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Model tests on 3-D soil deformation during pile penetration using transparent soils

1,2 : 1,2 1,2 1,2
CAO Zhao-hu"“, KONG Gang-qiang *, LIU Han-long"“, ZHOU Hang"
(1. Key Laboratory of Geomechanics and Embankment Engineering (Hohai University), Ministry of Education, Nanjing 210098, China; 2.

College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: In order to meet the need for nonintrusively measuring the spatial deformation pattern in soils during pile penetration,
the transparent soils made of glass sand and pore fluid with a matching refractive index are used. A small-scale laboratory
modeling test system is designed. The system consists of a laser, a linear generator, a charge-coupled device (CCD) camera, a
loading frame and a computer. A distinctive speckle pattern is generated by the interaction between the laser light and the
transparent soils. A sequence of laser speckle images are recorded during pile penetration. They are then analyzed using the
image processing technique, and the complete 2-D displacement field is obtained. By combining the multiple slices of 2-D
displacement fields, a 3-D displacement field is obtained. The observed horizontal influence zone is 8R from the pile shaft. The
results show good agreement with the theoretical predictions of numerical method. Compared with the traditional test methods,
the proposed system is more suitable for more advanced 3-D soil deformation measurements and can be employed to study the
deformation mechanism of soils.
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Fig. 1 Model test set-up
W2V E RHBEM B, BREA N, &1
SPHERE R, O AT ERES R AESLEE (25 mmX25
mm) RSl (M 6), 7] J7 ([ i Hofth v o5 e
G 1 BAR RSF K 1800 mm X 5 1200 X 5 800, 4
[ESE 200 mm, SR PYSCPE, 2485 600 mm, ik
00 T YR A S AR AT 5 T DR3BS P 45 4
PriRtERELr, vl N R G A S P AR I AR
gy, PR T SRR
CCD AHNLEARSECA 53 HER 1200 X 960, iR,
W% 15, BRG] 100 ps~30's, i AW B
AV A &S A S s n A3 B iR B i — R
SIS . CCD AR I iR A% ] e el s 48 b, i
VT LR AR, TS B EAR ALY, A
HIREN R AV ER {D) s ok M



52 3

WREE, A ST BN AR DTRERL R AR YA BRI T 397

BWOGH R Z0B0EEE, %R 35 mW, JERCAH
MRS, H TR RO A A R, e T
WO LA & B, B OGO 2T ik
(DT L, I AR AR KRR L o

DUNE IR ZACR i s 70, SEAAHE S e ey i e A
FEA AR, g Ree Pt e g Ve [R]Neg A
I AT G R IR E A, RN RS
PR VE: Nz A i H LR RS e I pT i 2, YulH
4 0.1~10 mm/s.

1.3 PIVHARRE

PIV $ AR HE T MG VT A A R e R (1) — i

PRI LM AR, FLEMR LS (1 bR U ST R £ R

M-1N-1

C(Ax,Ay) =MLZZf(m,n)g(m+Ax,n+Ay) o (1)

L M, NABGIK. %8 8 6 ZIEG S,
FEEUGER A SRR (my n) AR FEAE S04 o 5
g A R EG T, ZE GO S AR Cm+ Ax,
n+Ay) RERKFEAEDATRE: Ax, Ayl x, y
J7 1) PR 7 1

TE I OCHR R AT B UGN 11 15 203 1 15 21 (1)
N, I &S/ INE GRS A r] 15 H A R
M. A TSR, BRI HTi G
AIRERI N, AR EGHEN, THERBOC, HE
g L e e AN ER Y SR W S SR |
o2y PIV A 6 B BE L DL I A SRS B o il T
KEWFIT .
1.4 REIERMRIR

PRUFAHDUBE S 2 4 B T 00 77 38 TARE ) vl
I, R, AT SR KA R 12
% RINEHT, FEEWIRRI K B EHURAE 2 H B,
WS AP U, B S AR RR AR AN T 2 s bk I AR Th i IR
HE5 T L, BERAS KT 0.5%, POPEHERIE E A 1 mm/s;
AHLE TS, FR 1 s BEns—kE ),
A FRORFF PR (D626 355), AR S e ik
iR, BHARUONEZ A TR RSF R/
CZWRTE LD BOD A8, BERAER - ANEE AR,
BT 10 mme A T B UuEBIALRLE 1)l SE Pk, [FIRIH
RARD LI AT T — 2 AR [R1RE0 25 A B R AR RO
TR A HAE AU AT, BRI oLk 1 s

£1HRIR

Table 1 Test conditions

Gy BRI BEA%/mm L
1 FE A+ 10 KR
2 w+t 10 PRORL
3 w+t 10 B A

2 ZHBREKIWERS SN

TR AT OB O, TR S A
VI, S0 2 B, A A TR R e A DD
HOREY) BT B A I R 5

7
000 //\4
// 7

g ?//

B2 grymrER
Fig. 2 Laser speckle patterns
2.1 HEIFEIF
PO B DII 5 #4770 7, AR DTHERL R
BEF LA T —defi#e . W&l 3 o A R AR A7
Bk RmE, K3 ) JbkiMh 0~7R, K3 (b)
MBS 0~13R. Bl ARbR AR B, AT LG
HAE A ARG RS LR ) B 5% Ak

0 0
10 10
20 20
30 30
40 |- 40
50 | 50
\g 60 |- £ 60
=~ 70} X 70l
8ol 80
90 |- 90 |-
100 :: 100 -1 :
1of::: 1of 1
ol 120l
130 1 1 1 1 1 130 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
X/mm X/mm
(a) L=(0~7)R (b) L=(0~13) R

B3 fIBrEE
Fig. 3 Typical displacement vectors
AT EEMESHE R LRI RN, Kl
AR S AOREZ i S PR L INAS S A IEDAE NS i
HEAEEAE R BEATARUEI . B 4 (ady 4 (b) J3 At
BEVREE L A0 2 TR I, BEJ AR KPR R
Mg s B 5 Cad 5 (b)) 23l UiHE R
JEL O B 13R IN, Bk AR AT A% 5 s el R s
) AR e R I . K 4 RIE 5 FTLURER, BT BES A



398 a5 oE L OB ¥

2014 4F

JEMIAZLE, AR L AREUR T H I, gL Boris
g1, BEEDUEREERI RGN, AL RS R B 0 A7 55
B R MAUTHEEREE N 13R I, ZKPAL RS f K25
IR 8R, i) A At K miJu 4 10R, T ARKIL—
SEFERD o 0 THEARLUT Lk, BRI 5 K5 i v [
TEBER T i 3R ko

10

12

14} 14}
16 + 16}
18 18

02I4I6I;§1I012 Zooﬁaltsllsfou
X/mm X/mm

(a) KPR (b) B
B4 L= (0~7) R ERE

Fig. 4 Displacement contours from L =0 to 7R
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Fig. 6 Axisymmetric model of jacked pile
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Fig. 7 Displacement of mesh joint during penetration
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