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u=}t |xU}=kt "CU= xOW ?=NDv= xU}=kt w |UQQ@ CyH 1 =@ Q@=Q@ pmW ?} Q[
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Vv=Q=mty w sOkt |k}OY Q=DWwv QO xOW x�=Q= G}=Dv w xDiQo s=Hv= |R=UpOt R= xOt;
"CU= pw@k p@=k |xOwOLt QO xm CU=

l =N p}iwQB w pOt |xUOvy "2"2
PLAXIS 3D 2020 Q=Ri=sQv R= |OOa |xar=]t Qw_vt x@ 'Q[=L VywSB QO
|=yQ=yt =@ xDi=}C}@FD|m}v=mt Q=w}O R=|@v=H |=tv '3 pmW QO "CU= xOW xO=iDU=
Q=OTQ uW ẁv R= w 6m Q[=L VywSB QO QDU@ l =N "OwW|t xOy=Wt |}xLiY
xOW p}mWD 6m `=iDQ= =@ |}xU=t l =N R= Q=w}O CWB R} Qm =N "CU= xOw@ �GC�
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6 2 2 carriages

2 3 4 axles

18/70 21/84 22/15 Lt(m)

18/70 18/70 14/00 Lb(m)

17000 145000 17000 Mt(kg)

15170 12674 15267 Ms(kg)

1826 1830 1733 Mu(kg)
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f knc
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m
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(MPa) (MPa) (MPa) (kN=m3) (degree) (degree) (kPa) l =N
0/9 0/3 100 0/2 550 230 275 22 5 45 20 0/5 CUq=@ 1
0/9 0/3 100 0/2 500 210 250 21 5 40 10 0/5 CUq=@ Q} R 2
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p} Q C=YNWt =@ Q}D u=tr= \UwD Y |=DU=Q QO 100m pw] =@ =yp} Q
=yOv@=B 'p} Q |a=HDQ=C}Y=N uDiQo Q_v QO Qw_vt x@ "Ov=xOW |R=UpOt UIC60
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(Kpa) (MPa) (MPa) (MPa) (kN=m3) (degree) (degree) (kPa) l =N
1=98� 10�4 125000 0=2 300 150 130 22 5 40 20 0=5 l =N 1QDU@
1=81� 10�4 100000 0=3 180 60 60 19 0 30 5 0=5 l =N 2xOvvmQB

QO Q=]k Qw@a u=tR QO Q=w}O x@ l}ORv p} Q Q} R s�=k |}=Hx@=H Q=Owtv "8 pmW
"�km/h� 250 w 200 '160 |=yCaQU

C}U=UL R}r=v; 'xm@W O=a@= x@ pOt G}=Dv C}U=UL u=R}t |UQQ@ Qw_vt x@
Very R= xm@W |xR=Ov= =@ u=Um} C=YNWt =@ pOt GvB "CU= xOW s=Hv= xm@W
xOW QmP |=ypOt QO Q=w}O |ki= |}=Hx@=H w xDN=U Very Fine =D Coarse

Q}}eD =@ pOt |ki= |}=Hx@=H 'xOt; CUO x@ G}=Dv x@ xHwD =@ "CU= xOW |Q}oxR=Ov=
'xH}Dv QO &CU= xDW=Ov |Q}otWJ Q}}eD 'QDR} Q OQ=wt x@ Medium R= xm@W |xR=Ov=
xDiQo Q_v QO Medium 'xm@W |xR=Ov= '|m}t=v}O p}rLD u=tR Vy=m Qw_vt x@

"CU= xOW
|UQQ@ Qw_vt x@ �Km/h� 250 w 200 '160 CaQU xU 'Q[=L VywSB QO
Q_v QO|}xLiY |=yQ=yt =@ xDi=}C}@FD|m}v=mt Q=w}O |wQ R= Q=]k Qw@aCaQU Q}F-=D
Movement VwQ R= xO=iDU= w Movement Load R= xO=iDU= =@ xm OvOW xDiQo
QO '|Q=yt |=yxLiY |xR=Ov= w O=OaD Q}F-=D |UQQ@ |=Q@ "OvOW pOt Function

|=yQ}Ut O=OaD 'C}=yv QO w OvOW |R=UpOt |}=D xU w |}=DwO 'lD Cr=L xU
xOW xDiQo Q_v QO Q=]k Qw@a Q}F-=D |UQQ@ |=Q@ xQ}Ut wO w lD CQwY x@ |Qw@a

"CU=

EL@ w G}=Dv "3
Q=]k Qw@a CaQU Q}F-=D "1"3

|}=Hx@=H 'p} Q Q} R CUWv QO Q=]k Qw@a CaQU Q}F-=D R= xOt; CUO x@ G}=Dv
|r= 8 |=ypmW QO ?}DQD x@ xQ=w}O pm |ki= |}=Hx@=H w xQ=w}O G=D |ki=
CtUk |wrH QO xOW xDWwv O=Oa= xm CU= QmP x@ sRq "OvwW|t xOy=Wt 10
CUWv '8 pmW G}=Dv x@ xHwD =@ "CU= xOW x�=Q= 7 pwOH QO =yQ=Owtv |=tvy=Q
QO '3/21 =@ Q@=Q@ 250 Km/h CaQU QO �Q=w}O CWB l =N QO� p} Q Q} R

[16]"TQw=QD w p} Q C=YNWt "4 pwOH
p} Q TQw=QD ẁv

UIC60 B70 pOt
7=7� 10�3 5=13� 10�3 A(m2)

78 25 
(kN=m3)

200� 106 36� 106 E(kPa)

3=055� 10�5 0/0253 I3(m4)

5=13� 10�6 2=45� 10�4 I2(M4)

[16]"E 2039 =yQ=yt w pwQOv=B Ov@=B C=YNWt "5 pwOH
Q=yt Ov@=B Kr=Yt

168806 312 kN Fmax;com |WWm |wQ}v |xv}W}@
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115/75 2� 106 kN EA |QwLt |DNU
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xOw@ 6 m w 10 '8 =@ Q@=Q@ ?}DQD x@ w xOW sm u}}=B x@ q=@ R= xOW xO=iDU=
|Q}oQ=Qk V}=Q; w 2m =@ Q@=Q@ R}v |Q=yt |=yxr}t |Owta w |ki= pY=wi "CU=
\UwD xDiQo s=Hv= VywSB T=U=Q@ "CU= xOW ?=NDv= |a@ Qt R}v |Q=yt |=yxr}t
|=yQ=yt |Q}oQ=Qk V}=Q; u} QD|v=QL@ '|a@ Qt V}=Q; [12]'�2019� u=Q=mty w sOkt
|}=Hx@=H u} QDW}@ w |Q@ Q=@ C}iQ_ u} QDtm w OvDUy Qo}Om} x@ C@Uv |}xLiY
xO=iDU= |Oqwi |=yxLiY C=YNWt "OvQ=O =Q xQ=w}O |=tv QO xOt; OwHw x@ |ki=
xOW x�=Q= 7 pmW QO =yv; R= |}=tv w 6 pwOH QO Q[=L VywSB QO xOW
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1/9 28/26 18 0/45 |}xLiY wO
1/7 18/84 15 0/4 |}xLiY xU

"=ypOt |=tvy=Q "7 pwOH
pOt |xQ=tW Q=w}O R= xrY=i |r} Q \w]N O=OaD |Q=yt C=LiY O=OaD Q=]k Qw@a CaQU
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� � CWoQ@ w CiQ � CiQ |}xLiY xU w |}xLiY wO '|}xLiY lD �Km/h� 250 w 200 '160
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QHvt �Km/h� 250 x@ 160 R= Q=]k Qw@a CaQU V}=Ri= xm CU= ?r]t u}=
R}v '10 pmW QO "CU= xOW �13 u=R}t x@ Q=w}O |ki= |}=Hx@=H V}=Ri= x@
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250 x@ 160 R= Q=]kCaQUV}=Ri= =@ OvyO|t u=Wv G}=Dv "CU= xOw@ 1/84mm

|}xLiY |=yQ=yt =@ xDi=}C}@FD |m}v=mt Q=w}O pm |ki= |}=Hx@=H '�Km/h�
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G=D |ki= |}=Hx@=H 'p} Q Q} R CUWv C=Q}}eD '14 |r= 12 |=ypmW QO
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xOt; CUO x@ |QDy@ G}=Dv 'uy; R= u=Um} u=R}t hQYt =@ w xOW xQ=w}O |}=Hx@=H
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R}v '9 pmW "CU= xOW �11 u=R}t x@ p} Q Q} R QO CUWv V}=Ri= Ea=@
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56



3|
xQ=t

W'
39

|xQ
wO'

�14
02

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

lD |=yCr=L QO Q=]k Qw@a u=tR QO Q=w}O G=D |ki= |}=Hx@=H Q=Owtv "13 pmW
"|}xLiY xU w |}xLiY wO '|}xLiY

|}xLiY wO '|}xLiY lD |=yCr=L QO Q=w}O |ki= |}=Hx@=H Q=Owtv "14 pmW
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