
Road and Railway Applications 

1A16 

SAUVAGE, R., SNCF, France 

Third International Conference on Geotextiles, 
1986, Vienna, Austria 

THE USE OF "STRUCTURAL ADDITIVES" IN RAILWAY TRACK BASE COURSES 

L:EMPLOI ClD'ADDITIFS DE STRUCTUREII DANS LES COUCHES SUPPORT DE VOIES FERREES 

STRUKTURVERBESSERNDE MASSNAHMEN BEI DER ERRICHTUNG VON GLEISKÖRPERN 

rl,e IIluJ,,"1I t"cIIIllque ur IIIJilltdinill9 tllC, y<ourrll'Lry of the 
I ' ",I\/~j LI '"Li uy Irc','VY rrleLharriu:tl t.dJllpill~ "nd ddJu~r~
",,,.t le I,ut ,.u]["ul" Ivr' 'irrtenlllClellt UP""dLIlJlI~ ; 
1IIIJ/'l'lJ'iL'( rL pru'v'c:' Iltt.:l"lt:ctive \v/ll"ll) lli 10f11j t0r'1l1, tlle 

G,. I I J, 1 l uUI '.c: rJ"~UIII"'. po 11 u1.~tl (ri~" ul r 1 rres rrUll1 Ule 
cul"Ir'"Jl', "tr, i (lull ul dyyr"9dt"s, e[c, .. ). Speci~1 Cdl'e 
",vuIJ I.hel 'c:lur<, D" c"~t:n ln lhe layirrg of ba", cuur~e 
_lr'uctUI'ec un dl'<jillJCeOuS or silty süils, especiu 'lly 
• .11"" U,,, IIUI'f'. i'. earl'i~J üut in rainy I~eotl,er. In th1s 
1' '''iJ<.:d, ti", u,,, ur ~[r'u( tUI',il addltnes ~uLh J~ gt'u
l" .'[II", 1,.1:, 1,'iJ..:rri"IJIa.: "J\'dlltJ~'" (lhe Idyin~ ür UI" 
c,,""':> j, 'J,-""lly 1",. 1 I IL"lL,d, lIIere 'is D"l.le'" (Grrtvr'
IdllJ Lu Uk' ~\..·'HI'L·Lry ul tlll:' lUUI'~e5 ülrtl l.tlt.:' ~fuJil~rlt 
["" .. I J'. 11", UI .. Ii,"~" ~, j,Leill. "tc .. ,). Hhen ll,e Ll'a~k I, 
III ~.CI · ~ Il: t.:, lI,I~. I:. I cf Il.!LtcLl ill ll~~il!r I...:vell ing UjJ~l'd
['vii':. .JIIU vii lllL.1 t:{I~.L: 111 lile "Ju,'U[lUII ur LallljJubl I j ty" 
vi LI".: u..J l'",,::'l. 

J, lIn IWuuCI J ulj 

TI", _<: ~llJblclI" ul I'dl h'"f lfdd base CUUI"e~ l,dVe bec,1I 
';A,,"IlI,,'J i" 'kl.J 11 111 reeent y",I1'~ in tl'e cuntext 01 the 
IlIt",II.Jciurr,,1 Urriurr or l~oillviJY s (I.U.R.) (2), (~). dlid 

", '" Lli<.: '."uJ "er ul " Lunsulidilted duCUII,cellt (4) errtltled 
lUI< 1·!",,'U(.JrrÜUIII IlLJ I( "~dnll Structures alld r"i IwuY traCk 
IJ.rce ':,lUI' ': eS''. nie currr:e~[s ut tlle S.N.C.r i'r"st:llt"d 
1,':1' .: .11'0: ul LlJ,II'CL' 11, "ccord vii ttl the (eCulllllienddt iun~ 
"I li,<': IUk üULu,,,,,nL, but ", "udlIlur, tlli:Y tdke accuunt 
ul I .. eTul·' ~'\J':lllil tu Ule rn~IIr.:11 cuntext (Ll ilildtc, 9"u
I"'JY, Ila':'. IIIJilltt:rr"HCe !>UJto:yy, etc".). 

11. CO~SlhuCIJUU ur ßA~[ CUUkSES 

lJd,e~ I" course~ (~-c::::,-~ 

sub- '~~ sub-bch! 0 JrS')~. : 'U'~ ~~ 
. < c"li>.r '.11 - . , 0 I 'U(" I' . ~ .. 

l1Jlpr'O'Ra.---- ---_ 

b d 
subgrade ~eotextile---I' 

su gra e i 

fi~uI'e 1. EXolIl~le 01 il uu~s-sectlOn. 

geotexti le 

1 ongitudina 1 
dl'ainage 
systan (di r.ch or 
collector) 
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Die modernen Techniken der Ausrichtung der Gleislage zeigten 
sich ineffektiv, wenn das Schotterbett verschmutzt ist. Es ist 
deshalb besondere Sorgfalt beim Einbau der Tragschicht bei 
körnigen und schluffigen Böden zu legen, besonders bei Regen
wetter. Der Einsatz von strukturverbessernden Einbauten wie 
Geote>Ctlllen hat un lengbare Vorteile (einfacherer Einbau der 
Tregschlcht, besseres Einhalten von Gleiskörpergeometrie und 
QUB/'gefä lle etc.). Während des Betriebes führt dies zu einer 
Vergrößerung der notwendigen Sanierungsintervalle. 

U,e La 11 a, t (UUI " " (~~/tlO brü~en ~ tülle) . 
- '1I1" -;'-ub~-b,p,-e~"cCJrr, istiny ur well-gr"ut:J -'S9' esat"s 

-(ljllex'I~--L(,i~ l, ' ctcks it u,ually consi,ts or a lIll\lur" 
01 ballast, sund, cinders and soil.)al;u. If necd Ik, 

vdrious additives (geote"tiles, geulllt:mDI'""C;, , 

rht:ce ba~e COUI',,,,, I'Öt on the subgrdd.::, T!;.:: upper part 
ot tl1e SUbg/'ddt' is called the 1111!,,' !)"ed SU("" · '!.~ ; Lr,L 
Ihlrl lS SI1'jhtly lIIure CUlilpdcted tho ll t/le ;;u[)!l "ö ,J<: t.elo"" 
i t (lUD ;; OPN ln,teJu ur 9tl ;t ), ano s.Jo,eU",d I [ j; ffc/ 's 
d I Soi 111 rE:~~t:ct ui II,e ndture ot l/li! soi 1. 

111. lH( ROLL uF 8A~[ COURSES 

Th" UdS" cuurs", IIiUst dis[ribute ove,- Lh" cur,9ra~c lOe 
1 UJrJs tran '111 i t teLl by the si eepcrs and CUII ui Lu te to tht: 
lun~llud 'in"l end lot",'"l stoDi I iZdtiün ur" [I't: lr'~U 

lI'e' b"II."t uUIJI'''~. by reaSUrr 01 its pill·tlCui~,· .... , .. :,. 
CIL' 's"i Le " ,f1-;;-Lrlb-üi.iuli , fl"rronns Lile rullu"lllS f"'k:'.ur,S . 

- lt (;IISU'-t:S the rill-'id evacuation or railll,ale:I' , 
- It COlistitutes an elf"ctive vibfdtllJrl dOIl.pd. 
- Il al'lOl'/s uf rapil1 odJuSllllent oi lev~l al,Ll "I '911 •. ,o:r,1 

by tallll-'iny drrd dress1ng. 

Tnesub-'bct5e : 

- Protect the upper part of the subgrade from erosion 
which lIIay resul t from perforation by fragments of 
ballast, and trom the eftect llf rainfall (it must be 
trans~el'sely incl ined), 

- Ensures, in conjunction with the ballast, the protec
tion of the subgrade fr~1l frost. 

- COlliplements the action of the ballast in transillitting 
loads to the soil. 

IV, TRE TRANSr~ISSION OF LOADS THICKNESS OF COURSES 

The intensity of repeated stresses on the subgrade must 
be cOlnpatible with its bearing capacity. In this respect 
the base courses Illust be correctly structurally desi
gned in function of the following parameters 

Nature ot the truftic cdrried by the trac~ 
- Ty~e öf 51 ,!cpers. 
- Nature ut the so; 1. 
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Lines are classed as follows in IUR gruups 1 to 9, in 
decreasing order, defined in IUR memoranduu 714 R. The 
traffic i s "nominal", the tonnages being weighted accor
ding to speed on the line and the comparative wear and 
tear of various kinds caused by rolling stock. 

~1~.~5~~3~.5~~~~1~4,"~2~8~~5~O~_8~5~~12~O~ __ thousands 
9 8 7 6 5 4 3 2 J of tonnes 

per day 
Nominal traffic !UR group 

Where the nature of the soil is concerned, we have to 
consider, in function of !he geotechnical category and 
hydrogeological conditions, the following four grades 
of 50il Q\ (see fig. 2) : 

Soil cla5sificä tion 
(geotechnical identification) 

Soil grade 

Q.l loose orgdnic soils 

Q.2 fine soils (contdining more than 
15 % of fines (1) wet, swollen 
and hence not compactable. 

Q. 3 thixotropic soil (2) (e.g; quick rock) QSO 

Q.4 soluble materials (e .g. soil contai-
ning rock sal! or gysium) 

Q.5 polluting materials 
(e.g. industrial waste) 

Q.6 composite soils, 
"mineral and organic" (2) 

1. 1 soils containing more than 40 % 
oi fine s (1 ) 

1.2 highly evolulive rocks : 
e.g. very brittle charlk of pd<l. 7 t/m3 QSl 

marl 
weathered shale 

1.3. soils containing 15 to 40 % of fines 
(I) 

1.4 evolutive rocks: 
e.g. not very brittle charlk of 

pd< 1. 7 t/m3 
unweathered shale 

1.5 soft rocks 
e . g. dry Deva 1 < 6 and Los Angel es > 33 

2.1 soils containing 5 to 15 % of fines 
( 1 ) 

QS2 

2.2 sand containing less than 5 % of 
fines (1) but uni form QS2 

2.3 fairly hard rock (e.g.~6 dry" Deval(J 
33>' Los Anqe 1 es)3C 

3.1 soils containing less than 5 % 
of fines (1) 

3.2 hard rocks (e .C]. dry DevalA9 Los /lnqeles 00) QS3 
Fig 2. Soils of grade QSj 

( 3) 

(4) 

(1) Analyses of particle size distribution enabling thes6 
percentages to'be evaluated are carried out on 60 mm 
sreened material. The percentages indicated here are or-

i ders of magnitude (proeedures differ somewhdt from one 
railway system to another) ; they can be inereased by as 
much as 5 %, provided thaht the analyses are earried out 
on a suffieiently representative number of samples. 
(2)Sare systems place these soils in graiE QSl in certain cases. 
(3) These soils may be of graiE QSZ if it is certain that hydrogeolo
gica1 and hydraulogical conditions are satisfactory. 
(4) idem QS~ 
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QSo - "unsuitable" soil for construction base courses 
on it must be replaced, or treated with binders; 

QSl - "poor" soil. 

QSZ - "average" soil. 

QS3 - "good" soi 1. 

The thicknesses ( mesured under the sleepers) (7) of the 
ballast + sub-base are given in fig.3. 

I 

Ballast 

Sub-base e l to e3 

"oc -<s;C; 111~~~ 
. Value s of "c" 
: 0 for anormal structural design 

0.10 m, in exceptional cases, for difficult operations 
on existing tracks of IUR groups other than 
7, 8 and 9 not carrying passenger traffic. 

0.15 m in exceptional case s , for difficult operations 
on existing tracks of IUR groups 7, 8 and 9 not 
earrying passenger traffic. 

Values of "d" 
o when the maximum nominal axle load of the vehi

eles towed is ZOO kN 

0.05 m when this load is 225 kN 

~ l 0.70 m a + b c + d 
e2 ~ 0.55 m - a + b - c + d 
e

3 
= 0.4 5 m - a + b - c + d 

Values of "a" 
. 0 for tracks of !UR groups 1 and 2 or tracks of 

V 200 km/h 

0.05 m tracks of IUR group 3 

0. 10 m for tracks of IUR groups 4, 5 and 6, and 7, 8 
and 9 carrying passenger traffic. 

0.15 m for tracks of IUR groups 7, 8 and 9 not carry-
ing passen ger traffie. 

Values of "a" 
o for tracks of IUR group and 2 or tracks of 

V 200 km/h 

. 0.05 m 

0.10 m 

, 0.15 m 

for tracks of IUR group 3 

for tracks of !UR groups 4, 5 and 6, and 7, 8 
and 9 carrying passenger traffic. 

for tracks of IUR groups 7, 8 and 9 not carry
ing passenger traffic. 

Values of "b" 
o for wooden sleepers of Z.60 m 

2.50-L for concrete sleepers of length L. (b and L 
--2--- are expressed in metres ; b may be negative 

if q 2.50 m). 

Fi~ . 3. Thickness r f hftllast + sub-base (eI to e3) 

tor soils of grade QS1 to QS3 
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V. STANDARD BASE COURSE STRUCTURES (7) 

The foregoing considerations have led to the eSlablisn
rnent of "standard base course structures" detaied in 
fig. 4 
It may be noted that on poor soil QSl (clay, silt, 
marI, etc ... ) or on aVer"dge soi I (gravelly and sandy 
soi I contdining a high proportion of fines), a geotex
tlle is always interposed between the sub-base and the 
soil. Otherwise it would be necessary to lay an extra 
thickness of sub-grade to allow for 

- The inevitable contaminatiun of a certain thickness 0T 

tlle course below 
- Dceper rutting of the soi I during laying. 

Figure 4 shows the three types of base course structures 

~.l. Conventional structures (fig. 4a) 

T"L,~e ,tr'uctures cUllsist Illdir,]y of aggregates wltll well
dl:1ined fJar'ticle size di'.tnbution, obtairled trulll qUilI"

rles ur gravel pits. TechlliLillly, they have a very wld" 
field of appl ication. hell under poor hydrologicdr or 
clilllJtic cunditlüns, thel'e is no difficulty in laying 
tllenr ; a geotex t i lei 5 unru II ed in contact with the 
sensitive srJil, then trle tirst layer of well-graded 
aggl"egate is SfJl"t'dd, witb the trucks running on the n,a-
t .. r"ial tllat has been durllped ; the presence of the geo
te~tile fJrevents exeessive rutting of the improved sub
'Jr.,o" despite ttlte defurillability of the subqrade, an.1 

eliU'''',u"rr f.ly ",,"ures (Lnalil .. , tu Irle I",ydrau li c transmi s-
c IVlt)' ,~eCl1 ie tr, Ule: IhJIIIIUVell geotextiles u,,,dJ cl ce(
lollr hUfliu~erriLatiün uf lile IVuter content of tJle soil 
,,;,"( U.c "ril,l" ~lIrT.JC" 01' the subgrJde, 
TWrs t,:crlirHlut: Via" ,-"rqJloyed iJS early as 1':172 tal" Ule 
Curistr-UCCluri uf Ilrres se,'viny new towns In tlle Pans 
"<'fJurbs, "lid jJrO,l:d curlllJletely satisfactory_ Yet Ille 
ueulu~iCJI affd tlJ'(1r"oy"ulü9iL~1 cunditions were very un
fdvOUr"able : c.uttlf,gs dug dowil to the level oi the wa
ler tahle, excavatiun lluurs in fresh nrarl etc 
J.I'J',,"_.0-~]e--,,-t~'_A_t_iJ_,,- u~_tJ : Tile S.N.C,F uses'(J) ~'~onti
lluuuS filaillent rreedled 9cotextile such as ßidim grade 
(4UO ghqlll), 

~.l. Structures with built-up improved subgrade 
[Tlg:-'J!l ) 

Tr,e"e structures incorporate an illlfJroved subgrade of 
better qua li ty thall the subgrade itse I f ; the nratel'i a I 
Iflay be different, or. the saille Iflaterial as the subgrad<, 
Illaj be treated Vlith hydraulic binders_ This solution 
Ilfay be miJre ecollomical on Idrge-scale working sites 
(needlng less nlaterlal frorn quarrles or gravel pits), 
but it is only val id if the following conditiuns are 
,llet : 
- The ~ubgrade has a low water content as the time of 
Ihe work, otherwise there will be rutting and the course 
tllicknesses alrd trans verse incl iniltions will not be con
tonijed to_ The solution cannot be adopted when the sub
grade contains a water table or an internal circulation 
üT VI"ter, or wllen the work is carried out in rainy wea
ther. 
- The soil Olf the built-up inlproved subgrade is homoge
neous "nd does not cDntain locally a percentage 01' fines 
Ilable to bring the ::.0 i I ~r"de down to d Im'ler cdtegory, 
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5.3. Structur"es incorporating a geomenbrane (fig. 4c) 

On a poor subgrade (fine loose soil or soft rock I iabl" 
to weathering) this solution makes it possible to reo~ce 
the overall thickness of the base courses, because tne 
subgrade is totally protected from rainwater, and nenee 
the quality of the soil in question can be considerea as 
having been rdised to the grade above. Of course, this 
is not entirely the case wtien tlle soil contains a wH,,<" 
table or an internal circulation of water, in Ivhich c"se 
special care IIlUSt be taken In lüwering the water taDle 
and dr~ining the water to prevent it being trapp"a ~noe<" 
the Illeillbrane _ • 
In tlle case of a n"w track, it is wise, in addition tu 
the above Iliedsures, to provide a driiinage layer u!',der 
the geornenbrane (fig, 4c). 
In the case of an ex ist I ng track, duri ng I oca li zed Gp,,
rations using this techniqüe it is scarcely possible t0 
provide a drainage layer ; an otternpt must therefore De 
Illade to previously clear the ballast, to as shallow .i 

depth as possible, so as to preserve the pre-existing 
structure Ullder Hle g"ollfenbrane . Furthermore , tne wun. 
IIIUSt oe düne in such a WdY ilS to avoid deterioratiDn ur 
tlle geümenbrane when the track i s surtaced by a nieeh,j
nical tarnper (prior laying or a compacted hydrocarbGn 
I ayer) , 
T .!. ~Ulllellll> r"ane used : n,e geolllembrane used by 
S. N.C.F (81 1s the Coletanche NTP 4, which is an irr'i-'<,r"
vious bituminous membrane nrade by inrpregnating a non
wovell Bi di m in the f ac tory wi th a very hard bi tUlllen "ltn 
the addition of a lililestone filler. This geollrernbr"ar.e E 
nut "a5ily pertorated and can thu,; be safely placea 
clos~ to the ballast course. 

VI . LONGITUDINAL DRAINS 

rlg 5, Drainage system 

Tlit"USc of geot<'xtil"s is also very irnportant in lo"gi
tudlilul dralndge systeills on either size of the subgrade . 
They greatly facilitate the filtration (fig. 5) ; the 
ti 1I Iliateri,,1 is a simple mat, whereas forlllel'ly it WilS 

necessal"Y to use Illaterial of successively increasing 
p~rtlcle Slze distribution. 

VII. CRITERIA OF QUALITY OF A RAILWAY TRACK BED 

/.1_ The notion of the 'coefticient of bed nraintenance 

Alter a track is renovated, the cost of maintainlng ilS 
level is not constdnt ; it steadily increases. Noreüver" 
this cast depends to a conslderable extent on the quali
ty of the foundation ; this well-know fact is evidenced 
by the ditference in the number of maintenance opera
tiuns between ~ectiüns of track of the same age (and tlle 
Sdlfle type ot super~tructure) carrying equivalent traffie. 

FOr a given category of tratfic on a given railwciY sys
tem, it is possible to evaluate statistically the aVt'riJ
ge drHlual nUlllber I ur levelling operdtions in function 
ot the age N of thW track. We obtain a curve of mean 
evolution (fig,6) : Im = f (N). 
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1~~Y~i9nal s!ruc tures (jillQ(pved subgrade ~! the .~me ~~r~ as the 5ub~rade sQ·1). 

~~~~~i5R7=ir I 

l't';d !.',ul-['fl!: t. ( .... ,tll
uraej:: ~t ut:yft:gl:tl: : O/j,j.~) 

L"." <;,fü-bcu, (",11-
grad.~ .gDreg.l~. Olle) 

- --, - -I.yer--;;1 ;;:';0 - -
geotf'>.t i Il 

:! ;'1 Lved suugl"iJ(h; (Q~-2) 

05
2 

subgrado Sv, I 

Cl 
h U""jJ-I'-'-" -s-u'-b-_ "'1,-:.:-(--'(-.-,,'1"1 -

~'oded 09g. ey"le, 0/31. ~ ) 

lc'''U' !:ub-L .. ~:t' ( .. ,·11-
g,.d.d oggr.gol •• 0/14) 

_ .~t"""t--I ':yt:-r -Zf-;Q~d--
I;IUJ.{ ... 11 (; 

y 

H"pro.'~d--=ubgr"do ~OSI ~001~ 

QSI suLgr.C:o $Oll 

iI p; ~i:.ructure!. in(,:'II ·E.t?~1;~lf_~.~~i.l.!.:_~~~t'd 5.t:!tI'rtCe {oi bettf=:r quality Ulön tht: !;ut'i9:hie ~('I11) . 
er lreZlled ,I.d lh hyd~~yl.! c::_J~~_~e.ß 

iF Cons 1 s l ln" cf; 
· treätec: seril, lt.lc~r,es.s 30 orn. 

· 4Sl'~On, thlCkflt:':!" f,Scm. 

• 1,1~3 ~(.oi 1. U., d rll:~~~ -tG c.~. 

Ball.st 25/50 

Upp'" sub-·t>c.o:. !well
gradeQ e9g",)",e' 0/31.5) 

!mp~·(.\'e~ su~~rnde 

(OS3 soll) 

40 Co. 

9l:01"~rtbr(1ne 

OSl subgroje 
soil 

1!1j:.H1VEC 

"u~.·ode ((JS3 
.oil) 

OS1 subgraoe 0011 

~,lll--nratJl:t1 r.( : "JIt.r;.:tl. ~ 
. [.i',1.! ' . . 

-J> -t1O--;:;:i 1':'\·-c,,~. u'-', :'. - -t-l 
.• h1!h. .:I} :. ~ ft .... .fP ;'9~t ·t ~-, .. , I, 

1 ayer o( 5 ,11 , .1 

QSI subg r~d .. s oi I 

Fig. 4. Standard base course structres (the values of the thicknesses e1 to e3 are specified 
in fig. 3) 
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un a particular section uf track, the number of opera
[Iuni I für a given dge N mdy ditter by the average 
~.Iu~ I . In this respect it is conuenient (fig. 6) to 
J':'r i".; ~ t~ctür k, Cd lied the cut:tficient ot beJ 11Ioin
L(:llillIC" sucll tlld [ ~, - [ ; AC 

, TIII AB 
Vl 
c:: 
a ... 
'" \.. 
CJ 
0. 
a 
CJ1 
c 

~ 
0) 

.... 
a 
\.. 
CJ 
.0 
E 
:0 
c:: 

'0 
:> 
c 
c:: 

'" 

operations on section . 

of track concerned 

A 

... ~. f: 0 f 
LI ~ch 

rlQ C. Cü~fficlLlI[ of Dt:u ruajrltendl)ce k. ( k !i. He ) 
118 

Gj lit:Ti"ltlun, f. - 1 111 lI,t; ilu"r~ge Ldse, but may reder. 
i1 voille ur', (""d <,udl mure) in the case ut a ver"Y POUI' 

! lJUfllJd tl ull. 

~d; : : -tll(:u"t:lilol, >t"lili-t"IIIjJifICal stuJies hdve lIIade it 
I' •• ·. sl bl" tv JIII~ Lile V" l lIc ul ~ w th rohe dyndlnlc str .. ss 
<: . , ' (,,(1 UII U", $ULYICHh: \ UcliellJlIIg v II Lh~ !:lfdl1e 01 
~, I I IJ ~ 1 .11 J wltll eh<, t ra lll C c .. rric:d by eh!! trdck ill 
.to..:·. lI,J (I), ( " j, (\'). 0 

I' " ,' II,,~I c.-~,~. ~ , ({, I,ll~ LlwS ileen po ~s b Je to es tab 11 sh 
lt,t: stru.: tu al dc$ l ~'l or llä se c (jLJrses shown i l1 t"lg . 3. 
TIl I S struc(ura 'l d!: s ig'l lS such that thti prt!dictdble 

a lUl: iJj ~ 15 O,~ (ar exct!jJtionally 1 \;hell [he rcduc-

t iull factor" c i5 a~pl ied). .' . . 
Fur e .. <lsting trdcks, tht: influenc~ of a 1lI0dlticatlOn In 
tl, ,, U,ickness uf base course un the value of k has been 
t:~[öDlished in the TOrlll 01 charts (tig. 7). 

~Uhflr~(lr C: f.l
l 
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7.2. "Durdtion of talilpability" cf the ballast 

Pollution of the balla~t (10) Cdn have many causes 

- SeJf-attrltiu" ; in Uds I'e~pect [he hardness or tn" 
ba 'llast (l) is e..:pre~~ed in ehe form uf d coeffielen;: 
OR estüblished on the basis of the Los Angeles COeiTI
cient LA and the wet Deual coefficient DH, using Ine 
cllilrt shown in fig. 8 . 

- The ris<' uf fines from the subgrade alld the base 
cour.ses ; th i 5 pllenomenon i s li nked wi th the qUill i Ly 

of the ba~e courses, ilnd hellce with the coefficien[ ~I 
rnaintendllce k. 

PolluIIon froill the environnellIenI. 

L'; 40 

2U 

JG 

(JI( 10 

J 2 

14 

). 

(( (r(7 
I ! 

10 J'o 20 >0 

fig. 8. Hardness DR of a ballast in functlull 
of LA and DH coetficients (curves OT 
isohardness DR). 
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o l'xhting ccefticient. (lt nuinlpn~ncp 
K' " fut.IJre coefficient. uf maintenallce 

be 0 r~ditiCdtion of ~hickness cf base course~ 
in metre~ 

fi9. Influence of a modification~e of the 

thickness of the base course (in the 

ca~e of t.racks ot IUR Groups 1 & 2). 
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This problelll assumes greater illiportallce on new track>, 
whose level is lIIaintened by mech~nical tamping (9). 
When the degree of pullution (the ratio of fine sulid 
pollutant elements to the total sol id mass) ot the . 
ballast attains 12.5 % the whole layer up to level or 

the sleepers is c·logged, and tamping becomes ineffective 
1\ -~~LUl1Y (liJ) liaS lIIade i t poss {ble 1:0- Iln~ -
"Ll"ration or taillpabi lity" uf the ballast with the ClJet

tleient uf maintenance of the base course k dnd the 
hardness of the balldst OR, in the form ot charts, an 
eXilfilple ut wllich is shown in fig. 9. 

" duration of 
tampabil ity 
of ball a5t 3u 
i n year 

•• J 

fig. 9. Ouration of tampability of the ballast in 
function of the coefficient of maintenance 
and trle hdr"dness of the ball ast OR (track 
carrying 85,000 tonnes a day and located in an 
envorinment creating only slight pollution). 

I. 3.~_~_I2.!!,el~~~!I!ß~~tl'_~e_sul tiny trulll the use of a 

lJl:uIe, I i 1". 

TI,': tureyoing c"n~id"rdtion, enable us to Illake a CUIIIPd
(a I i"Je eva 1 uat i Ufl ut trle techn i ques out I i lied in ti gures 
4a and -lb in the caSe ot a pUOI' soil ot grades QSI : 

Conventi"flu I st ( uetu, e ut thickness e
1 

incorporating a 
geote,<t i I t. 

- StnLtu,-e inco' · rJ{J,'~tilig a "bui It-up" illll'roved subgrad(;. 

,Ir,ell the I·,urk is carried out in dry wedther and under 
tavourdb/e hydrugeulugiCJI eonditions, the ~ertect yeo

lI,etry ur th~ CUUi"~es is eonformed tu in both t'ypes oj 
• Irueture, and in buth casts one may count on obtaining 
a value uf k = O,~. 
Tne duratiün ot tampability is then 18 years, accurding 
Iu tig. ~ dSSUII,i"g ä Iratfie of 8~,OOO tonne. a ddY and 
dll only sligl,tly ~olluting envircmnlent, dnd a balla~t 
hiJrdness of 17. The ldst-nailled value is required ill the 
ca~e of track~ carrying trdffic at conventional speed 
(V~ 200 kill/ti). 
Wr,en the ""iJther or tlydrr'ge011109 iea I Londi tiOIlS are le5s 
tuuurabit. U,e interfdce geoilletries are less weIl con
tormed to (rutting), so thdt öt certain points the 
strucuture is urlder-desiglled. In this rtspect the presen
ce ot cl geotextile rneans that the conventiondl structure 
lS less adverselv atfected. 
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Thus olle lI,ay con~idel' that (~sing nie QSI chart fig. 7) 
the value of k will rise to I in the c"se of the strue
ture incor~ordting il ~eotexti le (unJerdesigned by "bGu[ 
0.0/ 111), and tu " in the CdS(~ ot a str-ucture incorpurJ
ting a buil t-up illiprovcd ollbgrdue (underdesigned by ab,_'ut 
0.15 111). 
This atfects the respectiv(~ durations ot tollllJabilily ul 
the bJllast, which folli to 10 years in the geoteAtll~ 
(aoe and 12 yeilrs in the built-u~ irll~roved subgrade cas". 
ThlS clJlllparlson is sllOvll1 in fig. 9b. 

c,~ , 

strllcture with 
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." 
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4- '" ting environment 
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fig , 9b, Cllll1p,l.-at.ive duration:, [lf tdlllpalJil ity of ,I 
structure incorpurdting a qenteALile and a 
a ~ LrllcCure i'lCo.-prJl-~t in() ,1 111111 t~'IJP ilnl"', •. ,_··j 

5uhlrade 

VIII . CIIIKLlJ~lllfl~, 

rllL' U.l~ 1II ·,Itu· tUt-,I] ,H1d, 1. 1VL", I11 lld)t~ luur·(,l:~. 11',1:11:, 

1111 l'IUll' '~tllj(Jt · ,'dr.' ~ , dlld 1/1 dt d illrliJL~ .v' .. tl~lrl~, ~p f",l 11, T ,il 1"1 

L"tl~~, thl' vlIJII: 111 lilyin~. TIH' ':tl-lIltllr~' bUllt ulI,kr 
,t.IIt",P rOlldlt Ion!; hdve a hct[('r t",ellilical qUd 11 t..r' : 

- (onlnl ·mity 1:0 the d~clivitip5 01' thl' COllr,e Intel'l 

- ßetter cUllipaeti(Jn of crJlJ.-~;es, de<;pit" ehe deful'lliol,III') 
of the subgrJde. 

- Getter' h.Ydrdulic tunctiunil,g ul the \·/hole. 

Wlwil the ir·del, is in sel-vicl', tllis is refleLt,'J ir, " 
luwer' cost (01 Ilidilltoillin~1 tlw level ,Inri in an inerea:., .. .:! 
rlur,ltiun 01 tdIIIlJ"bi I ity ur th,' IJdlldSt. 
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