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An experimental study of the displacement characteristics
of dry sand under dilatometer penetration

CHEN Zhongqingl’3 , WU Tianyu1 , GAO Yanbin , LYU Yue'” , LIU Shuai'
(1. School of Civil Engineering, Shaoxing University, Shaoxing, Zhejiang 312000, China; 2. School of Civil
Engineering, Tongji University, Shanghai 200092, China; 3. Key Laboratory of Rock Mechanics and
Geohazards of Zhejiang Province, Shaoxing, Zhejiang 312000, China)

Abstract: The flat dilatometer test (DMT) has been widely used in engineering such as geotechnical engineering
investigation and evaluation of ground improvement effect at home and abroad. The test process of DMT is
usually carried out after the blade insertion of DMT into test position, so the disturbance caused by the dilatometer
penetration process will directly affect test results to a certain extent. However, the mechanism of dilatometer
penetration and soil disturbance and its influence on test results caused by penetration process are not yet known.
Homogeneous dry sand samples under different initial densities are prepared by the layered plate compaction
method with low level rainfall, and several laboratory model tests of dilatometer penetration into these sand
samples together with particle image velocimetry (PIV) are carried out to investigate the distribution
characteristics of the soil displacement field during the blade penetration process. The test results show that (1) the
extrusion effect caused by the penetration of both the wedge part and lateral expansion part of the blade mainly

causes soil disturbance. (2) The surrounding soil is squeezed downward and sideward during the penetration of the
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wedge part of blade, resulting in small vertical displacement and a flat displacement field which mainly extends to

both sides, while the surrounding soil is squeezed horizontally to the two sides during the penetration of the lateral

expansion part of blade, resulting in a semi-elliptical horizontal displacement field with the distribution range

being obviously larger, and meanwhile, the shear effect caused by side friction between the blade and soil produce

a vertical displacement field with a narrow range. (3) Moreover, the displacement field of dry sand caused by

dilatometer blade penetration is less affected by the initial sand density than that by cone probe penetration, and

only the distribution range of displacement field around the wedge part of the dilatometer blade expands with the

increase of the initial density to some extent.

Keywords: flat dilatometer test (DMT); penetration process; displacement; model test; dry sand

B K F) 24 Silvano Marchetti T 20 t: 42 70 4F A,
KR T i 5 Bk 4L ( The flat dilatometer) , 3= 5 [ J
Bk MR SORAT IR DR R 500K R
( The flat dilatometer test, fij X DMT) HJJ J& — Fifr F1] FH 5%
NG 2 L 2T NG s I SR BU R WA ACIE~SS
PN, AR B Sk B8 R Ji T 380 4 22 6 B s 1) 1 0
(BP pos py e py 1H) o DMT H A #AEMEHE, 0] 42 M
98 . HBEARAT 24 1 2 8 Cani 1R 0 s ) & 8L K.
L E 25 L OCR., [E4RH 5 M, WEEHE A o MAHEK ST
BYSREE C, %) MRS . H AT 50 ik 5 O 7E 70 £
AN FAF B AR, I8 S — B o 1 S5 AL ] 3
H ORI A L E M RS 50 P25 (ASTM) #r 1 (ASTMD
6635—15)™ B FL I Eurocode( EN 1997—2:2007)
1SO #7 i (1SO 22 476—11:2017(E) ) ™ 1 e [ 11y (45 £
TREENZE I ) (GB 50021—2001) %,

S DMT T2 = N A iz, {H /& 2 45k DMT
FOIF 5 3 B4 P e B A By vk e T
R BT, W56 T B Sk B R B AT
SR, MOCHRE M A Z L, AR5, DMT 8Kt
IR BT A B A B Al b3 AT, M A B A 09 +
AR . I S g — o A s e g R,
S po (B o RIE AT X e B 4 Sk 1 BT AL
b N O I A B Y I N7 ) I B S A R
Baligh 25" Ho A8 T S ) 46 A B BETE BN B8 | B B
+ AT, 15 B ML T A (sharp wedge penetration) 5|
i ARASIE /N T4 A A B (blunt wedge penetration) .
Huang' " F JH B T Be, 64T 7 1F 8 = 48 5T A5 10
N A% B AR S B, A5 3 B HE AR Sk (cone) Fl 57 K Sk
(dilatometer) 51 A5 | 2 B9 N 28 37 B @ AN W], HL R # KT
JGi# o Benoit 25! F FHRCHE ity i 5700 KAX (instrumented
dilatometer) FF J& T #EL 09 I A7 Jm 5700 i K5, 15 3
Jid R Sk DY G R AR B I 0 AL, (H N T AL
7 fl PR 5 5 A 4 Sk B A AR AL . DA Y

By, BRI RSk AR A (— R 20 ©) B /N T
[543k B 4 A (— SR 60 ©), fHL B A B AT AT £
1K 3 B — & AR B30 . Finno'' 5K 1] ;78 i 7% vk
(Strain Path Method ) X Ji 5™ #4% Sk Bt AR FO B 1 4 i 47
TR AT, A5 B0 Bk B G R A 4 Bl (D
PR3k J8 Bl A B % IR 1X 3R, failure zone 3K Sz e ) Sy B
PRL s 100 ~ 110 mm, B 25453k (9 01 1/ 70 mm,
Fill /I8 o4 50 R Sk B A 5 S ) I 0 0 R (P 8 ()
Bk 116 mm'"") o BT R ANSYS B 4F AT A R
JURETEL, 5 R S 9 B A G AR 7 4k A it o — A7
R G (RIS RN L R B 1 —2F ), 45 20 Fn
A 5T AL B3 Bl oM B B K 350 mm Z2 45 .

A LA 2, B (0B 9 3 8R B i b e B (i
B F B AT T A M AN IER, (R 55k A L1k
AR A LA L N o A R AR B R R (L
an AR AY R g D s RN R SRS D TR TE R,
DL B TR 2644 T B2 A G R 5 1S A 4 R 46 30 75 Rl
RIE B . G— IR o AR SO T WAL,
TR i 5788 3k TR R0 1R 2% SRS TR B 5 T AP
RIS AE, 3BTRSk B G R P A B 0 RS
ik, Sk it — 25 DA 57 0B 3 560 o 8 Sk 1 B A HIL R,
DAL B A R sl i $2 ik 22
1 REMBRNEEE
1.1 XAk

K HE 1T 1SO FRfEs (0 VB N AR 3 56 44
TR LM Zean &8 1 fros o ORI RE AR 4 0.08 ~ 2 mm;
BRTHE ] 1.88 glem’, Te/N T2} 1.69 g/em’, 5
INLBRLE R 0.41, e RALBREE R 0.57, LLEE 2l 2.66.
1.2 YA

(1) Jm 548 %

SR R ' M B A RS A B R AR 7= 0 R Sk, AT



2021 4F

WRAETE, 45 5L A TP B A2 8 R AR I SR AT Y 121 -

O3 R FEES K B BRI, N 2 B . kA
£ 240 mm, &4 96 mm, JE 14 mm, BUE I N 26 ©,
MUK R AR ELAR 60 mm, R Sk 3% H2 350 10U 5 6 326 422
SLAHIE, HAR M 38 mm,

100
90
80
70
60
50
40
30
20
10

0

INTHRERAR Z A BUREE 4 %

10 1 0.1 0.01
RiA% mm

1 Ao bR 2% e B 2%

Fig.1 Particle size curve of the standard sand

(a) BELIE I
B2 RyMmakERk
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Table 1 Test groups and related test parameters
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Fig. 6 Variation of specific penetration resistance with depth
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blade insertion into loose sand
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Fig. 8 (a) Displacement vector distribution cloud graph of (b) horizontal displacement and (c) vertical

displacement after penetrating medium dense sand
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Fig. 9 (a) Displacement vector distribution cloud graph of (b) horizontal displacement and (c) vertical

displacement after penetrating dense sand
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