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M echanism and risk evaluation of sliding flow triggered by liquefaction of
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Abstract: The large-scale sliding disaster of the saturated low angle soil layer caused by the Palu M,,7.5 earthquake in
Indonesiain 2018 has an important warning for the sliding flow triggered by liquefaction of loess deposit during earthquakesin
the loess areas. To study the mechanism of large-scale sliding with low dope angle triggered by the liquefaction of the loess
deposit during earthquakes, a series of field invegtigations, in situ tests including SPT and shear velocity tests, dynamic triaxial
tests, and SEM tests are conducted based on the in-depth andysis of typical earthquake-induced liquefaction disasters in loess
areas. The characteristics and mechanisms of liquefaction of the saturated loess are reveded. The smplified and detailed
evaluation methods for the liquefaction of saturated loess sites

are proposed. Moreover, on the basis of numerical ssmulation
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and theory andlysis, the sliding conditions, kinematics and 4y jy 44 4 4 o % H - (18YFIFAIOL) s i 72 B i 52 o o i 9 H
dynamic characteristics of the large-scale diding flow triggered (XH20057, XH20058Y)

by the liquefaction of loess deposit during earthquakes are Wk E A8 2019 -12-27
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studied. The mechanism of the large-scale diding of loess deposit is expounded. The prediction model for the sliding distance

and disaster range of the large-scale sliding flow triggered by the liquefaction of |oess deposit during earthquakes is constructed.

The probabiligtic risk assessment method for the liquefaction diding disasters is proposed, and the risk zoning maps of the

large-scale sliding flow triggered by the liquefaction of loess deposit with different exceedance probabilities in the Loess

Plateau are compiled. Besides, the passive and active prevention methods as well as the comprehensive monitoring and early

warning methods are proposed. The results may provide atheoretical basis for the risk assessment, prevention and mitigation of

the large-scale sliding flow triggered by liquefaction of 1oess deposit during earthquakes in the loess regions.

K ey words: loess deposit; discrimination method; diding-flow mechanism; diding distance and disaster range; risk assessment
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Table 1 Physical parameters of 10ess samples
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Fig. 1 Liquefaction behaviors of saturated loess based on dynamic
triaxial tests
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Fig. 2 Characterigtics of dynamic strain and dynamic pore water
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Fig. 7 SPT values of different soil layers
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Table 2 Reference SPT values for detailed liquefaction evaluation
of saturated loess sites
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Table 3 Physical and mechanical parameters of soils
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CFD-DEM simulation of microbially treated sands under undrained consolidated
cyclictriaxial tests

JANG Ming-jing"#3*° SUN Ruo-han"?, LI Tao"?, YANG Tao’, TAN Ya-fei-ou®
(1. Department of Civil Engineering, School of Civil Engineering, Tianjin Universty, Tianjin 300072, China; 2. State Key Laboratory of

Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China; 3. State Key Laboratory of Disaster Reduction in

Civil Engineering, Tongji Universty, Shanghai 200092, China; 4. Department of Geotechnical Engineering, Tongji University, Shanghai

200092, China; 5. School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)
Abstract: The microbially induced calcite precipitation is a promising technology to improve ground, and the treated soil can
be regarded as the structurd one. In this study, firstly, based on the three-dimensional (3D) contact model for granulates
incorporating rolling and twisting resistances and 3D bonds failure criteria, and considering both the dight plastic deformation
of particles during collisions and the rate-dependency, a cyclic bonded contact model is established. A time-dependent
relationship is then proposed to describe the denitrification reaction in reinforced sand. Next, the mechanical responses of
microbially treated sands at different cementation and bubble contents are investigated by the coupled CFD-DEM in
undrained-consolidated cyclic triaxial tests. The effects of biological bond and biological bubbles on the liquefaction resistance
of sands are analyzed in link with the mechanism from macroscopic and microscopic scales. The results show that the
coexistence of cementation and bubble does not increase the liquefaction resistance as expected in the form of “1+1=2". The
presence of cementation enhances the liquefaction resistance of unsaturated sands evidenced by the decrease of excess pore
water pressure ratio and axia strain, and the increase of coordination number. However, the presence of bubbles reduces the
liquefaction resistance of cemented sands, where the number of cycles to the initial liquefaction decreases, the axia strain
increases significantly in the tensile direction, and the coordination number decreases significantly.
Key words: microbially induced calcite precipitation; coupled CFD-DEM; undrained cyclic triaxial test; ground liquefaction;
distinct element method
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Table 2 Time-dependent characteristics of microbia processing of numerica simulation samples
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Table 3 Simulation program and main results of cyclic triaxial compression tests on different microbial treatment time on sand
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Abstract: In order to investigate the shape features of time-evolution curves of swelling pressure of bentonite, a series of
swelling pressure tests on GMZ bentonite with different initial dry densities are carried out using the constant volume method.
The results show that all the obtained time-evol ution curves of swelling pressure are characterized by atypical two-peak shape:
asthetest starts, the swelling pressure increases sharply to a peak value, followed by decreasing to a valley value, after which it
increases again to the final value. It is found that the shape of time-evolution curves of swelling pressure is controlled by 6
parameters: the peak, valley and final values of swelling pressure as well as their corresponding hydration times. According to
the formation and devel opment mechanisms of swelling pressure, a predictive model for the time-evolution curve with only 5
parameters is proposed. In this model, the swelling pressure is considered as the superposition result of accumulated and
dissipated “wedge” pressures, which are assumed to be related to hydration time through an exponential and a Gaussan
distribution function, respectively. The proposed model is verified by the experimental results from this paper and literatures,
with satisfactory agreements between the measured results and predicted ones.
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Two-phase flow model based on 3D pore structure of geomaterials

ZHANG Peng-wei® % “ HU Li-ming", Jay N Meegoda®, Michael A Celia*
(1. State Key Laboratory of Hydro-science and Engineering, Tsnghua University, Beijing 100084, China; 2. Beijing JiaoTong University,

Beijing 100044, China; 3. New Jersey Ingtitute of Technology, Newark 07102, USA; 4. Princeton University, Princeton 08544, USA)
Abstract: Geomaterias normally have low pore-connectivity in underground reservoir, and the macro-scale flow simulation
normally ignores the micro pore connectivity and uses macro parameters such as permeability and tortuosity to reflect the
conductivity of underground reservoir. However, due to the complex pore structure and pore connectivity of geomaterids, the
macro-scale method cannot reflect the micro flow mechanisms. The pore-structure model provides an effective way to reflect
the micro-flow mechanisms for complex porous media since the pore geometry and pore connectivity can be included in the
model itsdf. In this work, an equivalent pore-network modd (EPNM) is established considering pore-size distribution, spatial
correlation and pore-connectivity. EPNM aims at reflecting 3D pore structure of geomaterials by the equivalent hydraulic
parameters, and the effectiveness is verified by permeability tests. Furthermore, a dynamic two-phase flow model is devel oped
pore coordination number.

based on EPNM, and simulate the dynamic invasion of each phase, reflect the preferential flow in porous media, and it can

0 3l

K ey wor ds: two-phase flow; equivalent pore-network model; relative permeability; shde gas; preferentid flow
(=1

—_

provide apparent permeability, relative permeability curve, breakthrough curve for macro-scale simulation. Finaly, the dynamic

two-phase flow model is applied to the wetting phase trap during shale gas exploitation. The results show that the residua

saturation in shale matrix is around 30%, and this residual saturation decreases significantly with the increase of the average
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Table 2 Intrinsic permeability for sand sail with different porosities
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Fig. 5 Pore-network model for sand (high connectivity isotropy)
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Fig. 10 Physical model for two-phase flow in shale matrix
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I nvestigation of co-migration of heavy metal with colloid under preferential flow

ZHANG Wen-jie, LI Jun-tao
(1. Department of Civil Engineering, Shanghai Universty, Shanghai 200072, Ching; 2. Shanghai Municipal Engineering Desgn Ingitute

(Group) Co., Ltd., Shanghai 200092, China)

Abstract: Mogt of the heavy metal pollutantsin soil come from externa industrial and agricultural activities. Surface soil layer
is the only access through which the heavy metal can migrate downward. Because of drying shrinkage and animal or plant
activities, there are macropores in surface soil, which form preferential flow channds. In some cases, these channels are the
only way for the heavy metd to pass through the vadose zone. Colloid has great adsorption capacity of heavy metal and can be
transported under preferentia flow, so the colloid may accelerete the migration of the heavy metd. The adsorption
characteristics of heavy meta cadmium and lead in brown-yellow silty clay in Shangha and soil colloid are determined by the
isothermal adsorption tests. Leaching tests are carried out using the soil columns with repeatable preferentia flow
characteristics to investigate the colloid-heavy metal co-migration under preferential flow condition. The results show that the
soil colloid has higher adsorption capacity of heavy metal than the silty clay. When there is colloid, the outflow of cadmium is
1.49 times higher than that without colloid, and the outflow of lead is 33.88 times higher than that without colloid. By the effect
of colloid, the concentrations of heavy metd adsorbed in silty clay and kept in pore solution are both lower than those without
colloid, so more heavy metal migrates downward. The migration of heavy metal is obviously accelerated by the colloid under
preferential flow condition. Although the source concentration and leaching time of lead are both higher than cadmium, the
outflow of lead is only about 1/13 of cadmium. The migration of lead in soil isweak due to high adsorption.

Key words: heavy metal; preferentia flow; sail colloid; adsorption; co-migration
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Table 1 Basic parameters of test soils
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Fig. 1 Grain-size distribution of test soil column
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Table 2 Chemica compositions of silty clay (%)
R 3573 S0, Al,O4 Fe,0s Ca0 K;0 MgO Na,0 TiO; MnG,
- 62.81 13.63 534 3.82 2.26 2.25 1.24 0.78 0.10
%3 HMEFHLINEERZAE
Table 3Metal elementsin sty clay (mgg™h)
SEIUE K Fe Al Na Mg Ca Mn Zn Cr Pb Cd Cu
- 21.20 18.05 11.07 7.50 7.36 5.43 0.472 0.063 0.082 0.041 0.033 0.029
150, 175, 200, 225, 250, 275, 300, 400, 500 mg/L. 30, .
TR TP AR B 1K E S 1 100, 8 SRR L as| .t
B RRCIR BEPE, HSFOMR B 1K e 1 250, W HA ol o e etk
$rid FEr 1Y 0.01 mol/L f¥) HNO3 A1 NaOH ¥ 15 /< H Lo e
NAKZ ) pH 4y 6.0£0.1. fHEER#Z 7 LL 180 rpm S yd
BERR S 24 h )5, TS LI, 3000 rpm B 30 A e
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VORI (ML), moy LR (). ol e
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0 =0 K G/ + K C,) 2 \ﬁﬁ & - BRR L
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Langmuir 77 FE4UL 2 HOMR B ik 22 LI 2, #0455 0 10 20 30 400 50
HOLF 4, 7T WL Langmuir J7 75 A3 I Hirbl 2 g P 1 )
o) TR B, G R R AR B 4 I B Bl 2 $5F05ARY Langmuir M54
A R TR A o e 5 Y L PN R ol X Fig. 2 Langmuir adsorption isotherms of Cd and Pb
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Table 4 Langmuir parameters of Cd and Pb for test soils

R i B
17 [ =
Hil g+ fnt= 1L
Omad (Mg g ) 7.45 82.32
i K/(L-mg™) 0528 0.197
R 0.981 0.973
Omad (Mg g ) 27.17 120.06
# Ku/(L-mg'd) 172 2.64
R 0.929 0.970
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Fig. 3 Set-up for solute breakthrough tests
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Fig. 4 Fitting of ClI” breakthrough curves with bimodal probability
density model
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Table 5 Parameters of bimodal probability density model

215 1-m s, T.° s, T,° q, d, q R? n
B 0.32 0.48 753.27 0.67 753.15 0.33 0.17 0.50 0.986 0.58
ot 0.35 0.57 785.36 0.49 785.14 0.34 0.19 0.53 0.978 0.58
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Fig. 5 Leaching tests on co-migration of heavy metal with colloid
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Fig. 7 Adsorbed Cd and Cd concentrations in pore water
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Fig. 8 Effluent concentrations of Pb with and without colloid
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Three-dimensional rheological model for double-yield surface based on
equivalent time

HU Ya-yuan, DING Pan
(Research Center of Coastal and Urban Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: In order to describe shear contractibility, dilatancy and rheological properties of soils, Yin-Graham’s equivalent time
method is used to derive a three-dimensiona rheological model for double-yield surface. Firgtly, Yin-Graham's
three-dimensional rheological equation is used as the first yield surface rheological equation reflecting the shear-contraction
mechanism. Secondly, Matsuoka-Nakai yield criterion is used as the second yield surface reflecting the dilatancy mechanism,
viscoplastic work is used as hardening parameter and the non-associated flow rule is adopted, the stress-viscoplagtic work-time
relationship is proposed using Mesri’s modeling idea, stress-viscoplastic work-viscoplastic work rate relationship is obtained
according to the equivalent time method, and the second yield surface three-dimensional rheological equation is established
under Perzyna’s over-stress theory. Again, according to the theory of double-yield surface mode, a three-dimensiona
rheological model of double-yield surface is proposed by combining the two rheological equations. The classical fourth-order
Rung-Kutta method is used to compile the difference cal culation program, and the numerical solution of the rheological model
is obtained. Findly, the predictions are compared with the measured values by using triaxial consolidation undrained
rheological test data of Canadian bentonite and remoulded Hong Kong marine deposits to verify the applicability of the model
in rheological tests. The results show that the modd can simulate the development process of multi-stage and single-stage
loading in undrained rheological tests, and can reflect dilatancy and shear contractibility of soils.

K ey words: equivalent time; dilatancy and shear contractibility; double-yield surface; rheological model
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I nfluences of soil characteristics on longitudinal defor mation of
shield tunnelsinduced by surface surcharge

LIANG Fa-yun', YUAN Qiang", LI Jia-ping®, ZHANG Shao-xia
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Shentong Metro Group, Shanghai
200070, China)

Abstract: With the development of urbanization in China, it is common to find the surface surcharge in alarge scale around the
metro tunnels, which will serioudy threaten the safety of the lining structures and their service capability. To obtain the additiona
stress on the axis of shield tunnels caused by the surface surcharge, the Boussinesg’s solution is widely adopted, whereasit cannot
be applied in multi-layered sails. In this study, firstly, the additiona stress in multi-layered soils is obtained by using the Fourier
integral transformation. Secondly, the existing tunnel is regarded as the Timoshenko beam, and the displacements and interna
forces exerted on the shield tunnel are obtained based on the two-stage method. From the proposed method, it can be found that the
underlying layer has larger influences on the settlement of shield tunnels than those by the overlying sails.
K ey wor ds: surface surcharge; multi-layered soil; shield tunnel; deformation of tunne; two-stage method
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Hydr o-mechanical double-yield-surface model for unsaturated sand and clay

LI Jian®, LIU Kai? YIN Zhen-yu?, CUI Yu-jun®, YIN Jian-hua’
(1. School of Civil Engineering, Beijing Jaotong University, Beijing 100044, Ching; 2. Department of Civil and Environmental Engineering,

The Hong Kong Pol ytechnic University, Hong Kong, China; 3. Ecole des Ponts ParisTech, Laboratoire Navier/CERMES, Paris, France)
Abstract: Hydro-mechanical coupling behavior analysis with a sophisticated model for both unsaturated sand and clay is ill a
challenge. In this study, a hydro-mechanical coupling model with two plastic deformation mechanisms, i.e., loading collapse
and shear diding, for unsaturated soils is formulated using the Bishop’s stress as the stress variable and using the void ratio and
the effective degree of saturation asthe state variables. An expression for the critical Sate line related to the effective degree of
saturation in the void ratio-soil skeleton stress semilog plane is explicitly implemented, which is combined with a
non-associated flow rule for the shear diding yield surface to guarantee the satisfactory simulation of the dilation or contraction
during shear for unsaturated soilsincluding sand and clay. The predictive capability of the modd to reproduce the main features

of unsaturated soil behavior is analyzed by simulating the triaxial tests on silty sand and kaolin.

Key words: dilatancy; effective degree of saturation; critical state; hydro-mechanical coupling; unsaturated soil
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Table 1 Vaues of model parameters and initial values of soil state
for tests on silty sand and kaolin
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M ethod for calculating defor mation pressure of surrounding
rock of deep-buried tunnels
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Abstract: The pressure of surrounding rock is an important research content of tunnel engineering, and it includes deformation
pressure. The study on the deformation pressure is of great significance to ensure the safety and economic construction of
tunnels and underground engineering. The method of mathematical tatistics is used to analyze the influence degrees and
variation laws of grade of surrounding rock, tunnel span and tunne depth on the deformation pressure through a large number
of filed measured data. The formula for calculating the vertical deformation pressure is established by using the multivariate
nonlinear regression analysis method. The deformation pressure is about 84%~92% times the value by the “Code for design of
railway Tunnels” according to the analysis. As the grade of the surrounding rock increases, the ratio decreases continuously.
The lateral pressure coefficient of deformation loads obeys the normal distribution. The latera pressure coefficient of each
surrounding rock condition has a certain increase compared with that in the “Code for design of railway tunnels”. The research
achievements have certain reference guidance for the design of tunnels and underground supporting structures in China.
Key words: deep-buried tunnel; field measurement; deformation pressure; tunnel depth; tunnel span; grade of surrounding rock
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Table 1 Fitting formulafor deformation loads with grade of

surrounding rock
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Table 2 Fitting formulafor deformation loads with tunnel span

I A /N A A PSS
R q=3.0B"% 0.91
2tk AL q=12.0B- 45.25 0.94

WP 12, 13, 3£ 2 50Hral %, B ) {E R
TP L SR RO Gtk RE, AHCRECH
0.94; k%L, MICRECH 091,

3.3 FMFEERH

T REAH IV LV A T AR s 0 508y LLREK
PEREARTIV, VREES BRI g 5HE H OCR
AT M, Wkl 14, 15 iR,

180
160 |
« 140
Ay
=120
100}
w 801

D 60l " -

=

&;‘40

20

1 1 1 1 1 ]
0 200 400 600 800 1000 12
[ TEHE PR fm

14 ZEFELENTLHZEV)
Fig. 14 Curve of vertical deformation loads (IV)

200 ]
£ 150 L]
=
B
B 100
§ 50 _l“ M .l'. : u a"
B L] : n
A = F" .
1 1 1 1 1 J
0 200 400 600 800 1000 1200
g 3 U

15 REPEEHNTHLZEV)
Fig. 15 Curve of vertical deformation loads (V)
WA 14, 15 7pHralsn, HEKIEARRIME q
SR H @SRRI, P 8] AR R
BB 1) T AR s (B SR BEAT T Ak, Mo #r

DX [) BT IR ) AR o B HEUAH [) 10 S5 I - i
DX ] AR bR BEA TR, S AT, 1S BIAHN )
E AL

(D A T HBRIEIE RS L . 2 GO0 S AR R
JHE R, PR REA B ) JE AR s ) E q 5 BEE S
[ B A o/B AR, HEVR H A REAARRIEAT 43T,
WK 16, 17, % 3 .

—
—

= R
——fUH AR
o n

—_
(=]

=]
T

~
T

6 L
0 100 200 300 400 500 600 700 800 900
[ HE R /m

16 EEELTEAZ L)
Fig. 16 Curve of vertical deformation loads (IV)

W2 GRS R 1 /B S B (¢/ B)/ (kPa-m™")
-]

—
~

[o= REEEE

——HHFAR

—
=2
T

-
W
T

—_
S
T

—
w
T

—_
[ 5]
T

1
100 150 200 250 300 350 400 450 500
Bk 1 S 2R /m

17 BEBEENTHZECV)
Fig. 17 Curve of vertical deformation loads (V)
% 3 MEENMEBERRIUE AR
Table 3 Fitting formulafor deformation loads with tunnel depth
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Table 4 Fitting formulafor deformation loads with tunnel depth
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Table 5 Normal distribution function for various grades of
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Table 6 Digtribution intervals of lateral pressure coefficient
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I nfluence of arch foot crack on stability of surrounding rock massin
hor seshoe-shaped tunnels

ZHOU Lei, ZHU Zhe-ming, LIU Bang, QIU Hao, DONG Yu-ging
(MOE Key Laboratory of Deep Underground Science and Engineering, College of Architecture and Environment, Sichuan University,

Chengdu 610065, China)

Abstract: In order to clearly investigate the effect of a crack at the tunnel arch foot on the stability and failure patterns of
horseshoe-shaped tunnels, the cracks are classified into two categories. one isthat the cracks are distributed counterclockwisein
the areas of A(0° <a <<90° ), B(90° <a <180° ) and C(180° <a <270° ) with the arch foot junction as the center, and
the other isthat the crack dip angle a is fixed as 127° between the tunnel bottom and the crack, and the ratio of crack length g is
different. The disadvantageous factors of the arch foot crack are anayzed by comparing the laboratory test results with the
numerical simulation ones, and then green sandstone is chosen to make tunnel model samples to obtain the effect of crack on
the stability of the surrounding rock mass. The stress intensity factor a crack tip and the damage evolution nephogram of the
surrounding rock mass are calculated by finite element program. The following significant conclusions are drawn: (1) When a
crack islocated a the tunne arch foot with different angles of a , the damage degrees of the tunnel model failure distribution
zones can be arranged in a sequence; B>C>A. (2) As the dip angle a ranges from 120° ~135° , the stability of the tunnd isthe
weakest. (3) For atunnel model sample under biaxial compression loading, the failure modes are mainly the tensile and shear
failures at the crack tip and sidewall as well as the tendle failure at vault. (4) The influences of crack on tunne stability are
inversely proportiona to the crack length retio f.

Key words: tunnel; crack dip angle; numerical simulation; arch foot crack; surrounding rock mass
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M odel tests on seismic performance of double-box under ground utility tunnel
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Abstract: A shaking table model test on a double-box underground utility tunnel is conducted based on the theory of similarity
simulation test to invegtigate its seismic behavior. In thistes, the Taft earthquake spectra, which are adjusted to have the peak
accelerations of 0.2g, 0.4g, 0.8g and 1.2g, respectively to consider the effect of various peak ground accel erations (PGAS), are
chosen as the input seismic ones. It is concluded that the maximum dynamic earth pressure has a distribution of reverse "W",
and the earth pressure field changes at the end of earthquake. On the whole, the maximum acceleration response, with the
amplification from 0.5 to 1.5, increases with an increasing input PGA and decreases with depth. According to the time histories
of acceleration and the Fourier spectra, the structures and the surrounding soils basically have consistent accel eration response
at the same depth, and the amplitude of the soils is greater than that of the structures under the frequency from 15 to 30 Hz.
During the earthquake, there is a larger response of bending moment at corners of the structures, which increases with the input
PGAs. At the same time, numerical smulations are carried out with ABAQUS to compare with the results obtained from
shaking table tests, which suggests that the results obtained from shaking table tests are highly reliable.

K ey words: double box utility tunnel; shaking table; similarity simulation; seismic response; Taft wave
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Table 3 Vaues of bending moment at corners under Taft

earthquake with various PGAs (N-m)
NS TR 0.29 0.4g 0.89 1.29
S13 -4.74 -10.80 -19.72 -23.02
S15 4.48 9.46 15.36 17.58
S16 5.02 11.38 20.11 22.89
S18 -5.52 -12.15 -20.72 -23.59
S19 -5.71 -13.14 -21.19 -23.83
21 5.90 12.65 21.47 24.50
S22 7.72 15.98 25.71 28.92
S24 -8.26 -17.35 -27.71 -30.95
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Table 4 Incremental values of bending moment at corners with increasing PGAs under Taft earthquake (%)
PGA S13 S15 S16 s18 S19 s21 S22 S24 ¥WME
0.2g~0.4g 127.77 111.17 126.90 120.18 129.96 114.55 107.12 110.04 118.46
0.49~0.89 82.65 62.32 76.70 70.60 61.33 69.73 60.87 59.69 67.99
0.8g~1.2g 16.75 14.43 13.79 13.83 12.45 14.08 12.48 11.69 13.69
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Table 5 Parameters of material in numerical smulation
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ratio and dynamic shearing strain
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Effects of drilling distur bance and unloading lag on in-situ mechanical
characteristics of graniteresidual soil

AN Ran"?, LI Cheng-sheng"?, KONG Ling-wei* 2, GUO Ai-guo*?
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of

Sciences, Wuhan 430071, China; 2. Universty of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: The granite residua soil isakind of special structural soil with both engineering and fabric characteristics of clay and
coarse grained sail. Its engineering performance is generally susceptible to disturbance damage and excavation unloading,
which may lead to engineering disasters. Through the comparison tests of SBPT and PMT in different predrilling unloading lag
timein atypical layer of granite residual soil, the response characteristics of in-situ stiffness attenuation characteristics, strength
indexes and bearing capacity of granite residua soil are andyzed. The results show that the weakening effect of drilling
disturbance on the strength, bearing capacity and stiffness of granite residual soil is obvious, and the weakening degree
increases with the increase of stress rel ease time during unloading period. The order of influence degree of drilling disturbance

and unloading delay on each parameter is evaluated by disturbance factor R(u): the effect on stiffness parameter Gsisthe largest,

followed by undrained shear strength C, and bearing capacity f4. The in-situ G - y curves of SBPT and PMT tests are obtained
by nonlinear stiffness anaysis and effectively fitted by the equation proposed by Ken Stokoe. The research results may provide
the reference for engineering design and construction in the granite residual soil area.

Key words: granite residual soil; in-situ mechanical property; SBPT; PMT; drilling disturbance; unloading lag
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Table 1 Elementary characteristics of layers of test sites
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Fig. 1 Grain-size distribution curves of granite residual soil
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Table 2 Elementary physical and mechanical properties of granite residual soil
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Grinding pile technology of shield tunnels crosssing pile foundation of
existing bridges

WANG Zhe', WU Shu-wei*, YAO Wang-jing', ZHANG Kai-wei?, LI Qiang®, XU Si-fa"
(1. Indtitute of Geotechnical Engineering, Zhejiang University of Technol ogy, Hangzhou 310014, Ching; 2. Greentown Real Estate Construction
& Management Group Co., Ltd., Hangzhou 310000, China; 3. China Railway 19th Bureau Group Co., Ltd., Beijing 100176, China)

Abstract: Based on the construction requirements of the shield tunnel crossing 6 large-diameter bridge piles of Fengai bridgein
the section of Jianguo Road Station-Zhonghe Road Station of Hangzhou Metro Line 2, the cutter type is selected according to
the characteristics of soft soils and large-diameter piles. The angle of shell cutter is designed by the Advant Edge FEM finite
element software, and the arrangement of the cutter layout is studied. The results show that for the shell cutter composed of
double edges, zero back angle and negative front angle and combined with advance cutter and scraper, the layout of the
concentric circle with three-section height difference and three-dimensional cutter is the most effective in cutting piles. Thenthe
results are applied to the improvement of shield cutter head. The settlement of bridge deck is monitored during the shield
driving process. The monitoring results show that the cumulative settlement of bridge deck in the cross-river section during
shield grinding pilesisonly -3.09 mm, which has no obvious influence on the Fenggi bridge and river. The cutting steel bar is
effective except that the cutter is worn on a few parts. This technology has been successfully applied to the grinding piles of
Fenggi bridge of Hangzhou Metro Line 2, which may provide insights for the similar grinding pile projects.

Key words: shield tunndl; cutting pile foundation; cutter layout; construction control; monitoring
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Table 1 Physical and mechanical parameters of soil strata
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Fig. 2 Details of high-pressure jet grouting pile
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Fig. 5 Schematic diagram of grinding piles with different front and
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Table 2 Physical and mechanical parameters of blade and

reinforcement
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Table 3 Johnson-Cook constitutive model and failure parameters
of rebars
AR ZH RS
A/MPa B/MPa n C m d d, ds ds
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Fig. 7 Stress nephogram of blade cutting steel with front angle of
10° and zero back angle
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Fig. 8 Stress nephogram of blade cutting steel with front angle of
-30° and zero back angle
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Fig. 9 Stress nephogram of blade cutting steel with front angle of
-45° and 10° back angle
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Fig. 12 Schematic diagram of shell knife grinding pile
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Fig. 13 Schematic diagram of cutter head
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Dynamic response of viscoelastic foundation beams under
traveling wave effect
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Abstract: The dynamic problem of elastic foundation beamsis usually analyzed by using the anaytical and numerical methods,
but the numerical method has alarge amount of calculation, and the anaytical method is usually more efficient. The analytic
solution of infinite length Euler-Bernoulli beam on viscoel astic foundation subjected to constant axia pressure and transverse
traveling wave is obtained by the Laplace and Fourier transforms. Compared with the numerica simulation results, the
correctness of the solution is verified. Taking along tunnel as an example, the influences of wave frequency, wave velocity and
axial force and foundation stiffness on the dynamic response of the long tunnel are andyzed, and its internal force response
affected by the wave frequency is obtained. The lower the frequency, the greater the internal force response of the tunnel. The
internal force response is affected by the travelling wave velocity. When the travelling wave velocity is close to the critica

velocity, theinterna force response of the tunnel significantly increases.
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Analytical study on seepage field of tunnels with exter nal drainage
considering effect of grouting rings

LI Lin-yi*, YANG Jun-sheng', GAO Chao', XIA Wan-you?, MA Yan-na’
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. Dayong Highway Investment Development Co., Ltd.,

Zhaotong 657000, China; 3. School of Engineering Management, Hunan University of Finance and Economics, Changsha 410205, China)
Abstract: The externa drainage method has been gradually applied in the tunnel engineering, but the anaytical theory of the
seepage field of the external drainage tunnel considering the grouting effect has not been reported, which leads to that the
theory lags behind engineering practice. Based on the mirror image method and the theory of seepage mechanics, the theoretical
model of seepage field of the external drainage tunne considering grouting rings is proposed. The correctness of the formulais
verified through the anaytical degradation and numerica simulation. The influences of the permeability coefficient and
thickness of the grouting rings on the water inflow and the water pressure outside the tunnel are discussed. The analysis results
show that the permeability coefficient of grouting rings has a significant influence on the seepage field of external drainage
tunnel, and with the increase of the ratio, the water inflow can be controlled obviously, but it will cause the increase of external
water pressure. The influences of grouting ring thickness are relatively small, which mainly liesin that the greater the grouting
ring thickness, the stronger the contral of the bottom external water pressure. The reasonable parameters of grouting rings are put
forward considering the requirements of groundwater environmental protection and the control effect of water pressure. The research
results may provide reference for the design of grouting parameters and the construction practi ce of external drainage tunnels.

Key words: externa drainage method; percolation mechanics; seepage field; water inflow; water pressure; tunnel; grouting ring
parameter
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One-dimensional creep tests and model studies on saturated saline soil

ZHOU Feng-xi* 2, WANG Li-ye', LAl Yuan-ming®
(1. School of Civil Engineering, Lanzhou Universty of Technology, Lanzhou 730050, Ching; 2. State Key Laboratory of Frozen Soil

Engineering, Northwest Ingtitute of Eco-environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The physical and chemical interaction between soil particles and pore salt solutions in saturated saline soils has a
strong influence on the mechanical behavior of soils, which makes the sdine soils exhibit different deformation characteristics.
In order to accurately describe this interaction of saturated saline soil, the experimentd studies on the remolded specimens
saturated with digtilled water, sodium sulfate solution and sodium chloride solution are carried out by the conventional
oedometer tests and constant load creep tests. The test results show that there is a significant difference in the consolidation
creep between saline soils and non-saline soils. This phenomenon is more obvious with the increase of sat content. The
consolidation creep effect of sulphate soils and chloride soils with the same salt content is different. Secondly, based on the
Yin-Graham one-dimensiona creep eguation, a one-dimensiona creep theoretical model for saturated saline soilsis established
by using the Pitzer ion interaction model and the vant Hoff osmotic suction equation and introducing the effective osmotic
stress. Finally, the improved theoretical model and experimentd data are compared and anayzed. The results show that the
proposed theoretical model can describe the chemica-mechanical coupling in saturated saline soils and effectively predict the
one-dimensional creep behavior.

K ey wor ds: sulfate saline sail; chloride saline soil; creep test; osmotic suction; Yin-Graham model
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Table 1 Physical properties of soil samples after sdt washing
WILAFLER  BURLAERY PR w MR w,  THERTE AORDRLA 5 1%
H e Y 1% 1% ¥1,  d<<0005mm 0.005mm<d<0.075mm d = 0.075mm
0.66 2.7 28.2 18.4 9.8 20.33 7111 8.56
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IR APIRZS T LB -5 L ORI AH E A FH oA i A
R TR o HLABIEW ) R EENIEE, A AR ER
WA R A I bR . Barbour 25K
TESRE AT S 10 LAk, BT T ARsiE s 8
BN TR N, HL3E AT N ) RB B 1AE N
3 3R AR SR AR K g 2 . Shivanandal™®,
Rao 51143 BIHE T Aok S0t FLBR IR BB W ) 14 5%
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FRI%F L3t o
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LR A% VRN R AL R AR, AR UE T R4
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Fig. 1 Consolidation test results under saturation of different salt

solutions
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Fig. 2 Creep test results under saturation of different pore
solutions
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Fig. 3 Schematic diagram of osmotic suction in saturated saline
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X,z o RIS 7 MM T X
M v ERE SRS T EL v, AR T
B RH, w AP FlE 8, [
VIV, FV s MOl R0 T R BRI f, b
Debye-Héikkel 17, BY™ F1 M & & 1 M HAFE ] &%
* 245 il AE 298.15K I, SRAISC (D iHE
SR DT R 12 90T 1 7 AN R BE N B W R
e HILE Van't Hoff J5 et 545 B Fredlund 25
RTINS Rk AT T H . Bz A AL
BT oKL LBV AL 2 — ) 2 R 5 RN 1 AR
L i HA RS TR Van't Hoff J7 F vt S bl
IR SET7 A ARIR2E
7 2 298.15K B AR[ER E S IAFITRBER S0 A R BT S ER N
Table 2 Osmoatic suctions of sodium chloride and sodium sulfate
solutions with different concentrations at 298.15K  (pg)

W E/(mol-L ™Y NaCl Na,S0,
0.2 915.11 1119.33
0.5 2281.01 2597.24
0.6 2742.22 3067.43
1.2 5593.46 5787.71
1.6 7584.01 7559.54
1.7 8093.60 8000.32
1.8 8608.10 8440.47
2.0 9651.91 9310.95
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Fig. 4 Schematic diagram of parameters
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Table 3 Model parameters
FLBA R . s, /kPa RS G I(kg?xmol?) £, / (kg ><mo|)% B /(kg>xmol ")
nv(mol-kg™) 400kPa  800kPa
MK 0 79 0.03053 0.03284 0 0 0
0.6 77.12 0.03146 0.03634 -0.1572 0.1307
FArsh 12 71.05 0.03494 0.03730 0.00106 -0.1853 0.1054
1.8 61.21 0.03626 0.03859 -0.2012 0.0944
0.6 75.09 0.03306 0.03655 -0.2012 0.1098
TN 12 69.26 0.03466 0.03710 -0.00483 -0.2267 0.0670
1.8 64.40 0.03552 0.03827 -0.2401 0.0550
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Fig. 5 Senditivity analysis of parameters
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Fig. 6 Creep test results of saturated distilled water and cal cul ated
results of Yin-Graham model curves
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Fig. 7 Creep tests and model results under saturation of sodium sulfate solution
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Fig. 8 Creep tests and model results under saturation of sodium chloride solution

(L) AR RDR A for BN A0 T, BR5E
LiﬁcﬂEi“/fLi%ﬂW Y SRR A AR IR R
vt b BRI AN R ([ S A 0N, JF HAE R
TEE%%EEM“E‘JIéﬁﬁﬁ{ﬁjﬂi@)‘lﬂﬁﬁﬁﬁ%ﬁ%o
(2) ety Van't Hoff J7 B AN RENS HEIR 2 Uit

SRR ER 5 L S v R B AT, BRI T
AL 40 Van't Hoff i REITHE R 2 g b+
AFIRERIPEAE T B

(3) M5 Yin-Graham —4EIEAR IR, AY

REAS HR YA SR 35T 1 P A B E AR BAE AT, it HLwT LA
SN Rt B N LR ARA T o

S 3Hk:
(1] BREe, M %, 201, 5. MORER T oAb 2 AL R
AKE S S #T ). A TSR, 2010, 32(141 2): 529

- 532. (CHEN Yao-guang, YANG Jun, PENG Zhi-ping, et d.

Test andysis on pore water pressure in ground treatment to

saturated sdine soil[J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(S2): 529 - 532. (in Chinese))

AE e, MRS, BB, . TR A U Bl bE
AT SRR ZR T[] A 0%, 2010, 32014 2): 372 -
377. (NIU Fu-jun, LIN Zhan-ju, LU Jia-hao, et a. Study of
the roadbed settlement in
embankment-bridge transition section along Qinghai-Tibet
Railway[J]. Rock and Soil Mechanics, 2011, 32(S2): 372 -
377. (in Chinesg))

BING Hui, ZHANG Ying, MA min. Impact of desalination
on physical and mechanical properties of lanzhou loess[J].
Eurasian Soil Science, 2017, 50(12): 1444 - 1449,

ik =, EEEEE, MNE, & MR L i AR AR
BRI, A 1%, 2005, 26(12): 1869 - 1873.
(ZHANG Yun, XUE Yu-qun, SHI Xiao-qging, et a. Study on
nonlinear creep model for saturated sand[J]. Rock and Soil
Mechanics, 2005, 26(12): 1869 - 1873. (in Chinesg))

influencing factors  of



513

JRES, S5 W ERT K — i AR ol 5 BT T 149

[5] % Hf, ENER, A EVE. A USRI BRI ].
HA 1 T REAR, 2001, 20(6): 772 - 779. (YUAN Jing,
GONG Xiao-nan, Y| De-qing. Comparison study on
rheological constitutive models[J]. Chinese Journa of Rock
Mechanics and Engineering, 2001, 20(6): 772 - 779. (in
Chinese))

[6] FHede. KRR LSRR MEARIAL: BE KRR,
S TR, 2011, 33(9): 1357 - 1369. (YIN Zhen-yu.
Elagtic viscoplastic models for natura soft clay: review and
development[J]. Chinese Journal of  Geotechnical
Engineering, 2011, 33(9): 1357 - 1369. (in Chinese))

[71 YIN JH, GRAHAM J. Equivalent times and one-dimensiona
elastic viscoplastic modelling of time-dependent stress-strain
behaviour of clays[J]. Revue Canadienne De Géotechnique,
1994, 31(1): 42 - 52.

[8] YIN JH, GRAHAM J. Elagtic viscoplastic modelling of the
time-dependent stress-strain behaviour of soilg[J]. Canadian
Geotechnical Journal, 1999, 36(4): 736 - 745.

[9] YIN JH, ZHU J G GRAHAM J. A new dagtic viscoplagtic
model for time-dependent behaviour of normally and
overconsolidated clays: theory and verification[J]. Canadian
Geotechnical Journd, 2002, 39(1): 157 - 173.

[10] NIXON J F, LEM G Creep and strength testing of frozen
saline fine-grained soils[J]. Canadian Geotechnical Journal,
1984, 21(3): 518 - 529.

[11] OGATA N, YASUDA M, KATAOKA T. Effects of salt
concentration on strength and creep behavior of artificially
frozen soils[J]. Cold Regions Science & Technology, 1983,
8(2): 139 - 153.

[12] WIJEWEERA H, JOSHI R C. Creep behavior of sdine
fine-grained frozen soil[J]. Journd of Cold Regions
Engineering, 1993, 7(3): 77 - 89.

[13] WITTEVEEN, Ferrari,

constitutive

Laloui. An experimental and
investigationon  the  chemo-mechanical;
behaviour of aclay[J]. Géotechnique, 2013, 63(3): 244 - 255.
[14] B, RS, TUIk, 4. SRR A & 1 i 45 )
i P[], A+ 4%, 2018, 39(1): 129 - 138. (YAN
Rong-tao, ZHAO Xu-yue, YU Ming-bo, et al. Isotropic

compression characterigtics of clayey soil saturated by salty

solution[J]. Rock & Soil Mechanics, 2018, 39(1): 129 - 138.
(in Chinese))

[15] BARBOUR S L, FREDLUND D G Mechanisms of osmotic
flow and volume change in clay soilgJ. Canadian
Geotechnical Journa, 1989, 26(4): 551 - 562.

[16] SHIVANANDA SM R P. Role of osmatic suction in swelling
of salt-amended clays[J]. Canadian Geotechnical Journal,
2005, 42(1): 307 - 315.

[17] RAO SM, THYAGARAJ T. Swell-compression behaviour of
compacted clays under chemical gradientsJ]. Canadian
Geotechnical Journd, 2007, 44(5): 520 - 532.

[18] XU Y F, XIANG G S, JANG H, et a. Role of osmotic
suction in volume change of clays in salt solution[J]. Applied
Clay Science, 2014, 101: 354 - 361.

[19] Ak &, sCA, X8 B RERE Rk AT S HL )
M R[], #1112, 2014, 33(4): 796 - 800. (BING
Hui, WU Jun-jie, DENG Jin. Variaions of physical and
mechanical properties of sdine loess before and after
desdlting[J]. Journal of Glaciology & Geocryology, 2011,
33(4): 796 - 800. (in Chinese))

[20] & CkE6 J79dkRuE: GB/T 50123—1999[S]. 1999. (Standard
for Soil Test Method: GB/T 50123—1999[S]. Beijing: China
Planning Press, 1999. (in Chinese))

[21] SUN D A, CUlI H, SUN W. Swelling of compacted
sand-bentonite mixtures[J]. Applied Clay Science, 2009,
43(3/4): 485 - 492.

[22] PITZER K S. Thermodynamics of electrolytes: | theoretical
basis and general equationg[J]. Journal of Physical Chemistry,
1972, 77(2): 268 - 277.

[23] PITZER K S, MAYORGA G Thermodynamics of
electrolytes: Il activity and osmotic coefficients for strong
electrolytes with one or both ions univalent[J]. Journal of
Physical Chemistry, 1973, 77(19): 2300 - 2308.

[24] FREDLUND D G RAHARDJO H. Soil Mechanics for
Unsaturated Soilg{M]. New York: John Wiley & Sons, 1993.

[25] KIM H T, JR W J F. Evaluaion of Pitzer ion interaction
parameters of aqueous dectrolytes at 25. Degree. C. 1. single
salt parameters[J]. Journa of Chemical & Engineering Data,
1988, 33(2): 177 - 184.



$a2% H1W A + T B %
2020 & 1A
DOI: 10.11779/CJGE202001017

%
Chinese Journal of Geotechnical Engineering

[

Vol.42 No.1

Jan. 2020

ETMHRNEANEERESZBIESh
REH WARS H

$ 3
(1. VYR RHE BT S WA be, DU 43FH 621010 2. VG REACHE S mod Pk ik 2k i TR BOE T pisz gt &, DY)l A# 610031;
3. TOMACHE R HAR TR Be, DU Be#B 610031)
H

V4

Bro WFFURH: PGA SR BIR OO IREOCR, SRR IMERE /N T 0.4g I, I St oA fa )
EE Gy

OB AT PR DI SR SR I I T AR KRR K IR 5 0, 324 TE N ANE BT N BT X ) sUhs R Sttt
WA, ARSI R T 0.4g I, T o ks A B4R 50 A A I P A b B O, SR B TR Hez it
K. Hh

O Sy BT T TS AR . SRS RS Tk, %5 IS Eh M A TN E P, B PGA iS4, ik
(RLREAEEL D A MERES L, S T4a) A BRI 5 T REBS I BT MRk, R FLAC®™ Xt 8 m w5 Xt e ot
AN

1T 7 M2 ) Jy w4y M R Rz Gy 3 v A, 8 S it ot R B AR AN [F M RE S R B SR EHEAT T VP R H 4y

W EE . 2 PGA<0.4g i, PifEEA R sl sk VR G DA I F; 24 PGA>0.6g I, $48% O 5e4si4s,
;s DUETERES

FESES: TU4764

&

RAETEBINMER BER; 2 PGA>0.8g I, &l Bt ™ E R, H2n]
B9

LS7A
o
A Vioy

WA A1 500T; M= it
XHERFRINAD: A
% 14E. E-mail: zhw-1-zhw@163.com.

Aelg

JRAE AR, ORI 2T

X EHS: 1000 - 4548(2020)01 - 0150 - 08
REAR982— ), B, HNBevE A, oA, YRM, BRI N TR PR S T RS

Seismic vulner ability assessment of gravity retaining walls based on perfor mance
ZHU Hong-wei*, YAO Ling-kan? 3, LAl Jun®

(1. School of Environment and Resources, Southwest Science and Technol ogy University, Mianyang 621010, China; 2. MOE Key

Laboratory of High-Speed Railway Engineering, Southwest Jiaotong Universty, Chengdu 610031, China; 3. School of Civil Engineering,
Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The retaining structures in the high earthquake intensity areas face the severe tests of devastating earthquake, and so

far, the seismic vulnerability of gravity retaining walls has not been studied systematically at home and abroad. The increment

dynamic analysis method is used in this study. Taking into account the uncertainty of seismic input, the PGA and displacement
index are selected as the seismic intensity parameter and performance parameter, respectively, and the classfication of the
performance level of retaining walls is determined based on shaking tabl e tests. The seismic response and seismic vulnerability
of a 8 m-high gravity retaining wall are analyzed by applying FLAC®®, and the fragility curves are derived to assess and

compare the seismic performances of the retaining wal under different ground motions. It is shown that the displacement index
exponentialy relates to the PGA. When the PGA is less than 0.4g, the displacement index increases slowly. When it exceeds

0 3l

even collapse is caused, and reinforcing measures should be taken to maintain the stability of the retaining wall.
K ey words: gravity retaining wall; seismic performance; increment dynamic anaysis; seismic vulnerability
=

—_

0.4g, the displacement index increases quickly, and it is greatly affected by site conditions. When the PGA islessthan 0.4g, the
retaining wall keeps dight damage or good situation; when it is more than 0.6g, the retaining wall is damaged completely, and

the probability of severe damage increases. When the PGA is more than 0.8g, the retaining wall suffers serious damage, and
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S NSO FE X A SEAS TR 0T Bi47 LA B T T
TR 49 Jp ) B AT TR, JRE T T4
T, RIS 58 I it g IR R B LA A% R E0 e
A%LL T (7% 88.2%), WK 8 ATk,

(A i e TREHD R BIOR 254080153 ) (GBIT 24336
—2009) W4 PR T I NHATELS . B, A
IR | P B IR SRS, JFAIR T 420 T 0 NI
IR RERE R, ST A B ) a2 ST A AR e
IHISHRAS, BIEAH U it haEms . ™
FRAG NG RN o 1 ACKE s 2 B8 00 A P2
B AR RONAE R RIS, JRIA I B



154 EZ R S N S

2020 4F

LEFEARESECCE W, N TS S RPUEEPTR
WA R, ASSCHRYEPY R R R, LRk R
IKHEGT e SURSEHF . BEARSELF . 0. PR BRI
BOR, G UL ERTITRCR, BN T REEE S AR K
XS N PR RESEOR A, k2R,

24

20F u BARSEIT AR
o PEHR

RBIRBDY%

8 °® L4 4%
. Qe °
s T X -

l.’ L") ] u
| N ! I -l?.' I .I. "
0 2 4 6 8 10 12 14

S /m
8 UBIEHSHEEXR
Fig. 8 Relationship between deformed exponent and wall height
F 2 IR B OERIXI S
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Table 4 Far-field seismic information
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el Hills-Mulhol
EL Centro
Imperid Array
4 NGA#266 Valley-06 #12Country-W 0.229
LC
5 NGA#326 Northridge Camarillo 0.198
6 NGA#522 Hector Mine Hector 0.231
7 NGA#582 Hector Mine M echaaCr:(;/WD 0.236
8 NGA#729  Chi-Chi, Taiwan CHY041 0.149
9 NGA#737  Chi-Chi, Taiwan CHYO031 0.158
10 NGA#778 Chi-Chi, Taiwan CHY028 0.143
11  NGA#884  Chi-Chi, Taiwan CHY080 0.968
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54171
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19 NGA#1823 VictoriaMexico  Chihuahua 0.387
20 NGA#3265 N.Palm Springs Indio 0.365
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Experimental and theoretical researches on horizontal bearing
mechansim of single screw anchor pile

HU Wei* 2, MENG Jian-wei® 2, LIU Shun-kai®, LONG Cheng-bi* 2, YAO Chen"? GAO Wen-hua" 2
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China; 3. School of Civil Engineering, Central South University, Changsha 430083, China)
Abstract: The design codes for screw anchor piles have shortcomings in calculation of the horizonta drawing capacity, and the
understanding of soil pressure distribution on the anchorage surface is not unified in theoretical researches. A self-made large
test sand box is used to carry out the horizontal drawing model tests on a single screw anchor pile. The soil pressures on the
upper and lower surfaces of the anchor blade are directly measured to analyze the distribution rules. The displacement-related
method is introduced to approximatively calculate the soil pressures, and based on the p-y curve of latera resstance, a
horizontal drawing mechanical model for the single screw anchor pile in sand is established, and the displacement-related
theory is deduced to caculate the horizonta bearing capacity at last. The results show that in the horizontd drawing process,
the soil pressure distribution on the surface of the anchor has non-linear rel ationship with the distance from the measuring point
to the cental axis of the anchor, and the displacement should be considered in the calculation of soil pressures. The mechanical
model and displacement-related capacity theory based on the mechanical equilibrium analysis have good effectiveness in the
comparision validation. For the normally used single screw anchor pile (diameter raio of bar to anchor d/D<5), when the
burried depth ratio is greater than 4, the horizontal capacity can be calculated according to the equal diameter naked pile directly,
neglecting the effects of anchors.

K ey words: single screw anchor pile; horizontal drawing; mode tet; soil pressure; bearing capacity
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(1. Ingtitute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. Shaanxi Provincial Key Laboratory of
Loess Mechanicsand Engineering , Xi'an 710048, China)

Abstract: The unsaturated intact loess has remarkable structured properties. Its structure is damaged by wetting and cyclic
shear action, which leads to the development of shear and subsidence deformation of loess under earthquake. Based on the
dynamic torsional shear tests on hollow cylindrical specimens of intact loess under different consolidation pressures, the
dynamic shear-strain rel ationship from small to large strain, the dynamic shear modulus and the dynamic damping ratio of loess
are tested and anayzed. The reationships between dynamic shear stress and shear strain, dynamic shear modulus and dynamic
damping ratio and the failure strength of loess under gradudly increasing cyclic torsion shear action are measured. The

variation rules of dynamic shear modulus of loess under different consolidation pressures and moisture contents are obtained in

0

the shear strain range of 10°°~102 It is shown that the maximum dynamic shear modulus increases with the initial structural

51
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index of loess. An approximate linear relationship among the maximum dynamic shear modulus, the structural index and the
consolidation pressure is established. The damping ratio of loess changing with the dynamic shear strain logarithm under

different consolidation pressure and moisture contents is released. The shear failure characteristics of cylindrical 1oess samples
under cyclic torsional shear action are constituted by two groups of shear failure planes.

Key words. undisturbed loess; dynamic torsional shear test; dynamic stress-strain relationship; dynamic shear modulus;
damping ratio; shear falure plane
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Fig. 3 Time-history curves of step-loading
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Experimental research on desor ption curves of soil samples under
different mineral compositions
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Abstract: The accurate determination of water content for soils is particularly important for studying the soil-water

characteristics of unsaturated soils with high suction range. At present, the oven temperatureis set & 110°C in the standards of

soil testing method at home and abroad. Few literatures have studied the rationality of the temperature setting. Here, seven
different types of clays, Na and Ca- Gaomiaozi bentonites, Shanghai soft clay, kaolin and Taizhou coastal soft clay, are

montmorillonite content.

analyzed by derivative thermogravimetry (DTG) and thermogravimetric analysis (T-G) with synchronous thermal analyzer. At
mass percentage of montmorillonite minerals in soil samples, the higher the temperature of losing adsorbed water. When there

—_

=

the same time, their mineral compositions are tested by the X-ray diffraction (XRD). The test results show that the higher the

is no montmorillonite mineral compoasition in soil samples, the temperature of losing adsorbed water is lower. It is considered

that the oven temperature should be raised from 110 to 150 C for measuring the water content of soil samples with high
K ey words: soil-water retention behaviour; water content; hydration
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Fig. 1 X-ray diffraction profiles of background subtracted for 7

samplesdrying at 105°C
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Table 1 Physical properties and mineral compositions of seven samples
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Fig. 2 Results of thermogravimetry and derivative thermo-
gravimetry tests on seven clays
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Table 2 Comparison of water content for seven samples (%)

TR w, W, W, W,-W, Wa-Ww

iR 206 232 252 0.26 0.46
e g+ 129 143 157 014 0.28
Gkt 216 235 252 019 0.36
INiEAR T 272 342 393 0.70 1.21
T FH A+ 435 489 514 055 0.79
GMZ07-Na 381 442 459 0.61 0.78
GMZ-Ca 385 49 542 110 1.39
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Evaluation method for effect of tunneling on underground jointed pipelines

ZHOU Xian-cheng™?, YU Jian"?, HUANG Mao-song" 2
(1. Department of Geotechnical Engineering, Tongji Universty, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)
Abstract: The soil settlement produced by tunnding has an inevitable effect on the neighbouring buried pipelines, which may
cause joint rotation, leakage and even damage in serious cases. At present, the research methods for the response of jointed
pipdines are complicated. Most of them require complex numerical calculation, in which the research on the influence of joint
properties is not comprehensive enough. The obtained design charts only contain a few simple engineering conditions, thus
resulting in the lack of practicality. In this study, the Winkler foundation model with an elastic foundation modulus formula
under passive load is employed to study the influence of joint location and joint stiffness on pipeline response. Considering the
theory of continuous pipelines, a simplified method is established to evaluate the influence of tunneling on the buried jointed
pipelines in terms of the greenfield conditions and mechanical properties of joint and pipe section. Finaly, the method for
jointed pipelines is used to andyze some actual projects. The comparisons revea that the proposed method can provide a

preliminary risk assessment for engineering design.

K ey words: tunneling; jointed pipeline; passve subgrade modul us; eval uation method
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Abstract: Under the recent influence of increasing intensity and frequency of rainfall and earthquake events, the dope failure
events become one of the mgor hazards that produce major impact to human society. A cloud database platform of integrated

0

visualization for life-cycle prevention and safety monitoring of slope hazards incorporates environment data to provide macro

—_

=

scale environmental information, and to establish the monitoring service for the dope hazards based on wird ess sensor network

support various users before, during, and after the slope hazard events.

various time steps to form a 4D (3D plus time) modd. Combined with the data visualization and extreme event alerts, it can

(WSN). In order to provide sufficient visualized slope monitoring information, a 3-dimensional (3D) slope model is established
K ey words: slope hazard; monitoring; wireless sensor; GIS; cloud database; visudization; facility life-cycle

for each individual project with underground monitoring information. The 3D model can also demonstrate data variation with

WIS FE K Fp 2% (United Nation Office for

Zf) (mass movement) &, ., SHuEE B K FA K
I PRSI TS 8, AL 21%
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Model for tortuosity of soil considering geometric arrangement of particles

YAN Han', TENG Ji-dong" 2, ZHANG Sheng" %, SHENG Dai-chao™
(1. Department of Geotechnical Engineering, Central South Universty, Changsha 410075, China; 2. National Engineering Laboratory for

High Speed Railway Construction, Changsha 410075, China)

Abstract: Tortuosity is an important parameter in studying the permeability of soil, which reflects the flow path of fluid in soil
particles. In literatures, the tortuosity is considered to be soldy related to the porosity of soil. However, the expressions for the
tortuosity vary greatly in the previous studies. It may be caused by some other unconsidered factors. The physical model for
fluid passing through square particles in laminar flow sate is established in this study. The results show that the proposed
model agrees well with the numerical smulation results and the experimenta results in the literatures. Finally, the influences of
particle arrangement and distribution on the tortuosity are analyzed, and the value region of the tortuosity is determined. It is
concluded that the tortuosity of particles relates to the porosity of soil and the distribution of particles.

K ey words: tortuosity; porosity; particle arrangement; permeability
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