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Context and objective

Chemins de fer en France, Cataig e\

55 W7 0N

fin de juin 1842 Bo -

fin de 1843 A Siseaiopnes

fin de 1847 . T
g P e ne) ) Amiens® ¢ <37

T«uh ~

Torgraee Déres”
.' 1o ”MM 3 5 ) .Lm ‘“" .".::‘~
- - ress
= s, Metz -\u-Jq
f sannd” C1ed fpatnay o Mouwrmeon k.
(Portoae Cndions - E N = F
Nenjone vers AR th"m;o-- 2 m
Rennes \ s v .
- "y ofpmmal
Cramve 2ibe royes
Le Mans Laree R ﬂw‘m Pou"“ house
Angers Orléans J 2 Bapart
= G - T s Asrerie FMCW, Basel
Nartes ] s 2on e
. wegers  Dlfortp— _~ "Besangen
on Fur ol .
/ \ Chskon
lelfl‘. aMcraaTa \ Setne
La Rec 7 VonSw20s” M German Jwactn Genéve
' w'"' m" M‘«nu
‘ . Clermont.! Curst
Argastwe s Limoges Ferrand® St lg-r-
\ WO
| Mw"u . ‘..“' '.‘I B " ] .: Jean-on-
Bord o Grenoble
Arcachan

Capdenag | Qecazeviie Basiages {

French railway network in late XIX
century

RESEAU FERRE DE FRANCE

GRANDS PROJETS
FERROVIAIRES

i Contournement de
[ NlmesetMonmelller
oAbl

French railway network at
present

Current situation: old lines : 94%; TGV lines: 6%
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Context and objective

New Railway Track Conventional Railway Track
(6%) , (94%6)
Ballast Ballast
T Ty .. Sub Ballast T M )
‘ Capping layer .3;3.3;.;33;;3;;{. Interlayer

| | Subgrade |

| Subgrade | |
l (After Cui et al. 2014)

Field observation of interlayer: —> French railway company (SNCF - track renewal program):
hlgh Pa (2 4 Mg /m?) and bearing capacity keep the interlayer in railway substructure
T Y 1) Mechanical behavior

2) Hydraulic behavior
(Trinh 2011; Duong 2013; Calon 2016; Lamas-

<% Ballast grains: skeleton

'lFines: filling voids Lopez 2016)
-+ 1) Effect of coarse grain content f, on the mechanical
.‘ | behaviour
: ', 2 m IFlnes dominant 2) Effect of coefficient of uniformity C, on the

# Ballast grains: floating in fines ~ mechanical behaviour
i (Wang et al. 2018a, 2018b; Qi et al. 2020)



Reconstituted fine/coarse soil mixture

v’ Reconstituted fines T—» Subgrade fines

(<2 mm)

Commercial Proportion

Soils (%)
HN34 3.3
HN31 3.3
HNO0.4-0.8 6.7
HNO0.6-1.6 6.7
HN1-2.5 13.3
Sand C4 16.7
Sand C10 20.0
Speswhite 23.3
Bentonite 6.7

Fine soil mixer

v’ Micro-ballast —»

(2 mm<d <20 mm)

Soils Proportion (%o)
G 10-20 34.0
G 4-10 58.0
HN 2-4 8.0

5 R

Ballast

(20 mm< d <63 mm)

*f, : volumetric ratio of micro-ballast to the mixture

—A— Fines-Senissiat site (Trinh 2011)

—0O— Reconstituted fines (calculated) —A— Reconstituted fines (measured)

—4&— Ballast (Lamas-Lopez 2016)
—@— Micro-ballast (calculated)

—O— Micro-ballast (measured)
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B Reconstituted fines (Wang et al. 2018)
v Fines-Senissiat site (Trinh 2011)
A Fines-Vierzon site (Lamas-Lopez 2016)
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Experimental techniques

Mercury intrusion porosimetry technique

Cyclic triaxial test

50 kN hydraulic actuator

Hydraulic jack
Loading piston  _ Joint part
Sample - Upper base
(d =100 mm, Chamber
h =200 mm) 13
Ry Lower base

Force sensor

(a) 3D view (b) Profile view

Autopore 1V 9500

Low pressure system:
3.6 — 200 kPa

High pressure system:
0.2 -210 MPa



Results and Conclusions
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Conclusi ?

(1) The rise in o4 contributed to a decline in M, when w;> w,, but to an increase in M, when w;< w,,

(2) A fine matrix fabric obtained at water contents of fine soil w;=17.6% and 13.7% (>the plastic
limit of fine soil w,=12%), and a fine aggregate fabric identified at w;=10.6% (<w,=12%)

(3) For the fine matrix fabric (w;> wj), increasing o, induced a reduction in M,, while for the fine
aggregate fabric (w;<w,), increasing o4 gave rise to the growth of M..
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