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Dynamic Stability of Existing Railway
Subgrade under the Effect of Heavy Axle Load
Trains

XIAO Junhue , GUO Pengfei, ZHOU Shumhua, DI Honggui

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: In order to study additional cumulative deformation
and dynamic strength stability of railway subgrade under
effect of heavy axle load train for existing railway lines,
typical subgrade soil was selected to conduct cyclic triaxial
tests to obtain the variations of cumulative plastic deformation
and threshold stress under various physical states and cyclic
loading conditions. Consequently, the prediction formula of
cumulative strain was established. On this basis, by dynamic
finite element method and layer-wise summation method,
dynamic stress and additional settlement of subgrade under
heavy axle load were calculated. The conclusions are as

follows: subgrade settlement rises rapidly with increasing in
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the axle load in conditions of low compaction or high
saturation, and moreover, the settlement rises significantly
when axle load exceeds 27t; but when the compaction
coefficient is larger than a certain value, the increase of axle
load has a smaller effect on subgrade settlement; the
influential depth of additional settlement in subgrade under
heavy axle load is mainly within 2. 5m from subgrade surface,
especially within 1.0m; under heavy axle load, subgrade may
generate unacceptable permanent deformation even it meets
the threshold stress condition. To reduce subgrade additional
deformation and its duration under heavy axle load, the
compaction coefficient or strength of subgrade should be
improved.

Key words: existing railway subgrade; heavy axle load;

threshold stress; additional dynamic settlement
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Tab.1 Geotechnical parameters for existing railway subgrade
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%% {Mﬁ % % IP/A % (g e w/A w/'wopt (g .« em—3) K

DK414 8 30.0 18.5 11.5 15.0 1. 84 22.76 1.52 1.61 0. 88

Skl DK416-+370 44.6 32.0 12.6 — — 22.28 — 1.65 0. 89

DK416-+400 35.0 23.8 11.2 — - 21. 46 — 1. 67 0.91

K296-+180 %2 16.79 1.53 1.63 0.81

32,0 20.0 12.0 11.0 2.01

K296+ 180 £ 2 16. 83 1.53 1.68 0. 85

WEES  ksoat630 2R 24. 51 2,23 1.34 0.74
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K524+630 A fk 18.21  1.30 1.54 0. 85

By ) K297+200 24.0 16.5 7.5 10. 4 2. 00 19.14 1.84 1.54 0.78
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Tab.2 Testing conditions for cyclic triaxial test
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Tab.3 Samples’ strength under different compacting

factors and moisture contents

K w/% S,%  HiRRIEE/kPa e 5 2R 71/ kPa
11.6 40.5 140 60
14. 8 51. 6 107 40
0. 80
17.5 61.0 90 —
26.0 90,7 61 —
11.3 45,7 184 120
15. 0 60. 6 136 90
0. 85
17. 8 71. 1 125 80
22.6 91,3 90 50
11.8 55.5 262 210
15.3 72.0 205 —
0. 90
18.3 86.1 175 110
20. 8 97.9 157 60
11.4 62. 9 331 —
0. 95 14,5 80, 0 271 —
17.1 94, 4 238 110
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Fig.1 Typical curves of strain under cyclic loading
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Tab.4 Calculation parameters for dynamic FEA

B R /m SR mh N me WK BUBK

E/MP
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2.2 BEMKHEzINRENE

XL 6 A% 3 T B E B AL F IR AR
RE B AD R s S B, BT LU . 4 P=23t
i, HRFEE R KB 1 5 ESLRE K=0. 90 {4
B3+ G S Bl N 3T, B RIR B B KB
f&TF K=0. 90 Bt L IE A3 ), BEF K=
0. 85 IR E MG S Bh N 1. [WIREHL, 2§ P =25t
i, KRR E R E ARSI S8 F K=0. 90 FEEHE+
B RS BAR T K=0. 95 By B3 1 i1 5 3h
N BRIRZEMRKREIN 15 K=0. 90 fEEE +
B A SR BT, T P=27t I, B IRRE FK
BRSNS T K=0. 90 #H 2 1 Bl 5
SRR T K=0. 95 BRI + 1 I R 3 57 A7,
MFHERE EAFMETHRERGM IS K=
0. 85 [ + 5 - s R 740 2.

AT UL FEBRA BRI AR T, DL = B 1Y
SR B AR KL 5 3 B 7 /K5 DT 35 7 186 3 B0
TR AR L. SR, I S 3h i 1 RO X 4y 2R AT
R SR 5 B BME RS P 3l R T 4k
Bl A Bh 8 77 E%%T RABIR, B gEF= L TR
BEZ AR, L, F LIRSS B KK
RS S ,ﬂﬁﬁxfiﬁ?ﬁ%%ﬁww B o A2 T
HEFT AT » LAPEAR B B A K i sl A e k.

1 2 CO AR A A f 24 T BE2Er 30 7 Bt

I s KRB TR E P BB = £ W 0. =
Bz BT oo R T RITH
od — J2 6))
KT, %J%:njjjxéiiﬁﬁﬁﬁﬁ FRITAtTR
AL 6 MR A EE. WP ERBEMT s
AT LU e, EASTERE b BRI

s = Jospdh =



ol

WA, 5 B ST T R E S AL 0 3l et 889

r (0. 024 2e-1 40, 033) N O-584r0.0071> g
0

(6)

2.2.1 BREIIIMINEE S5 EMENRLR
Bl 7 AR K T B ES 1IN s 5545
P R RAME, BRI TR &K, ) &
TEEARE N=10°. NEI 7R UBEL.s 5P 1
RAEAZK WEm. XFAE K WIER, 4 P>27t

B, s B P AR Ak T S8 0 8 hnpe.

160
140t
5 120t
& 1001
= 80f

601
401

20( r_,4.7/,.,-/—/”/'

0 .
22 23 24 25 26 27 28 29 30
WE/t

T RREAETHREDNHMERSFIEHENLR

Fig.7 Relationships between s and P at optimum

A

A Gy

moisture content

TR T B LRI E KR, Y K=
0. 80T, s b P A3 I g AKX B3R, X2 h
F K=0. 80 i, B3 £ IE A sh {5 23t B
T B SR ERR(EAE 2, 2 P ORI, B RS 2
TR AT K=0. 80 W53 + MG A sl J1. 24
K=0. 851}, B3 + MG R sh i & FRMET
e R R Sh T LR, DR s IF R T8 T 72 A
WL MRREE P gL SR IEE B (H 2, WABTE
HRE, K=0. 85 &, 27t 15 30t HiF T B A5 551
FEAEYY 15 em FI 27 em WIS I MEINAETE; HE2Y
KZ>0. 908, £ 5B T s A#Eid 10 em. SCFEKEHT,
XFF LVRTE R 2 B B 8RB B BRI 5 SUR B s
TN A LLTEAG B FE 1 KA 8 o R e .

Z BRI BRI BRI E FHERMREK
RED, BSHAHETARBMES Ts5P KX
BT T K=0. 90 F1 0. 95 fiHE LR,

M 8 FTLAE S, #im ki K 8K, s B P 3
T3 R B AR B 5 5 R, XF T RA S, iPs L,
P>27t,s b P WARAL TR0 Bt X5 FB 8 M4
MrTo, 2 K=0.90 HEmAn, h FiRARIE R
BIN AR FEMETBER AN S, s i P 34
PR BT H kIR mixt HAh S, AR (IR T A
KE) , BARK=0. 90R Il A3 i Jj 5 FAMET

—a—5,=55.5%
——S=72.0%
T —a—5=86.1%
——5-97.9%

/
0 %
22 23 24 25 26 27 28 29 30

WhE/t

a K=0. 90

e}
(=

2 AT/ em
2

——5=62.9%
——5=80.0%
8F —a—5=94.4%

| ///

0 1 1 1 1 1 1 1 1
22 23 24 25 26 27 28 29 30
HhE/!t
b K=0. 95
E8 FAEEMETHEDNHNETREINEHSENXR
Fig.8 Relationships between s and P at different S,

% FE 0 K Bh L H7 L I BT BB = AR i B Kk A AR I
M E . a0, 24 S, =86. 1% R sh i -1k
110 kPa{H P 3 27t F0 30t B, s 409343 20. 6 cm,
40.0 cm, HE24 K=>0. 95 B, AR S, 44 F,s b
PISMMEKERE, HEMETHEKR s A
10 cm.
2.2.2 PEESFIMHINAEIE SHEAE IR B X R
RHEEVTEET s BN G SMIE IR
FaEntE, & 9 A TR P,K s 5N RXERM
2, B B RAL THRAMT KRN ELR. NEHTTLL
FHHL,K=0. 90 It s B/NF K =0. 85 i s, BIfiE
BRH PAERTEK=0.90 {EFEE; H K=0.90
B AW P T s AN BRI R BN TR,
1M K=0. 85 Bf, N[ P s BMERE G A
W, P K, s 3G BURBOR, B T i)
K. R, 2 P=30z B, s BE N A3 KB A5n
KFEAEE LT, 40, XF F K=0. 90, A [l il &
T 100 FFHINZRAN 1 000 W RINERR s M2 37 %~
53%, ARG R RN A2 1. 2~3. 2 em; i T K=
0. 85, RIFFE T 100 X INZEA 1 000 TN s
A2 64%~99%, AR XT A2 5. 4~27 em. A
W, HEEBEAHT . IREBERE A GRE) BB

AN /cm




890 Gl PN Q= S )

Bus

U B BRI AR RE B .

—=— P=23t, K=0.85 —o— P=23t, K=0.90
—e— P=25t, K=0.85 —o— P=25t, K=0.90
60— P=27t, K=0.85 —— P=27t, K=0.90
—— P=30t, K=0.85 —— P=30t, K=0.90

—A

0 2 4 6 8 10
B AR RE/ 10 %
9 HREZHMMERSHMBERRBE KR AR L
Fig.9 Typical relationships between s and the number

of repetitive load

2.2.3  BRESNFIHHMATE IR E

RHHETERT s WEMERE, B 10 Y K=
0. 85 M A KEHRF, AH TR P T s MEEEER
EMams, KB &4 THERS5E 10 B
B WL BRET s FEGE RN, 2 R
2.5 m(HIBERIERD) DI 4 EE T B3R (0 B R 2t
AAY, BRI R 2 e, FR P, s BE P 34
BEBROEREEEY N 1.om Fik, BTN E
BLOCTE B IR =L B sh BN AT, AR
THH B ERE M 23t 22405 25t, 27t 1 30t, g3k
T ) A TTRE A I3+ 32. 5% ,79. 7% F 222. 9%, 1R
PEHE 2.5 m WREEAL TS - IS K 8. 2%6,17. 7%
41, 8%, LI Ab A UL REAL S % 256 THT S L R Y
8.5%~19.4%.

B I INARR /em
0 5 10 15 20 25 30

—— P=D3t
—e— P=D5¢
—— P=2Tt
—— P=30t

10 BEREZN M MERGRE ST B 4%
Fig.10 Typical curves of distribution of s in subgrade

3 &Fit

(1) 3 F B 22 P 52 R AR A R BE 1R B 1 0
T BB T B I AL T R, B S

27, B FEEIE Rl B i S AL R A B R (HR, 2
B IR SE R BT — 58 A, B G X B A Y AR
TERMA BN 3o TA S 4 L0, AL T el &
KEHESLRFGE L 0. 90 B4 B EL 4 TR AT & K
R HESLRBGE T 0. 95 (1 2 FE 0L, Bl E 1Y in X 2%
FEM AR TE 52w 28 N, B SR KB I U0 B O R A
10 cm,

(2) BEE RS RE (BB B, AR ET
it 70 T 34 AT A N 0 ) M K B P 3k R E 5
R Z B HARTE BE N B B S i 4, ELRh R
R ASTE 3 R FGBK , T AR i Y IR TR 5 7
B 30t S IE BN SR BN K BT
KT HMAMEESL T, F, EEREE T, B
TS R (BR B AR 35 /0 PR B 1 7R B AR
T IR B AR E B TR].

(3) TEEBIEILT e HE 30 1 I hn 22 ¥ 1) 5w
BEFELE 2.5 m RN, BB E 2R E T E Y
29 1.0 m, BRI, BT I 2O BB IR (3
B AR

D EEFEE T, AR PR I ET
PREI SR ST A AR, FTREF= A T A REEER
MK AASTE. B, 3T LU TR 42 60 28 B YRk B
B EET 5 . 75 % BB B EE 1 30 ) B 22 #4743
B, JTEE & B R R TR ZER L VA B A 3

AL A — #2045 S = N 3
=R T L AT 2T BRI AL A7 3h 0 M I
AT, St T T A [ R 2 Y B A Bk e B
HAHA ) I PRy 2 R 2 AR AR X 2 TR
BAZHZE L R, HHEADT 5T FIRAL BE A 2%
FHAT R E S 4 B R A RN AR 2 T, R 45 A B B
GRS RN R A PR L3 DR E T
BRSNS KRR IS B N BT
JI WIS T BEAT 4347 T HR T T TR SR 1
HEMMBE

Sk :

C1] mHrEFA, 484, KT E. TR R M Cl//

BB ERBHMEEBETHSEZAMTISRXE. LR FEHGE
A, 2011.51-55.
YE Yangsheng, CAI Degou, ZHANG Qianli. Key issues on
railway subgrade under heavy axle load train [ C1//
Conferennce Prceeding of Seminar on Railway Heavy-Haul
Transport and Engineering. Beijing: China Railway Press,
2011.:51-55.

[2] Er%E. FREAEBMEITHORBHRD]. L. PEBER



ol

H A, 4 BRA SREOTAT R MR 5 B 3 A e

891

HFERE, 2005.

WANG Lijun. Test research of subgrade assessment of heavy
load railway [ DJ. Beijing: China Academy of Railway
Sciences, 2005.

LiDQ, Hyslip J, Sussmann T, et al. Railway geotechnics
[M]. Boca Raton; Chemical Rubber Company Press, 2015.
Indraratna B, Nimbalkar S, Rujikiatkamjorn C. From theory to

[3]

L4]
practice in track geomechanics-Australian perspective for
synthetic inclusions [J] . Transportation Geotechnics, 2014,
1:.171.

[57 Gribe P, Shaw F. Design life prediction of a heavy haul track

foundation [ J]. Proceedings of the Institution of Mechanical

Engineers, Part F: Journal of Rail and Rapid Transit, 2010,

224(S1).; 337.

s, WM, B A ERKRELRIRE 5 RS

TELT]. BOE TR, 2014, 194(11):20.

NIE Rusong, LENG Wuming, YANG Qi. Detection test and

condition assessment on existing heavy hual railway subgrade

[J1. Journal of Railway Engineering Society, 2014,194(11);

20.

A, BRI T B B T T AR I B L3 T R R A3 BT

[J]. B TR, 2014,187(4):51.

XIAO Shiwei, LEI Changshun. Loading characteristics and

dynamic response analysis of subgrade for heavy haul railway

[J]. Journal of Railway Engineering Society, 2014, 187(4):

51.

KER, B, BdE, & PRERERY BRRERE

TERET]. BB, 2014,36(8):84.

L6]

[7]

[8]

(#8875 T1)

(DM FRAMRNE k. AR 5 E AT 2
A3 AR 2% HBUE KR, 78 XU 38 S B AR T
RS2 4R E] T 20,30 mm.

OFEMim 7 8 T R 5 R 25 BRER
SRR IS A 0. 34, 38 i3 B 4 3 3 P e T R
a1 A ¥ S0 AT A ORI N .

(3) ST 8 4 14 1% 1) b 3R 2 7 I 3 X v 4% i
3G R, I i AT B HAE A — PR, WX
B RN o) o W 3K 0. 82 g, g R A I ok
1 12, 3 4%, MR L Hb R J7 755 B 28 IS . F ARG
A 0. 65, MFF KA ST AL T 25 s H R M.

(DFER— X, &0 BEIF P FE RN 2ZF B K,
FEFR A BUE R R R IG5 % ] (1 8, X6 R
BTt AR B R S s R R A F .

S E 30k

(1] THRATEE, AN, DEPOREERBHERRALSH
Bt 5EE [J]. R REZEHR: ARSI, 2016,44(4) .
559.
DING Jiemin, HE Zhijun, LI Jiupeng. Design and study of super
suspend curtain wall support structure of Shanghai Tower [J].

[9]

[10]

[11]

[12]

[13]

[2]

(3]

[4]

(5]

[6]

DI Honggui, LENG Wuming, XUE Jilian, etc. Assessment of
subgrade strength for transport capacity enlargement of shuo-
huang heavy-haul railway[J]. Journal of the China Railway
Society, 2014,36(8):84.

LiuJ K, Xiao J H. Experimental study on the stability of silt
railroad subgrade with increasing train speed [J7]. Journal of
Geotechnical and Geoenvironmental Engineering, 2010, 136
(6): 833.

P EYGERHEPI B BEA R 200km/h JE U@ B S
AR, b3t hEGEREPER, 2006,

China Academy of Railway Sciences. Experimental report of
existing railway without reconstruction with train speed
increasing to 200 km/h. Beijing: China Academy of Railway
Sciences, 2006.

B X s, 5. B T EE RS AR
St AR ], A+ 12,2008, 29(2):409.

XIAO Junhua, LIU Jiankun, PENG Liyun, ef al. Effect of dry
density and moisture content on behaviors of Yellow-River
alluvial silt[J]. Rock and Soil Mechanics, 2008, 29(2):409.
Xiao J H, Juang CH, Xu C]J, et al. Strength and deformation
characteristics of compacted silt from the lower reaches of the
Yellow River of China under monotonic and repeated loading
[J]. Engineering Geology, 2014, 178. 49

e A RAEAIEZE . TB 10001 2 B % A% 1R [ S].
Jemt. hESRE AR, 2005.

Ministry of Railways of the People’s Republic of China. TB
10001 Code for design on subgrade of railway[S]. Beijing:
China Railway Press, 2005.

LR TLERE UL UL UL NN NG UL N GO NN Rl Sl Tl vl el

Journal of Tongji University: Natural Science, 2016, 44(4).
559.

WEE, R, THE. EOEAT EEPOERIRSHE X
ARSI RTFRFEER . HAFFM, 2016,44(5):
718.

HE Zhijun, HU Yin, DING Jiemin. Analysis on properties of
cooperative work of curtain wall support structure with main
structure of Shanghai Tower under gravity loads [ J]. Journal of
Tongji University: Natural Science, 2016, 44(5);: 718.
EEAREEAERAE. CSIAHEEFRIM]. L. txs&+
AREABARFIRAE] L 2005.

Civil King Software Corporation. CSI analysis reference manual
[M]. Beijing: Beijing Civil King Software Corporation, 2005
Rowan Williams Davies & Irwin Inc. Wind-induced structural
response studies on Shanghai Tower [R7]. Guelph: Rowan
Williams Davies & Irwin Inc, 2009.

TR IRZE, AN, 4. B RIE RS L e
PRI RS, 2013,43(20); 12

DING Jiemin, HE Zhijun, LI Jiupeng, et al. Analysis and
design of key connection of curtain wall support structure of
Shanghai Tower [J]. Building Structures, 2013, 43(24), 12.
%, TWER, AN, Bid O REBHERERE SR
RN T [J]. BREHEH,2014,35(1):34.

HE Zhijun, DING Jiemin, LI Jiupeng. Analysis on vertical
seismic response of curtain wall support structure of Shanghai
Tower [J]. Journal of Building Structures, 2014, 35(1); 34.



