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Centrifugal model tests on micro-pile-reinforced shallow foundation in layered soils

ZHOU Weining, LI Zixi, ZHANG Ga
(Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China)
Abstract: The centrifugal model tests are conducted on the micro-pile-reinforced and unreinforced shallow foundations buried
in complex formation during vertical loading. The deformations of soil base and the foundation are observed and compared for
the micro-pile reinforcement effects. The results show that the micro-piles significantly reduce the settlement of shallow
foundations. The main scope of the micro-pile reinforcement is above a depth of 4 m in the silty clay layer. Under the
reinforcement of the micro-piles, the settlement of the foundation is more regular and uniform, and the displacement change
near the boundary layer between the clay layer and the silty clay layer is more gentle. The depth of the load influence zone
decreases if the micro-piles are used, and the width of the influence area of the clay layer is reduced by a greater extent than that
of the silty clay layer. The micro-piles suppress the transmission of loads to the lower strata and constrain the horizontal
displacement of the soils, thus increase the bearing capacity of shallow foundation. The rules obtained from this study may

provide reference for the application of micro-piles in practice.
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Table 1 Specific parameters of prototype and model

ZH JE /m A /mm

ST EL TE 2.00 50.0

S EL A = 1.33 33.3

ST EL R 0.668 16.7

T AR A 1% 0.20 5.0

T AR A 10 250.0

T A A B 1.6 40.0
I NE S 5T Al BE 0.232 5.8
W B 2 R 4 100.0
WA R 2R 14 350.0
T G EE 2.868 71.7
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Fig. 4 Settlement distribution in horizontal direction of soils for

reinforeced scheme (B, breadth of shallow foundation)

K5, 6 70 ml%a TR N S 75 =T
AR BN F AR B AL, IR R IR B 1 AR 1
Do [Rl 7KL BAL, MR TR AR B2 1 R TG K,
BE ARG R, A bR R 11 R LA RS 2 B TR S
HFIATECT , IR 2 iRia 2o AR AL, (HAEK i
L2 SRR PR 2 N R RIEREAR, H
EZHDTE =2 m, EFKFSHEL) Wik,
ML BE IR FE A AAL IR L B BN TR R . FER
I 75 2N, A v 55 7 i A U R 2R R IR
AR IR LS AN, O R R ORI
AR ZE) KT Wit . FEMBETTRET, Hob 5P
AL PR BEAHIT,  HORBEUR 7 SR XK. R I



84 F S N O

2024 4E

AT /I K] P J s 58 S8 A I 14 22 5 g SRR
WAL, BRI AT SN 5.

Or

) L L \MEARR T
4} : Ve /:/'/ ﬂgﬁﬁ&
g 6| £ 2 8 6 n
g £ ; K
= gl kS ——32MN
--— 48 MN
1or ., . . —64MN
120 100 200 300 400 500
v/mm v/imm
(a) x=—133.33 mm (b) x=0

Bl 5 RMERRFEEH T EIEEE S
Fig. 5 Vertical distribution of soil settlement for unreinforeced

foundation under different loading levels

O NN e 0
NI R 2
g6 o T g4
£ iz £ i
o SR s 6
ol L6 MN--32MN
-.-4.8 MN—6.4 MN ;
15 n L s 1044 " N " L N ,
0 50 100 150 0 50 100 150 200 250 300 350

v/mm v/mm

(a) x=-133.33 mm (b) x=0
B 6 mERAEEH T B E S
Fig. 6 Vertical distribution of soil settlement for reinforeced

foundation under different loading levels

3.2 TIEFNXE
ARSCHUE DTSR T 20 mm  CHE 2 T R Ailt 9 52 11

1%) PRI B8 7 D9 52 DA 2 25 1) X I (R 382
DX FeFubhritE, A A [ AR b R IR A
BRI T 7, 8 R I A RN 7 SR
SN DX 3. MIET 7, 8 H AT UK By o b (A ) 52
M2 J3E B Al R AR A [ 85 R

AL
&

—— o R
T AN T )

TN E:]
- - =16 MN
- ——32MN

—4.8 MN

14

S
RoFHAL: m

B 7 RERREHMEXE

Fig. 7 Loading influence zones for unreinforeced foundation

R R

7]
N o B #R

= -+ - —-—1.6 MN
—3.2 MN
Vv _| —4.8 MN

R R 2
Rp#fi: m
&l 8 fnEl77 ReErERmX i

Fig. 8 Loading influence zones for reinforeced foundation

SORARYL, AR S ARME ST, fEE

14

i DX IS R IR . B g B3 In, - Szmi[X
SR T8 R S IR BE R K

ARINE 7GR, AR R A4 B 5 51 AR 52 X 3k
IR R M08 FE2 RIS AR o 0 I 75 58 52 A 3 25 2
TIOR8 BE SR LN ELAEBE AT B IR 3K
R T A7 A3 T SO DX 7 e, AR AR o T
S HARAEINE T, SR B 2 A
bt ot R S vz i DX B8 R N BE O

4 EAEHNEHLEE

KOsl 7 “IiE” 5 “AnfE” J7 KT
REAERIKP A0S LI o R KT A B A4 T [y B
TRIERE Y LI Ah, A B 1 G S SR8 A D 1
LSRN each oyl N i~ BV N VX 2 9 N i N ]
Ji %, o> 52 S Je B & L R kAR B AN TR
e A ek I STRA R Y S R VR EATE
N, HAREON 122, Ul BT B A J2 R Ay 2
R E ARSI T E R, 20T T R K
RIS, TN R DX, SR eI AR T

(b) ¢/B=1

s/mm

x/m
(¢) ¢/B=2

&9 mESKMESRMEXFENZSHE (TEH: 6.4 MN)

Fig. 9 Horizontal distribution of horizontal displacements for

reinforced and unreinforced foundations (load: 6.4 MN)



H T 1

JAEE T, A ISR A [ e BRI ) B o BRI F 5T 85

5 & i

ALK R LA, AT TR 26—V G
52 TEH R TR N E S50 BRI, RN b
T RS I 4% T R A 2 6 B AR T
ST T RIS R R BRI B LB . 3
T UL 4 556,

1) PR BE S LRl I R I (2, B 25T
(AT I, BT T g T, R A 9% 3
RE T 7 A B R 2, i B S el
SRR B R 4 m L

(2) HERNRE R, HhIERUE T ANYI5], M5
L2 5 O 5 36 LR 1 4 TR R A5 (T
22,

(3) PRI T, o A R s, B
AR I 3 (RS PE /N 0 R 86— 2 B X A5
FEIRR NI K TR TR T B - 2«

(4) BB HIR R TR RS, Ak T
FRHSERK T AR, TN R X 5, 4
HHE AR T

SE -

[1] BRUCE D A, DIMILLIO A F, JURAN I Introduction to
micropiles: an international perspective[M] //Geotechnical
Special Publication, ASCE, 1995: 1-26.

[2] YAN J, LIU X, ZHANG Z, et al. Model test of micro-pile
group reinforcing high steep landslide[J]. Applied Sciences,
2022, 12(19): 10017.

[3] ELSAWWAF A, EL SAWWAF M, FAROUK A, et al
Restoration of tilted buildings via micropile underpinning: a
case study of a multistory building supported by a raft
foundation[J]. Buildings, 2023, 13(2): 422.

(4] 2T, 27, ok MR DR [ R R AL A A
REEHFFC[T]. A TRESAR, 2021, 43(38F) 2): 56-59. (LI

Zixi, LUO Fangyue, ZHANG Ga. Centrifugal model tests on
micro-pile-reinforced shallow foundation[J]. Chinese Journal
of Geotechnical Engineering, 2021, 43(S2): 56-59. (in
Chinese))

[5] BORTHAKUR N, DEY A K, et al. Evaluation of group
capacity of micro-pile in soft clayey soil from experimental
analysis using SVM-based prediction model[J]. International
Journal of Geomechanics, 2020, 20(3): 04020008.

[6] TSUKADA'Y, MIURA K, TSUBOKAWAY, et al. Mechanism
of bearing capacity of spread footings reinforced with
micropiles[J]. Soils and Foundations, 2006, 46(3): 367-376.

[7] RICHARDS T D Jr, ROTHBAUER M 1I. Lateral loads on pin
piles (micropiles)[C]// GeoSupport 2004. Orlando, 2004.

(8] T L. K EARYE /KT JE H iR AE BRI 8 Bk it 46+
M2 v e AR AR B EOR S THRIR BT FE (D], A M B A I
&MY, 2023, 16(3): 17-23. (DONG Ruiwen. Experimental
study on the improvement of slurry treatment technology by
extra-large diameter slurry pressure shield method in Zhuhai
muddy silty clay layer[J]. Supervision Test and Cost of
Construction, 2023, 16(3): 17-23. (in Chinese))

91 E44F, FAR., TR OB EAR S R M]. b5
o E S T AR AL, 2015, (WANG Nianxiang, ZHANG
Weimin. Geotechnical Centrifuge Model Test Technology and
its Application[M]. Beijing: China Architecture & Building
Press, 2015. (in Chinese))

[10] LIU S J, LUO F Y, ZHANG G Centrifuge model tests on
pile-reinforced slopes subjected to drawdown[J]. Journal of
Rock Mechanics and Geotechnical Engineering, 2020, 12(6):
1290-1300.

[11] ZHANG G HU Y, ZHANG J M. New image analysis-based
displacement-measurement  system  for  geotechnical

centrifuge modeling tests[J]. Measurement, 2009, 42(1):

87-96.

(gAL: PMIRE)





