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Experimental study on special physical and mechanical properties of white
sandstone in North Xinjiang

DENG Ming-jiang', CAI Zheng-yin*3, GUO Wan-1i*, HUANG Ying-hao**, ZHANG Chen’
(1. Department of Water Resources of Xinjiang Uygur Autonomous Region, Urumchi 830000, China; 2. Key Laboratory of Failure

Mechanism and Safety Control Techniques of Earth-rock Dam of the Ministry of Water Resources, Nanjing 210024, China;

3. Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)
Abstract: The white sandstone is a commonly used soil material in the Gobi canal. In order to study its physical and
mechanical properties, a series of indoor tests are carried out. The following conclusions are drawn: (1) The white sandstone
can be classified as the silty sand, its main mineral composition is quartz sand with the mass percent of 66%, and the clay
mineral is montmorillonite and kaolinite, accounting for 17%. The special mineral composition and grain size distribution of the
silty sand makes it have special behavior, which is similar to that of sand and clay. Among them, the liquid plastic limit closes
to that of the low liquid limit clay. The permeability coefficient is on the order of 107 cm/s, closing to that of silt and clay. (2)
Whether it is in loose or dense state, the stress of the white sandstone sand is shown as strain hardening, and no volume
dilatation occurs. The cohesion increases significantly with the increasing compaction degree, when the compaction degree is
96%, c=41 kPa, which is close to that of the clay. The internal friction angle has little relation with the compaction degree,
which is basically 31.8° under different compaction degrees. (3) The critical state line in the e-lnp space of the white sandstone
is the same as that of brittle granular materials such as coral sand and even rockfills. Moreover, the critical state stress ratio is
not a constant, but affected by the confining pressure and the initial density. All of those are significantly different from the
critical state characteristics of the ordinary sandy soils.

Key words: white sandstone; silty sand; triaxial test; critical state; strength-deformation characteristic
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Table 1 Mineral composition of white sandstone
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Fig. 2 Grain-size distribution curve of white sandstone
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Table 2 Boundary particle sizes and coefficients of white

sandstone

HH A Py R A5 it =
RifE RifE RifE RifE EX 10 R
dio//mm  dio/mm  dso/mm  deo/mm Cu Ce

0.003 0.074 0.208 0.32 106.7 5.7

MRPEKFIES Tk 7245 (GBT 50123—
2019)) Bl WA RIAR KT 0.075 mm FRPRDREZH 5T &
Z TR RN 50%M LR AR+, HRE 1 Bk
PR T BE S0%MMAIRE L, e KT 2
mm [RBRRLZH T B> T EE T TR 50% 1) R oD
%+,

FIRb A LRERI & &A1 3. SR 3 AT,
FRP A g0k (<0.075 mm) & &N 30.1%, MR
(>0.075 mm) FEHN 69.7%, K iZREHR .
B0 M, AR KT 2 mm AR B A
TR 5.6%, TIHMKL L 65.2%, BEIi%Z AR & AT40 5
NP

*3 AMANNESE

Table 3 Percentages of particle group white sandstone

FL2H %I 5y $it% d /mm Tt AT E %
I 5=d>2 4.7 4.7
Fiwb 2=2d>0.5 24.8
b 0.5=d > 0.25 163 65.2
4t 0.25=d > 0.075 24.1
R 0.075=d > 0.005 17.3 ol
EEpiA d<0.005 12.8

4k (<0.075 mm) FEN 30.3%, AT 15%~
50% [f], H4mkis Loy ki (0.075 mm ~0.005 mm)
NE, HEA 17.3%, Bk, ZAEREAEEA
#LJsEr, A58 SMPEL

FRUE FRD A AR R ZH 1T A o ok LS, (H 2,
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CETRIE T IEbRAE) BUER: —imE, SR
BRI AT X I R ARAR /N T 0.5 mm [ RLE,
HIb AR/ T 0.5 mm 1) 50k & 5 L 70.5%,
FiAR KT 0.5 mm [ E RN & (5 EIA 29.5%, FEASRF
A (CETRE R —Bebl. (B, Stk
ORI, ARPEERKZGEBEARENRE, Rk
BB E R E. Nk, SRR A SITET R
PR 7K 2246

RIGEH, AWSE 17 mm RN 29.9%, YR N
14.8%, MEYEFRECN 15.1, FHHLLHITE 17 mm IR AT
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Fig. 3 Plastic diagram corresponding to 17 mm-liquid limit of

white sandstone
1.2 HZATEE

(R TAE0 7 ERR AR ) BIG AR X 25 B a5 (1 — ik
My LRONEE A BHOKER L, RARARKT 5
mm, HHKAEHN 2~5 mm K EREFTEARRT SR
(11 15%. FRERARHESNT 5 mm, H 2~5 mm )+
FES LN 4.7%, i AR B LRI — O E, B,
BN AR AT R TR S FLR . R
RY, AR THEEN 1.63 gend, fH/hTHE
JZH 118 glen’s WEGEE R R IR G RIEI iz T
ARE, ASRBARE THEERMER KT 175
glen?’, B ST TS M RT3 B 1.63 glem’.

PRIE, GRS b5 T R A o Sk . (Tt
B TERREY Plrb ity Sk ik AR B — O E A
TR T 20 mm, ARG R AR R LR, A
T RIS B M H KT HEN 1.98 gem?, wALEK
N 10%. il SERIR AT 2 1 B KT AT A S B
1.3 ZEM

BT FIR G KF R T I, Y ER A
HEARLRIVER, BRI A K S iE & w06 R &

FIRD A B IE R AL
RN E T 4 DA T2 R REE R, H
R EE K T 1.90 g/lem?®, JESEE 96.0%; /T
BRE 1,75 glem?, JESZFE 88.4%, 1SRIIMIANSIE 25
Wz 4 fiow.
*4 ABENBSERY

Table 4 Permeability coefficients of white sandstone

HIRET 2 FESERE BIERH
pa/(g-em’) 1% k /(10 bcm-s 1)
1.90 96.0 1.63
1.85 93.4 2.63
1.80 90.9 5.85
1.75 88.4 16.4

MK 4 118, EEBIE RN AT,
HBED N 10 cns, H, JESLEN 96%H), Bi%E
RECN 1.63X10° cys. 1REE (B2 TREFM) Argh
HEIE, FRIEE REGERN 2X10°3~1X
104em/s, WAL RN 1X109~1X107cms, ZhtA 1
X10~1X108% cm/s. HHILATIL, ZEAERIBER
Hge /N T E R R, R TR R .

WAL, ERNE BEE RS TRt R
Z, MIREERIRET5E (RSEE Mim, HBER
BORETEMC . SIESLEEN 88.4%0), BIERECN 164
X10° cm/s, HIESLEME 96.0%, 5% R HEN
1.63X10 ®cvs, R T —MESR . XA S A
1) S AT A R PR AR LB 1
1.4 SRR

T 2 mm PL UKL 5 EuAR 2D, 7E = ARG
2 mm VA FROR B G BR E AT A . IR AT T
T4 1.90, 1.85, 1.80, 1.75 glem’® PUALIRFER) =
i [ 25 HEAK BT YIRS, 2 KT B SN 96%
93.4%, 90.9%, 88.4%KLFE, *t M IR FLER EL 4
BN 0.379, 0.416, 0.456, 0.497. R EUNFE 5 Fr
7N, FEJEN 50, 100, 200, 400 kPa.

=5 ZHCDIREA R
Table 5 Test programs of CD tests

FIFETRE RS HIREALBIEE il

/(g-em’3) /% eo /kPa
1.90 96.0 0.379 50, 100, 200, 400
1.85 93.4 0.416 50, 100, 200, 400
1.80 90.9 0.456 50, 100, 200, 400
1.75 88.4 0.497 50, 100, 200, 400

AR o B sl 45, FE R 5T i
A, B R NARER LS BT ALK 1 R 5B (KT
0.95. BYUISR A NARSE ], HZN 0.04 mm/min,
Her e AR EAEE L 15% 0 24 - AR il 4R A VA
UG AR s O RBAR A, WAL BT XS 2 (1 2 I ) 22
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Fig. 4 Stress-strain-volumetric strain curves of CD tests (degree of

compaction 96.0%)
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Fig. 5 Stress-strain-volumetric strain curves of CD tests (degree of
compaction 88.4%)
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Fig. 6 Strength indexes of white sandstone
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Fig. 8 Critical state stress ratios of white sandstone
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& . ORIV E 5 A LER, 55 20 LA AW I ATy, TR R = OOt T &
FF Tk CT (computerized tomography) FRAFAREFIMEL =H, ZR A MBSEEMREREH RAWH >, FE
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Development of miniature triaxial apparatus for testing of macro- and
micro-mechanical behaviors of soils

JIANG Ming-jing"**4, LI Guang-shuai" %, CAO Pei’, WU Xiao-feng®
(1. Department of Civil Engineering, School of Civil Engineering, Tianjin University, Tianjin 300350, China; 2. State Key Laboratory of

Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China; 3. Department of Geotechnical Engineering,
College of Civil Engineering, Tongji University, Shanghai 200092, China; 4. Key Laboratory of Earthquake Engineering Simulation and
Seismic Resilience of China Earthquake Administration (Tianjin University), Tianjin 300350, China)

Abstract: In order to explore the microscopic mechanisms associated with the macroscopic mechanical properties of soil, it is
necessary to investigate the microscopic mechanical behaviors of soil. Based on the conventional triaxial apparatus, a miniature
triaxial apparatus suitable for industrial CT system scanning is developed, which includes loading device and acquisition
control system. The main features are as follows. The loading device can be put into CT equipment for rotary scanning because
of small size and light weight. The specimen can be scanned clearly to obtain the microstructure and mechanical information of
soil under triaxial stress. The reliable test data can be obtained. The miniature triaxial apparatus has strong compatibility, which
does not affect the function of CT and does not also refit CT. It also has the advantage of convenient operation and low price.
The contrast tests for the dry Toyoura sand samples are carried out by the miniature triaxial apparatus and conventional triaxial
apparatus. The results show the stress-strain relationship and angle of internal friction obtained from miniature triaxial
apparatus are in agreement with that obtained from the conventional triaxial apparatus. There is little difference on angles of
internal friction obtained by two apparatus. Thus the reliability of the miniature triaxial apparatus is verified.

Key words: miniature triaxial apparatus; CT scanning; non-destructive detection; macro- and micro-mechanical behavior
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Fig. 1 Miniature triaxial apparatus

2 EHRbEE CT H Y A
Fig. 2 Micro-CT slice of Toyoura sand sample
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kPa, [l s AR 0 He 3 B2 AT LA T, 2 33k 6 g Bl R I
TRFF AR E -
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Table 1 Physical parameters of Toyoura sand
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Fig. 3 Process of making dry sand sample
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Experimental study on soil-water characteristic curves of sandy loess

CAI Guo-qging" 2, HAN Bo-wen" % YANG Yu" 2, LIU Yi'" 2, ZHAO Cheng-gang®
(1. Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China;

2. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)
Abstract: A series of laboratory tests are conducted on sandy loess taken from Yangcheng Tunnel of Haoji Railway under
different dry densities by the combination of tensiometer method, filter paper method, and dew point hydro potential meter
(WP4C) method. The soil-water characteristic curve (SWCC) of sandy loess in a wide suction range is obtained, and the effect
of the initial dry density is emphatically studied. The van Genuchten model is used to fit the SWCC test results under different
dry densities and the air entry value of the SWCC is determined. The microscopic pore structure of sandy loess with different
dry densities and water contents is studied by scanning electron microscope tests. The change rules of the initial saturated water
content, water loss rate and air entry value of SWCC under different dry densities are observated from a macro-micro
perspective. The test results show that the volumetric water content of sandy loess decreases with the increase of matric suction,

and the pore structure of soil changes from more overhead pores to more uniform medium pores with the increase of dry density.

The initial saturated water content and water loss rate gradually decrease, and the air entry value gradually increases.

Key words: unsaturated soil; wide suction range; sandy loess; soil-water characteristic curve; dry density
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Table 1 Basic physical parameters of sandy loess
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Table 2 Fitting parameters for SWCC models

SWCC il 81 2 B3 R?
Gardner 1574 9.409 0.791 — 0.984
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Fig. 1 Fitting results of test data of SWCC models



B 1 IR,

S5, D BN R KRR 2R IR W T 13

3 WMWERSTH

N T AT FURD 5 o L R AR, A ST L
AR PIA A BEREAT AR5, 2 A BEXT AN T3 £
FETT & /KRR T 21X 50, IO A B AN [R]85 P A
Ep ES RS EE R AR
3.1 BEREE5ELE. Wtt-IKEFEZ%EIRE

WA Tt S22, KILREEH, 7
W0 18 735 A 0 S A8 TR PRI 75 L R ICRF AL il 2 1) 4
AR T 504, S5E&A RIS R L& SCHR
[SIASCHR[ I AR 45 Rz ] 7 3 FhSRAE Ak K
FROERTZR T LU, il 2 B, WTRVEH, 3 fht
R L KR 2 Ay e “S” R h2k, fErhiR
B, W MAOKEFE M ZEBE, SN TSR, B
WAFARNTPIE 6. B FHRatRI R 3 Fh LA
RIS AFFEAH A, BRI B 2 06 3 ik = /KRAE
2R AL AT ML X LE T, ORI 0 22 57 U 5 )
X 3 A b ARIT e KRR i Ak IS0 AT 0T 7

5011 l@i
o #+
40| A PEEL
A
£ ":T\\
%
n A
32 20| .
ﬁ I.- A‘A o.
w0} LT N
A
AdA
Ol e ™
10t 10° 100 102 10° 10 10°
FERR F1 ¥ kPa

2 WRELXSEHEL. w1 SWCC #xttt

Fig. 2 Comparison of SWCCs of sandy loess, loess and sandy soil
3.2 AETFTEETL-/KEHEMZIRIEER K o

RELT- % %N 1.40, 1.55, 1.65 glem® =40 - Fi
TR T, R B B AR RR S K R 0, 73 )
50.1% » 47.1%, 43.5%, FRAREBREIKE O, 2510
2.1%, 3.3%, 3.8%. B 3 AAFETEE KR
ek as R SRS E R, BAESHIE
3.

60
LI k77
50 (] ﬁ?ﬁ?ﬁ:—
A BEAKRBRE
van Genuchtenf I &
8 40
W
£ 30
<1
& 20
%
10
1] L L ! L J
10t 10° 100 10> 10° 10* 10°

R S1 ¥ icPa
(a) A =1.40 glem’

LI k773
50 o JE4LH:
A BRSNS
w0l van Genuchtent B4 1] &
N
=
o) 30
&
& 20|
&
10+
0 1 1 1 1 1 |
100 10 100 102 10° 10* 10°
FERH 1 kPa
(b) A =155 glem’
60 = Ak
o JBYGML
50 A BRUKEOE
. — van Genuchtenf& B4 1A
< 40
%
b} 30
&
& 20
B3
10
°

0 . . . . . ,
1000 10° 100 102 10° 10 10°
FEJRK ] v/ kPa
(¢) =165 glem®

3 FREFEE T RERLH SWCC
Fig. 3 SWCCs of sandy loess under different dry densities
%% 3 van Genuchten #EEIH 524

Table 3 Fitting parameters for van Genuchten model
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1.40 0.852 2.655 0.148  0.9846
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1.65 0.118 1.229 0.410  0.9897
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Effects of clay content on physical and mechanical properties of fine tailings

HU Zai-qiang, GUO Jing, LIANG Zhi-chao, WANG Kai, FENG Zhe, CHEN Zhen-peng
(Institute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: With the progress of beneficiation technology, the size of tailings is getting smaller, and the proportion of clay is
gradually increasing. Therefore, it is particularly urgent and necessary to study the influences of clay content on the physical
and mechanical characteristics of fine tailings. Through a series of physical and mechanical experiments, the effects of clay
content on the physical characteristics, permeability characteristics, consolidation characteristics, shear characteristics and
dynamic characteristics of fine tailings are studied. The test results show that as the clay content increases, Cu increases
significantly, while Ce does not change significantly, and liquid limit, plastic limit and plastic index all increase. As the content
of clay particles increases, the permeability coefficient decreases, and the compressibility first increases and then decreases.
Cohesion keeps increasing with the increase of clay content, while the internal friction angle keeps decreasing. The effects of
clay content on liquefaction of fine tailings are to promote first and then inhibit, and liquefaction damage is most likely to occur
at 10%. As the clay content increases, the dynamic shear modulus decreases first and then increases, and the damping ratio
increases first and then decreases. It is shown that the clay content has a significant effect on the physical and mechanical
properties of fine tailings, and it should be paid full attention to in engineering.

Key words: clay content; fine tailings; cohesion; internal friction angle; dynamic shear modulus; damping ratio
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Table 1 Various physical parameters of fine tailings

B, pdmin/(g'em>)  pamar/(g-cm3) Gs
I 1.21 1.90 2.78

=2 B BIIESH
Table 2 Various physical parameters of kaolin

B, MYETRHL L, Gs (Ri1%<0.005 mm)/%

A 18.1 2.7 98
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Table 3 Analysis results of fine tailings particles with different clay contents
s pa BB N 4 B (%) . % o
R R AT (% REARM WERE PR
pays 0.5~ 0.1~0.074 0.074~ <0.005
T >0.5 mm Cu Ce Dso/mm
0.1 mm mm 0.005 mm mm
1 1.29 18.29 6.41 71.96 2.05 6.34 1.01 0.031
#2 1.25 17.74 6.22 69.81 4.99 7.33 1.09 0.030
#3 1.19 16.83 5.89 66.20 9.88 8.02 1.13 0.029
#4 1.12 15.91 5.58 62.61 14.78 12.01 1.02 0.024
*5 1.06 14.99 5.26 59.01 19.68 15.52 1.31 0.021
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Table 4 Parameters of liquefaction curves of fine tailings

R R P/% 44 SH B
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20 0.069 0.299
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Fixed-axis shear characteristics of anisotropic calcareous sand under
variation of principal stress axes

SHEN Yang', LIANG Hui', GE Hua-yang', YU Yan-ming?, SHEN Xue'
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China;

2. Huadong Engineering Corporation Limited, Power China, Hangzhou 310000, China)

Abstract: In order to explore the shear characteristics of anisotropic calcareous sand, the GDS hollow cylinder torsional shear
apparatus is used to compare and analyze the anisotropy of calcareous sand and quartz sand through the fixed-axis shear tests in
different directions of large principal stress to reveal the effects of inherent anisotropy on strength and pore pressure. The results
show that both the calcareous sand and the quartz sand exhibit anisotropy in strength. As the large principal stress direction
angle a (the angle between the large principal stress direction and the vertical direction) increases, the strength decreases first
and then increases, and reach the minimum when o = 70°. The anisotropy of calcareous sand is more pronounced, and the
magnitude of change in strength of calcareous sand in different directions of large principal stress is about 1.4 to 1.5 times that
of quartz sand. The pore pressure values of the calcareous sand and quartz sand both increase with the increase of «, and the
state of failure also gradually changes from tending to dilatancy to shrinking. Different from that of the quartz sand, the
maximum value of Henkel's pore pressure coefficient appears at o = 70° instead of o = 90°. The radial strain &r at the time of
failure has the smallest amplitude change with the direction angle of the large principal stress, and the torsional shear strain yzo
has the largest one.

Key words: calcareous sand; variation of principal stress axes; anisotropy; fixed-axis shear characteristic
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Fig. 1 Scanning electron micrograph of typical calcareous sand

particles (30 times)

B 2 S SR IR BC B 2 o TEC f1) 5 85 o b AR [7] 2%
e A DERD A 0 P, e 32 B PR AR ISR 1

1009

ANTFIERAR I AL R 43 /%

2 1 0.I5 012 0I.1 0.(;5
FRR AR /mm
2 $EREVAIREC AL
Fig. 2 Gradation curve of calcareous sand

=1 RV EEIRiE AR

Table 1 Basic property parameters of test sands
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Attitude monitoring and simulation of composite bucket foundation of wind turbine

GUAN Yun-fei', HAN Xun', CAO Yong-yong?, LIU Yong-gang®, TANG Yi', ZHU Xun', ZHANG Chen', LI Peng-fei*

(1. Department of Geotechnical Engineering, Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. Shanghai Municipal
Engineering Construction Development Co., Ltd., Shanghai 200025, China; 3. Jiangsu Daoda Wind Power Engineering Technology Co.,
Ltd., Nantong 226000, China; 4. Chongging Jiaotong University, Chongqing 400074, China)
Abstract: The composite bucket foundation is a new type of wind power infrastructure, and its stability needs to be further
verified. The in-situ monitoring of the construction project of Dafeng Offshore Wind Power Plant by China Three Gorges
Corporation is carried out. Based on the multi-directional inclination automatic monitoring system and numerical simulation,
the variation rules of the inclination and attitude of the structures in the process of installation and operation are studied. The
results show that the composite bucket foundation under compound loads and fan operation is stable, and the largest inclination
meets the condition of the stability of less than 0.5 °. The amplitude and frequency of angle fluctuation are relatively large
during sinking installation, which is the key stage of stability monitoring and control. With the completion of installation, the

attitude of wind turbine gradually tends to be stable, and slowly evolves under the action of wind, waves and currents. The

evolution path laws can reflect the mechanical response characteristics of the composite bucket foundation.

Key words: composite bucket foundation; wind power; inclination monitoring; numerical analysis
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Table 1 Parameters of soil layers

a2 c/kPa ®0 Ap Rt K Kur n cd 7d nd
R 3 27.2 1.48 0.87 23.0 46 0.87 0.083 0.133 0.53
gD 2 31.5 3.4 0.7 67.5 135 0.7 0.038 0.35 0.73
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Table 2 Model parameters of bucket and interface elements

2 E/MPa v G/MPa  K/MPa
Faik 30000 0.27 11811 21739
FE AT 0 500 0.3 192 417
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Large-scale model test investigation on self-weight consolidation and low vacuum
loading process of construction waste slurry

ZHAN Liang-tong', JIANG Wen-hao!, WANG Shun-yu', YANG Ce?, ZHUANG Tao’

(1. Institute of Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China; 2. Hangzhou Liinong Environment Engineering

Co. Ltd., Hangzhou, Zhejiang 310000, China)

Abstract: In view of the high water content of construction waste slurry produced by a site in Hangzhou, with large foundation
and slope engineering model test apparatus for experimental platform, the self-weight consolidation and low vacuum loading
process of construction waste slurry are investigated experimentally, the variation of slurry surface settlement and the

development of pore water pressure in the this process are studied, and the water content of slurry after low vacuum loading is

also discussed. The results show that after self-weight consolidation and the low vacuum loading process of slurry, the average

vacuum pressure is transferred from the sand cushion under the geotextile to the slurry layer. The low vacuum loading method
treatment

settlement reaches 314 cm, the average water content decreases from 255.6% to 115.9%, the average void ratio decreases from
can strengthen the bottom slurry well, and the following step should focus on dewatering treatment of the upper slurry.

6.72 to 3.04, and the volume reduction reaches 47.6%. These results indicate that the low vacuum loading treatment of slurry

Key words: construction waste slurry; large-scale model test; self-weight consolidation; low vacuum loading; dewatering

has certain engineering feasibility. During low vacuum loading process of slurry, the “vacuum pressure drop” occurs when the
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Table 1 Basic properties of construction waste slurry
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Fig. 1 Grain-size distribution curves of construction waste slurry
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Fig. 2 Schematic diagram of model devices and instrument arrangement
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Fig. 3 Surface condition in self-weight consolidation
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Fig. 5 Variation of surface settlement in self-weight consolidation
2.2 FLBRKENB R RAE
K 6 45t 7 B EYTRER BUb P02 1.2 m ARSLER

TR s T BEI R AN 3% e E R R PR . NIET 6 () +
ATLAE T, BEE A EE S RERET, AR ELT
FEVE I FLBE KR I A — e TR, R i
ARG, LRI BN, R R A BN
Ja, R TAEIR R LB S T B IEMS, {2 1.0 m
PA_b i B T RE R ) LR AR A ST AR S T O RO M L
N INE6 (o) HATLLRIL, (ERIMEITEL, FLBR/K
THERER I LF- 2204, X U] TREVE K ATAR
BONIS], fEAERSSRET, LB K )
detenl, KRBT TR A H E S L.

80 BRI R B TR

8 By

<
%
P
&
=

2l —&—PPT-0- (-0.05) —— PPT-0-1.0

——PPT-0-0 —7— PPT-0-3.0

0 5 10 15 20 25 30
B fa)/d

(a) FLBRAK Fe F1 Bt (a1 A5 4L

Ve B /m
oW IS

—

o m e e %

FLBUK I J1/kPa
(b)) FLERAFE 1 BER [ FO e 5 BE A 1k

El 6 BEBZEMERFLKENNARAE
Fig. 6 Variation of pore water pressure in self-weight consolidation
2.3 RS

FEARGH, HEFSE 26d 1, ARAGELT

PRV M PTREZEA IS 35 em, (ESCPRTAEH, e IR [
A REAAAE VIR Z R NG R E AL WK 6 THATE
RN R R RE, AR LA AL T K
LR e, UM R, YRS B E LR
SR HPACRES B R I HACRES CRLrpJRT
NATEEHKIAT), ZHR T TR TR
(]I s 224 o T P L AELAR - (R A2 T K s e
AR AT R 7 S BRI, R R K PR A N M
KT B [ 4558 B A RO {8, X i ISR
RAB ISR T TRV B 5[ 45 (1 R 2 U



36 H O+ T OB % M

2020 4F

3 RALEZMEMEK
3.1 JREAEEMTLAE

TEARAT B2 IR By, 3 2R3 e A e T e B 2 (1)
AR WL 7 BRI B AR X DR ED

MWE 7 T LE W, TR gomE B (9 A 23 H
—10 H 13 B, 2K UL = BE R (8] )L 2R R
FEAEEB B (10 H 13 H—11 A 14 B ), REMTIHE
P ] 2 I K, X5 B BB
LRRAMCL . TEARAT AR B, AR s o B AL it
B E K 2SR, ANES B DT 221 14.4 cm, B
BT ZE 0 S5 7 BOR A T2k . AR ANk
BB, VR FRIUTE RN 92 em, ZM BV E
o [ AR B TR R 41.1%

08,
L

REVLE{E/em
s & &

o
=}
T

S

45 60

15

(=}

30
mf/d
B 7 [RAIEZ=IEM RS BT A
Fig. 7 Variation of surface settlement in low vacuum loading
3.2 FLBRKENARAE

FEARA I B, i 4LE T PPT-0-1.0
AR, TR, XHELGH T L 1.2 m it
FLIBEK e 7 i e T A0 5 v 2 P A R A, A 8.

FEALELZE AR

r} —= PPT-0-(-0.05)—=PPT-12-1.0
| 5 —— PPT-1.2 —#PPT-1.2-3.0
=20+
40+
—60}

0 15

FLEBRAHE S1/kPa
(=]

30 45 60
i i /d
& 8 {RAIE IS ERFLBSEK E B & R A
Fig. 8 Variation of pore water pressure in low vacuum loading
ME 8 ATLLEH, AT mi)E, wEd
AL (R FEAS, HSEE AL, X R
i TN S i A 6 BB R . AR,

Ve RHFLEAE R N FEECN AR, (2T B EK TR
EWTE, BEREMNIGME RS, fFLEETHE
Bef%: =E 1.0 m A HIFLRETE B2 NG L«
B FRE, nEA 50d i, FLEEM 59.5 kPa &5
29.6kPa, FF&EZ)30kPa; 1.0 m L EFLIEAR
WILTPAZ B INEEE W, INEGE R TR ERDN .
3.3 W59

T FEBRAAR IR, R E IR TREES
BETIRAL E 2 A . Zead [ [ 45 KRS Z A
WP B, TAER K FIUIRE &L 314 em, P
P& KM 255.6%BFAKEE 115.9%, T-HIFLEREEM 6.72
PR 3.04, (ABUREIS 47.6%, Xt BEALE 2SN
AL TR R — e TR AT (RS
g B, WAL RS TR, BRI
T T AR PR b E AL F e SR 2 I B FLIE SR P4
B0, MBS ECy 80 kPa It 1% “FLIE TR {2
N 50 kPa, IXA]BEAEE K () A gt fE e,
RN A TA i i+ TARIRE, A7 “ILESR
B B JEIRIE 75 45 AR I6 R it — B i AL

4 &

ASCIE IS I KRB RAE RS, X R /KR TR
Ve 1) B H [ 25 ZARAT BB oL FE AT 7l i it
i, WMHAMAREITULT 3 S45it.

(1) Zud | E 45 AR B2k b B b 2,
TR 0V B0 B IE 314 em, T & KEM
255.6% K2 115.9%, “FIJFLBILLA 6.72 FEIKE
3.04, ABUREIE 47.6%, XRFMA LML HE
TR AR —E M TR

() MR B A IR AL B T RS 2 A rh, A
EJTMETA LT b 2L R e K E R B “FL
JEFRFE” DL, ARPE “ALERIE” 1R RE 7k
— I

ORRHE TR AR B AR FLBR K 7 B i
) () A R AR P i, ARG A 5 2 m 8 7 =X T 2 e FAg o [
JEEBYESZ, (H_EMVe IR BB UF AL B, JREEN
O BRI IR A .

SE -

[1] 5k 4. ERYIDEHH X L3 25 Co A 23R 56 % ML 3 4
Hr[D]. HUM: WL K2, 2018. (ZHANG Zhen. Centrifuge
Modeling and Failure Mechanism Analysis of Shenzhen
12-:20 Catastrophic Landslide[D]. Hangzhou: Zhejiang
University, 2018. (in Chinese))

2] KK, Ma B, EWeA, S BSLREEME IR S Ve AL HE



HF 1

AR, S TR H E RS ARG E B R i KRR B 7T 37

B WF FC[0]. KR4, 2015, 46(38 T 1): 40 - 45.
(ZHANG Qin-xi, TAO Tao, WANG Xiao-jie, et al.
Experimental study on treatment of waste slurry in
cast-in-situ bored pile[J]. Journal of Hydraulic Engineering,

2015, 46(S1): 40 - 45. (in Chinese))

[3] HERME, SKAEH, B5 Ul RSB RIS 4 b &

RIGHFFL[T]. EAREAE IR THE, 2012, 34(6): 57 - 61.
(LOU  Chun-hui, ZHANG Zhong-miao, FANG Kai.
Theoretical and experimental analysis on the pressure
filtration technology in slurries treatment[J]. Journal of Civil
and Environmental Engineering, 2012, 34(6): 57 - 61. (in
Chinese))

(4] BEMEVK, JEHIME, MRAVE, & @HURFI K AT TR Tk

REFERBEHTTE[]. KBRS 2A R (T 2ARR), 2016, 37(1): 65
- 69. (WEI Yan-bing, FAN Ming-qiao, LIN Sheng-fa, et al.

Experimental study on construction waste slurry treatment by
vacuum preloading[J]. Journal of Zhengzhou University

(Engineering Science), 2016, 37(1): 65 - 69. (in Chinese))

(5] sQE%E, R, 4= o, & 2552 PURVEL B TR

WARIG[)]. AL TREZR, 2016, 38(8): 1365 - 1373. (WU
Ya-jun, LU Yi-tian, NIU Kun, et al. Experimental study on
solid-liquid separation of construction waste slurry by
additive agent-combined vacuum preloading[J]. Chinese
Journal of Geotechnical Engineering, 2016, 38(8): 1365 -
1373. (in Chinese))

[6] ZHAN L T, ZHANG Z, CHEN Y M, et al. The 2015 Shenzhen

catastrophic landslide in a construction waste dump:
Reconstitution of dump structure and failure mechanisms via
geotechnical investigations[J]. Engineering Geology, 2018,
238: 15 - 26.

Gk MR



$42% BT "= + T B % W Vol.42 Supp. 1
2020 4F 11 H Chinese Journal of Geotechnical Engineering Nov. 2020

DOI: 10.11779/CJGE2020S1008

ETEERERSHESRNERMLAETER A

KER, VR, Ak, 4EENL 1 E, dmE
(1. AR RZEARFI S EAR TRESBE, &R T 510642; 2. REKFIKEFHE B, 77 5106105 3. ) K& A L TR+,
JZR TN 5106105 4. JTARKFIH BN AR ZERE, AR S 5106105 5. R EAZ B TREERAR, Jba 100840)

B B EFINRETET SO, B BT 2N RN SRS LR R SRR R E, SEE
WITHEIR SRy ZER R A TR, 58T AR 2, RATE AL & 1 52808 — Ml ATH)
Ipide SIS AN, T HAEMS A FRE N E RS H. TN A R BCRIER L, BTFE T2
T3 RS ARV T S R AR DT T T . EENANBERAG . O H BT H AR ST EAAE A 2 A
RS RS AR KRBT T e g OMRIE55 I f 32 J0%s mly B 55 S ALEE HARR A il BE £
R M-C JiE BRAEN, AR EHES VTR T & =5 LS Eos o0 o: @& T RGNV R RNE,
G IR T R 55 R0 AT S B AR 2R MU R () SR BERD IR @45 & BAR TRESL], 303F 7%k, RS
THE o3 J2 S RE R G RHEAT TR B W, 45 R T IR i 4 R 2 o AR SR i o S AT S b |
T 55 s B0 AE AN R TR L RE S 25 18 IO AR e A AR BT DDA SRS R R, B R IR R R AR BT T4 5 T JRAL 15
S5 R SR TEAT N 72RO SERR TRE TR T RO 4

XeEE: S5, At UIZRE, dRZtt: Ui

FESES: TU431 XERFRIRAS: A XEHS: 1000 - 4548(2020)S1 - 0038 - 07
fEERN: kERA975— ), B, AEHRNIIA, MLE, #9%, WFEE L TRETHMBEMAH T/, E-mail:
125340752@qq.com,

Non-linear settlement calculation method based on soil parameters
obtained from pressuremeter tests

ZHANG Yu-cheng', HU Hai-ying', YANG Guang-hua® *, ZHONG Zhi-hui?, LIU Qiong®, LIU Xiang-yu’
(1. College of Water Conservancy and Civil Engineering South China Agricultural University, Guangzhou 510642, China; 2. Guangdong
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Abstract: In the conventional calculation method for foundation settlement, there is a certain error between the calculation
parameters determined by laboratory tests and the actual soil parameters, which leads to a large difference between prediction
and reality. To overcome this shortcoming and consider the nonlinearity of foundation settlement, it is feasible to determine the
calculation parameters by in-situ tests. The pressuremeter tests are easy to operate and low cost and can be used to measure the
soil parameters at different depths. Therefore, on the basis of the previous research results, a non-linear settlement calculation
method based on the calculation parameters obtained from the pressuremeter tests is studied. The main contents and
achievements are as follows: (1) the shortcomings of the current commonly used settlement calculation methods and the reasons
for the low accuracy of the calculated results are analyzed and summarized. (2) According to the stress characteristics and
principles of the pressure meter tests, and the distribution laws of soil stress of the pressure meter hole wall as well as the M-C
yield criterion, the parameters Etw, ¢ and ¢ needed in the settlement calculation are derived theoretically. (3) According to the
non-linear tangent modulus method proposed by Yang Guang-hua, the principle and procedure of calculating the nonlinear
settlement of foundation based on the results of pressuremeter tests are derived and given. (4) The proposed method is verified

through projects, and the results are compared with those predicted by the codes (layer-wise summation method). The

comparison shows that the prediction based on the parameters —
derived from in-situ tests is closer to the real settlement. Because EEWE: ERARFIFEERIH (51378131, 51778152); J7HRHK
MR B R EBTH (2009-25)
ks HEA: 2020 - 06 - 02
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the nonlinear soil and the settlement caused by shear deformation of soil can be considered in the pressuremeter tests at

different depths, this exploratory study lays a foundation for the calculation of foundation deformation by the results of in-situ

test in the future. It can also be regarded as a reference for other projects.

Key words: pressuremeter test; in-situ soil mechanics; tangent modulus method; non-linearity; settlement calculation
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Fig. 5 Typical soil profile
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Table 2 Major physical parameters of soil

PIASECYs 2 %%EE ARG TR ﬁﬁ RIR FEME WIREN E4RE BEERE KB
WHEE+T  /&N'm3) KE% s FLBREE /MPa /kPa /MPa /MPa /kPa
AT Z 18.5 30 0.12 13 0.895 14.1 1088 5.4 12 250
B L2 19.4 25 0.10 21 0.743 34.8 2163 6.2 25 300
CZ 19.9 20 0.01 32 0.631 76.1 3668 7.0 38 400
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Fig. 6 Comparison between p-J curve from pressuremeter tests

and corresponding p-s curve predicted of a sub-layer A
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Table 3 Derived soil parameters for three sub-layers by

pressuremeter tests
TER AR FET W EE A HIHR T2 AR
ik c/kPa o/(°) & E,, /MPa
AL 40.2 24 19
B EZ 56.0 26 30
ClZ 67.0 26 81
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Fig. 9 Monitoring curve of foundation settlements with respect to
time
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Cyclic response of Ko-consolidated stiff clay under traffic loading

LIU Xu-ming', PAN Kun?, YANG Zhong-xuan', CAI Yuan-giang':*
(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China; 2. College of Civil Engineering and

Architecture, Zhejiang University of Technology, Hangzhou 310014, China)
Abstract: To study the effects of cyclic stress ratio and principle stress axis rotation on the undrained cyclic response
characteristics of Ko-consolidated stiff clay whose Ko is larger than 1, a series of traffic loading tests with a large number of
cycles are conducted on the intact Gault and Kimmeridge clays by using the dynamic triaxial test system (DYNTTS) and the
hollow cylinder apparatus (HCA). The test results indicate that the stiff clay has strong brittleness compared with the soft clay.
With the increasing cyclic stress ratio, the cyclic deformation responses can be categorized into stable, metastable, and unstable
patterns. Under the continuous rotation of the principle stress axis, the axial strain of the stiff clay is gradually accumulated at

the extension side, and its resilient modulus is rapidly degraded.

Key words: stiff clay; traffic loading; accumulative strain; deformation pattern; resilient modulus
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Table 1 Physical properties of intact stiff clay

- B p/(kKN'm?) N EE G SKEw% R w/% SHIR we/% SR Iy WIGEFLER L eo
Gault 19.5 2.59 28.0~30.0 71.0~77.0  28.0~31.0 40~46 0.700~0.750
Kimmeridge 21.0 2.50 16.0~21.0  46.0~55.0 18.0~22.0 28~33 0.430~0.520

Sk B E R A (0.99~1.12 {24 Fik
TP (1.51~1.56 125 %51, shmar s,
XA, L s KRR L H 2 BTk, %
HREE T, TERRM. 255 5 R s 3l
FEURE ) TR R ROR, AR T & A R RS
H Ko> 1. Brosse!'. Wilkinson">!, Hosseini Kamal!'®!
S I T R BRI AR I8 R A U S AR A AT, FRHY
TR - B AR T 3R L N S R O 254, B
DR A A S R, HLSRE R K.

BT I, A SR GDS MUk 8h — i R 23 0 5]
FEHIBIAC (HCA) X JEAR Gault AT Kimmeridge i %4 1
AT T Ko [ 452644 R IR JE %L (10000 70 AHEZKAE
NGRS, TRFC T OEIR A LA 3R g A e e ot
Zh 13y 7% T AN B AR (1) 520

1 WA E
1.1 R4
GG I LRSS E AR 1, 73708 Gault
Zh 1 F0 Kimmeridge %5 1-. PIAPRES; L B M i 45
PR 1, SRR RAS WA 2.
R 2 FRBER L RO N SRS TG E

Table 2 Estimated values of in-situ stresses for intact stiff clay

- Ko ol,/kPa o, /kPa  p;/kPa qo/kPa
Gault 1.8 39 70 60 -31
Kimmeridge 1.8 133 239 204 -106

1.2 RWHR
RIGAES KA GDS XU rHiRsh —HhA K = 0 B A
AL VDI B B N 0 2= AT RO
A, BAHIRT 095, LARTEAMIF. K rFl AL
gE R JFAL NI PIRE G, X Ko [ S5 R FE AT AN HEK & 1F
K (10000 0O FEF NGRS, mEsmEs 1
Hz. #7 AR Al il 1m) AR IR B 10%, 0 ) X
FEREIR, R mER.
gk 1 pR, B o™ B g iR
B, 5 N NEAE, R EX LT, X
B MEIAR ST (CSR) AHHEEBN R I () 4R
CSR=c"""/2p! (1)
n=cp"e™ )
X, po=(oy, + oy +0l) » NABCFEIERN .
AR FRIR I =, BARINE T WK 3 s,
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1 I ECK
Fig. 1 Loading waveforms in tests
3 THOKBERMEREH R
Table 3 Summary of undrained cyclic test conditions

WE Wk R o o

M R RH wpa kpa % TN
1 GT-1 = 10.5 0 0.088 0 10000
1 GT-2 = 19.8 0 0.165 0 10000
1 GT-3 = 24.6 0 0.205 0 10000
1 GT-4 =g 2904 0 0.245 0 10000
1 GT-5 = 343 0 0.286 0 10000
1 GT-6 = 36.0 0 0.300 O 10000
1 GT-7 =g 48.0 0 0.400 O 10000
1 GT-8 = 54.0 0 0450 O 10000
1 GT-9 = 66.0 0 0.550 O 10000
1 GT-10 =% 78.0 0 0.650 O 10000
1 GT-11 =%} 96.0 0 0.800 O 2000
2 KT-1 =g 30.0 0 0.074 0 10000
2 KT-2 =#h 105.0 0 0.257 0 10000
2 KT-3 =#h 1500 0 0.368 0 10000
3 KH-1 FHEY 30.0 10 0.074 1/3 10000
3 KH-2 FHE] 96.0 32 0.235 1/3 10000
3 KH-3 FHET 183.0 61 0.449 1/3 308

2 RNEERSDH
2.1 Gault RS EN MR R BIRE 451

2 JER T Gault Bi%h 176 A H] CSR F AT A A
RS &P (S040) RUBAARIAS & (g BEARERIEL
N R ERS. HiF 2 WL B CSR HINK, L1k
RIS AR, BAUK AR thiEH A
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Fig. 2 Axial strain responses of Gault clay under different CSRs
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Fig. 5 Axial strain responses of Kimmeridge clay under different
CSRs

6 Fi7~ N Kimmeridge ffi %4 75 AN CSR N
[l A EEBE N AR . AN 6 TR, =Hhsk
4 Kimmeridge f# % - [ [F] 345 A8 A 35 55 Gault
PR AL, FEARPA Y] ] S A N RE AR 3
Wik, et —E IR B BUR R PGARIRE . A, 2
CSR 4, Kimmeridge fif%h + [ B3 5 & L Gault
EZE K, XK Kimmeridge %6 LA1EN—HIH#
P20 o 1) 2 AR AT (e S e (A PR KD, Tk 0%
A AR AR I BCR N 5 2 A . BRI, 4 CSR
BUNIY, PRI ET DR i g AN AR 51 R A [R5 AR T
FAXSBAN,  BEI AR o S R A HHER T =
BhAFAT T HIBCE A . B CSRIZWIHE R, 37K+
FEEARIA N A R AR T AR I K, [m] 58 A B K
523 P N (7K (e i1 Py G S N I E L = SR i - da X
SR IBURE, AR 2 [m] SH B B D)l L B0 [ (1
g, EH=MRgE RA B EER.

2501

Kimmeridgef# % 1+
CSR=0.074, 7=1/3

200 F

CSR=0.074
| CSR=0.235, 7=1/3
e e M- oo _._ GSR=0257
CSR=0.449, 7=1/3 CSR=0.368
0 2000 4000 6000 8000 10000

NIR
6 AREMEFRFILL T Kimmeridge Fi+E#IEEM LR
Fig. 6 Resilient modulus responses of Kimmeridge clay under

different CSRs

3 & ip

I R AR IR Gault A1 Kimmeridge #4111
KFEAEL (10000 ) AHEZKEH N2 = Hli5e A 55
RIS, WEIT T Ko [ 45 56 T AR A7 b I 5 B 5 %l g

B R 2 -l 1) SRR [B] S R (1) 2 ), 4331 40
TR

(1) ZHim#E& 4T, Gault BEF; N ARk e i
i CSR BB, BB AR K, T4k
IR RS AR B R R R AR,
HRE AL, MR e @ E A N R A
PRI N, (EREERREE IR . B mEad fEd, Ak
[l R CSR G KM R/)N,  H A AR FEAN B K .

(2) Kimmeridge H#%h 17 =56 21+ N 1zh
FIU SNASAE SR S Gault BHZE HAHERL: RN AR
BE CSR YT HG R, Bl 58 A5 & AE A P 1 A B0/ E
I, B S TR 0E o A6 P17 200 AE AH 4 ),
Kimmeridge i+ 1 [FI 58 & L Gault 3 LK, X%
BRT AR — PR 2 AR L, NI R,

(3) TEAHAETALS % T, Kimmeridge %+
(1K 32 82 23 77 1) K- 7 Tl R AR T, o) 2 AR AE i
AN BT & B o B CSR 3K, AR R7 B AR 38K 5l
RIZEMPL, RBUEWIEHTIE K. 28N ) e 2%
N, EFER R E R R, T AARTEI S5 AR A
KT HHE AR ) =l .

SE -

(1] RIEHEk, FRE. PUESSERS) T m R RANRD (4 RO
TIE AR AR )], & 705, 2010, 31(3): 719 - 726.
(LIU Xue-zhu, CHEN Guo-xing. Effective stress path and
failure pattern of Nanjing fines and with flake-shape structure
under vibrating load of rail transit[J]. Rock and Soil
Mechanics, 2010, 31(3): 719 - 726. (in Chinese))

21 £ Hs, £, B, S SR G]E AR R0
JESEHE R ) SRS [T]. Bkl 244k, 2019, 41(7): 110
- 117. (WANG Rui, WANG Lei, HU Zhi-ping, et al. Study
on dynamic characteristic of compacted loess subjected to
static deviatoric stress induced by traffic loading[J]. Journal
of the China Railway Society, 2019, 41(7): 110 - 117. (in
Chinese))

3] Bk &, FIEW, skieth, & B3 EER TR B 130
D1 2RI ST, A A 1 TR R, 2017,
36(5): 1247 - 1255. (CHEN Cheng, ZHOU Zheng-ming,
ZHANG Xian-wei, et al. Experimental study on accumulative
behavior of peaty soil under cyclic loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2017, 36(5):
1247 - 1255. (in Chinese))

4] B B, T W MR w8 =ik
WAL, A TR AR, 2011, 33(2): 195 - 202.
(HUANG Bo, DING Hao, CHEN Yun-min. Simulation of



HF 1

IR, 5. A2l HAE T Ko 8 4558 R ) SR 7E 49

high-speed train load by dynamic triaxial tests[J]. Chinese
Journal of Geotechnical Engineering, 2011, 33(2): 195 - 202.
(in Chinese))

[5] %aom, BR 8, £ Z. BT & R A R
AR RIT]. WL R 4R (T2 R), 2008(6): 160 -

166. (CAI Yuan-giang, CHEN Jing, WANG Jun.

Strain-degradation model for anisotropic soft clay under

cyclic Journal of Zhejiang University
(Engineering Science), 2008(6): 160 - 166. (in Chinese))

(6] W dh, MRz SOl 51 H i B0 AT S+
AHE KGR IR AR T[], & - TARZER, 2007,

29(11): 1742 - 1747. (WANG Chang-jin, CHEN Yun-min.

loading[J].

Study on effect of traffic loading induced static deviator
stress on undrained cyclic properties of saturated soft clay[J].
Chinese Journal of Geotechnical Engineering, 2007, 29(11):
1742 - 1747. (in Chinese))

[7] B%hn, 2R3, 20, AR RS L A HEKIEHE R
BR[N] A+ TR 4R, 2006, 28(7): 891 - 895.
(HUANG Mao-song, LI Jin-jun, LI Xing-zhao. Cumulative
deformation behavior of soft clay in cyclic undrained tests[J].
Chinese Journal of Geotechnical Engineering, 2006, 28(7):
891 - 895. (in Chinese))

[8] PUPPALA A J, SARIDE S, CHOMTID S. Experimental and
modeling studies of permanent strains of subgrade soils[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2009, 135(10): 1379 - 1389.

[9] LEKARP F, ISACSSON U, DAWSON A. State of the art I:
Resilient response of unbound aggregates[J]. Journal of
Transportation Engineering, 2000, 126(1): 66 - 75.

[10] M4, VT, $50 9L &5 J2 R0 Rhie Fe et Bk g
B FHE -+ BRI s mA]. 5 17157, 2013, 34(10):
2938 -2945. (XIAO Jun-hua, XU Shi-qin, WEI Kai, et al.

Influences of rotation of principal stress axis on accumulative

deformation of soft clay under subway cyclic loading[J].
Rock and Soil Mechanics, 2013, 34(10): 2938 - 2945. (in
Chinese))

(117 BRARE, FKNI, s, 55 lshE FEmRE - R
THATE A HEARPEA BT IR [T]. & £ TR, 2013,
35(10): 1790 - 1798. (QIAN Jian-gu, WANG Yong-gang,
ZHANG Jia-feng, et al. Undrained cyclic torsion shear tests
on permanent deformation responses of soft saturated clay to
traffic loadings[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(10): 1790 - 1798. (in Chinese))

[12] X8 1, 6 K, S25E58, 55, PRI HCT 508 L e
R SR R FE[T]. A 0%, 201584 T 2): 156 -
164. (DENG Peng, GUO Lin, CAI Yuan-qiang, et al.
Research on mechanical response of soft clay under cyclic
loading involving principle stress rotation[J]. Rock and Soil
Mechanics, 2015(S2): 156 - 164. (in Chinese))

[13] f& M, 50 AR, S2EE5R. STIEATEN ) BRAE P AP LIk
BCHFERT T[], 5 L TREAR, 2016, 38(4): 662 - 669.
(XIONG Huan, GUO Lin, CAI Yuan-qiang. Deformation
behaviors of sandy subgrade soil under traffic load-induced
stress path[J]. Chinese Journal of Geotechnical Engineering,
2016, 38(4): 662 - 669. (in Chinese))

[14] BROSSE A M. Study of the Anisotropy of Three British
Mudrocks Using a Hollow Cylinder Apparatus[D]. London:
Imperial College, 2012.

[15] WILKINSON S. The microstructure of UK mudrocks[D].
London: Imperial College, 2011.

[16] HOSSEINI KAMAL R. Experimental Study of the
Geotechnical Properties of UK Mudrocks[D]. London:
Imperial College, 2012.

[17]CAIY Q, GUO L, JARDINE R J, et al. Stress-strain response
of soft clay to traffic loading[J]. Géotechnique, 2017, 67(5):
446 - 451.

(ke B4 )



a2 W1 = + I

20204 11 A

Chinese Journal of Geotechnical Engineering

R

i

Vol. 42 Supp. 1

Nov. 2020

DOI: 10.11779/CJGE2020S1010

AT EOERRB RSB R AT B

HowL A @

(1. WEH T RSEEARTRERE, NS MR 010051; 2. FFRFMTENS TR, LifE 200092)

T OE:. FHRFRELTEOL, 45682 R R NBRLEE, AT NS R 1ol i 35 0 55 oA LA
RURG, BFFCRE M A0 TSR AR I 2 LR . AR FE e, SR e 8 Bl A B SRS SO FL B K A R 383 A7 4L
FERM; R miE RS R 5 & RERR, IH45 6 Geodip FAEXH S Bt R i AR S5 2B A HEAT 00T . B FLSE
PR WKTESAR A A [ A7 B R s A A, & A R AR I S ) SR R R o A0 SR 3 A W 8B 1 LBy
AR rh AHRTRL BE Y KB IE I SRIE RS, AR NI KR B R R LI BT AR RRE G, S NI IR T sy s
B, A R AR AR R B, TR

KA AR SORRLRK; BIEREG HYITLEE

FESHES: P642.2 XHRFRIRAD: A XEHS: 1000 - 4548(2020)S1 - 0050 - 05

fEHRN: L 98 (1987— O, 5, -, PR, BN AR AN N S HOCEE R L . B-mail:
dq410@imut.edu.cn,

Centrifugal model tests on slope failure induced by rainfall

DU Qiang', ZHOU Jian®
(1. School of Civil Engineering, Inner Mongolia University of Technology, Huhhot 010051, China; 2. Department of Geotechnical
Engineering, Tongji University, Shanghai 200092, China)
Abstract: By using the geotechnical centrifuge of Tongji University and combining with an artificial rainfall simulator which is
designed to control the rainfall intensities, the centrifugal model tests are carried out to study the macro-mesoscopic formation
mechanism of cohesionless soil slope failure induced by rainfall. During the test processes of slope failure, the pore pressure is
measured by the high-speed dynamic data acquisition instrument and the precise pore water pressure sensor. Using the HD
digital imaging equipment and the mesoscopic structure analysis software Geodip, the variation laws of soil microstructure
during the formation of landslide are analyzed. The results show that the permeation and cumulation of rainwater in the slope
body is regarded as the main cause of slope failure. The formation mechanism of landslide is the motion of the fine particles
with migratation of pore water in the slope. The gathering of rain at the inner slope body causes the increase of pore pressure

and the reduction of soil strength, and then the whole sliding occurs when the sliding force exceeds the shear strength of soil.

Key words: slope failure; centrifugal model test; permeability coefficient; macro-mesoscopic mechanism
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Behaviour of coarse grained soil with rotation path of stress Lode’s angle

ZHOU Yue-feng, PAN Jia-jun, CHENG Zhan-lin, ZUO Yong-zhen

(Key Laboratory of Geotechnical Mechanics and Engineering of Ministry of Water Resources, Yangtze River Scientific Research Institute,
Wuhan 430010, China)

Abstract: In this study, the behaviour of coarse grained soil following the rotation path of stress Lode’s angle is studied under
the constant mean stress p and the constant deviatoric stress g in stress space. A large-scale true triaxial apparatus with special
friction-reduction technique is used to conduct rotation stress path tests in the deviatoric plane. In each test, the stress Lode’s
angle is increased and then decreased between -30° and 30° twice, which covers one-sixth deviatoric plane and represents the
whole deviatoric plane due to its symmetry. Under different stress ratios, the volumetric strain, deviatoric strain, strain Lode’s
angle and strain path are analyzed together with the rotation stress path. The conclusions are drawn as follows: firstly, soil
deforms together with the variation of stress Lode’s angle under the constant mean stress and deviator stress. In the first
increasing process of stress Lode’s angle both the elastic and the plastic strains occur. In the following processes, hysteresis can
be observed for the deviator strain, volumetric strain, and strain Lode’s angle, the last of which necessarily determines a certain
point in strain space. Secondly, the slope of the initial deviatoric strain still increases with the deviatoric stress following the
current stress paths. Thirdly, the soil can achieve failure with the increasing stress Lode’s angle, which is affected by the initial
stress ratio. Finally, an equation reflecting the variation of strain Lode’s angle is proposed, which should be included in the
constitutive model for soil.

Key words: true triaxial test; Lode’s angle; rotation stress path; deviatoric plane; coarse grained soil
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Resonant column tests on maximum shear modulus and damping ratio of coral sand

LI Xiao-mei', WANG Fang', HAN Lin?>, GUAN Yun-fei!, ZHAN Xin-jie'

(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. College of Mechanics and
Materials, Hohai University, Nanjing 211100, China)

Abstract: The resonant column tests on the effects of relative density and confining pressure on the maximum modulus and
damping ratio of coral sand in South China Sea under small strain are performed. The test results show that, for the samples
with the same relative density, the maximum shear modulus of coral sand increases with the increasing confining pressure,
while the damping ratio decreases with the increasing confining pressure. For the samples under the same condition of
confining pressure, the maximum shear modulus of coral sand increases with the increasing relative density, while the damping
ratio decreases with the increasing relative density. Based on the test data, the variation rules of the maximum shear modulus
and damping ratio of coral sands considering confining pressure and relative density are established, which can provide the
basic data and technical support for infrastructure construction in the coral sand areas of South China Sea.

Key words: coral sand; relative density; confining pressure; maximum shear modulus; damping ratio
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Table 1 Basic physical parameters of coral sand
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Fig. 2 Grain-size distribution curve of coral sand
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Table 2 Summary of test schemes
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0.65 1.37 1.031
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5 100
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0.75 1.39 0.998
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9 100 [
10 200
0.85 1.41 0.966
11 300
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14 200
0.95 1.44 0.933
15 300
16 400
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f P 3 A

COIRERRD 1) 5 R BY DA 5l ] (140389 0 22 78 bRy
B A, X B il TR B A ] 45 B R o,
TRFERURL R A B B SR A R A, S EFLR L
RN, ARSI S, RORE 5 RORL 2 [) [) 4 fk Tf
FUEK,  BYU)RAE R R A S p, iR 15
(1) R A% o L R T 38K, O K B DB
L (R 3G N T 38K, (LS R P s 5 2R 3 S o

O EARD 2 Az LR A XoF 7 R BELJE L B Bl g 38

RTIRN, AE/IN AR P SN 3, IR 2Rl T
BRRIE B 25 R, BB LB AR, Bk A L
BROK B ARUZE BN, BB B IR Sh ek 5ly, Rk
2H, UKL RURL [ AR KR, AR BT U AE I

FEPE IR, e s, Ho i iR
B o

1401

120 +
& 100
Eﬁé 80 |
g
) 60l

401t

2|

0 10 200 300 400 500
o3 /kPa
(a) Gmax - 03

121

09+
<061

031

0 100 200 300 400 500
o3/kPa
(b) A-03

3 TREIEIEZMH TR a2 Hhsk
Fig. 3 Dynamic parameters of coral sand under different confining
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Fig. 4 Dynamic parameters of coral sand under different relative
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Fig. 5 Curves of dynamic parameters of coral sand
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1 B EEXHEREIEE A RS K U - A I (R A R Y] 22 A R PRI R, R R K VR AR A 5 XA S A
AKUE BT 2 PRIEIRES, BRI KR LA R B OGRS A BRI X AT R
B, AT T A RSR[5 A R K Je 5 80 i KRN 45 S 7K e 58 B2 1) sEma j A AR O A AR AE . 45 SRR A
B R KR AR A R TR FE B 5 7 BN TR (9 3 BT K, K Ve 3B B3 IE# g/, KRS R 103 N fe G 2
TR ARl B 1 5 K Ve AR IR EE R J& s SAREMZEMLL, RMZEMALERIEMN, Ca FEEE, H Ca &
T KYE - ISRAE ARG R A . AEHEKIAEE R, KR A 5 R AR L 2 1 KRR B SR o b 1 3[R 45
S FE KR 5 KA Ca IS, & FEUKYE T 158 41K

KR TR KYE L WKRERIAEE; BRGSO A

FESES: TU4LL XERFRIRAS: A XEHS: 1000 - 4548(2020)S1 - 0065 - 05

{EBR-IN: JTEMA990— ), 5, 14, BB 5T i, 35 2 A SE A 5 IR LAk TR A 7T o E-mail : zhihuiwan@seu.edu.cn.

Strength and microstructure of calcareous sand-cemented soil under
seawater erosion environment

WAN Zhi-hui' %2, DAI Guo-liang" 2, GONG Wei-ming" 2, ZHU Ming-xing" %, GAO Lu-chao":?
(1. Key Laboratory of Concrete and Prestressed Concrete Structures of Ministry of Education, Nanjing 211189, China; 2. School of Civil
Engineering, Southeast University, Nanjing 211189, China)

Abstract: Aiming at the durability and long-term stability problems of calcareous sand-cemented soil composite foundation in
the marine environment, the seawater is used as the corrosive medium to perform an indoor soaking test on the calcareous sand
cemented soil, and the micro cone penetration, scanning electron microscopy, energy dispersive spectrometer, and X-ray
diffraction tests are conducted to analyze the strength and microstructure characteristics of calcareous sand cemented soil with
different curing time and cement ratios under seawater environment. The results show that the erosion depth of calcareous
sand-cemented soil gradually increases with the increase of curing time and gradually decreases with the increase of cement
ratio, and the increase of cement ratio can effectively inhibit the erosion depth of cemented soil caused by seawater corrosive
ions. Compared with those of the non-eroded layer, the porosities of microstructure are lager and the Ca contents are less in the
eroded layer, and the Ca content and the strength of cemented soil show a similar rule. Under seawater environmental
conditions, the strength change of cemented soil is the common result of the effects of growth and erosion. In this process, the
cemented soil is prone to the phenomenon of Ca dissolution, which finally leads to the strength reduction of cemented soil.

Key words: calcareous sand; cemented soil; seawater erosion environment; micro cone penetration test; microstructure
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X LT (XRF) G /&b Rnl &1,
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8 . R4E Winkler sUILZEELE, Hgitidt REOE VR EETT A AOAE R RR B AR 23 b (e BN IR BEAT B #t, 5T
VUB Rl TR A TR ER AN L 45 k5 9 0 5 A% R SR I 2 X At 4 25 M R ARV T R, 3 SR 22 R A R AT
IR ITA G5 RO S 00R%, M EER R S A IR TR N, SRR matlab G RE P AT S, Gl
PIAN GBI IGAIE T 2 177 REARVEAE S R I 5 2 SRR 0 T 7K1 S2 A A A B i B2+ SR IE W o B 73 S B9 R i
EHESRBASE, REMETUKCPAEEIER T, B SRR ST R ES A% i B AL E 7375 52 HE 15
ML R B R AU S A RSO NMER], BT R R ST R S KPR T, AR
TR LR AL BB AR R T A B R (2~3) d.

KR AKTSZ il Winkler HUIEESE, m ik JERRMEIL; ZeMrfE
FESES: TU473.1 XHRFRIRAD: A XEHS: 1000 - 4548(2020)S1 - 0070 - 05

fEEBRN: & ®(1993— ), 5, #it, FENFEAE L TEFTMNTI TAE. B-mail: 906075057@qq.com.

Linear equation solution of horizontally loaded piles and its application

LI Yang, WU Shu-guang, ZHANG Si-ping, GAO Qian-de, HUANG Lei
(College of Civil Engineering, Chongqing University, Chongqging 400045, China)

Abstract: According to the Winkler foundation beam theory, the foundation function is constantized by the integral median
theorem, and a linear equation system is constructed for the entire pile and all nodes through the condition that the internal
forces and displacements of the nodes are continuous. This process is implemented by matlab programming, and two examples
are used to verify the correctness of the calculation of the response of the horizontally loaded pile body in the case of
single-layer foundation and multi-layer foundation. In the calculation example, multiple sets of parameters are changed, which
shows that the location of the maximum value of the bending moment of the pile body, the zero point value of the bending
moment and the zero point value of displacement are affected by the resistance of the soil layer near the pile top and the soil
layer in the middle of the pile under the horizontal load of the pile top. The resistance is controlled by the resistance of the
entire soil layer around the pile, and for the horizontal response of the pile body under the same situation, the position where the
bending moment zero appears will lag behind the position where the displacement zero appears by about (2~3)d.

Key words: pile foundation; Winkler foundation beam; m method; matrix transfer method; linear equation
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Equivalent density determination method for dam rockfill materials in
mechanical tests

LU Yi-wei, CHENG Zhan-lin, PAN Jia-jun, JIANG Ji-wei, XU Han

(Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water Resources, Changjiang River Scientific Research
Institute, Wuhan 430010, China)
Abstract: Given the size limitation of laboratory test equipment, it is necessary to scale the rockfill in laboratory tests. The
mechanical properties of rockfill have scale effect obviously, and how to obtain the mechanical properties of rockfill accurately
through scaled tests is one of the key concerns in the engineering field. A series of large-scale pressuremeter tests and triaxial
tests are conducted, and a method to obtain the equivalent density of rockfill in laboratory tests is proposed. The relationship
between pressuremeter modulus and density can be established through the pressuremeter tests, then the equivalent density can

be obtained by comparing the pressuremeter modulus in laboratory with that in field. The test results reveal that the

results provide strong support for solving the scale effect problems of rockfill and accurate assessment of dam safety.
0 3l

—_

pressuremeter modulus of rockfill increases with the density, and the pressuremeter modulus of rockfill varies with different
gradations when the density is the same. The mechanical properties of rockfill with different gradations and densities are similar
when the pressuremeter modulus is equal, which indicates that the proposed method is effective and feasible. The research
Key words: dam rockfill material; mechanical property; scale effect; pressuremeter test; equivalent density
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Fig. 4 Pressuremeter test curves of rockfill No. 2 with different

densities
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Table 1 Parameters for Duncan-Chang model of rockfill with

different gradations and densities

R Hhe— QU Hhe— QU
ZH 2.100 g/lem® 2.133 g/em®  2.128 g/lem®  2.165 g/cm’®
c/MPa 0.047 0.054 0.059 0.048
o/(C) 405 403 39.7 413
K 642 547 991 818
n 0.13 0.22 0.13 0.10
R 0.83 0.83 0.89 0.86
K» 229 180 467 457
m 0.08 0.13 0.08 0.07
G 0.32 0.37 0.44 0.47
F 0.19 0.30 0.34 0.38
D 3.93 4.72 4.15 3.98
4 % P

TR 55 HE AR G0 AR = latie, BT 3T
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Data processing method for laterally loaded trial piles based on
Akima interpolation theory

ZHU Ming-xing" 2, YIN Qian" 2, GONG Wei-ming"- %, DAI Guo-liang'- %, LU Hong-gian®
(1. Key Laboratory of Concrete and Prestressed Concrete Structures of Ministry of Education, Nanjing 211189, China; 2. School of Civil
Engineering, Southeast University, 211189, China; 3. China Energy Engineering Group Jiangsu Electric Power Design Institute Co., Ltd.,
Nanjing 211102, China)

Abstract: A series of problems, such as low-order polynomial fitting with lower accuracy, high-order polynomial fitting with
no convergence, five-point smoothing method countering unequally spaced data and so on, may occur in the data processing for
laterally loaded trial piles, which impedes the application of the test data. To overcome the difficulties as discussed above,
firstly, this work obtains Akima nonlinear polynomials for the measured data by the piecewise polynomial fitting technology on
the basis of Akima nonlinear interpolation theory. Moreover, integral and difference expressions for the corresponding
nonlinear polynomials are derived to establish the data processing method for laterally loaded trial piles based on the Akima
interpolation theory. For the results oscillating from the data processing, the filtering method will be employed to deal with this
issue. Finally, one case study for flexible piles is performed to illustrate the application of the proposed data processing method.
Comparison shows that the results from proposed method are almost identical to those of theoretical calculation, which verifies
the reliability and practicability of this new method. This study may provide a new approach to solve the difficulties in data
processing for laterally loaded trial piles.

Key words: laterally loaded trial pile; polynomial fitting; five-point smoothing method; Akima nonlinear interpolation
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Distribution of pile-soil stress in centrifugal modelling of composite foundation

JIANG Yan-bin" 2, HE Ning?, HE Bin?>, WANG Zhang-chun?, ZHANG Zhong-liv?>, ZHU Rui?
(1. School of Architectural Engineering, Jinling Institute of Technology, Nanjing 211169, China; 2. Geotechnical Engineering Department,

Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: Based on the centrifugal modelling of PCC pile-supported and geosynthetic-reinforced embankments and the
three-dimensional finite element numerical model, the test methods for vertical earth pressure and stress distribution rules of
pile-soil in composite foundation are discussed. The results show that the calibration medium has an obvious influence on the
coefficient of the earth pressure cells. In the range of single pile reinforced area, the distribution of vertical earth pressure at the
top of pile cap and its surrounding soil is uneven. The centroid measuring points of the cap-top and the subsoil top are in the
low-stress area and high-stress area, respectively. It is reasonable to calculate the average vertical earth pressure on the pile cap
according to the measured force at the top of the pile. Statistics show that the average vertical stress of pile and soil cannot be
characterized by the soil pressure obtained from the limited measuring points which are not fully representative.

Key words: composite foundation; centrifugal modelling; calibration of earth pressure cell; stress distribution; stress ratio

between pile and soil
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Model tests on pull-out mechanism of rotary excavation squeezed cast-in-place piles

CHEN Li-hong, LIU Li, ZHANG Zhi-peng
(Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Through the indoor small scale model tests, the optimal burial depth position and disc spacing of the bearing plate of
the rotary excavated squeezed cast-in-situ piles are further determined, which provides the necessary basis for its application. In
the silty clay layer, the 30 mm-pile diameter rotary excavation and expansion cast-in-situ pile is researched by the pull-up load.
At the same time, an equal-diameter pile is set as a control group. The O-s curve and the S-lgf curve of the equal-diameter pile
and the spin-expansion and expansion-expansion pile are obtained under uplift load. The results show that both in terms of the
uplift capacity and the anti-pull capacity, the rotary excavation squeezed cast-in-place piles are better than the equal-diameter
ones, and the pull-out bearing capacity of the single pile is about 1.5~2.3 times that of the pile with the same diameter. In order
to make sure that the bearing plate resistance is fully exerted, the bearing plate depth of the single plate pile is at least 6 times
the pile diameter while that of the double-disc pile is at least 5 times the pile diameter.

Key words: rotary excavation squeezed cast-in-place pile; pull-out model test; burial depth position; disc spacing of bearing

plate; bearing plate resistance
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Table 1 Sizes of model pile
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Table 2 Position data of bearing plate of model pile

A HE [EE RN EEA I RIS H =
M CZRHDEEAETI)  CGOER) )
0 — — 1x2=2
4d, 5d, 6d, 7d, o _

1 8d 5%2=10
2d, 3d, 4d, 5d, B

2 6d . 5%2=10
it — — 22

Ve HEERRIGI B, R RERHET 2 YOTATIRE,
it 22 Ko d=30 mm.

TR ELE 2, AT k5510
PUREL, (ETEH, A XSHITRS, KL
WYR N 4d, 5d, 6d, Td, 8d WJHELAFKIRATZN 1,
2, 3, 4, 55, {WEEAN 2d, 3d, 4d, 5d, 6d HIXX
BRI Z N6, 7, 8, 9, 105, LEHAMN zk
1.2 WAL

RO LR AR RS, ORI
DI RATR I . R R I L, 2
sk, BEEE Sem, H&EREHE 12h LB, -
(1) 3 BB D) AR bR R 3.

3 THMIEH M BRIER

Table 3 Physical and mechanical properties of soil
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Table 4 Bearing capacities of single-disc piles at different positions
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Table 5 Resistance and side resistance values of single-disc piles

M5 # # #3 # #5  ZK
WR@=30mm) 4d 54 6d 7d 8d  —
B PHAR PR E/N 247 297 407 458 486 —

FERH L 024 029 032 036 034 —
] BELAR PR AE/N 764 759 846 830 967 678
MR &5 Lk 0.76 0.71 0.68 0.64 0.66 1.00
TWERON

_ O

200 400 600 800 1000 1200 1400 1600

= ZKHE
| —e— "4 ($#%4d)
—— oMk (HPR4d)
P 3 (3HR4d)
| —o- "afit (H¥4d)
—— I5HF (HI%R4d)

3R E S/mm
O 0 NN U AW N -

—_
(=}
r

5 FEREMSBEMN O - SH%E
Fig. 5 O-S curves of equal-diameter pile and single-disc pile
MF 4 0I5, SFEARERIRE TN 678 N, B
PURAARS, 10 DX HE BT #8E 1000 N BAE, B
BT EEERN, KRAZEEAMN 1.5~2.3 %,



T 1 MRS, &5

. RAZE Y REAAE UL AR TG 93

M S AT, H—, MILPHRE, B & IAHE
DRI, SLPH 2P EA . HEM 3 SHIE, &
BEL o b0 78 A 25 408 o, A PR 288 L 38 s 22 A K
RIS ELRIRAE 6 AR E A, SCRL TR AR
CLRHTR BRI, I 6 kAR vl /7K 3 i
Y. T, MWBAAERMIERE, AN LS E
R AR ERE 2, vReAWRMIER, —
PR BT REMAE, SEE LMEMmAL, 5—
PR EABEAER, WM SRR AT

M S AT, InEET, BEE AR O, sk
A A L 22, ZAAK: s, ME
TR K, SR B AR (1) 2R AR G 3 K, Bl ik
PR, B R B4 s, TR DX A (1) ih £ Bt far
IR, BHECTFSE, BA HILA R S IR
i, BRECAER FIRE KL R EEARNET 3 5.

Zx b, TWRAEYIRE 2 FARE T, DX
HEERIE AL T2 BARNE . RN, N T 8BS0 RIE,
BMIRR A B 20N 6 iR
2.2 WEHS 3 SHEXTBOH

T BRI TR R 2 3 70 5 B ) B 1Y) 58 R AL
WA, BATENERANEY 3 S TR, H 3
S S AR OURLAR () e SRR AR R, #ON 6 R ARAR

(1) At 3 S A B b 3 &% 43 #r

3 SRR EIE L E 6, 7

FIEROIN
0 200 400 600 800 1000 1200 1400

I
T

& S/mm
=)

oo
T

—_
(=]
T

—
N
r

E6 O-SphkE
Fig. 6 O-S curves
A5} [ /min

N

F#HE/mm
f o
HH
=l
=

}
¥
5

7 8- lgr HIZkE
Fig. 7 S-1gt curves

(2) WAL RIH AL B Loy Hr
EHRIGAREN 0 - S Mk, WA
AELHINE 8 fnk 6, 7
& 6 NEEZBENENAR S
Table 6 Bearing capacities of double-disc piles with different disc

spacings
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Table 7 Values of disc resistance and side resistance
PES AR S

B —
(d=30 mm) 2d  3d 4d 5d 6d
REPHAGPRMEN 378 620 771 926 964 407
HEFH LR 036 048 048 049 049 0.32
] BELAR PR AE/N 713 655 823 974 fl 846
M EHE 5 Lk 0.64 0.52 052 051 051 0.68

MF 6 FNE 8 v %N, HEEEN 2 fEHEART, X
MR T/ 3 SRR 0.87 1%, X Fh 5L A AT fig
SEPBEAIEEAR N, TERERE T, RSk I 4 BE X DA 78
Gy RAE, VLR TN RIAB )N T B hihk . &R
(R IR0, ek ARSI RS G B w48
()RR 3 RS HEAR I, XA ) AR E 772 SRR 1.11
f, FREIEARIRA; U APEIAR] 5 AR, X
BEME AR 3R AR (B RIFEIA S 6 fEpEARRT,
KUBLAE AR S IS R 2 AR 2% . IX 00, 4 R Bk 3
5 fEREART, BN AEHECERMIER, MHERIRN, A
B A KA, FTbL, AT SRS K%, Bl
RERUERLE DN 5 .

FIRON
0 200 400 600 800 10001200 1400 160018002000

2t
£ 41
£
|5}
i
5 of
4
8t
-o- 949! (4 Inllu‘l i5d)
—— 104k (EltH6d)
34k
101 - 7KHE

8 0 - SHIZSC 2B
Fig. 8 Summary of O-S curves
MR T PATEL, MRS EA ] 5 AR,
TV A R RIS MBI T AR 1 BH 7 8K T



94 # + T B ¥ iR

2020 4F

FEMERIEE AT, ERAFEREIN, WA A TR b A
Ny BRI LR 7, I T T AR . T AR
BT O 0 K 038 1 B B U L /00 5 e

%,
3 1

A AE R GG ] O R R, SRR AR AL
AERSPVE: L A CTFES I i1 = a1 A e S-S
CISVINCE

(D) R R IR FURE e b, TR AEHTIROK
WAL IR PR DT, DX AT R B R R A
LT ARIRIE LN 55 BARHE -

(2) BN S 55 EARME A0 R0 R, B 4
HREREOIG I, HERARE IR B R, 2 AR
KT 6 fEHEARIS, BB AR R, SRR
EFR RS AL, XUt 1 R E DN
fbEAe, B, EAHERN 2D 6 ki,

(3) XM S 3 5 HALHERIR IR W, BEE LA
PREOHEOR, PN R, A BT
5 fEHEARIS, TS AAEGURAE R, T DO AR
RN VSR Y e

(4) FRNFMAFAENAL T DX BRI HTRBIRE
o SRR R R 38 e 7R EER . 55 E AR
BERHEE, DX BRI AR R LA T H R s,
BRI AR RE AR ORI

SEH:

(1] BB, SCRLAE§UE M BT RCRs P RIBT FE (). A 002,
2003, 24(3ET)): 517 - 520. (QIAN De-ling. A study of
compression and extraction resistance behavior of squeezed
supporting disk pile[J]. Rock and Soil Mechanics, 2003,
24(S0): 517 - 520. (in Chinese))

2] ARacde, & SE SO PUIAONEAE Bk 200 U L
[7]. BB ®II 5 #it, 2007(5): 94 - 98. (ZHU Yan-bing,
LEI Chong. Application of equal section uplift pile in

anti-flouting of subway station[J]. Railway Survey and

Design, 2007(5): 94 - 98. (in Chinese))

31 AR, F LR, EFmA, S AREAR TR AR S
REHFFT[T]. A TRE2ER, 2004, 26(4): 522 - 525. (LU
Cheng-yuan, MENG Fan-li, WANG Zhang-jie, et al. Test of
model piles with branch plates in unsaturated silt clay[J].
Chinese Journal of Geotechnical Engineering, 2004, 26(4):
522 - 525. (in Chinese))

(4] FR, LR, RO, A ONE R SO ik
S BRI BT (0], A A 1R TR AR, 2004,
23(20): 3547 - 3551. (LU Cheng-yuan, MENG Fan-li, WU
Jian, et al. Testing study on effect of different soil layers on
load transfer of model piles with branch plates[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004, 23(20):
3547 - 3551. (in Chinese))

(5] KA, R, SCREBE A PTIARNLER f2 TRE NI [9) 50 5
A, 2009, 40(9): 843 - 846. (ZHANG Bao-dian, LU
Cheng-yuan. Study on uplift mechanism and engineering
application of disk pile[J]. Architecture Technology, 2009,
40(9): 843 - 846. (in Chinese))

[6] Bk %6, WAL, 5. DX MEEEAR A RIc o
[7]. LHEJ1%, 2002, 19(6): 67 - 72. (CHEN Lun, CHANG
Dong-dong, LI Guang-xin. Finite element analysis of bearing
capacity of a single DX pile[J]. Engineering Mechanics, 2002,
19(6): 67 - 72. (in Chinese))

(7] @505, AR, PR Gy T 5 4 SR AT A PR AR 2
FIJ15A 712, 2006, 27(9): 1596 - 1600. (GAO Xiao-juan,
ZHU Xiang-rong. Forecasting ultimate bearing capacity of
single squeezed branch pile by hyperbola method[J]. Rock
and Soil Mechanics, 2006, 27(9): 1596 - 1600. (in Chinese))

(8] ERAEFS. BA ik Ve BE A SCHMEAE AL AP i) 2 FI B 2 0],
B NS TR, 2003, 22(4):678 - 682. (QIAN
De-ling. Engineering application study of squeezed branch
pile with high antipulling behavior[J]. Chinese Journal of
Rock Mechanics and Engineering, 2003, 22(4): 678 - 682. (in
Chinese))

(hifl: BZ)



$42% BT "= + T B % W Vol.42 Supp. 1
2020 4F 11 H Chinese Journal of Geotechnical Engineering Nov. 2020

DOI: 10.11779/CJGE2020S1019

AR fRIMMER TR R R B AR ER E IR iR

wAEE, T O, X440, 8 2, B4, NERY, X2 M, OE %
(1. PEMER CHRE) #HihE TR S, Hilt 220 7300005 2. 22MKEHARTRES %L, Hilt 22M 730000;
3. THRKRRHE TRERITAFR, B i% 710018)

7 OE FERMTREIER R R AL R B R AR e P R R R . Gl AE B TR IR R K

F R ARG T R 3 A, 2 A FNFRIEH A E T3 =il . 2T as 8, B8 TR L

R LB KA BRI AE, 0T TR KRS EL . TVRAG IR AN o B3 L3R R . s &

MR, RHTHERN R L RMRELL . 55 RR: %kﬂfejzETJL%%%E&E%ﬂ’]zﬂ%ﬁ}*%ﬂﬁmﬁﬂa&

R LSRRI MEKBE m=30%, SMREELNIERSINIIRKR, SRR TIRIGHE R #EE N
R LB I R BRI FAG B ATEIE R BEE TR IEH B 34, II*?%zJJFﬁ%WEEEE?’r T I e b

PRI IR &3t 2 AN FBITRIERG, BRI R 3 3R A T RE . K B8 1g

PEEAE T o5 R 3 R (1 S UL lie B A K 35 B m=25%~30%.

KR IR RS KB E; TREH; =5

hE S TU444; U213.1 XEKFRIRTS: A NEHS: 1000 - 4548(2020)S1 - 0095 - 05

TEB RN BFEMF1981— ), Lo, BIWFTT R, LA ST, FEF R HFE Y B T 78 TAE . E-mail: xmzhong26@163.com.

Dynamic strength of fly ash-modified loess subgrade under influences of
drying-wetting cycle

ZHONG Xiu-mei!, WANG Qian', LIU Zhao-zhao" 2, BAI Lan?, MA Jin-lian!, LIU Fu-giang'-?, LI Na', WANG Jun'
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Abstract: The traffic load and the drying-wetting cycle have an important influence on the strength characteristics and stability
of fly ash-modified loess subgrade. To illustrate the influences of drying-wetting cycle on the strength of the fly ash-modified
loess, a series of dynamic triaxial tests on the fly ash-modified loess samples with different fly ash contents are conducted after
different drying-wetting cycles. Based on the test results, the dynamic residual deformation and dynamic strength evolution
characteristics of the fly ash-modified loess are analyzed. The influences of fly ash content and drying-wetting cycle on the
residual dynamic deformation and dynamic strength of the modified loess are discussed. The optimum proportion of the fly
ash-modified loess is proposed. The results show that the fly ash-modified loess can significantly improve the dynamic strength
of the subgrade and effectively decrease the dynamic residual deformation of the modified loess. The critical dynamic stress of
the modified loess is the largest and the dynamic residual deformation is the smallest when the fly ash content m=30%. After
the drying-wetting cycle, the critical dynamic stress of the modified loess decreases whereas the dynamic residual deformation
increases. The critical dynamic stress decreases firstly and then increases with the increase of the drying-wetting cycle.
However, the decrease rate of the critical dynamic stress decreases with the increase of the drying-wetting cycle. The dynamic
residual deformation of the fly ash-modified loess becomes stable after 2 drying-wetting cycles. In addition, the modified loess
subgrade has an optimum behavior under the coupling effect between traffic load and drying-wetting cycle when the fly ash
content m is between 25% and 30%.

Key words: dynamic residual deformation; critical dynamic stress; fly ash content; drying-wetting cycle; dynamic triaxial test
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Experimental study on strength and deformation characteristics of
gravelly soil core materials

ZUO Yong-zhen, ZHAO Na, ZHOU Yue-feng

(Key Laboratory of Geotechnical Mechanics and Engineering of Ministry of Water Resources, Changjiang River Scientific Research

Institute, Wuhan 430010, China)

Abstract: For the earth core rockfill dam, the coordination of the strength and deformation of the dam is a key issue that

restricts the dam construction. The deformation of the gravelly soil core materials is large, which leads to the transfer of the

load to the coarse grain of the dam shell with relatively small deformation, resulting in arching effect, which can lead to

hydraulic fracturing and destroy the seepage control system of the dam. The gravel soil core materials of high earth core rockfill

dam, containing coarse particles with larger particle size and a large amount of clay, have small permeability coefficient and

consolidation of saturated drainage problems, resulting in that strength and deformation are difficult to be accurately measured

in large-scale tests. Using sand core to increase saturated drainage channel and accelerate sample saturation and consolidation

can effectively solve this problem. For the gravel soil core materials, a series of triaxial shear tests and plane strain tests are

carried out with diameters of 500, 300, 150, 100 mm. The shear rate, sample size, maximum particle size, stress and other

factors are discussed on the strength and the deformation of the deformation parameters, and the real strength of gravel soil core

materials is obtained.

Key words: high earth-rock dam; gravelly soil core material; strength and deformation characteristic; shear rate; scale effect
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REERFER . FEg5HKE ], SREReR.

PLAAE R ST 0300 mm X H600 mm ) K% =Hl Ay
B, 7EEARHN 300 mm (1K IR A O BRL LR
SRR 210450 13 A6 mm FIFRAL, 10 5 ilpe
BRI LB 0.52%, (EFLHERPE DL, #hiE
FEC B OGN KB « N KPR 28, $ iR 1)
WREE . HEKGEERIMER . SiRIG IR A ORI
BB AR (1) =2 o] 5 HE /K BT D156 0 7 g 7 A G 2R T 28
A3 AL, DN R B R AT AR I B R R T
AR SRR AHAA R SRR LR SO FE 2
ke, wESHHEKIER 2R (8 D, Bk, £
TEBY PR A 58 A HE K AT R bt mT DL R # ik
BT, ARSI T AR A O RRR
A = HR 8 BN T BE

2 AEHFRERRE
2.1 RILLKAC

AVRAR IS BB A7 O 85k} B e 2% TC 2% 5 KR AR
200 mm, KT 60 mm ki) 10.0%, KT 20 mm

WRL 5 27.4%, /N5 mm BI4ERL S & S ] 53.7%.

a5 PN AR UL T 4 AR AR 16 18 A% VR 1 R R AR
KHAFEEEREETH R, REFEDT 5 mm FEAE.
BRI e 28 % L P 2

500
4001 —o— bt
—A— A2
300 —— B3
i —e— AL
x —— AR
= 200 —n— HREE3
100
0 - - o
1 10 100 1000

i} i)/

1 SR FLE T HA e T EE

Fig. 1 Comparison of pore pressure dissipation in samples with

sand cores!®!

£lodl - AR

R 80t —— R (dmax=100 mm )
o e B2 ( =60 mm )
= ;8 o BUBAE3 ( dina=20 mm )

0 . . . . .
1000 100 10 0.1 0.01 0.001

ﬁé/mm
2 BiA RN R AR E SRR ED
Fig. 2 Original and simulated gradations of gravelly soil core
materials
2.2 REEE
RBHIAC 1. BHREC 2. BEURC 3 #HTE
R SRS, IRAF IO T3 FENRE S KRR 1.
UG T 1% RS 97%1H 5, 4—HL 2.05 g/em’,
fE 5 mm EEMTLIBEAFIFME T, EHA
Al I E e VE BRI AR, A B EAE T 21 3 5%
DL E PR s R85 B MR D 25 /KRR A A [, AT
T A B ORLAR XS B RT3 L AR . IR R
ATE 5 mm & &I 50%56 45, AR 45 i ok
T BERCRIOCHE A, R B PR AR E], ANRETE
JH HR,
* 1 REEREARSE

Table 1 Results of large-scale compaction tests

o ABEKE BRKTEE IG5 B

UE 1% /(g em’®) /(g em’®)
BRI 1 8.4 2.11 2.05
EVE 8.5 2.11 2.05
R 3 8.0 2.12 2.05

2.3 MIGIN/
TRIACE R R =R OB T AR, =
AR FE R < N 9500 mmX H1000 mm. $p300
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Table 2 Test control conditions and strength and deformation characteristics of gravelly soil core materials
5iH Bt PR #HE BI4] E SRS
A /mm %A HER/(%M) K n Re G F D ' /kPa @' /(°)
2 $300x600 b 6mm 0.20 581 044 0.87 0.35 0.15 4.69 31 31.6
V7 ] 4t
L@T%;ﬂk 2 $300x600 ity 8mm 0.20 546  0.32 0.73 0.24 0.08 6.30 33 324
/ CT) 3 $150%300 b 4mm 0.19 571  0.46 0.84 0.37 0.11 443 32 29.6
3 $101x200 b 4mm 0.09 639  0.39 0.79 0.35 0.20 2.82 27 31.8
1 $500x1000 S=71.1 0.30 811  0.31 0.84 0.33 0.19 6.59 154 31.1
2 $500x1000 S=71.1 0.30 756  0.29 0.83 0.19 0.03 4.73 199 30.4
2 $300x600 S=71.1 1.00 742 0.38 0.86 0.24 0.07 5.04 224 27.3
RS 2 $300x600 S=71.1 030 775 026 0.85 029 006 346 144 293
HEKESCD 3 $150%300 S$=67.3 1.44 815 0.32 0.82 0.43 0.20 4.57 80 28.6
3 $101x200 S5=69.0 0.12 600  0.40 0.80 0.31 0.15 4.03 173 33.1
3 $101x200 $=90.1 0.12 550 045 0.75 0.38 0.20 4.17 71 33.6
3 $101x200 S5=98.5 0.12 500  0.35 0.75 0.32 0.18 3.26 21 31.4
AP 1 L300xW300xH §=71.1 0.30 762 0.32 0.78 0.34 0.15 5.33 128 34.8
AR 2 600 mm T 0.30 700  0.35 0.77 0.22 0.10 4.97 113 333
FEe SOBRREAIE.
mmXH600 mm . ¢150 mmXH300 mm . ¢100 :;ﬁﬁgéﬁ?: ﬁ 525:%%81%3 ﬁ%j:
mm X 200 mm 4 Fo VR R S (KX ZHirE06 P Sokatih — ko Mbw, Hokah

B X ) L300 mmX 300 mm X H600 mm, /N3
0~2 MPa, KFJ /) 0~8 MPa.
2.4 REWHR
MRPEAREAT . HK &R BOPIRESSER =&t
T A FREE, BN RARNE S HEK =AhET D). R E
SEARNHEK =RhEY). AR E 5K = AhEg ). B
A L5 HE AP TH N AR RS, RIGZAE R 2. H0R
50 BUR WA 2.

3 ZMMEAZSH
3.1 W BIYIRE N

N T W TR G BY )5 S s AN AR T s, Yo
WC 2. AT 3 AT T 2 AABANE SR HEK =8,
R AE RS2 58 6100 mmX H200 mm AT ¢300
mm X H600 mm FiFf, BIYIEZES 514 1%/Mh, 2%/,
4%/h, BYY)EZ SR BT TIEE (3% ~6%) /
h AHZEAK. B 3 R ¢100 mmX 200 mm 1]
WA =R, 3 ANBTUIE AR (1) B R M 2R A E
B, XU G100 mm X H200 mm ) =L R FH LTS
BB ERZEEEN. B 4 Nk R 5300
mm X H600 mm [ K8 = H R R, FEARE BT Y] H
KM EAESREE &, IX 5 R H I BT U1 S K,
(2%~4%) /h BT ZE AT 300 mmX H600 mm
(AR RS A2 BB 1 BT ) 3l R . X T 9300
mm X H600 mm ({547 OB RHARE, 3L B ATy
) CU RIEBTVIER (3%~6%) /h fi K, Wk
53R A (1 WA 530 B RN ae D) R B PR B v, A8
RJE SRS HUR R, R TR R,

—[BIJE0.4 MPa, %£49%h

&al%
3 i =HhiAFn CU RIS R 1 R Xt EE phzk

Fig. 3 Stress-strain contrast curves of saturated consolidated

without drainage axial shear with size of @® 100xH200 mm

s 2.5 - [H{J50.4 MPa, F41%h —+ Hi/T0.8 MPa, #41%h
& ~[AE1.2 MPa, 3#%1%h - [HE0.4 MPa, 3#2%h
= B[ 0.8 MPa, PE%2%h —-HiJE1.2 MPa, #5£2%h
220} —[BJR0.4 MPa, Hi%4%h —[F[0.8 MPa, Hi#4%h
S —HIIE1.2 MPa, #%¢4%h

s 150

ﬁ 10}

=

H o5

Eal%
& 4 tAFK =% CU ikIE & 1 T 3T EE B2k

Fig. 4 Stress-strain contrast curves of saturated consolidated

without drainage triaxial shear with size of ®300xH600 mm
RFRANHL 2, BYUIERN 1%/h, 0.3%/h HAE
A G5HEK =Rl B R BT 20 (& 50, mT L BT)igs
BRI, WA AR BV, (HRAR 6% 5 A IR )
AR A REOR, ¥ SEARIESHZE S, B
I G SV BT R T, OB AR BT UE %,
B, XERA ORI AR, EORIER R
e A S SRR FLISUK 78 0 HE L, 75 D i
B AR R EUR . FEBCR R R, ORAE AR
IKERAR I O E A e NORIE R RS IR 1158
REWE TS 7 HEZK, AR R A S P AT K% s HE 7K 3
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SRESH BEARRIER, @ CD X5 B

SHL (0.2%~0.3%) /h, CU I B PIE R AL 1%/h.
57 -=[EJE0AMPa, HF1%h —o-FAIE0.4 MPa, #%0.3%h
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Fig. 5 Stress-strain contrast curves of unsaturated consolidated

drainage triaxial shear with size of $300xH600 mm
3.2 IR

VLRI 25 HEK = A 4 dakse, VR A IR
FOPAE, BPER b AR, EARE 5HK 8%
PFR, 27 SEAAAF RS IEZH, 22 it
BYSRE S o' {H 27~33 kPa, WEEFES @' 18 29.6° ~
324° , ERUEUN, Bl 6 &l T ER S EIER
KA ML, AFBEE RS ER 25 B S S ek
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Fig. 6 Stress deviator and confining pressure curve of saturated
consolidated drainage triaxial shear
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Fig. 7 Stress deviator and confining pressure curve of unsaturated

consolidated drainage triaxial shear
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PEIARTE o P 8 S ARV AN 45 HE /K =il 55 D158 1 B
FIRAESF EE 2, ] WLEE 1 ANZLEE 2 1 i 2R B
1.6 MPa 52 541, H4x 3 AN RN N AT E
4, FEJE 1.6 MPa fENA 10%/5tHHEAE—#. K9
& 2 AR R TN = SRR, 7Tk
RSy ZERAZER N, XU EIEAR ORISR 261, i
FE R B Rk R 25 U8 RGP AR, SRR Xt
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Fig. 8 Stress-strain contrast curves of unsaturated consolidated

drainage triaxial shear
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Fig. 9 Stress deviator and confining pressure curve of triaxial
shear and plane strain tests
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Fig. 10 Stress-strain contrast curves of traxial shear and plane

strain tests
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Basin excavation using robotic manipulator of geo-centrifuge at NHRI

REN Guo-feng" 2, CAI Zheng-yin' %, GU Xing-wen" %, XU Guang-ming"?
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic

Engineering, Nanjing 210029, China)
Abstract: The simulation of basin excavation process of the sheet-pile wharf in the centrifugal modeling tests is mostly carried
out under 1g. Also an elevation of 1g to Ng is added compared with the prototype, which results in the same stress state but
different stress paths. The first four-axis robotic manipulator of the Mainland of China has been successfully developed and
applied to the 400 gt geotechnical centrifuge at Nanjing Hydraulic Research Institute (NHRI). This robot, with four degrees of
freedom, can achieve movements simultaneously in linear directions of x, y, z and rotation of §. The robot and special tool are
used to simulate the excavation of layered soil of the sheet-pile wharf basin under 50g in accordance with the model similarity
criterion totally. By comparing the bending moments and the horizontal lateral displacements of the wall got from floor 1g and
50g excavation simulation, the result reveal that the change rules of the bending moments of the wall are basically identical.
However, the bending moments of the front wall by means of the excavation are clearly larger and the bending moments of the

anchor wall are smaller. The lateral displacement of the wall is greater under floor excavation of 1g.
Key words: stress path; geo-centrifuge robotic manipulator; bending moment of wall; layered soil excavation; similarity

criterion
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Fig. 1 Comparison of stress paths between model and prototype

AR A E N — G L T B O TR O
IR FE 50g 26 T BB R0 BT 2R, %07
1258 Al R AR ARV 25K, 2 H i AR R AL 1
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1 NHRI E/OHLHLHF

A KRB0 5 B B DAL LT (LA AR
NHRI & CHAUET) 2N E— & L TR OHLLIK
F, ME&TEWE 2 Frzs i) NHRI400gt KA+ T804
b BAHIE A 100g. AU T T LE B O ML s
ARSIl X, v, ZEhR 0 SDUEES), EEAE
MLRG . HRARFREHHK .

1.1 EHERS

RIGET, P UTFRAABCEA S ONLRIE E, M
R~ 1200 mm (XD X 1200 mm (¥) X 1100 mm (2),
MU AR AR 8 R~ 1240 mm (X)) X750 mm (1)
X650 mm (2). A [ HENMFHAERE, EHEGE
B, WA 50 mm. & 3 & NHRI & OHLHUEF
AR E K.

] 2 NHRI 400 gt KEVELL
Fig. 2 NHRI 400 gt centrifuge

[ 3 NHRI O F AR E
Fig. 3 Robotic manipulator at 1g
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Fig. 4 Host system
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Table 1 Main specifications of four-axis robotic manipulator

SH w®AKAT EEHR R R e RIBATH
fE/mm  J¥/mm /N JZ/(mm-s™")

X b 900 £0.2 2500 30

Y #h 400 £0.2 2500 30
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Fig. 8 Excavation tool
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Experimental study on rainfall infiltration characteristics of loess slopes
under different rainfall intensities

ZENG Chang-lu, LI Rong-jian, GUAN Xiao-di, ZHANG Shi-bin, BAI Wei-shi
(Institute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: The loess plateau is a serious disaster area with frequent landslide accidents in China, and rainfall is one of the main
factors influencing instability of loess slopes. Therefore, it is particularly important to learn the law and mechanism of rainfall
infiltration inside the loess slopes. The interior slope rainfall model box and artificial rainfall system are designed, a wild
homogeneous loess slope is selected which is belonged to the Qingyang region of Gansu Province as the research object, a
laboratory scale homogeneous loess slope model is established under the condition of meeting the similarity theory, and rainfall
infiltration test at slope ratio 1:1 under four different rainfall intensities are carried out. The laws of model slope about rainfall
infiltration and variation characteristics of matrix suction are analyzed by monitoring the volume moisture content of the slope
and matrix suction in the whole course, and the difference of infiltration laws of model slope under different rainfall conditions
is compared. The experimental results show that under different rainfall conditions, the infiltration depths of the loess model
slope all present the rules which the depth of the foot of the slope is the greatest, the top of the slope which the second greatest,
and the middle of the slope is the smallest, while the infiltration rate is that the top of the slope is the largest, the foot of the
slope is the second greatest, and the middle of the slope is the smallest. With the increase of the depth, the infiltration capacity
of rainwater gradually decreases. With the increase of the rainfall intensity, the greater the depth of rainfall infiltration is and the
faster the infiltration rate is, the more significant the amplitude of variation volumetric moisture content and matric suction
which are buried at the same depth are.

Key words: loess slope; rainfall infiltration; rainfall intensity; model test; matrix suction
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Fig. 1 Schematic diagram of indoor slope rainfall model tests
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Stiffness degradation of marine soft clay under monotonic and cyclic loadings

LU Su-jie', TONG Jun-hao?, PAN Kun?, YUAN Zong-hao?, PAN Xiao-dong?, SHI Li’, HE Ben'
(1. POWERCHINA Huadong Engineering Corporation Limited, Hangzhou 311122, China; 2. College of Civil Engineering and

Architecture, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: A series of undrained monotonic and cyclic triaxial tests are conducted on Jiaxing intact marine soft clay by using a
testing system combined with triaxial apparatus and bender element to investigate the small strain shear modulus and stiffness
degradation of isotropically consolidated soft clay. The results indicate that the small strain shear modulus decreases and then
increases under monotonic loading, but it tends to decrease continuously under cyclic loading. At medium to large strains, the
normalized equivalent modulus of saturated soft clay decreases gradually with the development of single-amplitude cyclic
strain with a larger degradation rate than the monotonic secant modulus. In addition, a fairly unique relationship exists between
the cyclic degraded stiffness and small strain shear modulus, which is barely affected by the initial confining pressure and cyclic
stress condition. The findings obtained in this study can provide the basis for the design of offshore structures in this area, and
can also be used as a reference in other engineering projects.

Key word: marine soft clay; monotonic loading; cyclic loading; small strain shear modulus; stiffness degradation
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ARG BT JEOIR B HHUE 32 % 1 5 B
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e 23, FEMNSE. HXNEE G=2.66, &K
B w=45~48%, FLIRLL e=1.20~1.28, Zh ki & E=49%,
R E=50%. WRIGHT, SRR R I E AR N
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WAL 45 8 12078 35 kPa,  [RILAREE R A T 15 [ 45 IR
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Pt X = R4 I B, InEEE 2N 0.05 mm/min.

(EEZYIIE =4 P N AL il B WSR3, A i a3 ]

RRJ7HE CSR (CSR & SCAAE R i 7.7 M 72U FA 52308

BRI A N, 722 thD Ko XF Cyel A1 Cye2 4k

55, CSR B K HAEFHATEIGIIRIR N ¥4 10.
=1 RiARBET =5

Table 1 Monotonic and cyclic triaxial tests

B H5 ' /kP. N CSR
H=5 a
%5 &
Monl 200 — —
. Mon2 400 — —
L
. Mon3 50 — —
o
Mon4 100 — —
Mon5 300 — —

0.05, 0.1, 0.15, 0.2, 0.25,
0.3,0.35,0.4,0.45,0.5,
0.7,1.0,1.35
0.05,0.1, 0.15, 0.2, 0.25,

Cycl 200 130

{ZE2N

‘ Cyc2 400 130 0.3,0.35,0.4,0.45,0.5,
X
0.7,1.0,1.35
Cyc3 200 1000 0.5
Cyc4 200 20 1.0
Cyc5 400 1000 0.5

N T AR ER BN GFAT T LAd /N A W1 FE 5 A
H, AEE GDS Bl nillil R gon B AIERE =
HRES IS AR P ) LA AT B DB M. X RS
P R AR RS, o —ANME N BUR TR S RC AL L AE i
AR B, S AME BRI E R ) E R
BN LFE e IS, WORIE AR BT )R
AL R B B, IS I R T A5 B B V)R AE
LR AL FRROE, R TTTAR R A4 FE AR B /N AR
B & . ARUGRIGAE 2N BOAT T B TR &
Wo H—NBBONE SRR (e=0 B0 N=0), DIg
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Fig. 2 Small strain shear moduli under monotonic loading
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Experimental study on dispersion of one kind of low liquid limit clay

PENG Wen-ming', LI Jian!, ZHANG Yan-yi’>, LUO Qi-xun'

(1. Survey and Design Corporation of PowerChina Chengdu Engineering Corporation Limited, Chengdu 610072, China; 2. Geotechnical
Engineering Institute of China Institute of Water Resources and Hydropower Research, Beijing 100038, China)
Abstract: The decrease of clay content will weaken the erosion resistance of the soil and bring some influences on the

dispersivity tests. For the low liquid limit clay, field investigation and mineral and chemical composition analysis show that the

soil material does not have the characteristics of dispersive soil. The double-hydrometer tests, crumb testss, pinhole tests, pore

water solution tests and exchangeable sodium ion percentage tests are used to carry out nearly 100 groups of experimental

soil.

researches. Among them, the results of the double-hydrometer tests are relatively scattered, so it is difficult to give the
soil, and a small amount of transitional soil. The percentage of exchangeable sodium ion tests are all non-dispersive soil. The

identification conclusions and it is for reference only. Because of the poor erosion resistance of soil samples, the pinhole tests

are difficult to be successfully completed. Both the soil block tests and the pore water solution tests are mainly non-dispersive

—_

soil material is identified as non-dispersive soil. In addition, the reasons are analysed why the double-hydrometer tests and
=]

pinhole tests have not achieved reasonable results, and it is regarded out that the two methods are not suitable for this kind of
Key words: low liquid limit clay; dispersivity; double hydrometer test; pinhole test
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Fig. 1 Zoning map of soil in field
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Table 1 Statistical table of dispersion tests (4
AKX WEE e Tl FLBKE  SHMENET
A WK W R Aol

X 47 47 48 47 47
Ix 23 23 23 23 23
X 14 14 14 14 14
VX 14 14 14 14 14
a1t 98 98 99 98 98

a) MELE AL

BEAT 98 AR EL B THIR LS, 150 4 i) 45 5 DA i 7Y

+oNE, ST, B EUERM BB 2, 5l
21 4. 26 4.
SERIE L RWAG IR, 7ETF LR

®2 BooMMERERIIES

Table 2 Summary of partial dispersion test results

XU bk E et LR FLBR K ¥ R 56 TN T F 4y Eeik e
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e TP o mA R
LS BAKE S ksk NN Cnae TDS  PS CEC Crnat ESP
S , W oKt R LR ) ] ) )
. FFAE 'mm ' ) /(meq-1") /(meq1h) /%  /(meq'kg!) /(meqkg!') /%
1% /min /(ml's') /mm
o Bk
SIL101-1  46.8 — — B — 0.373 1.800 213 30.5 0.9 3
187
Mt .
SILI01-2  42.0 ki, +4 — — B — . 0.182 1.100 16 34.0 1.1 3.11
7] (E -
SIL101-3 493 kﬁﬁiﬁf 40 5 BP 29 L 0212 1.000  22.2 35.7 1.1 3.18
AR -_ L
SJL201-1  30.7 . 60 5 EMh 1.1 o 0.285 1.100  27.1 40.8 0.4 0.92
) S5 : .
b Bk
SJ201-2 472 PHEOKE 0 — mm — 0352  1.000 35.6 30.9 0.4 1.32
v 27N
5 1
. B35
SIL201-3  54.7 — — B — 0.470 1.700  27.7 26.4 0.2 0.86
187
SJL301-1 387 HUKIE 50 5 R 25 BFL 0.200 0.290 38.9 67.2 0.5 0.76
Ja VU A
MUK, 1H " L
SIL301-2 482 ... . 40 5 M 2.1 o 0.220 0370 30.8 62.5 0.5 0.8
I G| #
N
Toor B Bk
SIL301-3  59.0 — - - = 0.561 0617 574 52.9 0.3 0.53
Jeer, R
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SJL401-2 284 MR 40 5 R 2 AL 0.380 0.669 263 42.1 0.8 1.98
DLtk
SJL401-3 350 THE K@ 50 5 M 23 HIL 0652 0727 588 457 0.6 1.40
b

vE: FE SIL101-1~ SJL101-3. SJL201-1~ SJL201-3. SJL301-1~SJL301-3. SIL401-1~ SIL401-3 3 HIHEET [ X, ILIX. HIX. IVIX.
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Freeze-thaw damage analysis of expansive soils based on natural strain
damage model

ZHAO Shun-li', DENG Wei-jie !, LU Xin-jing', FANG Xu-dong', LI Xue-tong?
(1. Yellow River Engineering Consulting Co., Ltd., Zhengzhou 450003, China; 2. College of Civil Engineering and Architecture, Henan
University of Technology, Zhengzhou 450001, China)

Abstract: The quantitative freeze-thaw damage analysis of expansive soils is of great practical significance for engineering in
cold regions. In view of the unreasonable selection of strain model in the existing researches on soil damage model, the concept
of natural strain is introduced. Based on the theory of Weibull statistics and strain equivalence, a natural strain damage model is
constructed. Through genetic algorithm, the global optimization function of model parameters is further realized. With the test
data of expansive soils after freeze-thaw cycles, the damage model is verified, and the freeze-thaw damage analysis of
expansive soils is further carried out. The non-damage deformation and damage deformation are distinguished to further verify
the rationality of the damage model. The results show that the natural strain damage model can simulate the stress-strain curve
of expansive soils after different freeze-thaw cycles with high accuracy. The initial stiffness and macro-strength have negative
exponential relationship with the number of freeze-thaw cycles, and the non-damage deformation and damage deformation have
good correspondence with the test curves of lateral compression and triaxial compression.

Key words: natural strain; damage model; expansive soil; freeze-thaw; genetic algorithm
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Table 1 Fitting parameters for damage model
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Model tests and numerical analysis of slopes reinforced by short anti-sliding piles

ZENG Hong-yan' 2, HAN Li-biao"?, ZHOU Cheng"-%, LIU Wei' 2, TAN Chang-ming’
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Institute, Co., Ltd., Chengdu 610041, China)
Abstract: As an active protective structure for landslide prevention, the short anti-sliding piles have been gradually developed
and applied in the engineering field. However, this kind of structure is only suitable for landslides where the strength of the
sliding mass is obviously greater than that of the sliding surface, and there is also no shallow landslides. The rainfall-induced
landslides are generally shallow ones, which limits the application of short anti-sliding piles. For the slopes improved by
anti-sliding piles, three kinds of groups model tests are conducted under natural conditions. A single row of short anti-sliding

piles are installed with different pile lengths (0, 18 and 28 cm) for reinforcing the non-cohesive soil slope. The PFC?P particle

flow software is used to simulate deformation of the soil slope. By analyzing the displacement of sliding body and the variation
of the sliding surface, the reinforcement mechanism of the short anti-sliding piles with different lengths in the soil slope is
studied. The results calculated by the discrete element numerical analysis method are close to those of the model tests. The
results show that the short anti-sliding piles can effectively strengthen the soil slopes. With the increase of the length of short
anti-sliding piles, the scope of the reinforced soil gradually increases, and the slip surface gradually rises along the vertical
slope direction. However when the length reaches a certain value, the rising rate of the slip surface begins to decrease. The
slope reinforced by the short anti-sliding piles still has the tendency of shallow sliding. If the pile length is too short, the slope
=]

soil will easily slide over the top of the pile. For the possible slope failure of overtopping and shallow sliding, it is suggested
that the short anti-sliding piles should be used together with the retaining wall at the slope toe.
0 35

Key words: short anti-sliding pile; model test; particle flow; numerical analysis; sliding of slope soil
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New method for dealing with unconfined compressive strength outliers

LIU Hong-fei, LIU Jun-fang, SU Yue-hong, JIN Yan

(Inner Mongolia University of Technology, Key Laboratory of Structure and Mechanics of Civil Engineering in Inner Mongolia
Autonomous Region, Hohhot 010051, China)

Abstract: In road engineering, the pavement mainly bears the action of vehicle loads, and the pavement structure should have
enough strength, stiffness, durability and other properties. Therefore, the performance of pavement structure materials is an
important guarantee that affects the quality of pavement service. At present, the inorganic bonding stable materials are often
used in highway engineering, and their strength is often measured by the unconfined compressive strength tests. The 3 times
standard deviation method (3S method) is recommended for the treatment of outliers. Since the unconfined compressive
strength test sample size is small, the 3S method cannot eliminate some specific data from the test data. In order to solve this
problem, the new method of t distribution confidence interval is proposed, and it is analyzed theoretically. By comparing other
treatment handling methods for outliers, the t distribution confidence interval analysis method in the treatment of the
unconfined compressive strength test data is confirmed to be feasible, and the proposed method guarantees the possible range of
size and ensures the overall index to fall within the scope of the probability.

Key words: unconfined compressive strength test; outlier processing; confidence interval

—_

o 35 5

FE LR TR A EHAIG Bodls A RS RN T 5 M o i
TREAH B REERMEM. B TRIRI7%. R
Fey IR R AIEARAC . RG4S 2 R R
s, A RS I ) 45 SR MR 1) AS RT3t G (R A 7
Firze, P HSIRERAP VN Bl KRRz,
Ropt At W R 5 B SR LA (8 . B R ARHK R
MR USRI LR, e TR SHME, KGR
KPR, FEFEEABREEMAEAL, HEHE
HELZ AR E o TR T SENE 5 DX A 2
R M EEIRHAZ —. F33E R mEAL St S B

T Z 2 AR S 42 PR 7R X e 2 ik
ATAE BB S o R A 2 G 25 R ) A 28
SEAE, 17 HIE AT R it e R R I, AT B s
e, [F—HIR5 A R R C MAXFERUE, /D
B C<6%, WIRARELRIEA 7 REL, W NZH% o
VFIRZE 10%F1 90%ME 2 T TH 5 T 75 2 (i1 0
HoErase, B2 2 RER,

A 3L IR T T 00 B 70 5 R A e 45 SR A

HEEWB: WEHEG X REREIHEHE (S201911652)

i EHA: 2020 - 06 - 02

SEEEE (E-mail: 18647964316@163.com)



138 H O+ T OB % M

2020 4F

B, RGN 7R R & FHEN SRR, St 1T
t 7373 FR) 7 L AL BB D eV AR 36 0 AT 38 FH PR SR EE

1 ERAEHRNE
1.1 hfkiEEN

AR IAHEN] 2 LA 3 (5 b w22 /E A A brite (&
FR3SE). BRI EUIR 2, Rl 3 fbrdE
i ZEAE 9t o v BEEHE 1) AR . R

v, -X|>35 (1)

I ERAR R N R, NS

o7 0 A D 75 B 6, R SR B AE S R
2 BCELR AN Ry I T DAL P o (EL RS 22300 2 2540 i A i
n<<10), £ —H M EAE H BERA R BITEE 7.
1.2 BHEHREREN

HYEgRrEe . ST 0 GRS, LI EAE AR
ERSAN, LR 1/@n) % & — H 5 5 H
(—k, *s,+k, *s), 22288 HIZTGHIR, Bk E
AR, M. HARVEEA R T

1 R
E_I__JI;EG dt ’ (2)
ﬁ;ﬂzh . (3)

N

Wb E: S GENRRE I 8 T R HOAHEN, (H
e HABEORIE B XA, Wt M s 2 85 B E
IR Z I8 TE IR IR R 2%
1.3 A&hmEnEN

RERLAT I, BB E B A R IR IE 2570 A
ARAE MG 495 V5 R 52 7T SHE50a0s ) A

EGEHI R, 25 AR AEAL I St & g,

x (B, T5E)
g=1 ° )
: (LM, TR

WRIEAR AT SR 0 AT, FE4RRE 1R K
Vo N, SRAFHA BRI S go( @ » m)R& AT
RN g=go(ar 5 n), BCIHINE{E 2 5 3 1,
IDAESE T

WA RO RE & AT BEE, MiZ—
— AN E R, MR R, WS g
AR =1, LAILEER 50 55 — A T BEHdE .

1.4 JRSEEEN

K 5 T DU R T e A0 22 B 75 TS 7 46
M AR, AR n I PRI B 2 /N3
KHFI N

X —x

X, <Xx,<-<X, o (5)
A LK Odb Gt 8 fo. FFHI A Dixon R f
Ca, n) SRBEAT XS AT AU B BCE 2, A A
XN f>f Cay n), HIAXWAL, RS X(1)
% X(n).
KB RE S Ca s n) HGTE f ZRTHEL
XTI
PR 5, 3 o D S 36 B0 OIS R 7 i i A, R
R SRR, sk aUE ST ERIRBUR D B Ik, 2
AR W AR AR e A B T RS K
1.5 3SEAIBIMPRIESEEIRELE R BRMY
A b B AE AT T BR8N D 1 RERS FRAIE
gER T FEME AR, 0 TR R SRR A
HALT 6 A, hlfEADT 94, RikfAbT 13
Ao KT WA 0 AL B o E RV AE R R 3S VS
WAl 3s AU A0 SR
|x, -X|>35 (6)
| (x,—%)">9s> & (7)
RAEEARF BRI AEZ R A, AT IR 2
®H6A, M

zﬁj(x, -x)=5" . (8)
AR T A RN Bl TR

2 tomEEXESHTE

N T ARAE R BE (EREE, 75 YT LS P —
S0 7R L. LA R0 LR 0
DLIEAS S N ER S R . TE &S A TR A S R
KIS ROR, TiREAI SR ARERR . 3TV
KT AT IEAS MG ¢ 4 AR T R B A FE ¢
ARG R EE A, SEESA %
BUNIK B, 72 B X M R 2 A TR 6 1
PR B T AR

BB R X, ~NOD, X,~X2, X5 X
RTINS, MIBR = — MM EHITE 0 6 ¢

X,/n

A, ke ~e, .

DX TR T Sl A — R R I PRAE N Al
EAESH —AMEIE, BRI B ARYEREAS (R FE R A
AR AR 20 1R ZERAE T SR TR AR O T REVE . B
BAEME D O RN @8 RIERE
FEZ AT REVE O

DX T T ARt TH AR AR 1 1R 22 RIS HH A
B Seah e ARG LA S Rl S B X R)E
e, Hrhan @ MOV EE R EE S KT, @A X



HF 1

K, A TEMIPR PS50 WA AR B 75 AR T 139

[EVERN B XA, BlRARSEBUEE R A G THE 5
—XHNMR, B EXENHENMERZEST
PRFNEAS FRREL

t oA BAS XAl TR AR AR e WU B AR K
N 99%, R4 AT E SR P IE . AR 2,
*@E%@Bﬁ%ﬁﬂ}—j&gm—u,f+§%5m—n}
Hrr a=0.995, ket BEE, RIEESE 99%
FIATAE BERARR AR RVE . X FE AT DUV ARk
HERR — Lo m] BEE

TETHLE A REMIPR TR R, F— R E
FESAE 2 ME A — iR 2, 45 BRI A3 i
ARG EE, MRS R IES A6, BfEn]
DB E TE PR VGREE C2 e, BRI 6 N2t
FEM n YGRS R NEAS, AT RLA ¢ A EAS
DX [1] 73 B v ok SR 36 B B 3 A 7 ) 1

BERIG 2= A3 1 TEHL 45 & R T M BR T 58
Xiv Xov Xoo- Xw N—DNIREFEA . HEECFE N

X=Yx 9)

S =Y =X = (XX L (10)

n-13
LT LSRR IESS 734 O(u > 0,), REFEA
F— ) (s/n) ~ 1, )+ HIRBREAISE (252 4t
VRN t 04T FEIESE o Z J At LA BB
X [a]

[3_5_%%995 () 3_“"%1‘0.995 (5):| ° (11)

FEIZ T t 7340 BT DX TR 7 ridedh AT 50 Bk AR FA e

1 B S Xt i ME AR AEREAT FIWT s S W (BRI fE
AR —A>, RGN T ROREARBUE MR BEAT T
RABEAT 5 ZIRBUE AT, TR R 5 (BB 5 ok
%%, EFF N B EIER Nk, AR VE— RS
B2 A AUE.

3 HURIGIE

N T IR VAR AT AT, S FE AL R L 2
TCAMI R Bt e i 5 1R 0 &5 SR AT A B . 2306 [ A 7R
Fl 10%FCS-2 b7 R AR A S5,
fEAR AR SN RIBC ALy 60 D 15.8 05 ¢
12:6:02: 1), BEEMRIE A SA G AR
HEIRET AT FRY, HIVERCE & 50 mm X 50 mm [Fy[#]
W RFRS VR A RHAE 8 AN, FRYEEHIN 7 d, TE&R)E 1)
— RBHTIRAKTR, WAHIER 6 MENRIGIRF, A
TR, WRIGRT, KRR SR,

W FLAENE oML BT, BB D 08 R R 1
mm/min. J8 3 000 FRAT R 55 R T 50 W H e 5
BB di'T 1~6 FLICMIPRHTH SRS 5510 3.40,
3.25, 3.12, 3.46, 3.33, 3.89 kPa.

X FERHECIE 70 ISR 3S V. M LEANERAEN] . A%
P AR AR . BRI Lt oA B X R o ik
AT H A AL B
3.1 3SHENAYRA

3S AbERLE R FHAET, FIMEN 341, brdElw
7£0.26, 3S il 2.63~4.19, 27 REN 7.6%. XFf
FEARRHIBE AL, RS FER K, 5
RERK
3.2 HHEMFENMNA

H AR IS R REAERN 3.89, FIIMEN
331, FrfEfRZEN 0.13, H4EGIRRER 3.10~3.52,
5t RHON 3.9%. ATLAGIBRGIGE A, BRI R
#, R EEAKEERARIIE.
3.3 iRNAmHETENAIRA

BB N NERHES A 3.12, 3.25, 3.33, 3.40,
3.46, 3.89 RIFTIME N 3.41, ARHEMZEN 0.26, %
T RS R
X,—X 3.89-3.41

026

iR E KT a=0.01, HIEARIEER go(o
n)=1.94, FrUCHERE, TR RN C=7.6%.

KPR IEARES bR R AR, AN SR AP X
K, 25 RZEUWK
3.4 IRFEENENAINA

BB N NERHES A 3.12, 3.25, 3.33, 3.40,
3.46, 3.89, REFIMEN 341, brdfEZEN 0.26,
POt S R

2o = =185 . (12)

Xy =X

o = ~0.169 (13)
X6 =X

S =22 20558 . (14)
X6 =X

LR H 001, 6)=0.698, FFLATFH M, A&
FARE C=7.6%. XM LR bR, MR
BHEERR, 25 KRR K.

3.5 tNHmEEXESHIENNA

(D R DI EAE T LIRS, ~FIME N 3.41,
FRAER 22 0.26. HRAREAE 99%FT LU FE 1, 095 /N1 =
1.646, MG 2.98~3.84, AT LUK 3.89 HER:.

(2) ZHE_IKITHE

SEIIE N 3.31, FR#ERZE 0.13, HR4EELE 99% 1]
DABISE £, o9 /~/n =2.059, Tt 3.04~3.58, Tofk
FE, R RN 3.9%.



140 H O+ T OB % M

2020 4F

ATAEEREE R RN 3.89, TIIME N 3.31,
Pt 24 0.13, t 73 Anful 3.04~3.58, 5% RECH
3.9%. ITVFHERUEAS KN 99%, RelEHIBRECK 1)
ZME, FARFIEME S RE, A B RIIEX
[&] o

LA UR O RE R, AT CATE R A H
T 3.89 XA SFAE AT R IR, PR EIE R, R
REON K, X IE R AR 45 B B E B R K 2 —,
M 3S HEN. A A BB . 3k S b it U BB AN e A A%
FUGI SR, B SRR AT ¢ 43 A5 B X ET AT L
B2 T B ZEguER e LL 1/ (2n) RSB0 E 05
i, JoikmE AEm I BASRE, Tt oA EAS X A
TR R B 1 RN IR P 0 R, SLREA RN
B

4 & B

COMNGEE A B RIR T KA 5 /N A SO A
B2 5, LAUES] T FNRE AR SR AL ¢ 53
(5K 53 H

(20 5 t 4 HE U G394 £ 2 PR T 6 00 B 47 P 3
PSR I S (AL, SR S R BRI (3 X A
AR, FEHWAE t HALET RO REE, A+ TR
AU AT 18 (191 RE A S b B 48 7 39 T RS 2
i

SE -

[1] 5KRZE, #ILK, EHH. 87 M e Ik
iRl 4, 2008. (ZHANG Tian-jun, HAN Jiang-shui, QU
Jun-li. Experimental Mechanics[M]. Xi'an: Northwest
Industry Press, 2008. (in Chinese))

2] ¥ TREENG G R EM R ME: JTG ES1—
2009[S]. 2009. (Test Specification for Inorganic Binder
Stabilized Materials in Highway Engineering: JTG E51 —
2009[S]. 2009. (in Chinese))

B3] Fr&E, skafe (AR LRI M]. Jbat: ARZ
i R R BR A T, 2017, (QIAO Zhi-qin, ZHANG
Wan-xiang. Highway Engineering Test and Detection[M].
Beijing: Renmin JiaotongTong Publishing House Co., Ltd.
2017. (in Chinese))

[4] Zoom, B, skEE, & (CEARTERETE S HdE
KEEL) [M]. WEIRIE: MR /R LR H Rk, 2014, (LI
Zong-qiang, LI Ju-tong, ZHANG Ai-qin, et al. Test Methods
and Data of Civil Engineering[M]. Harbin: Harbin Institute of
Technology Press, 2014. (in Chinese))

(5] WISHZS. ¢ 2P AR B FE R I [T]. SEit S A, 2017(4): 46 -
47. (HU Jing-jie. T distribution function and its application[J].
Accounting and Management, 2017(4): 46 - 47. (in Chinese))

(Rz: IR



$42% BT "= + T B % W Vol.42 Supp. 1
2020 4F 11 H Chinese Journal of Geotechnical Engineering Nov. 2020
DOI: 10.11779/CJGE2020S1028

#7ALE AR L ORI R LA ST 5

RERAN, MW, Axig, x| B

(1. RS LD SR TR HE M E QS %, VL% mal 210098 2. WRERZEE L TRAFEGI AN, L7% Fat 210098)

W E: ATAHREW LR RN R LSRG R TR, & L2451, HEREWRET
AR TERGE— I RSt 0 R, S H—FHi AUE R - ——AVC & B L ECHI 77k, F—Fu@ il 10 iE
W EERALTPAN Tk, IR IEST Wit AVC B L 5L G0E I L@ IR R M 4R 56 518 - AR BT Uik 48,
1R ENZE B LI R 25 B AR E SR R 2 . WIS KR AVCIEMR L AE 250 mm WLESE, EHER T
GUBEW Ly RARFRE S RREE LML, [E4E KBS IRVEAILL 2.5%IKEE AVC E W 1L 4.5%K £ LAPONITERD i%&
I e 4 U {58 B

KR EAREL EOH GBI, R 4R

FESES: TU470 XEAFRIRAS: A XEHS: 1000 - 4548(2020)S1 - 0141 - 05

EEEN: RERKR969— ), 5, WEAZEEAN, 22, LA, FEAFREAH S IA TRME L TR
WREAR I ZEEFE . E-mail: hhuwyd@163.com.

Distribution and basic characteristics of new transparent clay

WU Yue-dong" 2, CHEN Ming-jian" %, ZHOU Yun-feng' 2, LIU Jian' 2
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China;

2. Geotechnical Research Institute, Hohai University, Nanjing 210098, China)
Abstract: The synthetic transparent soil is a good tool to study deformation and seepage inside the soil. The traditional
transparent soil is mostly aimed at sand, and a unified evaluation system has been not yet formed in terms of quantitative
transparency. In view of the above problems, a new type of transparent clay, AVC transparent soil formulation method, and a
transparent soil transparency quantitative evaluation method are propesed to compare and analyze the transparency of AVC
transparent soil and traditional transparent soil. The compression and solidification characteristics and strength factors of the
transparent soil are obtained. The test results show that the AVC transparent clay has visual thickness of 250 mm, and the
transparency is better than that of the traditional transparent soil. The compression characteristic is very similar to that of the

natural clay, and the solidification coefficient is similar to that of the silt. The peak strength of AVC transparent soil of 2.5% is

higher than that of the concentration of LAPONITERD transparent soil of 4.5%.

Key words: transparent clay; preparation; transparency; strength; compression characteristics
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%, IR MBI ik, X H T AVC
B L SAEGUEY L NGB . I 45 4 A
W PR BTN, BE— P IR A Y B A
it FHERZAVCE IR 15 KRB L AT X L

1 AVC iZERAFh T RYECH
1.1 R RIARIE (LR

(1) AVC Z R X5t

F B RANIZ Aristoflex AVC (W 1 (2)),
FROPIGEE R EAIR VP ILRY, HEARY)
HVER AR 1. AVC A BUIFHIRARN, fEmETi))
YER T BA B R B AR E MV IR FEXT AVC IR2M AL
N HUBRERE AT AR S A, K20 4 h 2 JeBIA]TE
FRIC BB L . AVC 5 H Il S5A WL A B A
AU SHTE A H AVC NRAMAAEL, X5 T AR BT AE R
B, W e R A TS BRI AVC IR 5E
JZ, BRI AE S BRAC Rl R v 75 R 258 K

= 1 Aristoflex AVC #38 =M &R

Table 1 Physical and mechanical of properties Aristoflex AVC

AN ERE Ph 1& %5 E/MPa
(20°C) 1% (%K) (%K)
48000~ PR
A&k R 7.53 4.0~6.0 FHIEEES
80000 IS

(2) 7RERRL TR

AVC JBRARLE O BN T I A BE 7 A2 355 0l ) A
Y, TR T AN, KA SR 2 B
BROVKEAE R ERRL T, KL 1T (b).

2 BERR YK B AL L1 I 204G IR 5 2 Ja 7 AR R
o, R AT BRI OO TR . HLL A
RO K, 5 AVC B L B R AN R —
AL B 0.5%, B ST .

(b) BEBRGKELYE
1 BERALECHIFA R
Fig. 1 Preparation of materials of transparent soil
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QFETFHRAFA TR AVC G, Tl H% 3 e % 4F
5B Tk GORARIIRBEHNES L) 20

(a) Aristoflex AVC B&¥)
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Fer2 2 AVC IR, K RIDRBEPEHLIH 0K, 2218
B OMAAHERIMEEVF LR,
i E 4~8 h 5 RI5E AL -

il 5E ) AVC IE M e 2 s

[E 2 AVC IBRRRA LA
Fig. 2 AVC transparent clay sample
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Fig. 3 Principle of unit gray scale loss (GSL)
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#2 BRAEEHHELR IR AR KA 90.44 px/mm; 2435 B + 5 4300 mm
Table 2 Schemes of transparency quantitative pilot B, KB JAEN1.40 px/mm, #HiL1.275 px/mmHy
5 Wi JPfEmm W FEUPRA, PRI Fth 15 2 Wy o MR JEERE T
TQI-1 1.00 100 7
1312 150 100 ] PEAME 00 LA F AVCIE DI £
TQ1-3 2.00 100 7 o4
TQI1-4 2.50 100 7 06
TQ2-2 2.50 100 14 e
TQ2-3 2.50 100 21 £ 08
TQ2-4 2.50 100 28 E ol
TQ3-1 2.50 50 7 R 12l
TQ3-2 2.50 150 7 B
TQ3-3 2.50 200 7 B 14
TQ3-4 2.50 250 7 216}
TQ3-5 2.50 300 7 # ool
WNEIART7R, AVCIE W Rl e 56 H Rk G 20— —L EIS(J)gg e 0
FEH L /mm

IR K FERR R (GSL) 5k B JEAS 5 LUy i 2 1k
X R R, 2.5%375 BN T BRI BE 45 2R 0.7 1 px/mm,
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Fig. 4 Relationship between unit gray scale loss and transparent
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Fig. 5 Relationship between unit gray scale loss and time
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Fig. 6 Relationship between unit gray scale loss and thickness of

different transparent soils
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Table 3 Load paths of compression tests

%ﬁ i AR /kPa

CT-1 10  625—12.50—18.75—>25.00—31.25—37.50
CT2 15  —4375-50.00—56.25 kPa

CT3 2.0 2500 kPa FHIE 8h, HI#HZE 6.25 kPa F4k
CT4 25 gh, BEFNE

3.2 MEERSHIN

T AANFIR BN R L e - 1gp #Z. MKl
AUAE Y, BEERTEEIN, AVC @R L RALI
B, MEJ1m T 25 kPa B, e - lgp li—H 4,
IS [ 56 i 2 55 P IR A i 2R A R B,
KRARBELARML. FEAH RIS Y BN, [ S8R
2R LA R AR IR T2, R (R R4V ROR B

55
——2.5%F R BEVF L =N
B a2 2% REE L+ o
o 40 | o 15%PREYIF - T
» - 1.0%H R E R+
&= .
= e
30 "00%
25 MA%
20 ) 5Ty
0.1 1 10 100
P/kPa

7 FELIREIERRFL L ¢ - 1gp BiZk
Fig. 7 e-1gp curves of different concentrations of transparent clay
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JiR S Pe AL 4.2 WEHERDH
# 4 RERE AVC EFRRLEARHR S5 WiE 9, AVC EWIRE T IE45 7 d JE5RIEN 0.19~
Table 4 Parameters of compression tests of different 0.51 kPa, PHWKRE BN N, LA 2 kPa B4 E AT
concentrations of AVC transparent soil IR EHEHE W], WREN 1.5%, 2.0%F 2.5%[1)
L @ Ce G Glems) — BHIF L AHOKITIISRIE S 5 0.38, 0.4, 0.51 kPa.
CTl1-1 52.5 16.3 0.7970 1.13X10 e s B ; ot
s e e obm o VR IBUMIESH NS LKL,
CT13 26.0 4.4 0.4820  9.90X10* BRI, X5 R L IEBARRL.
CT1-4 20.7 2.6 0.2998  8.04X10* 10 4 2.5%IKE AVC B TS5 4.5%KE
e 8, KA I HEET HAAFAHER  LAPONITERD % %6 L rosREwf Ll 2. W% By
45 ZHUK KN 8.04X 104, 9.90X 104, 1.09X 1073, L RAHE KGR BB I TGN, $I7E 10 d 2408
L13X10°% em?/se BRAARMUZIRIMINRIE LRI SR KEMIRE, AVC B HHVEMTRE N 051
10210 enss, FUBLASCRIGESIBEN LELE  kpa, k2 RS LKA AL, Mk
REG RV RE LEEAFML, B RIZEY 4.5%LAPONITERD i+, A — & MR,
&7 F BRI osse
- [o]
‘e 050}
0.1 g 045t
#
= 040}
g 02 B
mﬁ %@ 035}
& 03 2 030}
= T B - B u
—=-2.5%; Vg o - e 4k a
04 o 20 g 028 B
2 1.5%PREN R+ 0.20 , , , ,
o5 T lO%ERENRLE 10 15 20 25 30
0 1 2 3 4 5 6 71 8 9 WREEI1%
Af ] (min®-5) . . .
8 AVC IZERARH T E 45z 9 BE% 7dERHLHFIREYIBESKRENXR
Fig. 8 Solidification curves of AVC transparent clay Fig. 9 Relationship between shear strength and concentration of
transparent clay crossboard shear for 7 days of solidification
4 AVC ERR X+ FiREIYI5E E 54 o6
41 HWHR
8 R T I OO A AR BT DA, KSR 40 Pa, P
TRk B D=20 mm, & H=40 mm. #iL B 04F
%5 R 12 415, 36 AMHSLIRE, BF9C LT = |
N , . " S REAE 1
[E1 50 T RIVK X AVC i W18 - A HEA SR IR 3 | /NERa ity
UG 4578 100 mmX 100 mmX 150 mm ({74 = 021 o5 HLapoine RDIAME
52 R °P® © 99900 ¢ , o |
#£5 AVC BB FRIRBSE O N
Table 5 Schemes of crossboard shear tests on AVC transparent 10 AVC iERR%E+5 LAPONITERD 3% %ttt ghes &
clay Fig. 10 Comparison of strengths of AVC transparent clay with
EX e e WL/ HEnfi#kPa B/ LAPONITERD transparent clay
VSTI1-1 1.5 0 7
VST1-2 2.0 0 7
VST1-3 2.5 0 7 + >,
VST2-1 1.5 1 7 5 & it
VST2-2 2.0 1 7 AICKH Aristoflex AVC JEEWIHIAC T —Fhi 4
VST2-3 2.5 1 7 \ p > »
VST3-1 15 2 7 ER AR, JEHITRE T — RIGEAYI e
VST3-2 2.0 2 7 W, BB 4 J45R.
VST3-3 2.5 2 7 e g o STTRN o =1
VST4-1 2.5 ) 7 (D $"TER}E?F\'9§ (GSL) Y%ﬁﬁ%@xﬁ@%
xgjg ;g ; 110 AR R AR, B R HURAE TE Y] L RO
VST4-4 2.5 2 14 MRS, ZJTVRRERTSEM ., S BT 2707 b Ak
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(2) 5&g5FEHLME, AVC ERE LR
FEUPIRA T HA 250 mm AR 21 d B
TEET 7%, R AVCEWR LM e, EHTHE
BRI B RS

(3) AVC ZHIZEt e - 1gp MLk 5 RARE 14>
AL, R R AR, 25 kPa [ 45 K 41 R 1 [
GERBON103~104 em?/s, SIARAREL, AT PLZAH
TR AR ARG P YRR -

(4) BT FRBIHRLE, 1.5%~2.5%%
JEE 5 BBl 10 37 285 WA 8 L R HE K BE DISRFE A 0.19~
0.51 kPa, /%% LAPONITE RD % B - [ 9 5 .

SE -

[1] ALLERSMA H. Photo-elastic stress analysis and strain in
simple shear: IUTAM Conference on Deformation and
Failure of Granular Materials[C]// Goteborg, Swed, 1982.

[2] SADEK S, ISKANDER M G et al. Geotechnical properties of
transparent silica[J]. Canadian Geotechnical Journal, 2002,
39(1): 111 - 124.

(31 FL&Waz, x| 3K XIPUE, 5. PRSI AR TR =
RIGHF T[] A TFE2E4R, 2013, 35(6): 1140 - 1146.
(KONG Gang-qiang, LIU Wei, LIU Han-long, et al.
Three-axis test study of transparent soil deformation
characteristics of glass sand[J]. Journal of Geotechnical
Engineering, 2013, 35(6): 1140 - 1146. (in Chinese))

(4] fLM5E, FhAE, 45, 5 B SARER A0 AR
PEXS LRI 72 )], A L 2SR, 2016, 38(10): 1895 -
1903. (KONG Gang-qiang, SUN Xue-ming, XIAO Yang, et
al. A comparative experimental study of the deformation
characteristics of transparent soil and standard sand
compression[J]. Journal of Geotechnical Engineering, 2016,
38(10):1895 - 1903. (in Chinese))

[5] FLAdsR, i, 25 M, A5 FLRRRMANT Besmbid il ok
PERFVERZ BT FE)]. 4 £ LR, 2016, 38(2): 377 - 384.
(KONG Gang-qgiang, SUN Xue-cheng, LI Hui, et al. Study on
the effect of pore liquid on the strength characteristics of

transparent soil in glass sand[J]. Journal of Geotechnical

Engineering, 2016, 38(2): 377 - 384. (in Chinese))

(6] % 5. B L& MR IEL R D). AT Wi
K%, 2014. (LI Liang. Study of Transparent Soil Synthesis
and Physical and Physical and Physical Properties[D].
Hangzhou: Zhejiang University, 2014. (in Chinese))

[71 WALLACE J F, RUTHERFORD C J. Geotechnical properties
of laponite rd®[J]. Geotechnical Testing Journal, 2015, 38(5):
20140211.

[8] HAKHAMANESHI M, BLACK J A. Shear strength of
transparent gelita-effect of mixture ratio, displacement rate
and over-consolidation ratio[C]// Chicago Illinois, US, 2016.

[97 HAKHAMANESHI M, BLACK J A, TATARI A. Optical
characterization of transparent gelita using the modulation
transfer function[C]// Chicago Illinois, US, 2016.

[10] STANIER S A. Modelling the Behaviour of Helical Screw
Piles[D]. University of Sheffield, Department of Civil and
Structural Engineering, 2011.

[11] BLACK J A, TAKE W A. Quantification of optical clarity of
transparent soil using the modulation transfer function[J].
Geotechnical Testing Journal, 2015(5): 588 - 602.

(12] B3 Ja B R YIS 25 e 1 i e = [ 45 BB K AR 1F 9 D).
FAMR: FHIKE, 2005. (FANG Hou-guo. Study on the
Solidification of Structural Silt in Shenzhen Bay[D]. Jilin:
Jilin University, 2005. (in Chinese))

[13] REGE. MR e [ 25 22 05 [ 45 52 ) % R AL [T].
#2013, 34(6):1675 - 1680. (WU Xue-xuan. Study
on the relationship between shoal sludge solidification
coefficient and solidification stress in Wenzhou[J]. Rock and
Soil Machanics, 2013, 34(6): 1675 - 1680. (in Chinese))

(14] 5RIAE, SR, S8/ MR, BRYIG RS AR I B [ 45 R 2
AR ST, A AR AR, 2013, 3503 T 1):
247 - 252. (ZHANG Chang-sheng, GAO Ming-xian, QIANG
Xiao-jun. Study on the law of change of the solidification
coefficient of sea silt in the back bay of Shenzhen[J]. Journal
of Geotechnical Engineering, 2013, 35(S1): 247 - 252. (in
Chinese))

(RR: IR



Fa2k W1
20204 11 A

"= L T #M ¥ ok Vol. 42 Supp. 1
Chinese Journal of Geotechnical Engineering Nov. 2020

DOI: 10.11779/CJGE2020S1029

BRI E BT 5 IR MIREISE N 43 4

BRBRERT Y, EARM, DR, & g
(1. FAFRFLERTIEAGEBTENS THRR, LI 200092; 2. FFAFE LS5 T TRAESEHEALKS, L 200092;
3. RifghsR b Al (BERD HIRAT, Lig 200093)

e 1,2
é—‘}ﬂ‘l AN

B B X LHEE S E SR I SR ST 7 IS, D HTEETL T RS AR AT SR MRSk A
R AU . BT LSS RARH: SCRE SIS 4 SR I PASER S B #E B A i e/, Hoazed + 2B HFR Ty 3~6
Hz. Bornitz [K)EE 1 50 2 20RT B HE A ) TR h 8 5 51 AR AR s BB B A 0L, (HAEI 7 X IR A 2~8 mmy/s? ) st
AR RIBLRAE ISR Sk b & A — € IR AT HEEF A 4 SR IIZ RN T 5 m AAFAETRORIX, T -7
PR RE IR FE I ARAL , S 2 (A AT 8t 2 (At R B R 2
R MERED: BLEE RSN MG MORHEE

FESES: TU41L XEAFRIRES: A XEHS: 1000 - 4548(2020)S1 - 0146 - 05

fEEBN: REIEA996— ), 5, LEHMEM A, MELHAE, FENFEXRERS M. E-mail:
1832333@tongji.edu.cn.

Measurement and analysis of environmental vibration caused by maglev train

YU Kuan-yuan" % GU Xiao-giang' 2, HUANG Mao-song' 2, MA Xian-feng':?, LI Ning’
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China; 3. SGIDI Engineering Consulting (Group)

Co., Ltd., Shanghai 200093, China)
Abstract: Through the in-situ measurement of the environmental vibration caused by the maglev train in Shanghai, the decay of
the vibration with distance and depth is analyzed. The results show that the vibration caused by maglev train decreases with
distance, and the dominant frequency of far-field vibration is 3~6 Hz. The material damping of soil plays a certain role in the
vibration decay and it cannot be ignored, especially in the far field. The Bornitz’s theoretical prediction formula can accurately
predict the vibration with distance in general, although there is an overestimation of 2~8 mm/s? in the near-field region. The
vibration in far-field at the depth of 5 m is amplified compared to that of the ground. Regarding the vibration amplitude along
the depth, the elastic analytical solution may underestimate the actual vibration.

Key words: environmental vibration; maglev train; vibration decay; Rayleigh wave; material damping
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Fig. 1 Schematic diagram of measuring points
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Table 1 Values of attenuation coefficient due to radiation damping

for various combinations of source location and type
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Investigation on relationship between P-wave velocity and B-value by
bender element tests

GU Xiao-qiang" 2, ZUO Kang-le"?, GAO Guang-yun' 2
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)
Abstract: The P-wave velocity ¥}, and the pore water pressure coefficient B in saturated soils are measured by bender element
system in a GDS stress path triaxial apparatus. The evolution of P-wave signals with saturation and the effects of fluid type (tap
water or de-aired water), clay content and different soil types on the relationship between ¥}, and B-value are considered. It is
concluded that when the fluid is de-aired water or B-value reaches a certain value, the P-wave signal is composed of two parts.
The first part has a smaller amplitude but a higher frequency than the second part. The first part is not affected by the effective
confining pressure and the initial polarization direction of the input wave, and therefore it can be deduced as P1 wave. When the
fluid is de-aired water, ¥, is independent of B-value and the maximum wave velocity is constant. When the fluid is tap water,
the relationship between ¥}, and B-value is consistent with the theoretical prediction in general when the B-value is small. When
the B-value becomes large, the difference between the measured /; and the theoretical value becomes larger. Besides, the
maximum ¥}, in soil is greater than that in pure water, which is independent of clay content and soil type.

Key words: porous medium; P-wave velocity; degree of saturation; pore water pressure coefficient; bender element
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Table 1 Basic parameters of sand-clay mixtures

=) =N =)
gy O REE O RE e
BY% O e e A 7=
/(grem?)  /(grem?) b
0 2.638 1.595 1.308 1.017 0.654
10 2.658 1.660 1.315 1.021 0.601
20 2.684 1.761 1.320 1.033 0.524

1.2 RILEE
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V=LA (3)
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BFI) A, ORI 4y KA 5, 10, 20, 50, 100 kHz.
1.3 RWHR
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Fig. 2 Received P-wave signals in clean sand (pore fluid: de-aired

water)
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Fig. 3 Relationship between P-wave signals and effective

confining stress under full saturation state
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Fig. 4 Received P-wave signals of clean sand (pore fluid: tap

water)
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Fig. 5 Received P-wave signals of clean sand with 10% fines (pore

fluid: tap water)
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Fig. 6 Received P-wave signals of clean sand with 20% fines (pore

fluid: tap water)
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Experimental study on difference of shear strength between gravel
materials and actual vibroflotation piles

JIANG Ji-wei', WANG Xiao-hua®, RAO Xi-bao!, DING Gao-jun®, ZHANG Xue-yang®, HUANG Shuai’

(1. Changjiang River Scientific Research Institute , Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water

Resources, Wuhan 430010, China; 2. Changjiang Institute of Survey Planning Design and Research, Wuhan 430010, China)

Abstract: The vibroflotation pile method is used to replace and compact the soft foundation with permeable materials such as
gravel to form composite foundation, and in the past, the attention to shear strength of this kind composite foundation is little.
Due to the compaction and replacement of gravel and soil around piles, difference is shown between gravel materials and actual
vibroflotation gravel piles, regardless of particle composition or stress-strain characteristics. Based on field detection, sampling
for vibroflotation gravel piles and gravel materials and indoor geotechnical tests to analyze the difference of physical and
mechanical properties between vibroflotation gravel piles and gravel materials, the researches show: (1) The content of fine
particles in actual piles is significantly higher than that of gravel materials, which mainly comes from the mixing (squeezing) of
soft soil around piles during vibroflotation process; (2) The maximum dry density of piles is higher than that of gravel materials,
which is directly related to the poor grading of gravel materials and mixing of fine particles; (3) Refer to actual compaction
degree in the field, large-scale triaxial tests are carried out on gravel materials and two kinds of piles with different pile spacings,
the strength of piles is about 10% lower than that of gravel materials, considering the difference in stress-strain characteristics,
if the strength parameter is taken according to 5% axial strain, the strength of piles is more than 20% lower than that of gravel
materials, and mixing of soil around piles has a significant deterioration effect on the shear strength and also the stress-strain
characteristics of the piles. Based on the above initial conclusions, the modified suggestions for strength design parameters of
composite foundation are proposed.

Key words: vibroflotation gravel pile; gravel soil; particle gradation; strength and strain; experimental study
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Table 1 Statistics of particle size distribution for research samples (%)
Fi4% X 8] /mm
kL 100~ 60~ 40~ 20~ 10~ 5~ 2~ I~ 05~ 025~ 0.1~ oy
150 100 60 40 20 10 5 2 1 0.5 0.25 :
RHaEa 31.44 40.75 17.72  6.31 0.98 0.43 024 022 0.16 0.54 0.90 0.29
HEIATEE 2.0 m #E4K 27.90 28.92 936  10.67  7.83 6.03 227 126 0.78 2.23 1.85 091
BEIATEE 1.5 m #E4K 30.54 30.15 10.09 10.60  5.54 3.82 1.59 132 0.61 1.92 299 0.84
IEE, BEaRYE 25 =225, X R 55 RSCAPEAAR 1) 55 B R AR TR 22 5

C=1.07, HKBAR: F—I7i, FEARAHTHA
H QR AR, AHR0RL Y 7835 51 OB 4T3 5
P

R 2 RAEMRI R A RIE ARG R

Table 2 Densities of vibroflotation gravel piles and gravel

materials
WHTEE  BRKTEE .
PR o DT SR
/(g-em>) /(g-em>)
2.0 m [A] B AR A 2.026 2.249 0.901
1.5 m [A] BEAR A4 2.031 2.264 0.897
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Fig. 3 Gradation curves for different kinds of samples
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Fig. 4 Large-scale triaxial compression apparatus
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Fig. 5 Stress-strain curves of vibroflotation gravel pile with 1.5 m
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Table 3 Test results of large-scale triaxial compression tests

e o2 T B LR D

B 2R fgrem®)  ckPa @/ )
FEAIEE 2.0 m AEAA 2.026 36 32.8
FEMAIEE 1.5 m AEAA 2.031 52 31.7

RHAHA 1.92 42 36.2

* 4 EAMERTRETREERT
Table 4 Comparison of shear strength for composite foundation

L5mABEEEME 2.0m AES SR

ke o/(° ) c/kPa o/(° ) c/kPa
FSATEAA 26.49 7.76 19.42 10.05
A TR 31.17 7.76 22.66 10.05
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Fig. 7 Mohr's circle and linear fitting curves (£1=5%)
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Theoretical basis and application verification of scale effects of deformation
characteristics of rockfill

WEI Ran, WU Shuai-feng, WANG Xiao-gang, CAI Hong

(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100048, China)

Abstract: In view of the scale effects of deformation characteristics of rockfill, based on the contact deformation theory, the
research is carried out from the perspective of particle sizes, specimen sizes and external factors, combined with the test method.
The exponential correlation model between the particle sizes and the normalized compression modulus is established. The
deformation reliability of compression tests is demonstrated when the particle size ratio is greater than 5. The influence rules
and internal mechanism of five external factors on the scale effects, namely, the lateral limit condition, the dry density, the edge
breakage and the load level, are revealed, and the relevant models for each factor and deformation are established respectively.
Based on the field experiments, a multi-scale unified correction model is established, which takes into account the crushed
material (rockfill) and the non-crushed materials (gravel). The applicability and reliability of the multi-scale unified correction
model for deformation calculation are verified by modifying the parameters and deformation calculation of the EB model for
dam rockfill. The accuracy of the model is about 20% higher than that of the direct scale tests. This provides a new thinking
method and solution path to solve the inaccuracy of dam deformation prediction.

Key words: scale effect; compression modulus; influencing factor; correction model; dam deformation
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Aseismic measures for asphalt concrete core dams by dynamic

centrifuge modelling tests

JIAO Yang', REN Guo-feng* 3, PENG Wei-jun!, GU Xing-wen**, WANG Nian-xiang* 3
(1. Xinjiang Water Conservancy and Hydropower Survey Design Institute, Urumqi 830000, China; 2. Nanjing Hydraulic Research Institute,

Nanjing 210029, China; 3. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing 210029, China)
Abstract: Dynamic centrifuge modelling tests are carried out to study the effectiveness of aseismic measures for a sand-gravel
dam with asphalt concrete core wall under design earthquake. 2 models are used to simulate 2 dams without and with aseismic
measures. The acceleration response, deformation, core wall stress and stability are analyzed. For the 2 dams, the acceleration
amplification is almost the same below the reinforced region. In the reinforced region, the amplification effect is stronger than
that of the dam without aseismic measures. The crest settlement rate is 0.442% and 0.366%, respectively without and with
aseismic measures. The maximum seismic stress is recorded in the core wall of 2/3~4/5 dam height. The aseismic measures
reduce the stress on the core wall obviously. The failure mode is mainly the separation between upstream revetment and rockfill
material induced by settlement, causing revetment to crack or even collapse. But no evident failure is observed on the

reinforced dam. The designed aseismic measures are solid under design earthquake according to test results.

Key words: asphalt concrete core dam; earthquake; aseismic measure; centrifuge shaking table; geogrid
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Fig. 2 Model setup

E 3 {RERA
Fig. 3 Model on shaking table
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Table 1 Core stress data after earthquake (kPa)
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Fig. 10 Profiles of core stress after earthquake
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Chemico-osmotic membrane behaviors of amended soil-bentonite vertical barrier

FU Xian-lei', ZHANG Run', WAN Yong? DU Yan-jun', YANG Yu-ling', BI Yu-zhang'

(1. Institute of Geotechnical Engineering, Southeast University, Nanjing 211189, China; 2. State Key Laboratory of Geomechanics and
Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: A systematic investigation is presented on chemico-osmotic membrane behaviors and diffusive properties of model
sand/hexametaphosphate (SHMP)-amended bentonite cutoff-wall backfill (SHMP-SB) for the containment of zinc-impacted
groundwater. A multi-stage chemico-osmotic test is conducted to determine the chemico-osmotic efficiency coefficients,
effective diffusion coefficients and retardation factors of the backfill using the zinc nitrate (Zn(NOs3)2) solution with varied
concentrations. The results indicate that the measured chemico-osmotic efficiency coefficients of SHMP-SB gradually decrease
and then tend to stabilize with the increasing Zn(NOs)2 concentration. A comparison with the previous studies shows that the
measured chemico-osmotic efficiency coefficient of SHMP-SB is about 2-3 times that of the parent soil-bentonite backfill in the
Zn(NOs)a solutions. The effective diffusion coefficient increases with the increasing source concentration of Zn(NOs):2 solution,
whereas the retardation factor of zinc decreases with the increasing Zn(NOs)2 concentration.

Key words: SHMP; sand-bentonite; chemico-osmotic membrane behavior; diffusive property; zinc nitrate
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Table 1 Summary of liquids used in study

WKL LG R

i co/(mM) /(uS-em ™) pH i
EBFIK 0 30.7 6.91
05 8323 6.54

1 147.6 6.46

N 5 490.0 6.18
R PRI L 10 919.0 5.97
20 2410.0 5.78

50 5470.0 5.59
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RIS R SR R 4 el = | 2
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Fig. 1 Diagram of testing apparatus
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Zn(NOs) R Ak SRS o 15 4 Hh 4 IS B T K
JEAE R, JRE SR pH EAKE.
1.4 BEHERITHESHNITE

TR R B AR RO H R AL 25
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Direct shear tests and numerical simulation on slope soils reinforced by
composite roots

WANG Yi-bing, WU Mei-su, ZHOU Cheng

(State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water Resource & Hydropower, Sichuan University,
Chengdu 610065, China)

Abstract: With the development of bioengineering stabilization techniques for slope protection, the role of root reinforcement
in slope protection has been paid more and more attention to. The primary root and the lateral root are complementary to each
other in most root systems. Therefore, the shear tests with single root often fail to reflect the mechanism of root-soil
reinforcement in the real vegetated slopes. In order to reveal the reinforcement mechanism of composite roots and quantify the
influences of root angle to the strength of slope soils, the large-scale direct shear tests and numerical simulations are carried out
to study the effects of composite roots on the shear strength of soils, with lateral root angles of 30°, 45° and 60°. The results
show that composite roots can obviously improve the shear strength of soils, and the maximum shear strength increased by the
roots is 6.36 kPa. The external shear load is primarily carried by the lateral root opposite to the shear direction (i.e., the front
lateral root), and the consequence of the contribution of composite roots to the shear strength of soil in values is as follows: the
front lateral root, the primary root and the posterior lateral root. With the increase of lateral root angle, the axial force and the
tensile deformation on the front lateral root increases, and the distribution of the plastic zone near the front lateral root increases,
which shows that the front lateral root can mobilize more soils around it to resist shear force, and the soil reinforcement effects
of composite roots are enhanced.

Key words: root-soil composite; composite root; root angle; shear strength; numerical analysis
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Table 1 Basic physical properties of test soils

%J\*ﬁjﬂxﬂ- Yﬁ BE EE BE Pdmax Wop Ksat
EEG ow/% we/%  Ngrem®) /% /(ecm's™)

2.66 33.7 20.0 1.75 17.0  8.15X103

1.2 RIG{LEF
TRIGAN 28 F EARE EHIN TR RE & (RSFA
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Fig. 1 Schematic of direct shear tests with composite root-soil
reinforcement
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Fig. 2 Diagram of composite roots with different angles of lateral

root after shearing tests
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Table 2 Deformation data of composite roots with different angles

of lateral roots after shearing tests
AR AUUARMT  EARETR ATOIAR ERS JEONR
{7102 I3 W77 B LR ) A A DA ) VA VA LA

/) ArB/mm  B/mm AE/%  F%o  RH /%o
30 27.2 — 1.70 1.25 0.43
45 27.0 — 1.74 0.50 0.00
60 12.0 34.8 2.28 1.01 0.46

MR 2 BRI, REAE MUARSUA 3 0, AR B
2L S L BT DAL RE R e 0 BRI, A AR A
AR, R YTHT AR AL TR 5 MR A& 52 58 KAz
71, ARG ARSI R R R TR, B
PEAB B 5y R AT R o 2B T AR AR 54 T 4
AR S AR ML AR AR T, B AR AU A3, i)

R AR ATE B K, SRR AR AR
8/

(2) BIYIH o Hr
TG A T R BT R A2 ) O e 1 16 4 45

SRBEAT XS EC AT, AN R AR AT Ay B9 070 h 2 1K 26 4 SR

K 3 s
16

14 fiAR45°

§§ M e '"’"1“" |
g [ W gpedee | S,
=3 ot
4 —_— ﬂmj*ﬁ30° ﬁlﬂ*ﬁ60°
| —— figRase FEHRER
2 =— flll#60°
0 10 20 30 40 50

3 T EMMRIAFRE SR RRIS L
Fig. 3 Shear stress vs. shear displacement curves of composite
roots with different angles of lateral roots
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Table 3 Shear strength of root-soil composites with different

angles of lateral roots

ARG WREPIET R SRR R
1°) /kPa /% /kPa /%
30 13.3 5.4 69.1
45 13.7 5.9 75.3
60 14.2 6.4 81.1
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Fig. 4 Schematic of simulation model in direct shear tests
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Method for dynamic modulus based on least square and modified
Kumar methods

SHEN lJi-rong, CHEN Shao-lin

(Department of Civil Engineering and Airport Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract: Due to the large interference of white noise at small strains and the asymmetric loop with large strains, the current
methods cannot accurately calculate the soil dynamic modulus. The least square method is used to calculate the dynamic
modulus of the soils under small strain, and the Kumar method is modified by the adjustment coefficient to calculate the tensile
and compression modulus under large strain. The results show that compared with the traditional hysteresis loop method, the
least square fitting method can effectively overcome the influences of white noise on the dynamic modulus at small strain, and
make the tested strain range of the dynamic modulus in the dynamic triaxial tests wider. The modified Kumar method can well

calculate the tensile and compression moduli of the soil under strong nonlinearity case, and it is perfectly connected with the

fitting results of the least square method.

Key words: dynamic modulus; least square method; Kumar method; hysteresis loop method
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Improvement and application of preparing technique for hollow cylinder
samples of undisturbed soft clay

DING Zhi"?, YU Jian-gang', SUN Miao-miao', YE Ke', LU Zhao?
(1. Department of Civil Engineering, Zhejiang University City College, Zhejiang Hangzhou 310015, China; 2. Department of Civil and

Environmental Engineering, University of Macau, Macau 999078, China)

Abstract: Preparation of undisturbed soil hollow samples brings a series of difficult problems to the experimental researches on
mechanical properties of soil. Due to the influences of coring operation disturbance, the reliability of experimental research on
mechanical properties of undisturbed soft clay under complex stress path need to be further improved. A new device and
method for preparing soft clay sample are designed based on the traditional mechanical method. It has a desktop water drill, a
detachable drill bit, and a sample barrel. It is easy to operate, has good quality, and has less disturbance to soil samples. It can
quickly prepare a large number of hollow cylindrical samples. An undrained shear test on the cylindrical specimen of
undisturbed soil under the deflection path of the principal stress axis is carried out using the hollow torsional shear apparatus
(HCA). The changing curve of pore pressure and cumulative strain through dynamic test can be plotted. The study shows that
the mechanical properties of the soil samples produced under complex stress conditions are more reliable and meet the test
requirements.

Key words: undisturbed soft clay; complex stress path; hollow cylindrical specimen; traditional mechanical method; principal

stress rotation
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Experimental study on failure characteristics of pressured under-reamed
anchors under horizontal loads

WANG Zhe!, LU Ke-ying', WANG Qiao-kan?, CUI Han-sheng', REN Kang', MA Shao-jun?, XU Si-fa'
(1. College of Civil Engineering and Architecture, Zhejiang University of Technology, Zhejiang 310023, China; 2.Zhejiang Province

Institute of Architectural Design and Research, Zhejiang 310006, China)

Abstract: Through a self-developed model test device and PIV technology, the mechanical characteristics of pressured
under-reamed anchors under horizontal loads and the development mechanism of the surrounding soil displacement are studied.
The test results show that the stress process of the pressured under-reamed anchors can be divided into lateral friction stage,
transition stage and end resistance stage, and there will be an "inflection point" in the load-displacement curve between the
transitions of each stage. According to the image analysis, it is proposed that the influence range of critical displacement field of
soil around the under-reamed anchorage segment of pressured anchor is "bulb-shaped". When the length-diameter ratio of the
enlarged head anchoring section exceeds 3 : 1, the displacement field at the proximal end of the under-reamed anchoring
section is basically unaffected with the continuous increase of length-diameter ratio.

Key words: horizontal loading; pressured under-reamed anchor; model test; failure characteristic; development mechanism of

surrounding soil
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Fig. 1 Half-model test set-up of under-reamed anchor
1.2 MRS H
BRI R I TP ISO ARERD, Bl 2R 2
JEIRFUF I AN TR 485 e SE 10 5 v i Pl 6 = 3
JE LT3 R ORI 1 S0k, REESHAE R 100
mm, IS EE 700 mm. IS I - R0
0 C 2 S LB S 2 VR REAR AR AR 1 P
=1 RERENF SR

Table 1 Physical and mechanical parameters of standard sand

R B FRER A EARY 5 mm, KDY 100 em
FIERIRSUT R IR BAT B B, RS HInR 2
I 9 RENS LSRR AULY R S il o] b - 7 e
A B ] B T SRR S i 4 b v 285 0 1 ] BB
M, IFORFFLIEDEHE T8 T RIRSUT I3
BB I KT BOMRL . TR, ERTE - AR 2
B b RIS IREURT B (KA o
R 2 ASKHEITRENFE SRR

Table 2 Physical and mechanical parameters of under-reamed

anchors
e BEY ORI SUREE ERR
/(kN'm?)  E/GPa /MPa v
TR ORBR 6.9 7.5 24 0.47
;i B 12.5 4.4 — 049
WIRSGT 79.3 206 — 0.30

T ONEE TR AW
71 1 NEE RH
ckPa @/(°) G, C,

wBEy %HEp FHK
/(KN'm?) /(grem?) /%

17.25 1.76  0.037 0 332 2.67 4.77

1.3 REEHTH&
PSRBT B BOMEE 2 BRI AR 5 em, K
JE53929 10, 15, 20 cm I RTE AR SAR B RANY

2 EMTEE - LR Rk
2.1 AREHKEHEE &I

M 2 HaT s, B ORSA AT R - RS 2k K EL
A3 9 3 AN B, ARG A [ B R AT A 2K - 1 A%
ek, 2B—BBoREsE B IX o AN, X AT RE AR
F A s ] B 0] ) 2 i D R A e ] 3t 5 6 A 3
Z AIAFLE AN ] 08 1) R A R R 32 o

S —M BN S M EE 1 B Coa B
BRI BN, gk - AR IR B AR AR PRI, A
KRB, DR 77 32 Bt B [ B il 28 fH
JI5eAt, I AT A G AR RN . S RETE 1.2
mm AN, TFEIENEE B, e 10, 15, 20 cm
AR il i ] B L B Ak 7140 08 160.15,  116.09,
163.77 N, A [ Bt B ek 7143 318 61.02,
76.30, 81.21N.

5B B Cab B, TiE - S AE 2R
IOFES R TN 2R ST e 38 N NS 12
Wit AR T T R A R 251X, af AR FR R BT
RITIBEIGR, HIAF AR AR BN A
I BT AR TE 22 mm AN, iahiRg mhsk LBl
— AN, FFGIENE =B, R R BT o
RIN 206.72, 196.66, 232.29 N T X T-H5 i 4l [ B %
7RI [ B SRS AE 4.4 mm AR, FRAAHENEE =/
B, BRIk 120 5008 198.90, 200.93, 215.98 N,

=M BN I B (be BO, gk - i
2R R R BB RN, AR [ B A2 TE 5.30
mm ZEAT S farER - AR LR FE O B — N B R
R W RIPTIR S R 291.61, 323.93, 331.34 N,
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T A2 s ] B AR 4 [ B A RS 7E 10.90 mm 7247 B, fif
- # i 26 P I — N B R 45 A, 6 B TR 7
435N 321.48, 367.66, 350.31 N. )5, FEEMEN
HOK, MR SURIBEIN, ROAEFT R AR

TE R BT R A IR I Ak 88 iy 2k i i FE v (e
BLUATE), F IR AL RS, FEAE AT ff B K1
BUA KB DL R, A PR OCIR o 7EBEA InEad i,
T #e M2k 2 G UGBS, BRI 1) 4

IE AW o
000 e vy
2£§¥j&

350 ',

z - \
£ 300 ,
%250 . !
2000 i
150 i L =10 e AR R BE
100 ' L —e—15 emACHRIGE B
50 ; v —m-20 e A4 L BE
b e
0 2 4 6 8 10 12 14 16 18
Ai#S/mm
(a) Al
500
450 | FHE BB
wool nomE
. 3501
=) 300
% 250}
22001 :
150 1= 10 e IBE B Bt
1001 ' 1—o— 15 coofR B4 i BE
2 P 1= 20 em R SBEHE B
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(b) B

2 A RSKSEAT TR - (U ABHhZk
Fig. 2 O-S curves of under-reamed anchors
M E B FE N 10, 15 em I, AR [ B fR A
BRAUH AR JI 3 11.08%, FoF LR el 8] B AR R 4704k
ARE 1T 14.36%, SE N [ B B S AT A BR T4k
AR IIFIER . B BACEZ Y 15 cm 5 20 em i
I, A B [ B AR BR AR B 15 e 2.29%, 1810
il ] B S AT AR R TR A SR 1 A B i, A
W% A B v S AT A5 BEL i B PO A R PR ARL o T X S A
IS b [ XA BR AR AR BT AR BT ZEAN R, IR
MY REBEFFAR BRI AR E ) KD FEEH R T 5k
i ] B s B B 0K/, A KAR LGB 3 0 1 i, i
BRI AT PR Pk ARSI AS K
2.2 FESEIEIEATIRERAR S S HT
TE 25 08 BE 73 BT AR ) JEE PR A fh) R A 1R i I B
AT - M AE 2k, JRREIES TR 3. ik BIRIR
PURKBI I, AH R B AR R ] B PR $T AR 3
T3 LA B [ BOR BT KIIE RN 10.24%,  13.50%
5.72%.

* 3 tHER X EAT R IR

Table 3 Effects of water content on bearing capacity of anchors

KOWREBK  HoBBURK BBUK HEBuk

it} JE/em #FHIIN #FHIIN # 1N
* 10 160.15 206.72 296.61
) 15 116.09 196.66 323.93

20 163.77 232.29 331.34
i 10 61.02 198.90 321.48
e 15 76.30 200.93 367.66
b 20 81.21 215.98 350.31

RIS, A B [ Bk B BAR I A2 4209 5.3 mm,
2909 [l BLELARI 10%, 10 AR R B [ Bk AR 1
Fi%79 10.9 mm, 2y AR B 2 £, X BT
H AR o [ B A A N, 2t 7K T
Ja AR I B A T BOR I R 4RSI, T A
i I B 1 R R A A O, il ) R AR T AR B )
DR ] B R B R AR B TIR S T BAT AL A2 5
WA AR BN o AR BESZ I S, S BUR 2B N e i
A, E DI R T [ B R i P 32 (9 1 e - A 77
il 2 AR T AR B [ BOA & SR B, Bt — D40
THEFF IO R Bk E T . DR, B R
RANK R AT A TR PR AR IR S 50, W AR T
AL SO NIPOE SR e wAPNAN A RO RS

3 WRALXMHNBIALRIIESH
3.1 TREKEHERBHENBEARE

AR R B 37K S B R f
(R A BT BT, W 3, 4 BTRR,

(]

100 |

200/

300

400

0 100 200 300 400 500 600
(a) §=5.34 mm 0=292.97 N (L=10 cm, D=5 cm )
0

100 |

400

0 100 200 300 400 500 600 700
(c¢) $=5.51 mm 0=334.99 N (L=20 cm, D=5 cm)

3 ARHHTAKEE R B L %17
Fig. 3 Displacement fields of soil around wooden under-reamed

bonding segment
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Fig. 4 Displacement fields of soil around rubber under-reamed
bonding segment
4 IRFUHBAZWCE S

Table 4 Influence ranges of critical displacement field

F5 KE/em DVD DyD DyD lj‘ ﬁ 2
cH ¢
N 10 3.6 3.0 2.1 34 28
S 15 43 3.0 2.0 35 28
Bt 20 43 3.1 2.1 25 21
i 10 4.0 2.5 2.4 35 34
| 15 3.8 2.8 1.9 37 34
Bt 20 3.9 2.8 2.1 32 28

XTSI BE B9 ISR B [ B, 29 RSk i ] B
K S5 EARMIELE g 3 0 1 I, I B Sy B 4
KIS TR IRES, B RSK G ] Bl o 4% 1) 5200 5
Hl D, %174 3D, BhiFgZmiEEZ) D1 4.5D. #4ks:
BORKAREL, A [ B i A7 4% 3 1) 52 i e Bl e A
AR X T EE TR RIE R BT IR, Pk
3877 26 T o A ] B R 1 AP AL, T A R 4 v
BT B BRI

A )l 1] B RAG PR s [ B P Pl 15 em i 21
20 cm B, [ BT CAR BT DIRR M B, By B
PRI IAE DL o 3X 32 B T ] B o AR R 2% [X
XoF i 3] B R0 B R AECE G B AE ), B ] B K R
LR, % DXORT i [ Bzt vty P4 0 1T 5 DB D £ s ¢
MR MEEE BRI 3 0 1R, TR X
M) 0 B S AR AN AR, T ] B 10 M A 154 1] B e v 52
1 i 30 1 B X (PR e ek s, S5 S0 [ B P 0 T A B
DI M L T o N e RIS, i EURERAIE T4

IERHEFF AT 3 - A KA bk 3 01 I ARER Bt
PRI A 2 ) AT o
3.2 [EIHAEGHE EL 3T 58 B LA 1A ss i oA

Xof T A ) B R 7 P S A A [ P K Sk i [
B, EMFERKEFET, 24T ln SRS AR R [
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Ko Horr, BTy 10 om HIARE By, 505 6 [E B
(RN T AR B IR IR A B B, 1 KN A il i il B
103%-. 121%; KPR N 15 cm RO B, R
i B 141 B, B, IR/ INEEA il i [ BE3E K T 6% K1 21%;
PN 20 em RS B, ARSI B B v B. 11
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PBAPEBLRARGT BN, AP R, B B
2 Syt ol e s 4 S e A T B, Ao 44T P A i (] S0 T
() I ) = 738, AT 5 SO M ] B ) ) T - A4
BY IR A AR A [ B sl [RIR, 22 [
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FRVAG R s [l 5 5 A o) s 1 S A 1y - A4 BT DR AA £ 34 2
KFKE N 20 cm R4 [HE B .

[FIR, %2R 4 BEAT /M AT A, B B I T
MR R FE B KAy 3 01 FhHAR ek
A, HAH B AGR et 1] B J] 321 - AA A5 2 3 5 Ve 0, ]
A—F, R RSB AT LA 40 ] 32 B R T
[i5] B PRI ELAR RN, i ] B skt M A ) AR A %o e 2%
(I Is FAS 37 52 M 31 T 1 52 P ARG 270 o

4 & P

CIFE S35 K ST 52 73 F2 49 A 0 P L 7
e M BRI AEEL S 3 AN . FEAE Y B AR
ZIAL I 47,
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Bt ke B B PR AR ) B — e . R
T o 5 24 8 SR PR 0T B T AR 2R 7 1 S

(3D FE S35 K S AT I S B 1 B 6 1 2
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Erosion resistance of sand particles based on improved device in simplified

scour resistance tests

YUAN Ye, WANG Chen, LIANG Fa-yun
(Department of Geotechnical and Underground Engineering, Tongji University, Shanghai 200092, China)

Abstract: Establishing the relationships among the erosion process, development mechanism and macroscopic phenomena by
exploring the movement of soil particles under the local flow field is one of the important methods to study the mechanism of
scour. Four sand samples with particle sizes of 0.075, 0.25, 0.5 and 2.0 mm are tested in laboratory by using the improved test
device based on the simplified scour resistance tests (SSRT). The erosion depth, deposit height and deposit range of the samples
under the local flow field generated by the blade at the speed of 50,70 and 90 r/min are recorded, and the influences of local
flow field and particle size on sediment transport are analyzed. According to the different characteristics of sand particles under
the flow condition, sand samples can be divided into three categories: non-erodible sand, sand which is erodible and easy to
deposit, and sand which is erodible but not easy to deposit, with the calculated “universal start” velocity and the critical velocity
obtained from the laboratory tests, so as to judge the scour resistance of soil. On this basis, the concept of soil particle retention
ratio is defined based on the proportion of soil volume in the erosion area and the deposit area, and the quantitative relationship
between the critical velocity and the "universal start" velocity is established.

Key words: soil erosion; laboratory test; universal start velocity; limit velocity; sediment transport
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FILIAIT: (SSRT) oI BHEAT T S0, IF DA
X R G IR LT RE T 58 P, 390 T LA
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B, FFLAIE RIS S RIPEREET T

1 IEHhA
1.1 REE&

FEARAIE JFE ThREROFERE b, ASCXF A SSRT
PEAT T SO, N T AR A R BRI R
$eE, DUE R AR S0RL I S sh s 7% i R T e
WFt. UMbk, AR50 ke B R T rEl LA S, T
56 v = 8 B A L R A AN R o Gk S ) e
B AT RR AR I S AR R R A T I R
Y, WA AR TEAS IR A 4 R IR s R R
.

B B 1 A o R B 772 B ARG R A SR A
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Bl 0~0.60 mv/s (1730 Ve s 30560 & A 28 8 L FER 1k
WM EZERAES N, HA% 90 mm, &5 128 mm,
RIS AR SS9 T £ 6 ) € = 1Y e = o
oy, W1 s RGBT TR0 & Ak 4 A,
R T A BUR IR B — T EE,
% 90 mm, 5 20 mm, FiinSOKTER RGiAHER:, A
TARBRE M BRI rRE AR T2 8%
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Fig. 1 Schematic diagram of test generator
1.2 RIEMR
APGRY: LA R P AR AR R ] & TR k56

THaHT, Sekealie W E TR P T 24 h, Frid L
ST, RSP L3RRI 4, 453
IR 0.075, 0.25, 0.5, 2.0 mm PUFPRIAE L
R, HZHIER 1 s,

R1 BRNEIHSH

Table 1 Parameters for samples with a single particle size

Y o TRE GRS R
MY R eany 1)
1 0.075 1.62 2.66 29
2 0.25 1.61 2.65 30
3 0.5 1.60 2.65 30
4 2.0 1.58 2.62 31

o SE G, R VA& AR T 50 LR & .
i 3 pr S0 L AE R B L ARSR T 15 em 15 IR Z DT
£ T FEEE] 40 mm JERE o A PRAEREERI GG 2 A 10— 2
PE, fr bR UURE RS, RS NGRS K, Wik
TR Z R, R HEE 24 h.
1.3 RWAHRZIT

R HIAEH e 50, 70, 90 r/min (AJ~
A R R K IR 23 51 0.20, 0.28, 0.36 m/s) =
FREAE T, X Bk 4 BB Rl A58 i AE
AR SSRT iIe LA ER, (HAELH T LIS
ZESto
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8], FFIC RN B 2 RIS . @OF5 ik 211
WE, HARMX ZHER X B 30 s WIEH] 2224
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GRS RE. MERKNET, BT ERGES)
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Field tests on effects of changes of tidal level on stress of large-diameter
shield segments under rivers

YANG Jun-sheng', DAI Yong', FANG Zhong-yu?, ZHANG Yi’, GONG Fang-hao'
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. China Railway 14th Bureau Group Shield

Engineering Co., Ltd., Nanjing 211899 China; 3. China Railway Fourth Survey and Design Institute Group Co., Ltd., Wuhan 430063, China)
Abstract: Relying on the slurry shield tunnel project of Wangjiang Road in Hangzhou, the tidal change characteristics of the
water level of the Qiantang River are analyzed, the earth pressures, pore water pressures and segment internal forces of the
segment linings at the section 375 of the right line are monitored by embedding test elements. The studies shown that the
formation can only be stabilized if the distance from the monitoring ring to the excavation face is more than 18 rings. There is a

positive correlation between the water level and the external water pressure of the linings, and the tide-induced change in water

pressure is reduced by 45% to 77% after passing through the stratum to the tunnel segment compared with the calculated values.

The change of tideal level has small effects on the safety factor of the segment structures.

Key words: tide; large-diameter shield; segment; pressure; safety factor
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Table 1 Main parameters of shield tunneling during monitoring
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Fig. 5 Change of interface pressure during monitoring period
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Fig. 6 Change of water pressure during monitoring period
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Fig. 10 Curves of water pressure during high tide
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Table 3 Statistical table of fitting correlation parameters

y=7370021x+300.61321

57 58

Wei  BER MRARN BEMREE  REKT
F 6.82 0.64594 21.47895  6.526X10°
Bi 7.70 0.78347 47.68619  1.145X107
B; 6.29 0.77141 44.08758  2.368X107
Bs 4.48 0.56829 1431039 6.909X10*
Bs 8.10 0.85668 82.73673  3.963X101
Li 5.75 0.49406 9.68764 4.051X10°3
L> 6.54 0.59712 16.6237 3.087X10*
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Fig. 12 Change of axial force during monitoring period
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Fig. 13 Change of bending moment during monitoring period
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Fig. 15 Distribution rules of bending moment along ring
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Table 3 Safety check of segment structures
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Li -56.0 —3641.8 472 -452 -3684.7 4.71
B 1023 —2468.5 634 1044 -2497.0 6.26
B> -—159.0 -2148.6 656 —159.0 -2190.1 6.46
Bi  -83.0 -1891.4 821  -837 -1966.1 7.93
B+ 1228 -28703 543 1196 -2931.0 5.35
Bs 724 7134 1821 795  -771.8 16.76
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Application of non-contact testing technology in model tests on press-in piles

JIANG Yun!, LU Ye!, TANG Qiao-chu', WANG Xiao-yong®
(1. Department of Civil Engineering, Shanghai University, Shanghai 200444, China; 2. SGIDI Engineering Consulting (Group) Co., Ltd.,

Shanghai 200093, China)
Abstract: Based on the digital image correlation technology, the displacement information of the soil in the model pile tests is
obtained without marking and touching the surface, and the displacement laws of the soil is analyzed. The calculation program
is compiled by using the MATLAB. The soil displacement and its change at any position and at any time in the tests can be
extracted by calculation. In addition, the soil displacement caused by different pile types and different diameters is dynamically
analyzed, and the displacement trajectory of the soil is fitted. At the same time, by setting up a local camera, the disturbance
layer at the pile-soil interface is observed and analyzed. The study shows that the horizontal displacement of soil increases

gradually to stability during pile press-in. When the diameter of the pile is the same, the soil-squeezing effect of the square pile

is obviously stronger than that of the circular pile, and the difference between them is more obvious at the deep depth of the soil.

But when the discharge volume is the same, the difference between the square pile and the circular pile is small. The thickness
of the disturbance layer is about 5.7~8.6 dso and the soil in this layer moves downward when the pile passes through, the
displacement of the layer gradually decreases.

Key words: non-contact testing technology; press-in pile; soil displacement; pile-soil interface
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Table 1 Information of model tests on press-in piles
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Fig. 4 Horizontal and vertical contour maps of soil displacements at different depths
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Development of miniature dynamic triaxial apparatus for microct
scanning and its experimental verification

JIANG Ming-jing"%*4 LU Lei"?, SHI An-ning" 2, CAO Pei’, WU Xiao-feng’
(1. Department of Civil Engineering, School of Civil Engineering, Tianjin University, Tianjin 300350, China; 2. State Key Laboratory of
Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China; 3. Department of Geotechnical Engineering,
College of Civil Engineering, Tongji University, Shanghai 200092, China; 4. Key Laboratory of Earthquake Engineering Simulation and
Seismic Resilience of China Earthquake Administration (Tianjin University), Tianjin 300350, China)

Abstract: The microstructure of soil has a great influence on the macroscopic mechanical properties. Therefore, to study the
relationship between the macroscopic mechanical properties and the microstructure evolution of soil under the cyclic loading, a
miniature dynamic triaxial apparatus is developed, which is suitable for industrial micro CT (computerized tomography)
scanning. The apparatus is mainly composed of the acquisition control system, loading device system, and air-liquid converter.
It has the advantages of small volume, miniaturization of the specimen (diameter x height=10 mmx>20 mm), convenient to
operate, strong compatibility, and the specimen can be rotating-scanned without refitting the existing CT equipment. By using
the miniature dynamic triaxial apparatus and conventional dynamic triaxial apparatus, a series of unconsolidated-undrained
triaxial tests on Toyoura sand under cyclic loading and different confining pressures (50, 100, 200 and 300 kPa) are carried out,
and the initial dynamic elastic modulus (Eo), dynamic shear modulus (Ga) and damping ratio ( A ) are comparatively analyzed.
The results show that the experimental curves of the initial dynamic elastic modulus (o), dynamic shear modulus (Ga) and
damping ratio ( A ) exhibit a similar evolution. The difference of experimental data is small, thus, the reliability of the miniature
dynamic triaxial apparatus is verified.

Key words: miniature dynamic triaxial apparatus; micro CT; non-destructive detection; cyclic loading; micro mechanical
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Table 4 Initial dynamic elastic moduli
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In-situ tests on sinking and lifting on offshore steel-bucket foundation
with multi-bay

CAO Yong-yong
(Shanghai Municipal Engineering Construction Development Co., Ltd., Shanghai 200025, China)

Abstract: The concrete bucket foundation structure is a new structure with high efficiency, energy saving, green environmental
protection, which has been widely used in the construction of breakwater. The steel-bucket foundation with muti-bay is further
improved on basis of this structure, which is a new solution for the construction of breakwater and revetment in the muddy sea
areas of China. The in-situ tests on the steel bucket are carried out through offshore structure measurement. The viariation rules
of structural displacement, dip angle, air pressure and wall strain in the process of negative-pressure sinking and air-inflation
lifting are obtained and the efficient operation mode for water pumping and air pumping is provided. The hoop stress of the

bucket wall is greater than the longitudinal stress, and the compressive stress is more likely to appear near the bottom, and the

tensile stress is easy to appear near the top. The results may provide support for the further optimization of the structures.

Key words: steel-bucket foundation; offshore structure; negative-pressure sinking; in-situ test
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KR ZESR W . 7EE A LR EAT & T 22 T WL R 4 (micro electro mechanical system) &35 WSN Wil 4%, I
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Wireless sensing and prediction method for convergence deformation of
mountain tunnels

WANG Tian-ning', WANG Li-ning?, XUE Ya-dong', ZHANG Yue?, ZHANG Dong-ming', HUANG Hong-wei'

(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. China Construction Communications Engineering Group
Corp. Ltd., Beijing 100142, China)

Abstract: Mastering the deformation laws of the surrounding rock during tunnelling is the key to the safety of construction. At
present, the deformation detection of the tunnel section in the drilling and blasting method is mostly based on the total stations.
Nevertheless, the amount of monitoring data applied in the detection was difficult to complete the fine analysis of convergence
deformation. The wireless wensors network (WSN) is employed to realize the long-term continuous monitoring of key regions
of the rock tunnel. Meanwhile, by setting up WSN monitoring equipment based on micro-electrical mechanical system sensors,
a dynamic risk management and control system platform during tunnel construction based on Web is developed in Yingpanshan
tunnel, Yunnan, China. Thus, the continuous monitoring of the deformation at the key region of the tunnel is realized. In
addition, in accordance with the time series of deformation, the convergence deformation value of tunnel section is then
predicted more accurately by the long short-term memory network. In summary, the performance of practical engineering
application proveds the effectiveness of the proposed method.

Key words: mountain tunnel; convergence deformation; wireless sensor network; long short-term memory network
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Table 2 RMSE of fitting curves

JEamE A= LA h 2% RMSE
LSTM 0.1310
n y=15.47-11.11/x 0.4200
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Experimental study on soil-water characteristic curve and permeability curve of
white sandstone and mudstone in northern Xinjiang

TAN Zhi-xiang', WANG Zheng-zhong'-?, GE Jian-rui', JIANG Hao-yuan', LIU Quan-hong', MENG Xiao-dong'
(1. Cold and Arid Regions Water Engineering Safety Research Center, Key Laboratory of Agricultural Soil and Water Engineering in Arid
and Semiarid Areas of Ministry of Education, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of Frozen Soil
Engineering, CAS, Lanzhou 730000, China)
Abstract: The foundation soil of large channels in northern Xinjiang is mostly white sandstone and mudstone, and its hydraulic
characteristics determine the formation and development of channel structural diseases. To this end, the white sandstone and
mudstone of Beitun Irrigation in Altay, Xinjiang are taken as the objects to test their physical mechanics and impermeability
indexes. According to the theory of unsaturated soil, the soil-water characteristic curve is obtained by the filter paper method,
and based on the Gardner, Van Genuchten and Fredlund & Xing models the parameters of the soil-water characteristic curve is
filled and their water-retention characteristics are analyzed; combined with the soil-water characteristic curve. Combined with
its soil-water characteristic curve, the Childs & Collis-Geroge model is used to study the unsaturated permeability curve. The
results show that the white sandstone and mudstone are expansive and low-permeability soil. The white sandstone has high
shear strength and low compressibility. The best fitting effect of the SWCC of white sandstone and mudstone are the GA model
and VG model, respectively, and mudstone has better water-retention performance than the that white sandstone. The relative
permeability coefficient decreases sharply with the increase of matrix suction. Within a certain range of matrix suction, they are
linear curves in a double-logarithmic coordinate system.
Key words: white sandstone and mudstone; soil-water characteristic curve; filter paper method; matrix suction; permeability
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Fo 45 1) ) BB 400
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Table 1 Physics, permeability and mechanical indexes of soil

S Hib A ik e)

HXT T G 2.68 2.70

H H AR 2/% 43.0 96.0

2k J1/kPa 75 320

AR BT E % 10.0 17.0

BRTHE/ (g-cm™) 2.01 1.75

WRBIE RS (m-s™) 7.23X 107 1.20X 107

FiE ) c/kPa 48 24
PIEEHE S 0/(° ) 35 5

2 EIKFFHIERR 2L 58
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A, wRIEARE KR (%) w, N T JIME (kPa).

HAr, T2 Mg KRR B v, KA
TIKEHIE th A B AT S BN G, AL
GA (Gardner) #i#, VG (Van Genuchten) FE%AI
FX (Fredlund & Xing) #%, 43HI4iF:

W:&-i- w, y (2)
1+(y,/a)"
w=—wS —W +w. o, 3)

(1w, /0]

w.

w= 2 —+w, . (4
{m[e+w@/ar]}

X wRXT N T W) w, RS 7K E s wy LA
BEEHIKE; w NRRAEGIKE; a, n, m N
G Kb a (SRR IMER R, mEE &%
PRXTFRIEA G, n fE A2 N 2 SURERAG S S H010,
s Ewb s Jed MikeEdE, T VG AL,
FX 7. GA #UF| H Matlab H1) Lsqcurvefit %L
AT ZHIE, [BRMESHAML R R, AbE.
P TKFHE ARG SHLE 2, 3.
x2 ARE 3 ERRISSH

Table 2 Fitting parameters for three models of white sandstone

PEE FX 17! VG R GA 155!
a 107.74 43.63 290.74
n 0.39 0.46 0.40
m 1.70 0.48 —
W 0.11 0 1.6
R? 0.999 0.999 0.999

*® 3 A 3 MIREMIE S

Table 3 Fitting parameters for three models of mudstone

PEE FX 17! VG R GA 155!
a 832.45 2088.37 1992.85
n 1.387 0.805 1.11
m 0.763 0.803 —
W; 0 2.8 6.3
R? 0.970 0.997 0.998
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Table 4 Calculated values of CCG model
WRNEE 7% i ik R A THE SIS
Lt 23 o1 0% FHEE Kk A R AL apcs

ky/(m-s™) /(N-s*m?) /(KN-m™) /(m-s™ ‘kPa?) A kso/(m-s™)

HRb A 7.23%X 107 28.88 3.04 1.01X107 7.28X107° 22 4.45%X 107 2.18X10°°

s 1.2X10°* 39.95 10.71 1.01X107 7.28%X107° 27 5.52X 107 478X 1072
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Fig. 4 Curves of relative permeability coefficient
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B E: WTHEEEAER (WDFD) & SEEX Kt R AR IR ET R R, Mk L IERER & 17T
Xt TR A Fa e AAE KA . B Sk 240K & 1 J7 b il J, SR BT BT SR i IR S aas B, PR T
WDFT 1 52614 F R 2R & B RFAE IR SHRFE GRS, 8 A7 FECRE S A H )77 E3 3] 7 A WDFT #8340 F
MR TZP R BHRE. I0LE R, VRS FE P IR 1 N SRS /K & s R T 2L BRI o0 A S B A7 AR B LRI, Y
I SRR E BRI, VREE A B BRI E, SR MIAHIHIIE M MifE/EH WDFT T HIZLB & T 5208 «
TEUREERG [, CAZYE EUGIK R B 7 B 2ER, I BE 7 kx4 R B IR kAT 7 480t 51 NTC RN
DR 7-Xo L BEUA FEREAT T 84k A4l 3 — B4R T IR A N IR U . TR A BT TV RT A Gt Fd
ez,
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Directionality of fissures in expansive soils under cyclic action of coupling
wetting-drying and freeze-thaw

ZHANG Chen, ZHU Xun, HUANG Ying-hao, GUO Wan-li, HAN Xun
(Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: The wetting-drying and freeze-thaw(WDFT) coupling effect is an important factor leading to the deterioration of the
expansive soil foundation in the cold regions, and the direction of fissure development in the expansive soil foundation has a
profound impact on the long-term safety and stability. Focusing on the directionality of crack development in expansive soils, a
unit test of the characteristics of surface crack development under WDFT coupling boundary conditions is carried out using the
self-designed unidirectional environmental boundary loading device, and the digital image acquisition and processing methods
are used to obtain characteristics of surface fissure development under WDFT coupling cycle. The test results show that the
liquid water content in the expansive soil during freezing has an important effect on the distribution and morphology of surface
cracks. When the critical saturation is large, the freezing process promotes the cracks, and vice versa. The fracture rate
gradually stabilizes at later stage of WDFT. Based on the gray histogram of the fissure image, the local directionality of fissure
development is calculated by the gradient direction method, and the dimensionless influence factor is introduced to quantify and
summarize the fissure angle. The crack evolution laws of expansive soil are further investigated. The quantitative analysis
method used can provide reference for related researches.

Key words: expansive soil; coupling wetting-drying and freeze-thaw; fissure; sample test; directionality
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Mechanism of heavy metal stabilization by red mud-based geopolymer

ZHOU Xian', HU Bo', TONG Jun!, HOU Hao-bo?, ZHANG Ting®, WAN Sha?, GENG Jun-jun?

(1. Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water Resources, Changjiang River Scientific Research
Institute, Wuhan 430010, China; 2. School of Resource and Environmental Science, Wuhan University, Wuhan 430079, China; 3. School of
Environment and Energy Engineering, Anhui Jianzhu University, Hefei 230601, China)

Abstract: It has been shown that the industrial wastes as the sources of silica and alumina can participate in a
geopolymerization reaction. In this research, Bayer red mud and coal gangue is prepared as an geopolymer precursor (RG)
through mechanochemistry-alkali activation, which is used for municipal solid waste incinerators fly ash (MSWIFA)
solidification/stabilization (S/S) to achieve a win-win goal of waste recovery and pollution control. The TCLP tests and
sequential extraction tests are used to evaluate the effectiveness and stability of the geopolymer S/S regent. The XRD,
SEM-EDS and FTIR are conducted for characterization of the geopolymeric S/S solid samples. The results show that more than
99.6 percent of the heavy metal in geopolymeric S/S solid can be immobilized when the RG content exceeds 60%. The S/S
effectiveness decreases in the order of Pb>Zn>Cr>Cd. According to the XRD results, MSWI fly ash can participate in the
hydration process to generate C—S—H and zeolite phase which, together with the geopolymer, enhances the structural stability
and improves the compressive strength of the geopolymeric S/S solid. In consequence, most heavy metals in the geopolymeric
S/S solid are immobilized in the hydration phases and geopolymer structure, transform from the available fractions into the
stable fractions. It is finally concluded that the Bayer red mud and coal gangue-bsed geoploymer i useful in reducing the

availability and leaching of heavy metals in MSWIFA.

Key words: geopolymer; red mud; municipal solid waste incinerator fly ash; heavy metal; solidification/stabilization
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Table 1 Chemical composition of raw martials (%)

FEE NS RM CG Ml M2
Na20O 10.85 0.33 7.26 9.07
MgO 0 0.40 1.30 1.53
Al>O3 20.26 22.21 1.97 2.18
Si02 12.83 45.69 8.22 3.35
P05 0.17 0.12 0.77 0.45
SO3 0.60 3.06 7.25 9.04
K20 0 0 7.10 5.58
CaO 0.87 0.98 33.45 38.64
Fe203 33.39 5.49 1.42 0.69
Cl 0 0 24.45 28.32
FéRE LOI 12.28 19.82 4.07 2.68

73 AR f# ICP JTE 73 Al TCLP VA KR
o < S B AR R, WSS R LR 2. K

K M1 FHIES Y E &8 /& Cr, Zn M1 Cds M2 FHIETS
QeEGJE /e Pb Ml Cd. AL, %EHL Pb. Cr. Zn. Cd
NIRRT FE R AE B < )R

R 2 MMRIRRR CVRE SR ISRIFHE
Table 2 Heavy metal pollution characteristics of two FA samples

R/ (mg L)

NE/(mgkg")

HeJE

M1 M2 M1 M2 Limit*
Pb 88.4 1.05x10°  0.08 1.35 0.25
Cr 3.98x10° 385 351 235 4.5
Zn 1.40x10* 8.59x10° 135 972 100
Cd 230 203 1.01  0.76 0.15

e ARTESIR RS S SRR AE GB 16889—2008.
1.2 TERYHIEEBREMRE

TRy T2 REABRT A (81 2) fEm
AT B B LL 2000 r/min VR B 5 min J&, I 3.4 mol/L
KPEHSE 5 mol/L NaOH ¥R (1.66 : 1D fE
PR WIE BN 0.4, BN 2 ecmX2 em X2 cm
B S . AR TFR 2% 9 80 CIHIR FR Y 24 h,
WA E, Sebrdisiy 2 7, 14, 28d, L%
YA 5 R8G2. fE/RJe—EhtAr 8 2 JuiRfk
BN EAN 0.5%, 1%, 1.5%K 2% Pb(NOs),
A KoCrO7 By K, 9wy F1. F2. F3. F4 fil F5. F6.
F7. F8, A7 LY Bafe s, HmdiEs %R
Wikl & T 2MIE, R TCLP 2 H 35 M 5 v A1
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BEHEE 5 MKF(8:2,6:4,5:5,4:6,2:
8), RSN Ml-1. M1-2. M1-3. Ml-4. M1-5
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R T ZARE, DR A S AT 5 EE AT TCLP
WEE. AR X HERATHMY (D8 Advance). i
5% (JSM-5610LV) Fl{ B AR LT 734 (Nexus)
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* 3 TRYEIRAR L RMBEHESE Pb A Cr R HIRE

Table 3 Leaching concentrations of heavy metals Pb and Cr out of precursor and blend samples after TCLP tests

. S B E/(mg- L) B A%
HH PNE=R X X
&R e ,if‘ki) AU LR AU LR
7d 14d 28d 7d 14d 28d
Fl 3156 42.07+1.266  10.11+£0.303  KkH AR 26.68 6.41 0 0
o F2 6286 125.8242.150  27.15+1.052 12.16+0.193  1.04+0.055 40.06 8.64 387 033
F3 9416 194.1241.620 41.26+1.280 30.93+0.210  1.84+0.021 41.26 8.77 6.57 0.39
F4 12546 317.20+2.875 41.27+2.326 40.01+1.520 3.98+0.115 50.60 6.58 6.38  0.63
F5 2423 40.08+0.085  9.25+0.127  2.03+0.010  0.51+0.002 45.58 1052 231 0.58
F6 4193 91.76+0.762  11.44+0.085 3.15£0.022  1.87+0.032 64.07 799 220 131
e F7 5963 132.71£1.340  22.30+0.050 12.15+0.650  4.99+0.265 66.85 1123 612 2.5l
F8 7733 213.40+1.265 26.83+£0.140 19.57£0.432 12.69+0.035 84.09 1057 771 5.00

HEJE . XAREZBNEM BH AR BRLAEN U L sl PR IR A R 2 5 R S R0, FURRAE
YRR Tt AL, 74 A sk fE el 22, & IR TR B IR BT 2K . Pb HE LIS
7y AT AR SN E T IR SR B b o b, B R e, S P G RIBUIETE K. 2 Pb ERV
B SRS LRIV U A S RS, AT SE LR Y INESEME] 1.5%8F (F3), LRYEAET AT H
TR S H AT, BE4JE P A Cr 1R BT HEED PbsSiOs MIRTHIE, KU Pb ] LLYER Y
RAHRFEER. S ERUAREARRYESRIIR SR SEEARREA. Cr Samm 2%y (&
HARBIIET 10%. 77528 dJa, SAFEELEPd 2 (b)) FEfLIfES Pb K4l SAifi, 24 Cr ERA9VIN
A Cr R H R E AR T 1% 5% HIME] 1.5% (F7), T RVEAAAAET PAH 30
R8G2 Fif 44 Jz Wb B w704 WK 1. T NayCrO4 (TR, JOERIN S BRI E, fEa
B AR A TRIR sh A BB BRI FrlBE &K Eh-pH %41 F, Cr207 #ALp Cr205 ), 1
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/ﬁﬂ E(] iJL/Qa F2 }F[] F6 l:l:lﬁ/;(‘&j& Pb }F[] Cr @/{Fﬁ[’;ﬂﬁ% Ei& 1 Hematite (Fe,0;) , 2 Sodium alauminosilicate ( NagAl,Si0;3), 3 Nepheline ( NaAlSiO3)
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Fig. 2 XRD patterns of geopolymers containing Pb and Cr
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Fig. 5 XRD patterns of MSWI fly ash and S/S solid samples
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Effects of compaction and water content on thermal conductivity of
unsaturated soils

XU Jie" 2, HU Hai-tao" 2, ZHENG Zhi?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210029, China;

2. Geotechnical Research Institute, Hohai University, Nanjing 210029, China)

Abstract: The thermal conductivity of soils is an important thermal physical parameter for geotechnical engineering such as
underground space and geothermal development. Field soils are generally under unsaturated state, and studying on the thermal
conductivities of unsaturated soils has important engineering value. The thermal conductivities of quartz sand, quartz powder
and kaolin clay under different degrees of compaction and different water contents are measured by using the transient state
method, and the relationships between thermal conductivities of the three unsaturated soils with water content and dry density
are studied. The results show that under the same degree of compaction, the thermal conductivities of quartz sand, quartz
powder and kaolin clay all increase rapidly with the increase of water content before critical water contents, and then tend to be
stable. The critical water content of kaolin clay is the highest, followed by quartz powder and then quartz sand. Under the same
degree of compaction and the same water content, the thermal conductivity of quartz sand is the largest, followed by quartz
powder and then kaolin clay. Under the same water content, the thermal conductivities of the three soils all increase linearly
with the increase of dry density.

Key words: unsaturated soil; thermal conductivity; degree of compaction; water content
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Experimental study on solidification of soft clay based on MICP

CAI Hong, XIAO Jian-zhang, WANG Zi-wen, LI Jie

(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100048, China)
Abstract: At present, the microbial-induced calcium carbonate (MICP) solidification technology is mainly used in porous sand
which is easy to be grouted and connected, but rarely used in low-permeability silt. Based on the results of MICP solidification
of sandy soil, using Sporosarcina pasteurii to solidify soft clay, the shear strength index increases obviously with the increase of
curing time, the water content decreases greatly during the solidification process and the mechanical properties are improved
obviously after solidification, which shows that it is feasible and effective to solidify soft clay by using the MICP technology. In
order to understand the solidification mechanism of Sporosarcina pasteurii on the soft clay, the change rules of mineral
composition before and after solidification are compared by means of XRD and SEM, and the chemical reaction relationship
between Sporosarcina pasteurii and nutrient salts, mineral ions in the soft clay during solidification was determined, and

revealed the strengthening mechanism of microbial solidification.

Key words: microbial solidification; soft clay; solidification mechanism; solidification reaction
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Table 1 Physical property indexes of solidified MICP-treated soft clay
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& 2 MICP ELRTE R RIT ¥ X-SHE T8 5347
Table 2 X-ray diffraction analysis of before and after MICP-treated soft clay
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Micro-experiment on MICP-treated Aeolian sandy soil under ultraviolet
erosion environment

GAO Yu"? YAO De!, HAN Hong-wei® LI Chi?
(1. Chemical Engineering Institute, Inner Mongolia University of Technology, Hohhot 010051, China; 2. Civil Engineering Institute,

Inner Mongolia University of Technology, Hohhot 010051, China)
Abstract: Based on the MICP technology and the aeolian sandy soil of Ulan Buh desert as geotechnical substrate materials, the
ultraviolet erosion characteristics of mineralization aeolian sandy soil induced by MICP are studied. In addition, the total
effective time of outdoor ultraviolet irradiation in winter in Ulan Buh desert area is equal to the total effective time of indoor
ultraviolet irradiation, and the ultraviolet irradiation time of indoor UV-erosion tests is determined. Through the scanning
electron microscopyand nuclear magnetic resonance technology, the pore characteristics of the mineralization samples are
analyzed with the irradiation period under the same ultraviolet radiation intensity. The results show that after UV-erosion, the
microscopic electron microscope scanning indicates the that the MICP-mineralized specimen has pores in the calcium carbonate
crystal under the ultraviolet erosion for a long time, which proves that the long-term irradiation erosion of ultraviolet weakens
the property of calcium carbonate. When the ultraviolet erosion time is 1046 h, the porosity rate of MICP-mineralized aeolian
sandy soil is 23.6%. In the nuclear magnetic resonance (NMR) tests, the T2 spectra of the specimens before ultraviolet erosion
have multiple peaks and the pore distribution is uneven. The porosity of the specimen increases with the increase of irradiation
time. With the increase of irradiation time, the pores are developed and expanded constantly, the large pores were decrease and
the medium-sized pores increase. However, the small pores gradually develop and connect with the medium-sized ones,

although there are residual macropores, most of them are converted into medium-sized ones, and the ultraviolet erosion

resistance of mineralization materials gradually decreases.

The pores of the three specimens are mostly distributed in EEHE: HEXAARHAIEEINH (51668050, 51968057); WEAK
Bl2SE4I5 H (2019MS05072, 2019MS05075); 5T FIA X E AR

HatmH (2019Z2D002)
mainly 1 pm. The study of ultraviolet erosionof WS ERR: 2020 - 06 - 03

the range of 0.1~8 pum, and the radius of small pores is

bio-mineralization Aeolian sandy soil in the laboratory *E(E/EHE (E-mail: jdxIch2003@126.com)
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may provide a basic researchand favorable experimental basis for the application of this technique in the in-situ microbial crust

of desert.

Key words: bio-geotechnical engineering; microbial-induced calcite precipitation; ultraviolet radiation; microscopic pore;

NMR; aeolian sandy soil
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