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Development of Design Method for Reinforced Roadbed
Considering Plastic Settlement for High-speed Railway
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Abstract

An alternative design method of existing methods based on elastic theory the design method of roadbed considering
plastic deformation of roadbed and stress-strain at roadbed materials with the cyclic loading of trains passing. The
characteristics of the developed design method considering traffic load, number of cyclic loading and resilience modulus
of roadbed materials can evaluate elastic strain as well as plastic settlement with allowable design criteria. The proposed
design method is applied to standard roadbed section drawing of HONAM high-speed railway considering design
conditions such as allowable elastic and plastic settlement, train speed, the tonnage of trains. As a result, required levels

of resilience modulus model parameter (Aj), unconfined compressive strength, types of soil material were evaluated.
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Fig. 1. Flow chart for design method of reinforced roadbed considering plastic settlement

Table 1. Design criterion of allowable deformation and strain at roadbed

Design criterion Criterion Remark
. Ballasted track : 2.5 mm
All ble elast ttl t
owable elastic settlement (p,,) Concrete track : 2.5 mm Japan
Allowable plastic settlement (p,,) Ballasted track 100 mm Korea
F Concrete track : 25 mm
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Table 2. Model parameter of resilience modulus for roadbed materials (Park, 2009)

Roadbed materials

Model parameter ) Mi il
Crushed stone Soll xed sol )
(crushed stone+soil)
A 18590 2312 13135
n 0.61 0.1 0.35
Reference modulus . I 0.34 , . 023 ) I3 0.29
parameter () 0.02| 5 0.06 3 0.01|
Coefficient (a) =0.86+0.1x1 [‘ L =0.86+0.1x1 [‘
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Table 3. Model parameter of roadbed materials for plastic settlement
(Choi et al., 2008)

uss a m b
CH 1.2 0.18 2.4
CL 1.1 0.16 2.0
MH 0.84 0.13 2.0
ML 0.64 0.10 1.7
SP 0.44 0.05 2.2
SW 0.59 0.056 1.9
GP 0.63 0.031 2.2
GW 0.28 0.034 2.0
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Fig. 3. FEM Program for Mechanistic-Empirical Design
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Fig. 5. Drawing of Roadbed

Table 4. Design Conditions

Contents Condition Remark
Layout Honam high—speed railway
Track Concrete track
Rail : UIC 60
Load Wheel load 85 kN KTX=II
Impact coefficient i=1.070+3.511x10"* V'
Train speed 300 km/h
Total Train Passage Weight 1000 MGT 30 MGT/year
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Table 5. Material Elastic parameters

Name Thickness Young’s Modulus Poisson | Weight Material A
(m) (kPa) ratio | (kN/m®) Type £ K
Rail - 210,000,000 0.25 76 Steel - -
Sleeper 0.095 29,100,000 0.25 15 Concrete - -
TCL 0.245 34,000,000 0.25 23 Concrete - -
HSB 0.279 12,900,000 0.25 23 Concrete - -
RR . . ) ) . 18,590
(Reinforced roadbed) 0.1~0.5 | Variable With Axial Strain 0.33 20 Gravel And Sandy Soil (10000~30000) 0.61
RB ) ) ) ) Mixed soil 13,135
(Roadbed) 3.0~2.6 | Variable With Axial Strain 0.33 20 (crushed stone-+soil) (1000~10000) 0.35
SG ) ) ) ) Sandy Soil 0.1
(Sub—grade) 5.0 Variable With Axial Strain 0.33 20 (SW) 2312 (0.1~0.5)
) ) ) ) ) Sandy Soil 2312 0.1
Foundation 5.0 Variable With Axial Strain 0.33 20 (SW) (500~3000) (0.1~0.5)
Table 6. Material Plastic Parameters
USCS a b m Unconfined compressive strength (kPa)
SP 4.41 0.051 2.2 191
GP 2.77 0.034 2.0 187
SW 5.94 0.056 1.9 372
GW 6.31 0.031 2.2 402
L-HKRoadbed;RB), 3}5--HKSub-grade;SG) U Y|4t 5. oM 1}
(Foundation) 52 2] (10)T} Z-o] Oﬂx}sl—ggi oIt &t
d HE gl o IEAs ndE A85kqick 3 5.1 Ao SEEFA )0l e ASIYE
| AA X2 Table 42} 20| %ii}ﬁk%ﬂi oIk B
%3}%% 2.5mm ©o|&lo| A AL 25mm ©o]5+E 2] 10y} o] SEEAASE 15U E) D A
A A5}, shgol wE I EE YA HAASolth S EAGA
= & sl et 2=, 4] (19= H4S e
42 mlo|e sk =A 2 iy FAFAES st d-sATl W 59
BAAS A2 4]0t Meng, 2003).
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Table 7. Parameter Analysis case

Thickness of reinforced roadbed (m) Parameter CASE
0.1 CASE A-1
0.2 CASE A-2
03 SB Coefficient of Uniformity (C)) CASE AZ3

0.1~30
0.4 CASE A-4
0.5 CASE A-5
0.1 CASE B-1
0.2 CASE B-2
03 RB Stress Compensation factor (,): CASE B3
0.1~0.5
0.4 CASE B-4
0.5 CASE B-5
0.1 CASE C-1
o2 A, (Roadbed): CASE C—2
0.8 Range : 1000030000 CASE C-3
0.4 CASE C—4
0.5 CASE C-5
0.1 CASE D-1
02 A, (Reinforced roadbed): CASE D—2
= " 1000-10000 CASE D-3
0.4 CASE D—4
0.5 CASE D-5
0.1 CASE E-1
o2 A, (Foundation) : CASE E-2
0.0 Range: 500~3000 CASE E-3
0.4 CASE E—4
0.5 CASE E-5
01 CASE F—1
o Roadbed Soil Type CASE F—2
03 WL, SP, SW, GW CASE F=3
0.4 CASE F—4
0.5 CASE F-5
0.1 CASE G—1
0.2 Train Soeed: CASE G—2
0.3 3()rgl~n5oopekem/h CASE G-3
0.4 CASE G—4
0.5 CASE G-5
0.1 CASE H-1
0.2 ss C on Strenath CASE H-2
0.4 CASE H—4
0.5 CASE H-5
01 CASE I-1
. RB Soil type : Soil (SW) CASE 172
03 Total Train Pas:;geyp\)/ieighfl: 0.1~1000 MGT CASE 1-3
0.4 CASE 1-4
0.5 CASE 1-5
0.1 CASE J-1
0.2 RB Soil type : GW CASE J—2
0.3 (crushed stone + soil) CASE J-3
0.4 Total Train Passage Weight : 0.1~1000 MGT CASE J—4
0.5 CASE J-5
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