level. The particular phenomenon

stresses the significance of the contribution fiiben

Vertical Displacementd()  Track Performance Condition

Z“,i,i Tg: <6mm ,’:g‘;veg;ﬁe performance track components above the substructure to thé trac
5, > 6 mm Poor track quality vertical movements.
10,000 -
The adopted performance criteria are consister XTypo 1 Transilon Track Level - Peak
with those by Lundgren et al. in 1970 for durafilit == ATy oo e Lo
The study suggested the track deflection in thgean ' = o e

©Type 2 Transition Track Level - Average

between 3 mm and 6 mm for heavy track to give re
quite combination of flexibility and stiffness.

X
'

=Type 2 Transition Substructure Level - Peak
Type 2 Transition Substructure Level - Average

=)
3

finess, E (MPa)

The dynamic movement monitoring suggests satg .
isfactory performance for both Type 1 and 2 transi-® 4
tions. The monitoring has also inferred that Ty@ds 1 b %
relatively stiffer than Type 2 (apparent at tragkdl).
In reference to the performance criteria, the defle 1
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00

tions measured at track sleeper level under dynam
train loading within Type 1 transition reflects the
quality of a new track whilst Type 2 transition g& Figure 7. Stiffness as a function of strain.
acceptable track performance.

Strain, €

[0 Track Response (Peak) -
[OTrack Response (Average)

Response (Peak) i L}

5 BEHAVIOUR CHARACTERISATION e Ssanetmemmern

The fact that the measurements from the Pile Dgivin
Monitors have consistently returned to a ‘zero'drea
ing at the end of each event has suggested thicelas
behaviour of the track under cyclic (dynamic) load-
ing. A linear relationship between the track dyrmami
stiffness and the corresponding strain is illusdlain
Figure 7. The following observations were made:
« The vertical deflections measured correspond t
small to medium strains. 001 — —
 Significantly stiffer reaction was identified at
the track substructure level in comparison toFigure8. Dynamic stiffness as a function of load-unloadlieyc

that at the track sleeper level, likely due to the N L N
contributions from the different track compo- _ '€ graph in Figure 9 highlights the significance

nents above the substructure which include th@f the transitions. With no transitions, the t_)ebam'; _
track steel rails, concrete sleepers and ballast. ©f the track support were generally consistent with
- At the track sleeper level, Type 1 transition iSthe past studies (Alpan 1970, also Benz & Vermeer

generally stiffer than Type 2 transition. No ap- 2006). Typically the ratio between the dynamic and

parent differences in the resultant stiffness peStatic stiffness for the study areas with no trémss

tween Type 1 and 2 transitions at the track supfanges from 41to ;0' The tr.ansi.tions resplted m si
structure level were identified nificant increases in dynamic stiffness with théora
As illustrated in Figure 8, the loading and unload_between the dynamic and static stiffness varying

ing stiffness exhibited different support behaviat from 20 to 70. The graph also demonstrated the stif

the track sleeper and substructure levels. The ratineSs at the track substructure level analysed karsed

between the loading and unloading stiffness at thd'€ conventional survey to be within design limit.
track substructure level was found to be generally
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1 Tl oo T momome ey S T Tarsion T Towore study is recommended for gaining in-depth under-
i standing on the performance of basal reinforcements

Hde e beyond the train loading influence zone which can
=l potentially lead to improvements in transition con-
— x . figuration design.
SN PERL The study also indicated the correlation of transi-
\\\\\\\ o tion configuration with structure vertical stiffrees
& —— e Shallow transitions less than 1 m thick (Type 4jaeve
— introduced at both sides of a floating track sldblev

- the transitions at both sides of a piled rail beidgere
extended to the full height of the bridge abutment

Ratio between Dynamic Stiffness and Static Stiffness (E,/E,)
/

1

' B iy (Type 1 to 3). The different transition configuoats
Figure 9. Correlation between stiffness ratig'ls and static stiff- ha_ve demonstrated satisfactory pe;rformance. The
ness (B. writer recommends that the behaviour of shallow

transitions in particular be further studied.
The train speeds recorded at the time of monitor-
6 CONCLUSIONS AND ing range from about 33 km/h to 63 km/h, which are
RECOMMENDATIONS slower than the allowable limit. Faster train speed
are known to be associated with greater dynamic

The study demonstrated the significance of tramsiti Wheel loads. The dynamic monitoring in this study

zones in controlling the abrupt changes in tragkive did not facilitate the analysis of the effects dfed-

cal stiffness within approaches to structures. iign N train speeds. Further research is suggestetthdor

cantly reduced total settlements, limited to th@eor €Stablishment of track performance criteria under d

of 20 mm, were measured for transitions up to 6.5 nf@mic train loading in consideration of train speed

thick under site specific conditions. The statidf-st

ness corresponding to settlements of such magnitude

reflects a dense track support. A 3.3 m thick apACKNOWLEDGEMENT

proach embankment formed by clays with no rein-

forcements is known to be associated with a tawl s The authors acknowledge Australian Rail Track Cor-

tlement of the order of 100 mm. poration and Leighton Contractors for permission to
The hypothesis that in short-term the rail track un publish this paper and are grateful to colleagues f

der train cyclic loading behaves elastically is -sup Aurecon for their excellent works and invaluable

ported through the observations of the dynamigontributions through various project phases. Tine a

monitoring. The contribution from the compressionthor also thanks the support from FSG for supplying

of foundation stratum under the self-weight of thethe dynamic monitoring data.

rail embankment to the permanent settlement of the

track is considered to be greater than that froen th

train loading. The dynamic monitoring also demon-REFERENCES

strated that in the short term the contributiomfritne

track components to the track vertical displacesentAlpan, I. 1970. The geotechnical properties ofsséiarth Science

. . . Reviews, Elsevier 6, 5-49.
under train cyclic loading are greater than thatrfr Aurecon 2013Formation settlements, Southern Freight Link Pro-

the track substructure. _ ject, follow-up actions from meeting on 15 June 2013, Sydney.
The study highlighted the effectiveness of basabenz, T. and Vermeer, P. A. (2006nall strain stiffness of soils
reinforcements within the influence zone of trainanditsnumerical consequences. PhD Thesis, Stuttgart University.

; e ; ; in Foundation Specialists Group (FSG) 201wthern Sydney
loading. Type 1 tran_3|t_|on (W.Ith high strength rein Freight Line Pile Driving Monitorsrail monitoring, Sydney.
forcements mainly within the influence zone) has re  yqgren, 3. R., Martin, . C. and Hay, W. W. 19KGimulation
sulted in a stiffer response than Type 2 (with fel  model of ballast support and the modulus of track elasticity. Mas-

inforcements beyond the influence zone). A furtheters Thesis, Civil Engineering Studies, Univ. tifiis.



