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Abstract: The instantaneous settlement of high railway foundation in loess area is closely related to the
mechanical properties of saturated compacted loess. The constitutive relationship of saturated compacted loess is
an important way to characterize its mechanical properties; however, Duncan-Chang constitutive model is difficult

to accurately describe the strain softening characteristics of compacted loess after failure. To improve the
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adaptability of Duncan-Chang constitutive model, statistical damage theory is introduced to establish Duncan-
Chang damage constitutive model of saturated compacted loess. Qps loess in Xiyan high-speed railway filling area
was selected to carry out consolidation undrained triaxial tests with different compaction degrees. The vumat
subroutine was then written for verification. The triaxial test of saturated compacted loess and the finite element
numerical simulation of subgrade settlement under different compaction degrees and filling slopes were
conducted. The results show that the compacted loess in the filling area shows strain softening characteristics
when it is sheared. The peak strength and initial deformation modulus increase with the increase of compaction
degree, while the increase of peak strength decreases with the increase of compaction degree. The increase of
initial deformation modulus increases with the increase of compaction degree. The vumat subroutine based on
Duncan-Chang constitutive model with statistical damage is used to verify the shear strength of compacted loess in
triaxial test, and the results are consistent, indicating the mechanical characteristics of strain softening of
compacted loess in filling area. Through vumat calculation, the settlement of filled subgrade decreases with the
increase of compactness and increases with the increase of fill slope. This study can provide basic information for
the calculation and analysis of the instantaneous settlement of fill subgrade in the loess area.

Keywords: saturated compacted loess;

Duncan-Chang damage model; settlement of high-speed railway

subgrade; shear characteristics; numerical simulation
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Table 1 Basic physical parameters of soil samples
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Fig. 3 Particle size gradation of fill loess
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Fig. 4 Stress-strain curves of fill loess under different compactness
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Fig. 5 Deformation and strength parameters of compacted loess

T B AN 5] R AR R S B A O ) AR AR
B T30 VA EL e IR I, = M0 1 3 7 7 4% 3 2 Duncan-

Chang A< A 5 A1

o —05= & 2)
a+bs,
Kb e —lim) 42 /%
1
Sk _ 1
a2, a £
o 1
b—2%, b= ;
(1= 03)

(01 = o5 )u W PRl 22 1V 3 /kPa.
fe SR HEk = 3T TR B, i T dora= dory=0,
Fr AT AR 5 (E) vl AR R
d(o, —03) a
de,  (a+be)
H T 1g(Ei/p) 5 1g(os/p) W 4 3 BL5E 2 1 56 R Y,

FFLLE, W35 W E, = Tpa(f) R KEE(1014 kPa).,

a

T CHRIHEEE, & LR R, = D=7 Gy,

E = 3

(01— 03)a
n 2
E¢=Tpa(2) [1_Rfﬂ} 4)
Da (o —03);



- 84 - 7K SC L T

1 T2k ] Mohr-Coulomb Ji file 0], Bl
F =2ccosp+20;sing— (o —03) (1 —=sing) =0 (5)

A ov o——HIRBYFEEER J1/kPa, INEEHES/(C)
X (4)(5) 1.

6)

E = Tpa(ﬁ) [1 e (@= ) =sing)

A "2ccosp+ 20 sing

24 4 A3 f£ Mohr-Coulomb #E ] £ A JE IR ¥ BE 5
K FHAS A5 BRAS FEAT 16 16, AR P8 ZF 3000 AR 5 1% -

o=0-D)o" D

e=¢g (8)
Ao e——8 UN T, 44 A%
o & RN T RN ALY

D—ifiZE i .

MR 2 22 iy 2, B 00578 i DT E SRy e — i
BAEHE, AR EBUGRIR B ROT A BN, 5 AR 45
BESROT A ROV 1 L {EL:

N,

2 5 1 2 WAL 1 IR 19 T 146 i AN Weeibull 43 i

U A R 5 T pR KON -

p(F) = %(Fﬁ) _ exp[—(FE) ] (10)
oy F——Jm AR AE ]
m. Fy——Weibull 7} i 25,
R 5 8 IR A A 5 25 18 R 5 AT 61 405 A8 i 9 X, Hh
K (7)) A 15 2] SR AR

D:l—exp[—(Fi)] QED)
0

Hy T P =l DD 0 A5 ) B S 44 SR

B SO e E HERIC(7) (8) TR

. o Eeg
o= —
Yoo = o, + o)

o, Eé&

o (12

S — V(o +03)
. o3 E g,
7= o, =0, +03)
Aov——IA .

Mohr-Coulomb #fE Il 7] Fy X 57 48 — i & #2318 1k
MoK, WCAR B8 220 M 2559 B 9%, i gt i 45 748 =

QEVoF

13>

R+ Psintp)m]

D=1—exp[—( 7
0

553
Hrfr,
_ (o1+03)Eg
_0'1_V(0'2+0'3)
R= (0 —03)E& ()
_O'I—V(0'2+0'3)
P (7)) ()7 AR (2) haf 45
-y = LD (15)
a+be
M (3) AT AR
__a o [_(R+Psin<,o)m]_ me
" (a+bs) P F, Fy(a+be)

20\E R+ Psing\"" R+ Psing\"
UI—V(<72+<T;)( F, ) eXp[_(T) ]
(16)
R I5 B IR S ) I R BE, ik (14) h Eh
[ 25 S HE 7K (consolidation undrained, CU) izt 5 U6 {H £
(EOMARIZE, WE =E . WY& SCH 7 8, &t
(16) 75 31 16 R 52 3 4 1 A A4 485 780 119 B K 3 0 )
B
o= Eg +v(o,+05) a7n
3.2 ORI
FRAE 1 ST, iR Weibull 43 4 453 447 ) Duncan-
Chang KM BEBIFE T, n. Ri. c. ¢, m, F 3t 740
B Hdvm, Fon] DLl i = sl o Bods i A v 1k
Ak BEARHL

Y=mX+A (18)
Horp,
YI{I[M } (19)
E; g
X =1In(R + Psin¢) (20
A=-mnF, QD

X 56 B VAT LA T R4S S Eom A A, JE AR
P (21) S REUSBF,, T\ n. R:. c. o5 MBI S50 4%
A SCHR [34] 8 CU =Sl 560 B0 P8 17 A0 P S B % o

4 HEEIIE

4.1 H L=k A )

ABAQUS 7 4b B A& PN B A A A A R I, $R4HE T B
R R R T & 0 TR 1, T KR G
I IIT I I ) %5046, 49 vumat B 7 A 09 T 554, ik
AR FH vumat F A2 P UE T

vumat FFETE ABAQUS HAIZAHI Ef T ABAQUS/



2025 4F

Wbt 46, 55 1A 55 5 + 1) Duncan-Chang i {5 4 #4451 L F 5 - 85 -

Explicit M &M AR — R I & PR H: 1, 3L
K% U0 A 55 2 X BRL T ) RS R0 s AT DA AS ) A TR B
W 3R SR Sk AR, B S R — B 2 1 )
o] B — 3B 28 o Y SR

HRAE T SO v s A, L o - R B IR, L
HIEA N

Ao = 2GAg,;, + AA&,s,, (22)
Kb G A—— Ui | Ry 4G
S B N SR AR

M3 RE NV 171 5 23 2 Mohr-Coulomb i U I}, f £R

FeE, BB Z AT, A AR AR 3 g AR Sy
Ao = D!Ag; (23)

o DA L0346 1E 1 I R

FRPE (22) (23) LA K 3.1 F5Frid N %5, i Fortran
EE S vamat, EARRFEINE 6 FiR. H56fE ABAQUS
R He 52 5 T vamat B9 A RE S HOE X, 2 )5 R
ABAQUS #1E I 2, R BIVE M AL, 58 BURURS B2 1% &
P8 A vumat TR ¥ SO . R IR BT A B R A
RV TE B R E R AR, Z R AE T — 4
#r 2 Hil i Duncan-Chang A< #4455 78 fy =X (6) X6 A8 JE A
g EPEATEIE, 783X — & 15 B BE, AR I ) O 3 AR 4
2 (23) R M N TR EAR, TEHEAT R nt1 2B (1 TT 0,
R, 5 BN 1R A Mohr-Coulomb B8 A 7 ],
B 25 it A0 B B, ph 2 (16) 38 aa 461 45 7% 1 DT
AR E,,., FE 10 58 B FT 0 AR T . DAL TR AR X
TR BT TSR, I 55— 26 5T 4 1z 0k
AR [ FE ABAQUS EFEJFH, S E ) odb 455 301

2320 X P A e BRI X B R Y CU 6 B a
HEAT AL B, 75 SR BB R B S5 B K=0.90., 0.95. 1.00
BRI S 40(R 2) .

ERbE UL FEMV A Bl UHG 1
Property P Job Monitor [P Double-analysis N
|
A 4
THREF 3 (for) "
1
Jiss
A 4 A
- Ui
1 AR o
(user coding )
FortranZi 5
v ¥ v
AR5 B4 (nblock ) SN
P user-supplied VAR GRS £
T T TomTime=0] |

ol

SORIRTRTE | [t (5) 77| Bk (22) M7
W1, HENE BT R,

FTHOMEENX (15)
OB g,

v
4 ABAQUS 1L
e (Lodb) SO
E 6 vumatizZEiRIEE

Fig. 6 Flow chart of vumat operation

AR SC ST B K AT R OT R, i A 5
— 3, W% R C3D8 M A%, K4l CU 4w 43 A7 20 1
S WA B B QO it i BBl e (%) 39000 2% B Bt 5 )t Jin 4 1)
it 2 I T3 (0 R By B o BEF ST Y = 4 PR T
ML 2 B3y 8 WP 2 S8, AR SO T R
AN [R) Fe S B 0 R B 3 3+ 1 CU R B, I 4 10 3 45
2R . Duncan-Chang (&l H fiif FK “D-C ) 5 U 45 5 J A< 3¢
PRI ZE RV ATXF E, N 7 B o BRO(E AR LAY 25 S mT
DA Sy M ff b S5 B D S R Ak B B S v B R T

F2 HEESH
Table 2 Model parameters
WeibullZ:%
e K o,/kPa T n Ry c/kPa 0/(°)
m Fy
40 0.952 0.262 9.211
0.90 60 235.962 0.558 0.879 0.266 12.279 3.70 15
100 0.848 0.400 103.073
40 0.830 0.220 4307
A 0.95 60 302.924 0.522 0.853 0.339 44.517 12.90 16
100 0.865 0.405 250.158
40 0.798 0.369 89.871
1.00 60 407.532 0.978 0.819 0.341 61.321 17.30 18
100 0.853 0.408 135.915
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Fig.7 Comparison of results of different compacting models under different confining pressures
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