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Abstract: The Duncan-Chang models for subgrade and soil were used, the maximum settlement of
joint subgrade surface was chosen as an objective function, and the sensitivity functions and most
sensitive parameters of the models were studied in the joint condition of subgrade. The detection
data of settlement plates in actual engineering were used to inverse relevant parameters.
Differential settlements of subgrade surface after laying pavement structure were calculated by
using relevant parameters. Analysis result indicates that modulus index n is the most sensitive
parameter for F-B model of subgrade, and the model is also obviously affected by modulus
coefficient k. Damage ratio R; is the most sensitive parameter for F-B model of soil, and the
model is also obviously affected by kr and n. Detection data of settlement plates buried on soil
surface and embankment middle layer can be used to inverse the most sensitive parameters of the

Duncan-Chang models. Calculated settlement curves of joint subgrade surface after construction
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have good comparability with actual measurement curves of similar engineering. The numerical

simulation with inversion parameters can describe the settlement characteristics of subgrade in

joint condition. 3 tabs, 10 figs, 14 refs.
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differential settlement
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Fig. 1 Inbuilt arrangement of settlement plates
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Tab. 1 Material parameters of soil
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Tab. 2 Detection results of settlements cm
H
hin=s 2007 4 2008 4

09-15 10-26 11-30 02-11 03-22 04-30 06-03 06-28 07-14 07-29 08-15

K28+4630 R 3.4 5.7 7.6 9.1 10.5 11.3 11.5 11.9 12.5 12.8
K28+4643 H AR 2.6 4.3 5.8 6.0 6.6 7.6 7.9

ORI DL AL 2, FLvh, DF % g A A B AR R
MR —HZ 0 EB AL, 5% 5 —H 280w
E-B I WAt 0 7K V- 5 1643 A 24 5 T A0t
BT AL AR

9.0 104 108

BAim  BFRE R B3 o

15.0 (E-BHLH) (E-BHE) |©

[ —

=)

K=

S + 3 -
S (E-B 17

2 RSB TR R A
Fig. 2 Computation model of sensitivity analysis
Duncan-Chang ) E-B #5714 41 7 U] 48 728 fE 6
E, Hf BB E E, MUTZARBEE B, .55k

_ o, \"[, Ri[1—sin() ]J(s,—05,) |”
E, kEPa(P) { 2ccos(¢) 120, sin( ) (1)
l%f:kmpa<%;)“‘ (2)
Bf=kBP“(%?> (3

Pk VIR FAPERL R KRR RGP
KA sn W RIEEGR AR e ARIER 150
NN EES 500 w00 53 5 R 8B — N S RS = FE 0
T35 ke, 53 91 Ay SED RN PR 28k P 1 S R AR RROR
AR — I n,, = ns ks m 530 D V)R AR PR B
RENEL AR5
2.1 RYERBHEXMEESHE

e T 2 [ B TOUTE 1) i R TR 5 w A D H B R
B SN

u=ul(x;) =ulkp,P,sn,Riscopikyskyom) (4)
Kb uCa) R AR i o, WA R IO T A& AE el A28
4w fH

Ve — 2H B E S RS

u' =ulx)=ulkp P sn'\Risc's@kaskiom™)

Kbox, W& SEIEERE . 2304 & S5
7 B TE AT BE Y Y L P AR 2l 2 A bl T X S S R A
3, HARBREE o D 25 B AR S o« 008 340

JE PN WTi% 2 B0 H b ok BB R AU
N T REM L HL A S B AT AR R B ) Y
i J5E 7 SCR B R K

/1_: x; Fx)

u
*
u X,

sugzjl_ (5)
10 x, = x]

B S B W R R EE S () B
VLA Z Z 506 B bR bR R 52 i B K .

FRAE A T4 E TR A0 b B8l 00 4 5 D 28 B 4 A
AR IR A e A S R A S R
KL TEMNBERBEN 7. 1 mm-d ",

x3 MHRSHNELE

Tab.3 Reference values of material parameters
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Fig. 3 Parameter sensitivity analysis of subgrade F-B model
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Fig. 4 Parameter sensitivity analysis of soil E-B model
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Fig.5 Settlement analysis model
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0% 1 2 00 W 45 40 7 DA % 56 e 1 45 R O A
Moy 0,46 WL PURE T3 2R 5 S0 it £ 8 W)
B TR E AR N R .
3.4 HREZEMES| R M E T E i E

KBS 143 B 155 80 F I 5545 3 19 A kL2 4K
Gt SR 30 B T 45 R i T L I IR 5 A it T 45 R
R 5% T 245 A it T 45 B — BB 0 S P i R 2 v 7y
Rl £k . DL 1AL 8,

Sy HE A BROTTHA R G B 3 TR TR Y
o e T LA LE . U T R A B B AR XA
KO0+380 4k LR AR TE AT 1 A I, 2 56 Be 17 % 52
IR 3. 25 m, KA SR LA 9V, BT A A

Vi LR rpa e Be i B% 52 5 202 4 m, BB IE I

Jei » 2 DA TET b TR) ) 390 R AR AR R DL IR 10t
A SO TR R (L 8) 55 9P 77 e 4 B 4 9 FH L
o A B A T S I 1 O A ot R AE A RO R
K RARBESHENABRITHH A el A B S P G
AU RERRALE

- ——- IR TH &5 # ) T A
—— BT O TR
sk o B T 45 M 0 T 45 R [ 5 R e //
8
=
b
IS
20 1 I 1 1 1
0 2 4 6 8 10
B e e L 2 T B BK )R 1 BE BS/m
B8 AN IR B Bef 4 it ke 3% T 1 7T i it 2%
Fig. 8 Surface settling curves of joint
subgrade at different stages
_25 -
(=D o8&
-30 F - B R ,D
a W
— BRI sa
E 35t ‘
E 7/
= A
5 0] ~a WEHLH .
‘\q_____/_,/’
4
-45
-50 1 1 1 |
0 2 4 6 8
BT Bk e 2 T B K JR PO BE BS/m
9 P e A A 0 B T R A
Fig. 9 Settlement detection of joint
subgrade in Hu-Ning Freeway
O -
O R 1
--- M g
o 2
B s 2 R
8
o
o
IS
BRPHER AN A
-20 1 I I I 1
0 2 4 6 8 10
e B SR T Bk 2R TH T B 3R 45 10 BE B /m
P10 A0 e 2 B 7 B i i 10 e A
Fig. 10 Settlement detection of joint
subgrade in Hang-Yong Freeway
4 & iF

() 3% Fi B 422 % e TO0 1T 14 e KU o A A 6 et
SRURUEI AT bR R RU(E B E-B R il



12 X @ E

I B2 F R

2012

RIS RO ke s Horp n i S5O, 356 E-B AR
BB ZHOE R ke Fln b R FRBUE .

(2350 oy 2 R 552 B A 000 I I T £ 1) ) 5 1]
M St Rt T 45 RO O i+ T R B TR 45 A T T R
JEERFER I B R . Ik BB B2 40T LA
o T S5 7 2 T AT 6 T o A 19 A 00 0 Bl e B B
Bt E-B AT S 40nT DL R 3 33 A A 25 T v A g
SRR 2 A TCREE AR 1 G D0 540 22 (R R B

(3)2R B 2 B0 A BROC 330 AT LAl ik fefe %
P I e A T T A9 0 B R A 5 G T 330 285 2R AT Oy Bif
I T 254 3 M B H R R SRS

() T LA B2 OB A O T B AR 4k
PERFAE L 7E 4 J5 BF 50 Ff A L3 2o 2350 2 2 0 B Al x
SR A2 19 AR R S RO AT O 2 RO e A A E
F1% B TOUTAT JIC 6 ol 28065 2 SN AT 5 92 P

S E X

References

[1] VISWANADHAM B V S, KONIG D. Centrifuge modeling of
geotextile-reinforced slopes subjected to differential settlements[]J].
Geotextiles and Geomembranes, 2009, 27(2) . 77-88.

TR - E R EDE. 30 98 BB 22 TR R S B 2 L) .
Kz RKeg2a il ARFBHE IR, 2009,29(2) :13-18.

ZHANG Yong-ging, WANG Xuan-cang, WANG Chao-hui.

2]

Calculation parameter determination of widened subgrade
difference settlement[J]. Journal of Chang’an University:
Natural Science Edition, 2009, 29(2). 13-18. (in Chinese)
KM DML L N L 4R A R b R R T R
T A g L] R R B AR R, 2002, 22(4)
20-22.

ZHANG Hui-mei, LI Yun-peng, MAO Cheng. Settlement

[3]

prediction of roadbed in soft ground by using artificial neural
networks[ J]. Journal of Chang’an University: Natural Sci-
ence Edition, 2002, 22(4): 20-22. (in Chinese)

B AE SC XA L b e o Tl PR S i SR A LR T
IR 23 A LD ). [ 2 B 2 41 . 2006, 19.(6) . 7-12.

ZHANG Ding-wen, LIU Song-yu. Numerical analysis of
interaction between old and new embankment in widening of
freeway on soft ground[]J]. China Journal of Highway and
Transport, 2006, 19(6): 7-12. (in Chinese)

KARIM M R. GNANENDRAN C T. LO SCR, et al. Pre-
dicting the long-term performance of a wide embankment on
soft soil using an elastic-viscoplastic model [ J]. Canadian
Geotechnical Journal, 2010, 47(2) . 244-257.

FARME TR M TT T SR A RO B A LR TR 199
AR BTy 2], K2 R4 HARBL #2006, 26 (1) : 20-
23.42.

WANG Dong-yao, SHE Xue-sen, YE Wan-jun, et al. Case-

L6]

7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

based reasoning approach to settlement of expressway on soft
foundation[ J].
Science Edition, 2006, 26(1): 20-23, 42. (in Chinese)
e B L JELRLL. kB 3 4 i R UM B B Logistic KU1
JAHFFELT]. 5+ TR 24,2009, 31(6) :965-969.

ZHU Zhi-duo, ZHOU Li-hong. Application of Logistic model

Journal of Chang’an University: Natural

in settlement prediction during complete process of embank-
ment construction[ J]. Chinese Journal of Geotechnical Engin-
eering, 2009, 31(6): 965-969. (in Chinese)

i 2. Ekt.BREG, %, 95K TE 2 57 U0 il
FRUELT]. R B R4 B SR FE 2R 2008, 28(5) : 10-13.

FU Zhen, WANG Xuan-cang, CHEN Xing-guang, et al.
Controlling criterion of differential settlements after widening
expressway [ J ]. Journal of Chang’an University; Natural
Science Edition, 2008, 28(5);: 10-13. (in Chinese)
STROMGE H L X DR A B P B R I B K TR R R R
FF AL TR RO A BRI ], P A PR, 2011, 24(2) 1 17-22.
WENG Xiao-lin, WANG Wei, LIU Bao-jian. Model test on
deformation characteristics of widening collapsible loess road-
bed and dynamic compaction method treatment effect[]].
China Journal of Highway and Transport, 2011, 24(2). 17-
22. (in Chinese)

FIROR . £ B ok B AR T I R A AT M At B UL
IR ] KR BB 2012,32(1) :31-35.
WENG Xiao-lin, WANG Wei, ZHANG Liu-jun. Deforma-
tion characteristics of widen subgrade settlement with pipe
pile treatment[ J]. Journal of Chang’an University: Natural
Science Edition, 2012, 32(1): 31-35. (in Chinese)
BRSO Ny 5 [T ). o8 b R 244l 2009,
31(1) . 1-14.

YIN Zong-ze. Stress and deformation of high earth and rock-
fill dams[ J]. Chinese Journal of Geotechnical Engineering,
2009, 31(1): 1-14. (in Chinese)

A5 2% UK. B T 43 BT 00 3t 6 R S 8RR . K Y
TR 224l H AR BRI, 2006, 3(2) £ 24-28.

FU Hong-yuan. Optimizing back-analysis parameters for set-
tlement prediction based on sensitivity analysis[ J]. Journal of
Changsha University of Science and Technology: Natural Sci-
ence, 2006, 3(2): 24-28. (in Chinese)

TR TN AN TR R R Ak 3 07 2R R 2 B 0 9 R A TR e
Mrl)]. &+ F1%,2011,32(4) :1216-1222.

ZHANG Jun-hui. Analysis of deformation behavior of express-
way widening engineering under different foundation treat-
ments[J]. Rock and Soil Mechanics, 2011, 32 (4). 1216-
1222. (in Chinese)

BT R MR AR DU A B T AR BLE AT
BT ). 2 - R4 . 2004, 26 (6) - 755-760.

JIA Ning, CHEN Ren-peng, CHEN Yun-min, et al. Theoretical
analysis and measurement for widening project of Hang-Yong
Expressway[ J]. Chinese Journal of Geotechnical Engineering,

2004, 26(6): 755-760. (in Chinese)



