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Development and Assessment for Resilient Modulus Prediction Model of
Railway Trackbeds Based on Modulus Reduction Curve

SA5s AT AREens 2JAT

Park, Chul-Soo Hwang, Seon-Keun Choi, Chan-Yong Mok, Young-Jin

ABSTRACT

This study focused on the resilient modulus prediction model, which is the functions of mean
effective principal stress and axial strain, for three types of railroad trackbed materials such
as crushed stone, weathered soil, and crushed-rock soil mixture. The model is composed with the
maximum Young's modulus and nonlinear values for higher strain in parallel with dynamic shear
modulus. The maximum values is modeled by model parameters, Ay and the power of mean effective
principal stress, ng. The nonlinear portion is represented by modified hyperbolic model, with
the model parameters of reference strain, e, and curvature coefficient, a. To assess the
performance of the prediction models proposed herein, the elastic response of a test trackbed
near PyeongTaek, Korea was evaluated using a 3-D nonlinear elastic computer program (GEOTRACK)
and compared with measured elastic vertical displacement during the passages of freight and
passenger trains. The material types of sub—ballasts are crushed stone and weathered granite
soil, respectively. The calculated vertical displacements within the sub-ballasts are within
the order of 0.6mm, and agree well with measured values with the reasonable margin. The
prediction models are thus concluded to work properly in the preliminary investigation.
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Material Type

Model
Parameter

Soil Crushed Rock-soil Mixture

Crushed Stone

13135

2312

18590

0.35

0.1

0.61

ng

)

4
P

Y 0.864 0.1 < log(

a

)

4
P,

Curvature
Coefficient, a

Y 0.864 0.1 < log(

a

)0.3-1
a

4
P

Y 0.02 x (

Reference Strain,
67'

Max. Grain Size: 200mm,

GW-GM

Well-compacted

Well-graded

Soil Description Crushed Stone

Weathered Granite Soil

(Dso = 16 mm, C, = 37.5)

(Dsp = 3.4 mm, C, = 22.2)

(Dsop = 8 mm, C, = 13.5)

1) Equations from Meng (2003)

Note:

2) E, and /; are in kPa, 1 atm = 101.3 kPa
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EX 2. ASEY Huxte] 3 5y 24X
Trackbed Material Thickness Yy Vo Vs .
Layer Type (m) (kN/m) (n/sec) (m/sec) Resilient Modulus, Eg
9 =14

Ballast 0.3 25 0.28 - - 1569Pa(7)0.,)3,)
Sub-Ballast teathered 0.8 19.73  0.33 357 182 Eq. (4) and Table 1

g{giged 93.07  0.26 461 954  Eq. (4) and Table 1
Subgrade 2.2 19.8 0.33 - - Eq. (4) and Table 1
Foundation - 18 0.3 - - Eq. (4) and Table 1
Note: 156'.9173“(%)"-535 , where Ej is in MPa and 6 is in kPa, P,=101.3 kPa

a

GEOTRACK
& XH5HS Output
AR BB Aot st 258
S|P I B e o (1+2K,) _
€ | | L AG,AG),AG; | 3
SXt5HS0l o st BRFSE
F 23
S0 2B ERS2A(AT) ER:AEE(%)nEf(S)
AG,
&= £
( E ) f(&)
HES- &
9% 6. HAEVAAST ASEDL o] YEwut ERAAN] WEAN BEE
GROIRACKS ©] -3 +Xs) 402 el A% 2 shwdxel 9% EAL Zahmils duzgy 2
shoite] 4 SNl AREATHIY 7). a9 79 Aot BT BRomVEel Lojolm,
0.3m FAS =43 ofef 0.8n FAS Zahwyt Fo sFsts Zol= 0.3nelA4 1.1m 7bA] o]t}
Elastic Displacement, mm Elastic Displacement, mm
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
0 0 T
|
| |
| |
| I
l l
1 ! 1} !
| |
| |
| |
£ ! g I
- ! - |
Sof--f S 2t 1
D | 3 |
a | [=] |
| |
l l
3 Weathered Soil 3 F-f-- 77777LCrushedSt0ne _
—©— Passenger —=— Passenger
—@— Freight —— Freight
4 | 4 | |
(a) EAF Z3paent (b) U=z Aspwrt
a8 7. EaAddgd o AAE EAF et 2 Qe A4 Felenke] 7 el w9



PR 2

fi

-
.

o]

)
=X

F EAL
2

“

Apot vt
o] W97} EAF 73}

4571
Hke] W R} A

S
Tl

=gt 9
o3 _o_tq

H

=

=

2t} 0.6-0.4mt 0.4mm 2] 9] =7

u EA}
oA EAF 23

]_

S

&

29 3}
2}

IEo w2
T4 4

9

A AR}

wa T 2

o TR AR
—~ = —
o R KK H T - 4 .
! U A S
— e
S E TS T 2
Cal = oN W BN N o |
2 =~ T M T 'S 5 z 3 13
*E BT EEo T £ 0 :
N < ~ o - o
o ﬂﬂxaﬁﬁﬁiq g a Exf
) o T M= A g
i DR e - 1e ® 2
T o
i GRS ¢ 2w 22
MUM.._ “_H_l o O_IL C._O ﬂAiO 0 ,|7_|L — J IS m, OT._ ,.OI .Mn
A %R TR Eo0m A
iﬂﬁ o&._oﬂlﬂ_vﬂZMﬂ i e = < .MO.\.WMU \\\\\\
o _.EE Y %) ] =i =
T S ¥ R ~ o = sl § 0§
@Mw T MY 38 1 & # - L5 & 2
U_LH N ,UFL C._ ._Mc ‘mﬂ o) MM ﬂﬁ Mum 70 = = o oo m e —
i G 8w E o -3 B o 50 e
— WeEs e TN S 2
W,_Lo,ii uvman}_,m.i;il? = Mm o , ,
z = 3 3 & 3 8 S 2 v 9 Jq9
T B e ] Po S - - T
™ or T o = o) R P —— o w ‘pdog
T ml o Mo W - omr H A ol
N Wo B/ = el e Mv wﬂm« ol = A
d5d D ZEPxy : E i = —
A T N o Ty, o £ _ N o
o N fl it = o £ JJ = s . T | | , ,
er A+ B 0 of - il k] - w |1 e B
< wr RPN £ 5 = R - B,
—_— = N ) a o | | i)
o) zq_.o I~ 1oH o \U} ‘El m; z_.a N - A Ja X | , 7 m ..mu
—_ =) =0 K = T N & ol Z\m m | | =l 4 2
= T ‘_ﬂ_OI X X X . —_ Cn_ < I I 2l & =
4 gz Fh ;S XNT - Jo X BT b ]
m oy o O O H o oo = " @ 2 | :
T ¥ DU EELEL L § o g DL
Tem B OFRgwTTR g = 2 £S 0 g— |
N x° ~ Ho s w X =~ A = ,-y-,
ATimT Rk He = 1 A -
T X _ { i 2 S oa | ,_MH‘HT\\E, ,
»Em T v@mr%ﬂ@_#ﬂ - 22 1. g o JE R 1
™ " A o o e K | - &% =| , | | ,
AT o X o B K 9 o
= s -5 - = o
— of = 3 e z 8 a =t | ! , ,
(SIS J o SR N =8 ! ! , !
et N ~o C..w =r |G- , ! ! ,

. ) H w o g ool X N L T BN ! , : |
o5 W @ g M e S 588 8 = - A
war.m oo Ao T c o e o a mn
Ar 23 N oo BX B W T ww Yudwddeldsiq dnser S S S —_ -
ﬂtﬂ o O (ap] ﬂL MM .C ,mﬂ ‘mW ‘IOM Ehﬂﬁgva

812




)
H

%

% 9ol YERY

=
=

w9

W R

ﬁOO

ofp

= B
__ TO
=W
7R
z”% -
1
9
Gt
N
o o
o o
ol o
Tz
o T
£
= T
T o
™
GO
ey
b ﬁ
ElS
oy %o
X0
wr dr
)
oo
B
o)
i

Sk z
A7t BAE Al

A7t o 2 A=

olt}.

]

my!

750l

=
=

uke] golel w

Holth, EA

Aol stk

N

bel o

3

F457

< ol 4]

K<

A7k 4R A

Assl §4 A3 vz

=
=

SR A7A

5.3 AEwte] 43

EEIEER

ki3

stz datel ¢

p
.

flojar 1% 10(bh)

Ao}

T
o)
H

%

g, a9 10(a)= AsAAt

)
£

ol

GALE WelE B

14143171 A <]

3]

=
-

A

steleh,

o] ZA

CEERT

3]

=0

B

)

ARt A=

Elastic Displacement, mm

Elastic Displacement, mm

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Predicted

| = Crushed Stone —l— Crushed Stone

—©— Soil

—@— Soil

4

""" " "Measured "~

| .=~ Crushed Stone —— Crushed Stone

—@— Soil

—©— Soil

4 I Predicted

B
o
oy
o
o

S
B

813



B ATNAE BARYANE o §ate] ARmue] F2 ASHE EFARS ABGYAS 5T
3 RAAAE AHHAL, olF WA A AFRUL AYUFR G SN Anst A
A% Azish vlwstgh. ¥ AT Fo AR v go
D B ATAE Amwue] PR gal MY F43o] BE MGH AZRAS A

Avk. AP F2 A% $Y WP FFHEFIHOE FANYL olo] e mdARE

A2% APoRYE 5AAT. ABWHAT HE FH3Y IS WHE A9 G2 E

¥t 44 420 292 Agetrt. WMPE 270 U@ 9L e edAs gatdow
A glov FUFAY EE 494 5& 5d 24aA0
2) Ae NEUAHAL ASHAT} BAAAE FFF] A B AFAERNS PPOT 339
SEEANAS Ba Ashee] £ BAWE Adsn, 1 Ads @ ASAs vusy
o Ashewel A AE £H GMsdE @FAA ASE Astsk A fASD, £ FAE
AapstEel A9 Aswuk Fhol wel PolEE Pash: AFel A webd B ATE
E9 Alote HERBYAS aZmdo] AxsFel o8 Awwute] FAs: S WHPFe WY
Srol A ko] AT A48 HESL e HAFA

Ao 2

A7 wEIGE AANTRDA -l ek o] 1 1u] %] 21 (C105B1000008-07B010000612) - 2] 3
THHANCH ol FHAHE =HYT.

U)#
Kl
A
rl

LoHdg, H3E, Hoe, 593 (2008), “Eaf sl o7 Fmrpke] As 4,7 2008 F=A
Hbgets] ESehewis] =wd, P=ANbEets], pp.587-598.

2. A, A7IE, A, AEg (2000), “MAHPE B A PE 2319 Ao dig Bl st
gy AR d=mAnteets] =, A6+, A1=, pp. 65-73.

3. Darendeli, B. M. (2001), Develope of A New Family of Normalize Modulus Reduction and Material
Damping Curves, Ph. D. Dissertation, Univ. of Texas at Austin., 362 pp.

4. Kim, D. S. and Stokoe, K. H. II (1992), “Characterization of Resilient Modulus of Compacted
Subgrade Soils Using Resonant Column and Torsional Shear Tests,” Transportation Research
Record 1369, TRB, National Research Counsil, Washington, D. C., pp. 83-91.

5. May, R. W. and Witczak, M. W. (1981), “Effective Granular Modulus to Model Pavement
Responses,” Transportation Research Record 810, TRB, National Research Counsil, Washington,
D. C., pp. 1-9.

6. Meng, F. Y. (2003), Dynamic Properties of Sandy and Gravelly soils, Ph. D. Dissertation, The
University of Texas at Austin.

7. Pezo, R. F. and Hudson, W. R. (1994), “Comparisons of Laboratory and Field Measurements of
Resilient Modulus of Non-Granular Materials,” Dynamic Geotechnical Testing II, ASIM STP
1213, ASTM, Philadelphia, pp. 234-245.

814



