5464 T2 "= + I B ¥ i Vol.46  Supp.2
2024 4 10H Chinese Journal of Geotechnical Engineering Oct. 2024

DOI: 10.11779/CJGE2024S20046

PR RN TR FE AL ER & 0 E AR E e DR R
NG5

3 21,23 g5t SN :

ﬂt E ’ ’3, E‘/{X ]’2’3, % /ﬁzt’ 5&7‘24

(L RHRYASEFERE, L35 MR 211189; 2. LREAGHIZ MBI B AT LT m 90 % (R aIURER Sl sk 50, e A RIVIIE 2 imiE i
#, TLJ% PR 2111005 3. VLJFEIRR S SR EOCE + TR MO S, 1005 Mal 211189; 4. LR /KFK IR SR BEAIRA R, 28

AT 230088)

8 F: R OB IRHT T 1 AR AR PRI FEAE I A5 DN T S A AT AL . 45 RARH], SRAVEIR AR SERE 47
T 3 A e BT3RO R ) R R AR AN TR i KT AR, TSRS E M . SRR TR TTRR R K,
JETE T 5E R F SR UM R S A8, (EUTFEEATEE; T BEREAE 0 58 v RN 25 i T ML 1) [ 453
R ST T e MR e F LI /K s 0 T 545 B0 e T 5l — R IR A 3] M2 1) [ 45 P2 30038 B T 80%, 75% A b BRIAE
FRIREZE S, MR 3 E S B (4 82 ) SR RN, SR PR K SRR AR A S EEAY T 2~3

REEIA): BbE, ARIRBERERE: ASMBERERE: TSR RO

FESES: TU4ll XHEfARIRED: A MEHE: 1000-4548(2024)S2-0210-06
fEHRN: b R1992—), B, wHEHREA, MEwsil, FEMEREAIITHEPI TAE. B-mail: ivans_shen@
126.com.

Centrifugal model tests on deformation characteristics of river embankment
improved by combined columnar and grid-form columns
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Abstract: The centrifugal model tests are conducted to investigate the deformation characteristics of the river embankment on
soft ground improved by the combined columnar and grid-form columns. The results indicate that reinforcing a river
embankment on soft soil foundations with columnar and grid-form deep mixing columns can effectively control foundation
settlement and reduce horizontal displacement, resulting in stability of high slopes. The maximum settlement occurs at the top
of the river embankment, and although the settlement is not fully stabilized one year after construction, the settlement rate slows
down. The significant stress concentration effects of the mixing columns accelerate the consolidation rate of the foundation.
Based on measured settlement and excess pore water pressure, the degree of consolidation of the column-reinforced foundation
one year after construction reaches over 80% and 75%, respectively. Due to the stiffness difference between the columns and
the surrounding soil, the stress distribution exhibits stress concentration effects in the model. The measured column-soil stress

ratio ranges between 2~3.
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Fig. 1 Profile of typical section
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Fig. 2 Columnar and grid-form deep mixed column in model tests
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w
=4

MRIEAREIBL S1 PURFHIZL, DARSRIH LS A
Z) OB BoR) N al, SRR B AR b 2R T

B AUTIE Swo FUE 42 LU TGS B 21 FH XX h 267
WEE NG, BUE 50g FREIZ5E R ¢ S53T0% S W
TSN

So=——S, . (M)

a+t

M S5 t AEMERR, WHNHTR:

t 1 a

§_S_I+S_ ° (2)

t 0 ©

Kb BN 1S, BN a/S., Hb o NREL )



H T 2

LR, A AERIRARAMIEDR BE R b [ SR AR TS AE B OB R IR WF 7T 213

B R IE 6 B

30

25
201 /
15F

115,=10.4+0.07015¢

1S,

- 2_,
10 R2=0.98
5 -
.
L L L L
0 50 100 150 200 250
B3R SE BRI [ /min

6 XHRZSETUNTRE
Fig. 6 Predicted of settlements by hyperbola method
MR (2D PORRE IR A TR TS R A UTR 30.8
mm, ]RG5S %0 [ 45 B 81.5% .
7 SRR AR AR B BUAS RN AL R B
K, D75 S WAL AL, B 3 A5 TBOK R4

PR R A 22 P BEFE B8 /mm
0 200 400 600 800 1000 1200
10 mmfi B &
100 - H

:

g
ey
7
&
W
B

AR 7 2 T5 1 ¥ 8 /mm
o
8

I
NN N RSN
500 f\ NN N v S
\\\\\\\\\\ |
600 1
w2

g

7 BRI AU B R ERE
Fig. 7 Displacement vectors of model soil

I 7 750, T 365 d JEid s L b b
HEE PR . BRI R T WL RKP
RREA PN IS . FERTRALIX A, — B RHBR T
U7 R I I R, (HAZ XN RS
FACPAIRS, 0 X 32 AR AE SR b Ay 2 10 1 1)
RiJje HOFER) R ZAKPAR AR BN, KRR PR
MBS BT . M MR G5 K 1L 5 S T PR AS
[F 53, A RO/ T HBBE R KA RS, BRIt R
e T A T 2 T 35 R B0 B S PR P A
3.2 BRFLENM

8 2 AL B A S R L T O 2. AR
NIEH] 50g B, FEER 22 cm AL FLBRKE S5t P3 fAE
L% 68.8 kPa, THEILAHALE 16.5 kPa, HIHHL
TN 52.3 kPa, iZALMLEE LARIEZEE U=76.1%, /)
RIS TR T R TS [ 25 81.5%. [F)BE,
A ALBRIK B 7711 P6 T LE AL B ) H 5 - Ak ] &5
U=57.9%,

120

| P3 |

100 F ! 1:25:,.]'1. P6 =235 min |

w‘(iﬁﬂ:mﬁi) (TJE365 d)!

I

= 80f 150 1 ‘

g /

14
P |
B
=
i}

0 | 50 100 150 200 250
HB] /min
8 FLBgAK FE bR (Bl aR i 2%
Fig. 8 Variation curves of pore water pressure

A5 i A Y ot B S Oy B HE K, SR
H=13m, [H%5 5% =45 m¥a. RV —YE[h 25
BB THE R L AE N=50g Nig4T — i EE nl ik B 7
B S5 R 46.3% . B OEALES | P3 A Pe HERAL
F10 b 2 b ] 45 52 359 i 2 va T AR ] e s 1) P 2 [ 45
JE, R RAEREAE DN IE T R e [ 450
3.3 MEES

9 R TN AR Bet B it T1~T6 fr
DB L s T BE IS TR AR 2. BT 9 Ca) AT,
—Fr. ZHrRMESR TR L NI 2 S, AR S
MR . 24 NIkE| 50g W, AETH T1 AL E SN
278.2 kPa. THEAIIMETN /7] 2 T 1%, W RE2ME A
P2 L JJROR, R AEREAR DTS SN ) A
I, N RIIE 50g IR - 77 T2 F1 T3 FEARIE BI0EAH,
M SA4EMKREYE, B2 FHERPH. =ff
O JJEAE N 62.5 kPa, MERTFFAEH .0 K 7
58.6 kPa. [ HbJE 1 BT [ 45, HETHH JJm& A 4
Kitass. K9 (b) WZEH, fEEM BRI
AP B8 1) s WA /N, T[] - i B AR FR AR E o
AR R IR 36.1 kPa, K IHBE KT A
Ht 4 77 26.9 kPa.

10 72 B0 g ik £ A L () BAR AR 2R
TENNEMI (1g~27.6g), n POk, HIE 1g~42.7¢
Z A2 R IBOR, TR /RT3 A 1g BE, nak
H 8 B YRR AN S5 DA B s g v BN g 1 1) R 22 i
B B NILF| 42.7g v, —BRBBIRTUR 5 n ikIE(E
4.15, FHAE N=50g TE M BT HIIRIE N FE R 2.0, T )5
YU B I (A 1 R, i 10 () fos. B9
BEAE IR S, ST AS BAETI — R
BETHUT HOAEAR J L R 2 B, B0 R AR KIRK
AT, DRI n BEIESG AT RRRNMER K. N
Nilik 42.7g ), ZFRBESETR 77 n ik 0&(H 3.98, 18
B BRI W TR SR, B RHEIR T »
BE & I [A]G REEE T B .



214 = 7% R 2024 4
450 T .
| —— T1 (BETH) |
400" | 1225 min 12 (PORERLL) | + N
3s0f s BT 535 min ! 4 gl:l -Le
= 300 :SOgH] (IESGSd): BT A IR AT 2 YL DR AN 18
e 503 K! COE MRS RIG IOAE T SR F AR AFIAS IR 35 £

0 ! B B B B 1
0 50 100 150 200 250
B} ] /min
(a) —H R T
450 ; ;
1 — T4 (ﬁ]ﬁ) 1
400 | i ——T5 (BBERLL) [
: —T6 (AL :
350 | |
- L | (=25 min 1=235 min "
£ 300 | SRR (T/R365 d),
= L 1 1
R 250 | :
lﬂ L 1 1
3200 : i
150 :;ogm 2
42.7¢ !
100k \g 50g |
R7.6g/ | ‘
S0EN | |
I
0 L . . . A
0 50 100 150 200 250
B} 8] /min

(b) ~BAHIR T
9 MR E T L

Fig. 9 Variation of pressure of columns and soil at surface with

time
5 T
4278 | =25 min  —— TUT2 (BHEH L)
4 Gitmg) — TUT3 CGHEFD)
27.6g A
NETIR s05 )
R ]
= |
H 2t !
= i
1
r i
|
I
0 L ! L L . ) )
0 50 100 150 200 250
i 8] /min
(a) —HrRHdR T
5 T
027g | =25min  —T4/TS (BIBEF L)
\' (ﬁi%ﬁi) ——T4/T6 (:HEILL,\)
4 L
d
:;5; 3R 50g ()
R ;
= |
H 2t [
& I
1
i
I
]
0 1 ! 1 L . ) )
0 50 100 150 200 250
i /8] /min

(b) ~BAHR T
10 #EE R SELAE KL

Fig. 10 Variation of sress concentration ratio with time

IR N [ 3 - S BEAARRORAR Y . — B RIBBR TiAL
A B oK, AR O ik TN e £ TRy 30.8
mm; JE T 58 I R e AR e, HITRE
ARG . HFEREIZE AR T 80% LA Lo RMIPIRSEHE
BEA RO/ T HIFERIALRS, 50g NSl dsts et R
4t

C2 ORI SR X 6 ST M ) LU R K s 0 ¥R i
Bl TH AT BP0 ] M [ 25 2 235008 76.1%,
57.9% 0 ST RA A L B 7 s 74y 55 A b 3 [ 4
FEHZE R T AN ] 5L AR T H ST I [E S5 B 46.3%,
AL, TR AN B T RN, PRI IE T
B[ S5 E R

(3) IR NI EEZE 5, A ) 70 e S DA AL
[ IS RS, SR K e AR FEAE A 1 8 EE AT
2~~3o IS B T 58 BUE HE TN ST P R B, Ak
RSN —E g, BERIETFE.

SE -

[1] 5 NI, KM, TEX, & BB EARIVR S KIRET].
AR TFE2EHR, 2024, 57(7): 51-70. (ZHENG Gang, ZHANG
Junhui, ZHANG Dingwen, et al. State-of-the-art of ground
improvement technologies[J]. China Civil Engineering
Journal, 2024, 57(7): 51-70. (in Chinese))

[2] SEXTON B G, MCCABE B A. Numerical modeling of the
improvements to primary and creep settlements offered by
granular columns[J]. Acta Geotechnica, 2013, 8: 447-464.

[3] LU W, MIAO L. A simplified 2-D evaluation method of the
arching effect for geosynthetic-reinforced and pile-supported
embankments[J]. Computer and Geotechnics, 2015, 65:
97-103.

[4] £5Z, EKE, WEA. DCM FfEA HEIRECE RS
S OB RLREG R 7T D). B = TRESEIR, 2024, 46(3EF) 1):
143-146. (WANG Xuekui, YUE Changxi, HUNAG Sijie.
Centrifugal model tests on combined bearing characteristics
of DCM and gravel foundation[J]. Chinese Journal of
Geotechnical Engineering, 2024, 46(S1): 143-146. (in
Chinese))

[S] NGUYEN B, TAKEYAMA T, KITAZUME M. Internal failure
of deep mixing columns reinforced by a shallow stabilized
soil beneath an embankment[J]. International Journal of

Geosynthetics and Ground Engineering, 2016, 2(4): 30-36.



H T 2

LR, A AERIRARAMIEDR BE R b [ SR AR TS AE B OB R IR WF 7T 215

[6] KITAZUME M, TERASHI M. The Deep Mixing Method[M].
London: CRC Press, 2013.

(71 ¥ W&, BRI, BOCE, 5. REMPIRIEREIE R & s R F
U B E AT AL [0]. KR B Be 4, 2016, 33(5):
102-104, 120. (XU Han, RAO Xibao, LU Wenzhi, et al.
Numerical simulation on static load test of grid-structured
cement mixing pile composite foundation[J]. Journal of
Yangtze River Scientific Research Institute, 2016, 33(5):
102-104, 120. (in Chinese))

(8] B3, BRGMR, 1 S, S REMPIRIEREIE R & s IR F R
RIGHF [T KITRFZEFE LR, 2016, 33(6): 65-69. (LU
Wenzhi, RAO Xibao, XU Han, et al. Static load tests on
composite foundation of grid-shaped CDM piles[J]. Journal
of Yangtze River Scientific Research Institute, 2016, 33(6):

65-69. (in Chinese))

[91 YAMASHITA K, SHIGENO Y, HAMADA J, et al. Seismic
response analysis of piled raft with grid-form deep mixing
walls under strong earthquakes with performance-based
design concerns[J]. Soils and Foundations, 2018, 58(1):
65-84.

[10] Bz LTJREM]. JbE: FrE ARk B H R AL, 2007.
(YIN Zongze. Geotechnical Principle[M]. Beijing: China
Water & Power Press, 2007. (in Chinese))

[11] YIN J H, ZHANG F. Physical modeling of a footing on soft
soil ground with deep cement mixed soil columns under
vertical loading[J]. Marine Georesources and Geotechnology,
2010, 28(2): 173-188.

(G2

L)

A A A A A A AP S S IIP P ISP ISP ISP P ISP PP IS ISP NINI ISP SIS NI SIS IS IS III I IS IS SIS NPT TGS I NIIINIIIINININIINININIININI

(25 154 O

[2] WANG Q, WANG L M, ZHONG X M, et al. Dynamic
behaviour and constitutive relationship of saturated fly
ash-modified loess[J]. European Journal of Environmental
and Civil Engineering, 2019, 25: 1302 - 1317.

31 7k O, WIFFRE, BR R, S BRVEVEION S AR
WA AT A [I]. A L TR, 2018, 40(4): 681-688.
(ZHANG Yao, HU Zaigiang, CHEN Hao, et al. Experimental
study on evolution of loess structure using acid solutions[J].
Chinese Journal of Geotechnical Engineering, 2018, 40(4):
681-688. (in Chinese))

[4] INDRARATNA B, MUTTUVEL T, KHABBAZ H. Modelling
the erosion rate of chemically stabilized soil incorporating

force—deformation Canadian

tensile characteristics[J].

Geotechnical Journal, 2009, 46(1): 57-68.

[5] KONG X H, SONG S G, WANG M Y, et al. Experimental
research of low liquid limit silt stabilized by lignin in the
flooding area of Yellow River[J]. Geotechnical and
Geological Engineering, 2019, 37(6): 5211-5217.

[6] YANG B, ZHANG Y, CEYLAN H, et al. Assessment of soils
stabilized with lignin-based byproducts[J]. Transportation
Geotechnics, 2018, 17: 122-132.

[71 IR 7R GB/T 50123—2019[S]. db&t: FEt
X H kA, 2019. (Standard for Geotechnical Testing Method:
GB/T 50123—2019[S]. Beijing: China Planning Press, 2019.
(in Chinese))

[8] LIU C, TANG C S, SHI B, et al. Automatic quantification of
crack patterns by image processing[J].

Geosciences, 2013, 57: 77-80.

Computers &

(iRz: IR





