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Passive control and active grouting control of horizontal defor mation of
tunnelsinduced neighboring excavation

ZHENG Gang"?, PAN Jun', CHENG Xue-song" %, BAl Ru-hing', DU Yi-ming"? DIAO Yu"?
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of Coast Civil Structure Safety (Tianjin

University), Minigtry of Education, Tianjin 300072, China)

Abstract: For safeguarding metro structures adjacent to excavation, much attention has been paid to passive control measures,
such as strengthening support system of excavation and optimization of excavation scheme. The passive control measures are
not timely and active to dleviate tunnel responses during the construction process of excavation, and increase the cost and
construction period of excavation. Based on a large excavation adjacent to a metro line, the development of horizonta
deformation of metro structures during the construction process is analyzed, and field tests and application of grouting to active
control of the horizontal deformation of soils and of tunnels are conducted. Furthermore, several control measures are compared
and evaluated through numerical smulation, and the optimization of grouting scheme is also studied. The engineering case and
numerical results reved the great limitation of passive control measures, such as staged construction, zoned construction and
strengthening support system, and effectiveness and economical efficiency of timely grouting to actively control tunnel
deformation. In terms of grouting scheme, the grouting scheme of “close, more grouting holes, smal grout volume, from far to
near” is superior to the scheme of “far, less grouting holes, large grout volume, from near to far” in the case of multiple rows of
grouting holes. As the active grouting technology has the advantages of low cost, short construction period and timely
controlling tunnel deformation, it is obviously superior to passive control measures such as zoned and staged construction when
the condition is appropriate.

K ey words: excavation; tunnel; grouting; horizontal deformation; passive control; active control
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Table 1 Physical and mechanical parameters of soils
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Development of TDR based on stepped-frequency principle and its
application in measurement of volumetric water content of soils
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Abstract: The time-domain reflection method (TDR) based on the time-domain carrier-free pulse principle can test volumetric
water content of soils timely and accurately and is widely applied in geotechnical engineering. But al the TDR testing
ingtruments are imported at present, and some foreign countries implement blockade on the techniques. A set of TDR system
based on the principle of stepped-frequency is recommended. The output frequency component of the signal source can be
accurately known and the noise in the received signa can be effectively restrained. A reasonable probe converter is devel oped

to avoid blind spotsin norma testing area and to improve testing range and accuracy. Finaly, the effectiveness of the new TDR
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testing equipment is verified by comparing the volumetric water contents of water, air and soil.

K ey wor ds: time-domain reflection method; stepped-frequency principle; volumetric water content
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sand by oven drying method vs. TDR method
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Deflections of discontinuous buried pipelinesinduced by shield
tunnelling based on Paster nak foundation

LIN Cun-gang" 2, HUANG Mao-song™ 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: An accurate prediction of deflections of the buried pipelines induced by shield tunnelling is essentid to their damage
evaluation and control. By introducing the Pasternak foundation model, the finite difference method is used to deduce a solution
to the deflections of jointed pipelines subject to shield tunndling-induced ground loss. The applicability of this solution and its
advantage in computationa efficiency are verified by the results of a centrifuge model test and the e astic-continuum sol ution.
Furthermore, a proposal is made for determination of the value of the subgrade shear gtiffness. Afterwards, the parametric
studies show that the deflection of the pipelineis significantly influenced by the stiffness of the joints. With the increase of their
stiffness, the maximum deflection of the pipeline decreases, and the deflection of a jointed pipeline approaches to that of a
continuous one. In addition, the deflection of the pipelineis affected by the amount and distribution of the joints to some extent.
However, this effect decreases with an increase of the number of the joints.

K ey words: shield tunndling; ground loss; jointed pipeline; deflection; finite difference method; Pasternak foundation
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Simulation of dynamic compaction using material point method and
analysis of its energy conversion law

ZHANG Rui-yu, SUN Yu-jin, SONG Er-xiang
(Department of Civil Engineering, Tsnghua University, Beijing 100084, China)

Abstract: A density-dependent soil constitutive model for large stress range is proposed for the andysis of large deformation of
soil subjected to high stresses under dynamic compaction. A rigid-flexible contact agorithm is further developed and the
material point method combined with the proposed constitutive model is used to s mulate the dynamic compaction process. In
contrast to some previous numerical simulations, in which the input load is assumed to be atriangular stress wave, the loading
procedure here is achieved by controlling the collision speed between the hammer and the soil. The computed results are in
good agreement with the experimental data on the construction site of Chengde Airport. A new concept, the “energy conversion
rate” in the process of dynamic compaction, isintroduced, and the laws of energy conversion are studied, which provides a new
perspective on the study of dynamic compaction. The numerical smulations indicate that an increase in the energy conversion
rate does not necessarily mean an increase of the crater depth per impact, since the distribution of energy in a larger domain
may result in a lower crater depth under a high energy conversion rate. A greater shear plagtic strain energy absorbtion may
contribute to alocal concentration of the absorbed plastic strain energy in volume compression of sail. It is aso found that the
energy conversion rate under low drop of a heavy hammer is higher than that under high drop of a light hammer, and
consequently producesin general alarger crater depth.

Key words: dynamic compaction; density-dependent soil constitutive model; materia point method; energy conversion rate;
plastic strain energy
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Degradation mechanism of shear strength and compressive strength of
red sandstone in drawdown areas during reservoir oper ation

ZHANG Zhen-hua, WANG Ye
(School of Civil Engineering, Hefei University of Technol ogy, Hefei 230009, China)

Abstract: So far, the researches on the degradation of macroscopic strength of rock under cyclic wetting-drying conditions in
the course of reservoir operation mainly focus on simulations of single environmental conditions without considering the
combined actions of slope stresses, wetting-drying cycles and seepage water pressures. The triaxia test system of soft rock in
the drawdown areas is devel oped independently to ssimulate the combined actions of dope stresses, wetting-drying cycles and
seepage water pressures. The red sandstone from Mgiagou landdide is selected as the study object. The uniaxial and triaxia
compression tests on the red sandstone are carried out, and the failure modes are analyzed after each wetting-drying cycle.
Meanwhile, the variation of microstructure and clay mineral content of red sandstone undergoing different numbers of
wetting-drying cycles is dways explored by means of the scanning electron microscopy (SEM) and X-ray diffraction (XRD).
The results show that with the increasing number of wetting-drying cycles, the peak compressive strength of red sandstone
decreases gradudly. In the first four wetting-drying cycles, the peak compressive strength decreases obviously. After the sixth
wetting-drying cycle, the decline trend of the peak compressive strength decreases gradually. With the increasing of
wetting-drying cycles, the cohesion of red sandstone decreases gradually either, and the cohesion decreases alot during the first
four wetting-drying cycles. The reduction extent of conesson ————

is obviously reduced in the sixth to eightth wetting-drying BEWE: (15 ARFFEIESIH (51579063, 51379106)
WisE#A: 2018 - 05- 07

cycles. The friction angle of red sandstone decreases with
*HRMEE (E-mail:yewangfylt@163.com)
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the increasing number of wetting-drying cycles, but the change rate is small. The uneven expansion and shrinkage of clay
minerals caused by hydration reaction weaken the cementation between clastic mineral particles to a certain extent, which

embodies the deterioration of shear strength and tensile strength on the macro level. The deterioration of shear strength and

tensile strength makes red sandstone more vulnerabl e to failure under the action of axia loads, which isthe direct reason for the

deterioration of the peak compressive strength. The weak cementation of detrital minerals is the fundamenta reason for the

deterioration of the peak compressive strength. Meanwhile, the seepage water pressures can promote the deterioration of the

peak compressive and shear strength to a certain extent. The research results can provide a scientific basis for the dynamic

analysis and evaluation of the dope stability during the operation of reservoirs.

K ey words: wetting-drying cycle; red sandstone; strength degradation
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Fig. 7 Variation in cohesion with increasing number of
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Seismic response analysis of cross metro transfer station structure

WANG Guo-bo, YU Miao-kun, YUAN Ming-zhi, LI Kai-da
(Hubei Key Laboratory of Roadway Bridge & Structure Engineering, Wuhan University of Technology, Wuhan 430070, China)
Abstract: The seismic response of transfer station structure is worthy of attention due to its significant spatial effects and
importance in the underground network. A three-dimensional computationa analysis model is established, in which the transfer
station structureis simplified into a cross-shaped structure composed of two frame structures with identical length and structural
form, and the equivaent linear model Davidenkov model is employed to consider the nonlinear model of soil. The seismic
response of the transfer station structure is calculated under different seismic wave amplitudes and types. At the same time, the

spetial effect is analyzed by comparing the seismic response of the transfer station structure with that of atypical subway station.

Based on the cal culated results, it is shown that the overall seismic performance of the transfer station structure is better than that of
a single gtation due to the influence of its end walls, and its spatia effect is stronger and its relative deformation is smaller. The

surface. The research results can provide some references for the seismic design and analysis of transfer station structures.
Key words: cross metro transfer station; single metro station; seismic response; spatia effect
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transfer station blocks the transmission of seismic waves to a certain extent because of its relaively large size. Therefore, the
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existence of the transfer station reduces site soil acceleration significantly, while the single station amplifies the response of soil
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Seismic responses of dynamic interaction system of soil-diaphragm
wall-complicated unequal-span subway station
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(1. School of Civil and Transportation Engineering, Hebei University of Technol ogy, Tianjin 300401, China; 2. Ingtitute of Geotechnical

Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: In view of the current practical problems of neglecting the existence of underground diaphragm walls in the study of
seismic performance for underground subway structures, a static and dynamic coupling finite-element model for the interaction
system of soil-digphragm wall-complicated unequal-span subway station is established, and the earthquake responses among
the unequal-span subway station without diaphragm wall as wells as structures with single- and double-layer diaphragm walls
are compared and anayzed. The results show that the existence of diaphragm walls can significantly improve the resistance of
the station to horizontal lateral displacement in small earthquakes, while the horizontal displacement of the subway structures
increases obviously when the seismic intensity increases. Moreover, the interlayer displacement of the lower structures
increases the most, which implies that the calculated results of ignoring the existence of underground diaphragm walls will be
skewed to danger. The diaphragm walls strengthen the anti-lateral stiffness of the subway station, which leads to a significant
change in the overdl deformation state and interna force distribution of the underground structures, among which the stress
level at the end of the side wall of the structures is dramatically reduced and the stress level at the end of each floor is increased
significantly. The lower columns of unequal -span subway station act as the weak position in the structura seismic design under
strong earthquakes, especialy for the case of double-layer digphragm walls.
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Table 1 Digribution and parameters of site
LRSS LEAT JEEm O EENMD)  EEEEMPa BIYIBG(msY) B i/kPa BRI ) BhiTRALL
1 FIH A 3.00 18.40 8.0 140.0 135 16 0.49
2 L€ an 6.60 19.00 10.0 152.7 15.4 26 0.49
3 EARAILS 6.78 20.50 145 167.1 7.0 30 0.49
4 #+ 7.62 19.40 15.0 1585 18.8 16 0.49
5 b/ 10.00 20.90 21.0 172.7 5.0 28 0.49
6 b/ 8.00 21.20 27.8 205.8 5.0 30 0.49
7 g+ 8.00 18.90 33.0 236.3 12.3 28 0.49
8 - 15.00 20.50 29.0 263.2 6.2 30 0.49
9 2Rt 15.00 19.30 35.0 4916 21.0 21 0.49
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Table 2 Dynamic plastic-damage model parameters of concrete
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Analytical solution for longitudinal seismic responses of long tunnels
crossing soil-rock stratum
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Abstract: The contact between soil and rock is the controlling point in the seismic design of long tunnels, which has not been
considered in any design methods yet. The mechanical model for a long tunnel crossing soil-rock stratum is proposed with
assumptions based on its dynamic response characteristics, in which two semi-infinite eastic foundation beams in different
soils are assumed to model the behaviors of the tunnel. An analytical solution for longitudinal seismic responses of tunnels
crossing soil-rock stratum is derived by solving the displacement differential governing equations. The simplified method for
longitudinal seismic responses of tunnels crossing soil-rock stratum is proposed. The traveling wave effect can be considered by
introducing the displacement phase angle. A benchmark model, a finite e ement model for a long tunnel crossing soil-rock
stratum, is used to calibrate the proposed method. Comparison under the same parameters shows a high degree of consistency
between them, which verifies the efficiency of the innovative method. Finally, sensitivity analyses of parameters are carried out
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using the proposed anaytic formulas, and the influences
of parameters on seismic response of tunnels crossing

soil-rock stratum are revedled. The results suggest that (51678438, 41672289, 51778487); + A T FLkiok [F 5 & £ 536 % T
with the increase of the structural tiffness, the internal JBHE 4 30 (SLDRCE16-02) s L 1l 77 4F Bk 48 W) A2 v ) 1 H
(17QC1400500); i iikt2A 4 A ZE i &1 H (16DZ1201904,

force response of the tunnel becomes larger, the
18DZ1205103)

Yrks BH#A: 2018 - 07 - 20
*3M il /E# (E-mail: yongpanli @163.com)

difference of the values of the peak internal forces
becomes greater, and the zone of influence of the
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transition becomes wider. With the increase of shear velocity ratio of soils, the difference of the values of the pesk internal

forces becomes greater but the zone of influence of the transition remains unchanged.

K ey words: underground structure; longitudinal seismic response; pseudo-static method; soil-rock stratum; parametric anaysis
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Calculation of rigid body rotation and shearing dislocation defor mation of
adjacent shield tunnels due to excavation of foundation pits

WEI Gang', HONG Wen-giang?, WEI Xin-jiang', ZHANG Xin-hai®, LUO Jing-wei*
(1. Department of Civil Engineering of City College, Zhejiang University, Hangzhou 310015, China; 2. College of Civil Engineering and
Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: Excavation of foundation pits has a significant impact on the deformation of the adjacent shield tunnes. Considering
the additional stress at the tunnel axis due to the soil unloading during excavation, a tunnel deformation model combining the
shear-dislocation and rigid-body rotation is established. The formulas for the longitudina deformation, segment-joint
didocation displacement, rotation angle and segment-joint shear force of the tunnel are deduced based on the principle of the
minimum potential energy. Two engineering cases are sdected for analysis, and the calculated results are compared with the
measured data. The results show that: the soil unloading stress of the adjacent parallel surrounding wall hasthe largest effect on
the tunnel when the foundation pit is beside the tunnels. On the location of the maximum tunnel horizontal deformation, the
didocation and rigid-body rotation of tunnel segments are close to zero, and the segment-joint shear force is aso very smal. At
the inflection point of the horizontal displacement curve, the segment-joint rotation angle and segment-joint shear force of the
tunnel both reach the maximum. Under the excavation of the foundation pit, the tunnel deformation model is mainly composed
of shear didocation and complemented by rigid body rotation.

Key words: shield tunnel; rigid body rotation; shearing dislocation platform; excavation of foundation pit; deformation model
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Fig. 1 Model for effects on adjacent tunnel due to excavation of

foundation pit
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Experimental investigations on volumetric strain behavior of saturated
sands under bi-directional cyclic loadings

ZHAO Kai, WU Qi, XIONG Hao, MAO Wen-bo, CHEN Guo-xing
(Ingtitute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: The dilatancy of sands highly depends on the cyclic stress path. A series of axid-torsional coupling shear tests are
performed on the Nanjing fine sand under isotropically consolidated condition by using the hollow cyclic apparatus (HCA). The
dilatant behavior of saturated sands is investigated under complex stress paths, using the correspondent mathematical model.
The results are summarized as follows: the volumetric strain of sands is composed of a completely reversible component and an
irreversible component. The cyclic stress path has significant effects on the development of the volumetric strain. The
equivaent cyclic stress ratio (ESR), which is defined as the ratio of the mean value of the maximum shear stress in a loading
cycle totheinitia effective confining pressure, can be used as an index to quantitatively characterize the cyclic stress paths of
the soil samples under bi-directiond shear loadings. The volumetric strain increment may be uniquely correlated to the applied
ESR, which accumulates linearly with the increase of ESR. By introducing ESR, a normadized incrementa model for
volumetric strain of the saturated sands under bi-directiona shear loadings is proposed. Retrospective simulation of a laboratory
test using the proposed model shows good agreement, calibrating the reliability of the modd. However, the Byrne model based
on the data of direct shear tests significantly underestimates the volumetric strain accumulation of the Nanjing fine sand under
the axial-torsional coupling shear |oadings.

K eywor ds: dilatancy; isotropical consolidation; rotation of principa stress direction; stress path; equivalent cyclic stressratio
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Table 1 Drained bi-direction cyclic loading test schemes

‘ D, = 35% ‘ D, = 50% ‘ D, = 70%
(LR E2/TRS (LR E2/TRSH (LR =2/ TRS
ab BIC) CSR ab pI(°) CSR alb B ) CSR

E-351.045-015 10 45 015 | E-50-1.0-45015 1.0 45 0.5 | E-70-1.0-450.15 10 45 015
E-351.045-020 10 45 020 | E-50-1.0-45020 1.0 45 020 | E-70-1.0-45020 10 45 0.20
E-351.045-025 10 45 025 | E-50-1.0-45025 1.0 45 025 | E-70-1.0-45025 10 45 025
E-351.045-030 10 45 030 | E-50-1.0-45030 1.0 45 030 | E-70-1.0-45030 1.0 45 0.30
E-3505-30-0.15 05 30 015 | E-50-05-30015 05 30 0.5 | E-70-05-30-015 05 30 0.15
E-350545-015 05 45 015 | E-50-0545015 05 45 0.5 | E-70-0545015 05 45 015
E-3505-60-0.15 05 60 015 | E-50-0560015 05 60 0.5 | E-70-0560-015 05 60 0.15
E-3505-30-020 05 30 020 | E-50-05-30020 05 30 020 | E-70-05-30-020 05 30 0.20
E-350545-020 05 45 020 | E-50-0545020 05 45 020 | E-70-05-45020 05 45 0.20
E-3505-60-020 05 60 020 | E-50-0560020 05 60 020 | E-70-0560-020 05 60 0.20
E-3505-30-025 05 30 025 | E-50-05-30025 05 30 025 | E-70-05-30-025 05 30 025
E-350545-025 05 45 025 | E-50-0545025 05 45 025 | E-70-0545025 05 45 025
E-3505-60-025 05 60 025 | E-50-0560025 05 60 025 | E-70-0560-025 05 60 0.25
E-3505-30-0.30 05 30 030 | E-50-05-30030 05 30 030 | E-70-05-30-030 05 30 0.30
E-350545-030 05 45 030 | E-50-0545030 05 45 030 | E-70-0545030 05 45 0.30
E-3505-60-0.30 05 60 030 | E-50-0560030 05 60 030 | E-70-0560-030 05 60 0.30
E-350.045-015 00 45 015 | E-50-0.0-45015 00 45 0.5 | E-70-0.0-45015 00 45 015
E-350.045-020 00 45 020 | E-50-0.0-45020 00 45 020 | E-70-0.0-45020 00 45 0.20
E-350.045-025 00 45 025 | E-50-0.0-45025 00 45 025 | E-70-0.0-45025 00 45 025
E-350.045-030 00 45 030 | E-50-0.0-45030 00 45 030 | E-70-0.0-45030 00 45 0.30

20

—9_64@‘®0~0Q
,@“"'a %
10 2 8 d’i
& o 24
] /0 o
99‘ oo .%
= oL ;
o 0 09 ‘b‘@ 1121
o@./ O =
o o’o £
-10+ ¢ = -
°® o SLWIME
®soon@? —— BHE | | | |
-20
—2020 1'0 (') 1'0 2'0 -0.1 0 0.1 0.2 0.3
(o:- )2 B R . /%
(a) (b)
1.0
207
0.8
ii 10+ N
~ o [ SV re
R 2 06 0.82 v
& 9 2
B | =W 0.80
® Eud
078 Evdlir
-0 0.2 !
L L 1 1 L 1 J
Y00 101 102 103 104 105 106
_20 1 1 1 1 1 ] 1 1 1 ]
-0.15 -0.10 -0.05 0 005 0.10 0.15 0 100 200 300 400
YA/ % TRAEN

(¢) (d)

4 HKWEFEE IR BEIN &R
Fig. 4 Typical results of drained bi-directiona cyclic loading tests



1264 a5 oE L OB ¥ M

2019 4F

1Fe)s @ ey, MR E RGN NI LRI BEECK,
HAAFF A 18 AR A e 2 BLAE BY N 3 (1) 1)
AL @REETEAGRIINIIIEIN, e, ML H R E
Wi/ N T-0, BRI BTG SRS .

Shy B E AR 30 DN A5 1 A B (R A S IS5 H T
5 A E-50-0.5-45-0. 20111 il FE A HE K A B D1 it R fL
BRUK T )RR ko b B Rl 40, 7 il i —HL R A 1 A
B R, GURE A FLBR/K I 7 4f 207 RF /£ 400~ 401
kPa, J{AA7 W ALK IR ) 2R ()77, X
R, WFEFLBUK AT AR - N B HE Y, dE—20
AT, AURES SR AF 145 2k T 00~ w5t 40 i 44
N A% v WERA A R

404

L 402}

[-w

3

TP

1

%

&

= 398 -

396 1 1 1 1 J
)] 10 20 30 40 50
ImaERetE 778

5 FLEHZKE HESE L
Fig. 5 Time-history curves of pore water pressure
R R AN ) kAR S i N AR E
MR AR AR R ) 22 R, KD, = S0%I YT
SRS AMEL T by B A N 050 A A BIIH A N &
W, Ik HICSR = 0.20. 1645 HiD, = 50%i1) 11
FR L ANRD AR Al He 0 BY DL S R R & 55 DA

Fe, GNHIZAR M.
121
D;=50%
1.0F
N 0.8
5 06
12
£ 04,
f—— HGRLERR, a/b=0, p=0°, CSR=0.20
02l — #HABTIRE, a/b=0, B=90°, CSR=0.20
— WU A TIRR, a/b=0.5, p=45°, CSR=0.20
1 1 L )
0 100 300 400

ﬁiﬁg\OﬁN
6 ERMNNRESRE—HARFIEATIEM LEET
Fig. 6 Volumetric strains of saturated sands under complex and

single stress paths

H IO R 401, L5 X I Ry 5 BT DDA IR VR 3 44

ey, MBI —FL, 4 R sk AU HII I F ey, %0

BENRISE MR R,  Hoeyy, HUHCH BN RS T

N, RIGIEHHET0; MCSRAFING, PIFPE—R )

HeAE (AR HAED AN e, BENIHE I

BEARPRHF 30 SN AR I Rk e, WK

TN AR E AR ey, o XN, DAL TH

—N AR (Al EERAHEYD R TR T
P 1-ey,, MR UEAL, dlid AR FikfEf e, . W
BR TR R A B UMER TR e,y . » AEHIBI/E
M RFE R e, 0 HEATREF A0, IXZH T e, & H
SR R Jp” BRI
2.2 (AFNRS T BYRREFIER EIE R

T, AEHEVER R I R B, SR N = 15
IR NS (8,4 s AR M = 7.5 44 FIDTRES,
PRAE R ECR IR AR (85 ) R (i s HEAT I
— i, H SRR AR L (45 ) /(€ ugir s HHER RERR
SELE—NMEAETEE P, LA IRECA R RO R, N
FAR R AR 2728 ST R AR, XF 15 IR
IV A (€4 s EAT 23 AT RS AR AT 2 L 1 4
AR J A

K7 s 1 (e, )is 5 CSR KA. 1
BIRT 41, CSR AL (B )is KIEFHMIRZ, Xab, b M
Dy HHIFIHS, (€q;, )15 B CSR MK H I Ao 4R
4 DAHFI, BAAH IR CSR Al b ARFEN (8,4, )1 FE
% alb (I KIMHIR, H alb Xt CSR (8,4 )15 KA M
L EmAEEIA—1k . ST, CSR X REH AR i Y
JIMEAE AR A CRIRRIRC 3 b, T TGk IE Al S R AY: )
HARTER CHIM I R KA B alb) 10781k, MR T Y
JIERARAR I H O Y. 3 AR A HL 3 N e 8 e 1)
FEIE o PRI SE T b A R4 ) B R 5 B
IR IR A Ve S 1. XHF b A FN alb AR JA]
(X ) K BY DA, 0P 3l I it n 2 ) B A A — 3
DRIt 52 21 (1) BY PSR AR A ClndEIE SIS

1.01

—— alb=1.0

1SR RIAE (80a.12)15/%
5 o o o
N £ =2 oo

—— alb=0.5
—o— alb=0
0 1 1 ]
0.10 0.15 0.20 0.25 0.30 0.35
FEERRL A ELCSR
(a) D,=35%, f=45°
1.0

—o— alb=1.0
—— alb=0.5
—o— alb=0

ISR RARBLAE (v ir)15/%
=g o g e
[ %] Y [} =]

0 1 1 ]
010 0I5 020 025 030 035
FEFRBL I LLCSR
(b) D,=50%, p=45°



7 B,

—
[=]
1

e
23

1SRRI (6,4 )15/%
s o
= &
\

/ﬂa 10
4 alb=0.5

—o— afb=0

e
o

010 015 020 025 030 035
FEERRL A ELCSR
(¢) D,=70%, p=45°
7 58 15 BRI SRR 71 bk Rk
Fig. 7 Relationship between volumetric strain at 15" cycle and

CSR
K 8 45t TAHIR CSR T, HAEIMHIMA b X (€, )1
52T . BT W b X (€4 )y A BEMI5EMT, H
CSR NTH—HE, (B )s Tb JLFLK. X TR
AAE Dy I F LAY, 1% CSRAEEIAE 0.20 ity VF
JROT 44, I IS £ b % 20158 AT 5 S

101 5 CSR=0.15
" 0 CSR=0.20
08 A CSR=0.25
3 v CSR=0.30
T | Vel
5 06f At v
% AL D A
¥ 04t Onnv
I (o . ©
T
Eé 02 o R = S o
0 ' ' '
15 30 45 60
AL )
(a) D.=35%, alb=0.5
10
o CSR=0.15
< 0 CSR=0.20
% 08¢ 4 CSR=0.25
< v CSR=0.30
L‘E 06} Ve Lo I
—}éb{ mm=-v
Pt O D A
< 04
s T Y, SN 0
% 02l U a
0 ! ' :
15 30 45 60
AL )
(b) D,=50%, a/b=0.5
10
i o0 CSR=0.15
E 0 CSR=0.20
o A CSR=0.25
3 v CSR=0.30
S 06f
g Voo RZRRRECEEIEEE v
2 04| Ammmmmmnnnans Do A
§ Ommmmr e O =mmmemee -0
) 021 O=mmmmmmmmnes Drmmmmmmmme o
0 ! ’ '
15 30 45 60
AL )

(¢) D,=10%, alb=0.5

8 % 15 RN T 5 AX RN
Fig. 8 Relationship between volumetric strain at 15" cycleand b

S5 XA AR BT )4 44  Rnad +AAR B 28 e e B g6 T 7 1265
3 WEBEEIEETEIA /K
I AL Tk

3.1 HEMIEIAN AL

AR 45 R Ul CSR 76 FH T2 i X ) # &
AR INZARE R PR, BTGV A s e ) 34
LR T L A TT T2 N 11K Huang 2294
HATE LGN S (ESR) filiid 53 24 )1 #4211
N IR, ESR=q/s$, q kLIS 7,
RIS

2
g=1J :lJ/z a8,-Sq0
a=-Qlanpt=2gtiHgm et dt o ()

A T A B, a7 e EARE
LA, DI, g Y ES SOOI 11
ESD IR WS N AT R L E
XA S ) A
2
|
|

qt) = \/3 &lnﬁn ou eid ?ntﬂ% Bl
Q——QMMHF%OM ﬂq L
A ML o IR 0T 5
BB Q ORI R A b, BSR4y
PR
3.2 BRENBETHREEOIELIT

B0 4 T F AR (€ ) (€ s 53 N 1
YR MLk, METAL 4 DN, %58 i
TUUEID (€, D /(€o ) Bl N 198 I A R 56
I, K], BB R (B /(@u s IR
Ay I, TS €y ) /@) 5 N ALK,
B €y D /(€0 ) A5 5 B 35 N HE K
;&:

y(

f (N) ( dlr)N /(evdlr)lS

X, CLFI G ATIES AL

¥ Tokimatsu 2522545 i) — 2 51 LA AR Dy )
afi b RN AR LA 2 2 e il T 18 7. 454 SCik[28]) 7T
1, BIEAR 56 T B 400 5 Tokimatsu 25128156
JIT R (R R0 (PR 1> ks R PRI A 285 ] 8 1
N R AR IR ZE S, AHAR I 45 R B AT U ) — 2K
Pho DAk, X UEHSR A () /(g )us o LI AR 75 B
DI O RIRD - A4 AR 38K il 2 AT RV A A2 03 I o

] 10 % D RAF (€yq )is 5 ESR KR B
10 AIA1, 4 D #iE R, LN )RS, B
AN ESR VRIS 111 (€4, his 20 A1 T— 4554 A,
H. (e s BB ESR (38 & vER n,  H BA 3mAH ¢

C,In(GN+D), (3



1266 a5 oE L OB ¥ M 2019 4F

Pho XKW, ESR W LUE & B IR & N ) T ig e
KN AR IR IES EL. 7 Dy, RH ESR fig
i i 0 B AR IR AN [ N A% B AR AL -

(Euir)is =C(ESR- ESR)) (4)
- AY H= N
A, Co il ESRy AN S
207 .
fiN)=0.6841n(0.223N+0.996)
. R7=0.994 i ﬁﬁggﬁéﬁ%
§ 15+F P Tt LR
o 75 uiHEE
S grtee
= Honr e !
= 10 :
5 !
8 O F-35-145-015 | D E-35-0.5-45-025
’; 0 E-35-1-45-02 |  © E-35-05-45-03
0517+ AE-35-145-025 | # E-35-045-015
/ f VE-35-14503 | ©E-35-045-02
i 0 E-35-05-45-015 1 + E-35-0-45-025
i <E-35-054502 1 X E-35-045-03
1 1 1 1 J
0o 10 20 30 40 50
PEER BN
(a) D,=35%
2.0

r !
fV)=0.616In(0.272N+0.886)

R2=0.996 A—_ 2t
S 1sp /?ﬁgﬁig&ggﬁgﬁﬁgé

< 1.0

> E-50-0.5-45-0.25
0 E-50-1-45-02 ! © E-50-0.5-45-0.3
A E-50-1-45-025 ! * E-50-0-45-0.15
v E-50-1-45-03 | © E-50-0-45-02

¢ E-50-0.5-45-0.151 + E-50-0-45-0.25

<4 E-50-0.5-45-02 | x E-50-0-45-03

I J

1 1
0 10 20 30 40 50

(&edin)y /(Evdi)1s
N\
A
7
&\
s \
N

PEFRFRBN
(b) D,=50%
201 |
fiV)=0.3491n(1.08N+0.955)
R2=0.996 !
2 15t 4
E
£
= 1
< 1.0 i
5 7 cpm14s01s | bET00545025
~ {1 7/ OE70-14502 | 0 E-70-05-45-03
0S5tk 4 A E70-1-45025 | % E-70-0-45-0.15
IZ‘ 4 v E-70-145-03 | o E-70-0-45-02
/ & E-70-05-45-015 |  + E-70-0-45-025
& 4 E70-054502 | xE-70-0-45-03
1 1 1 1 J
00 10 20 30 40 50
PEFRFRBN

(¢) D,=70%
9 RMEILSERAKMEUXAUS
Fig. 9 Correlation between volumetric strain ratio and N from all
tests

H 1 20 7T SR, AR R A A A I S AR AR TR
AR IT LG ESR, 4 ESR /T ESR I, MR AZAR K
Ji&, IR, AN AREE ESR A M U A JE .
AHERSAE T AL e S5 HEK S A T R A4 Y AR BAT A
[ R LA, DR, ESR T LR RN AR U T M=
A A BIRAT B L AT IR s A5 A i B84 T 1
1% 50 72 ) AT T3 S vsi PO Park 253
SRR S T DM B AR SR A S R I ) 1R AIE B S
bC, 0 T a0 T A B N AR I VE . gy, =
0.014%~0.023%, *JA[¥ ESR;=0.05~0.06. Bl

(3), (4) W
g GG INCN+IH . (9
R (5) 1l N SR FIF TS AL A

Ixvdir & 1 vdird
———=C,.C,CC, *Xpc- —= - (6
1323 pg C2C3 | g ()
4k =CCG,, k =1/(CC,), N
I:bv ir & ev ir(.j
—Ekees k=t . ()
I | o
/\EF!’
| =ESR- ESR, . (8
1.0

n E-35-1-45-0.15 = E-35-0.5-30-0.15
o0 E-35-145-02 ®E-35-05-60-0.15 v
| A E-35-1-45-025 A E-35-0.5-30-02

~ E-35-05-60-02
v E-35-1-45-03 4§ 35 05 30025

GE-35-05.45-0.15% £ an s o028 o A
< E-35-05-45-02 »E-35-05-30-03

0.6 > E-35-05-45-025 ® E-35-05-60-02/2

0 E-35-05-45-03

* E-35-0-45-0.15
0.4 [ E-35-0-45-02

+ E-35-0-45-025
X E-35-0-45-03

1SR AR ARBIAE (Er0,ir)15/%

e
o

(8vd,ir)15=3-5428(ESR-0.0529)
ESR. .-

‘ I I I I I J
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
ERARPRRL N LLESR
(a) D,=35%

1.0
DE-50-1-45-015 = E-50-05-30-0.15
OE-50-1-45-02 2 gg&g-?g&%?

FOES0-1HA5025 b s0-05-60-02
VE-50-1-45-03 o T 50-05-30-025
©OE-50-0.5-45-0.15 4 E-50-0.5-60-0.25
4E-50-05-45-02 >E-50-05-30-03

0.6 [> E-50-05-45-025 ® E-50-0.5-60-0.2

© E-50-0.5-45-03

* E-50-0-45-0.15

0.4 |-© E-50-0-45-02

+ E-50-0-45-025

X E-50-0-45-0.3

0.8

1SR AR ARBIAE (Er0,ir)15/%

021 (8vd,ir)15=3-3301(ESR-0.0587)

ESR, -

d 1 1 1 1 1 J
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
ERARPRRL N LLESR
(b) D,=50%

101
0 E-70-1-45-0.15 = E-70-0.5-30-0.15
0E-70-1-45-02  © E-70-0.5-60-0.15
AE-70-1-45-025 A E-70-05-30-02
0.8F 57014503 TE70-0560-02

GEI0-0545015 & Log o saoz

< E-70-05-45-02  » E-70-0.5-30-03
0.6 | > E-70-05-45-025 ® E-70-05-60-02
o E-70-0.5-45-03
s E-70-0-45-0.15
0.4 | © E-70-0-45-02
| + E-70-0-45-025
X E-70-0-45-0.3

1SRRI (£0q,10)15/%

02} (6dir)15=2-TT9(ESR-0.0514)

7
ESR: -

0 005 010 015 020 025 030 03
BB I L ESR
(¢) D,=70%
10 %5 15 BIRER KR T 5 5 EIRN /1 b X R fhZk
Fig. 10 Correlation between volumetric strain at 15" cycle and
ESR from al tests
BB HAN ko B b TEEE . HIHTREL, ke
M ko 55 D EEUIAHIE, A SRS A L3R4S ko B ko 55 Dy
[FICHR, b Dy= 60% AR I AP th 78 T 3 MR
HARRE Tk 2. B 104 T ki fl ke 55 D%




57 B Yl A XU RS IEI B D AT N AT AR AR R AR KR 9T 1267

A I FT7R ko A1 ko HSRE Dy FRIE I g K,
H ka A1 b (B InagE < Bl D (S In MoK, EHPE
RGN R A P 2E e, 0 TIRER F R i, ke

M ko W75 Dy i R B 3
k = 2.143(Dr)2‘904 +0469 (R =0975) , 9
k, =3419(D,)*** +0.358 (R*°=0993) . (10)

F2 MFEREITR
Table 2 Cases of supplementary tests

G D/% a/b plC) CSR
E-60-0.0-45-0.20 60 1.0 45 0.15
E-60-0.5-45-0.20 60 1.0 45 0.20
E-60-1.0-45-0.20 60 1.0 45 0.25

1.2

0.0k k1=2.143(D,)>%%4 0.469

< R2=0.975
<
% 0.6 Tr=3.419(D, 9524+ 0.358
= R2=0.993
£
03 -
® iy
0 1 1 1 1 ]
3 40 50 60 70 80
AR RS BED. /%

11 BB SH k5 D XA
Fig. 11 Relationships between D, and model parametersk;, ko
3.3 REURGIIE
Martin 25210 1 3 IR A TR, g
T BY AR AR O A AR M AR, TSR
Yl fa B, AR AR R T R T2 B« Byrne™
K Martin 2125 22 0 b H A i A 1 e ik o
BOA TR BOE A, BRI S8 H A PR X
W, )z T RN B ik
et S § (12)
g 9 g
BT RGBT Byrne (R NS AR,
A T (R R K IANFIE 2K 53 200 B 0 N B340 A = A ik
SURESL TE T RS AIP E 1T Byrne {4 N AR 1Y B
B, JREGUE T IE Byrne 44 i A 8 A 0] 1 5 1
MRS IV, B BT

=C, >exp§e- C,

€

o:

“eeceegc el L @
g =(g- 0.02= (13)
C,=7.05D,)% , (14)
C,=0.15/C, , (15)
C,=0125 . (16)

P4 SR A& I Byrne 1A AR 384 A5 0 DL K %8 2
P& L D A B A 48 A TR T S IR B AE R R Dy =
6014 T T AN A 7 AR K AR R AT T, gt Sl
K 12 fron. HE 12 /750, KHEIE Byrne B2 [ {4

A SUbIESE AN a2 P ST e g VA R b
SR A EE V) SR . X2 T IE Byrne £
B eh BRI A s, MR DS Wl 1) 1 A S
BTN W L PR 45 32 A 5 1 - B T R A B AR A AN
.

R 0/ %

1 1 1 1 1 1
0 10 20 30 40 50 60
TESP N
(a) alb=1, p=45°, CSR=0.2

0.8
0.6
8
%
5 04
E‘
=®
02}
—— & 1F Byrne 8l
0 10 20 30 40 50 60
TR EN

(b) alb=0.5, p=45°, CSR=0.2

12 REMAR TREFUNE S SEMERY X EE
Fig. 12 Comparison between measured and predicted volumetric
strains based on different models

4 45 it

FIFH HCA &K RGP T — KI5
B4 T A L A HEK G I 8lae:, R T 82
ANV A AR L R BRI, R T AR AR
R I 7, AEILUR 3 migiig.

(L) WA L BYIK 5 8 ) A3 DIAH OC . XX
AR B DRGSR SR N AR A
I ARl . CSR AR R Al Lk a/b X fi
R AA AR S JEE S B2 WA b X (84 )1s AT
BHEW, 2 CSR ANTI—EHE, (eg)s b JLT
LK.

(2) LN AR D, A, MRt m
LA AL ()5 BIBE ESR MM K L, H
(€ )is T ESRHS I UF M s BOC R, X U] ESR
s 0] DLG BERAE XU AR S IE F B U A 8 E R
LS W) A D NANAE =L

(3) LMARAELE (84 )n /(€0is D15 HHEEXT AU R &
BYU) N A AR A R AR K i 2 3R AT R ME A R S



1268 a5 oE L OB ¥ M

2019 4F

(07, 0T AN [RIAFDRS 2 B AR R AN R ) A2
(1 €y In /Cugio s 3 AT RN N A S N £k
.

SE Ak

[1] ISHIHARA K, TOWHATA |. Sand response to cyclic rotation
of principa stress directions as induced by wave loads[J].
Soils and Foundations, 1983, 23(4): 11 - 26.

(2 E&E, X W, B DR bR AERG BB ) %A T AR
W EhHE R 9T []. A TRE%:3R, 2016, 38(6): 1133
- 1139. (WANG Zhongtao, LIU Peng, YANG Qing.
Dynamic strength of saturated loose sand under nonstandard
elliptica stress path[J]. Chinese Journa of Geotechnical
Engineering, 2016, 38(6): 1133 - 1139. (in Chinese))

[3] JmeR, BRI, XIBUk. SEBAEHN A B R R 3
JIERARRF IR SE[]. 5 1 TR %4, 2018, 40(5): 890 - 899.
(ZHOU Xiao-zhi, CHEN Yu-min, LIU Han-long. Study on
characteristic of dynamic stress path of finite thickness
seabed under ganding waves[J]. Chinese Journal of
Geotechnical Engineering, 2018, 40(5): 890 - 899. (in
Chinese))

[4] ¥ W, A, T W AR RIS A AR
(RN ) B A ORI ). 5+ TR 244, 2013, 35(2):
276 - 283. (HUANG Bo, LING Dao-sheng, DING Hao, et al.
Seismic stress path induced by obliquely incident waves and
its smulation[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(2): 276 - 283. (in Chinese))

[5] SYMESM, GENS A, HIGHT D W. Undrained anisotropy and
principal stress rotation in saturated sand[J]. Géotechnique,
1984, 34(1): 11 - 27.

(6] Fukr, WHwm, SaFE. XUAHRS) R L shmE. HE
K2 (A RFBLERR), 1996, 36(4): 93 - 98. (WANG
Hong-jin, SHEN Rui-fu, MA Qi-guo. Dynamic strength of
soil under multi-direction loading[J]. Journal of Tsinghua
University (Science and Technology), 1996, 36(4): 93 - 98.
(in Chinese))

[71 NAKATA Y, HYODO M, MURATA H, ET AL. Flow
deformation of sands subjected to principal stress rotation[J].
Soils and Foundations, 1998, 38(2): 115 - 128.

[8] YANG Z X, LI X S, YANG J. Undrained anisotropy and

rotational shear in granular soil[J]. Géotechnique, 2007, 57(4):

371 - 384.

[9] 25/%H, 4 FF, dkdRZR, 25 WRIRARD XL RS 5 B DS
HEREAT ST, A+ TFE2%H, 2009, 31(3): 319 - 325.
(LUAN Maotian, JN Dan, ZHANG Zhen-dong, et al.

Liquefaction of sand under bi-directional cyclic loading[J].
Chinese Journal of Geotechnical Engineering, 2009, 31(3):
319 - 325. (in Chinese))

[10] & 55, 0 W, sk, A& RHREIAY ) R4 R AL
WEh ARG A 1%, 2015, 36(1): 156 - 162.
(L1 Nan, HUANG Bo, LIN Dao-sheng, et a. Experimenta
research on behaviors of saturated loose sand subjected to
oblique dlipse stress path[J]. Rock and Soil Mechanics, 2015,
36(1): 156 - 162. (in Chinese))

[11] VPO, & 9%, ARE ), A& XURAR G BT N A
Wb LB EERF IR T [, A TR, 2014, 36(12).
2335 - 2340. (XU Cheng-shun, GAO Ying, DU Xiui, et al.
Dynamic strength of saturated sand under bi-directiona
cyclic loading[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(12): 2335 - 2340. (in Chinese))

[12] PAN H, CHEN G X, SUN T, et al. Characteristics of excess
pore water pressure of Nanjing saturated fine sand under the
interaction of wave and earthquake loading[J]. Marine
Georesources & Geotechnology, 2012, 30(1): 32 - 51.

[13] SYMES M J, GENS A, HIGHT D W. Drained principa
stress rotation in saturated sand[J]. Géotechnique, 1988,
38(1): 59 - 81.

[14] MIURA K, MIURA S, TOKI S. Deformation behavior of
anisotropic dense sand under principal stress axes rotation[J].
Soils and Foundations, 1986, 26(1): 36 - 52.

[15] GUTIERREZ M, ISHIHARA K, TOWHATA |. Flow theory
for sand during rotation of principa strss direction[J]. Soils
and Foundations, 1991, 31(4): 121 - 132.

[16] %ciete, A7 2%, RiEW, 55 HEEN I e e+
ARG T[] A4 % TREAAR, 2013, 32(2):
417 - 424. (CAl Yan-yan, YU Jin, YU Ha-sui, et a.
Experimenta study of deformation behavior of sand under
rotation of principa strss axes[J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 32(2): 417 - 424. (in
Chinese))

[17] XIONG H, GUO L, CAIl Y, et d. Experimenta study of
drained anisotropy of granular soils involving rotation of
principal  stress  direction[J].
Environmentd and Civil Engineering, 2016, 20(4): 431 -
454,

[18] mRAER, KRR, T2k, & bRy REC ) 35
TR 5 AF R D L AR S M), A TR AR,
2009, 31(6): 946 - 952. (TONG Zhao-xia, ZHANG Jian-min,
YU Yi-min, e a. Effects of intermediate principad stress

European Journad  of

parameter on deformation behavior of under cyclic rotation of



7 od

Al A5 XU RSB D)4 T RIS AN AR A R R R 0 7T 1269

principal stress axes[J]. Chinese Journal of Geotechnical
Engineering, 2009, 31(6): 946 - 952. (in Chinese))

[19] TR, RP LB 22 TREABNBIRIUT]. & TR,
2012, 34(1): 1-50. (ZHANG Jian-min. New advancesin basic

sand dynamicg[J]. Chinese Journd of
Geotechnical Engineering, 2012, 34(1): 1 - 50. (in Chinese))

[20] Rl R AD - fR) np M FIAS n 0 R B R[], s R
243}, 2000, 22(1): 12-17. (ZHANG Jian-min. Reversible and
irreversble dilatancy of sand[J]. Chinese Journal of
Geotechnical Engineering, 2000, 22(1): 12 - 17. (in
Chinese))

[21] ZIENKIEWICZ O C, CHANG C T, BETTESS P. Drained,
undrained, consolidating and dynamic behavior assumptions
in sails[J]. Géotechnique, 1980, 30(4): 385 - 395.

[22] CHEN G X, ZHOU Z L, PAN H, et d. The influence of

theories of

undrained cyclic loading patterns and consolidation states on
the deformation features of saturated fine sand over a wide
strain range[J]. Engineering Geology, 2016, 204: 77 - 93.

[23] 3 f, T % MRz GDS 7SO AL 114 g
B[, &%, 2010, 31(2): 314 - 320. (HUANG Bo,
DING Hao, CHEN Yun-min. Preliminary study of dynamic
tegting performance of hollow cylinder apparatus[J]. Rock
and Soil Mechanics, 2010, 31(2): 314 - 320. (in Chinese))

[24] WE X, SRR A8 A LB FLUK I 1)
AL ST AR R]. EOR TR, 1990, 23(2): 51 -
60. (XIE Ding-yi, ZHANG Jian-min. Research on transient
change mechanism of pore water pressure in saturated sand
under cyclic loading[J]. China Civil Engineering Journal,
1990, 23(2): 51 - 60. (in Chinese))

[25] DUKU PM, STEWART J B, WHANG D H, et d. Volumetric
strains of clean sands subject to cyclic loads[J]. Journal of
Geotechnical and Geoenvironmentd Engineering, 2008,
134(8): 1073 - 1085.

[26] WICHTMANN T, NIEMUNIS A, TRIANTAFYLLIDIS T.
Strain accumulation in sand due to cyclic loading: drained
triaxial tests[J]. Soil Dynamics and Earthquake Engineering,
2005, 25(12): 967 - 979.

[27] YEE E, DUKU PM, STEWART JP. Cyclic volumetric strain
behavior of sands with fines of low plasticity[J]. Journa of
Geotechnical and Geoenvironmental Engineering, 2014,
140(4): 04013042,

[28] TOKIMATSU K, SEED H B. Evauation of settlements in

sands due to earthquake shaking[J]. Journa of the
Geotechnical Engineering, 1987, 113(8): 861 - 878.

[29] HUANG B, CHEN X Y, ZHAO Y. A new index for
evaluating liquefaction resistance of soil under combined
cyclic shear stresses[J]. Engineering Geology, 2015, 199: 125
- 139.

[30] IVSIC T. A model for presentation of seismic pore water
pressures[J]. Soil Dynamics and Earthquake Engineering,
2006, 26: 191 - 199.

[31] PARK T, PARK D, AHN J K. Pore pressure model based on
accumulated stress[J]. Bulletin of Earthquake Engineering,
2015, 13: 1913 - 1926.

[32] MARTIN G R, FINN W D L, SEED H B. Fundamentas of
liguefaction under cyclic loading[J]. Journal of the
Geotechnical Engineering, 1975, 101(5): 423 - 438.

[33] BYRNE P M. A cyclic shear-volume coupling and pore
pressure model for sand[C]//Second International Conference
on Recent Advances in Geotechnica Earthquake Engineering
and Soil Dynamics. Missouri, USA, 1991: 47 - 55.

[34] AZADI M, MIR MOHAMMAD HOSSEINI S M. Anayses
of the effect of seismic behavior of shallow tunnels in
liquefiable grounds[J]. Tunnelling and Underground Space
Technology, 2010, 25(5): 543 - 552.

[35] J& G, WREE, FEMEVE. nIvBAG MR b ah ik 4 it 45 Hg
I NERFAEAT SO T3 0 WT ). 2 1%, 2013, 34(6): 1731
- 1737. (LONG Hui, CHEN Guo-xing, ZHUANG Hai-yang.
Effective stress analysis of seismic response characteristics of
metro station structure in liquefiable foundation[J]. Rock and
Soil Mechanics, 2013, 34(6): 1731 - 1737. (in Chinese))

[36] ZHAO K, XIONG H, CHEN G et a. Cyclic characterization
of wave-induced oscillatory and resdual response of
liquefiable seabed[J]. Engineering Geology, 2017, 227(21):
32 - 42.

[37] BT, % B, BRI, &5 BP)-MB N AR & AL
HEERALRIG O[] & 107, 2019, 40(5): 1832 - 1840.
(ZHAO Ding-feng, LIANG Ke, CHEN Guo-xing, et 4a.
Experimenta investigation on a new incremental excess pore
pressure model characterized by cyclic shear-volume
coupling[J]. Rock and Soil Mechanics, 2019, 40(5): 1832 -
1840. (in Chinese))



Ha1% T = + T B ¥ W Vol.41 No.7
2019 4 7H Chinese Journal of Geotechnical Engineering July 2019

DOI: 10.11779/CIGE201907011

ET CPTU e SRR IR ES
78 M A R

CRMRZ4E L IR, TLJF mat 211189)

1§ FE. HEL (OCR) FMAHKPIBIREE (S) & LIMEARTIZESE, X T Aube R IE s fr Ak vl S 1A mE
. RAEARMEGHEA, SGFURFEIMEE (CPTW MAEdE, &1 T LIRS IR 4 [ 45 AU HEK HiBy s i
MTRAR RS . FIFRRAE R A S B (PIER, SRR SPaR BB AR (ARG WBZMH) X
RO ATPEEAT 00T o 4% IR ] 25 LU RO HE K BUBT a8 I TME . = PR3 I S5 E 0L I CPTU f£48 )5
RENAAG A TR LG B . S5 RHH, AR T 45 SR L R ZE 4, pRsi gl B3] AR e [ AR (9 Tl &5
AL AR ZRUARS [ T 2255 SR S /1N s 8 0 [ R AR ARASE 28 AR ) 0N 5 SR 2 A FC Tl () A HE /K Fi B 55 52 L[] U A ol ) &5
B, AHLCRIBS R TION 0 25 B2 0T UM AR RS A, OCR FME KB 2, [E[)ARBEZLAETIIN OCR J T
T A EE Al A AT, B R A A B S R YN b (R [ 4 LU RN HE K BBy i

KHEIA: SLEE R BdERb SR, BIEGS L, AH KPR, ikt

FESES: TU4L3 CHERFRIRAD: A X EHS: 1000 - 4548(2019)07 - 1270 - 09

fE& BT XIMEME(1990— ), Z, Mibmryid:, BN+ TR A at s eI - LRy a5t TAE . E-mail:
happyli uxiaoyan@163.com.

Prediction of stress history and strength of cohesive soils based on
CPTU and data fusion techniques

LIU Xiao-yan, CAl Guo-jun, ZOU Hai-feng, LI Xue-peng, LIU Song-yu
(Ingtitute of Geotechnical Engineering, Southeast University, Nanjing 211189, China)

Abstract: The overconsolidation ratio (OCR) and the undrained shear strength (S,) are the basic mechanical parameters of soils,
which can influence the deformation analysis and strength calculation of soils. A prediction model for OCR and S, of typical
clay in Jiangsu Province is proposed by using the data fusion technique and the data of piezocone penetration test (CPTU). The
feasibility of the prediction model is analyzed by using the feature-level data fusion techniques (regression tree, model tree) and
decison-level data fusion techniques (bagging, stacking). The predicted OCR and S,, the reference values obtained by the
laboratory tests and the estimated val ues obtained by the existing cal culation methods are compared and analyzed. The results
show that the predicted results of the model tree are better than those of the regression tree. The decision and fusion algorithms
can improve the predicted results of the regression tree, but they have little influences on the predicted results of the model tree.
The superimposed regression tree and model tree can make the predicted S, better than that of the regression tree, but worse
than that of the model tree. For severa data fuson models, the predicted OCR is approximately close. The regression tree
model is dightly better than other data fusion models in predicting the OCR. Compared with other prediction methods, the data
fusion model can better predict the OCR and S,.

K ey words: CPTU; data fusion technique; OCR; undrained shear strength; clay
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Table 1 Summary of CPTU data for test sites

ik it REIm a/MPa f/kPa u/kPa TR ) i
3.0 220.9~246.7 18.2~21.2 45.9~55.4

ML 6.0 210.7~230.6 6.8~8.2 105.6~124.3 1~10
17.0 1008.9~1230.6 22.3~26.8 389.4~410.2
1.2 653.2~687.4 21.9~256 108.9~127.3

R 3.0 146.6~178.1 17.6~20.4 198.2~210.7 11~15
9.0 249.3~267.8 16.4~19.9 243.8~289.7
3.0 08.2~118.7 21.3~245 89.7~100.2

Rk 8.0 286.3~314.4 23.7~25.1 231.7~254.3 16~20
12.0 1187.6~1321.7 10.1~13.1 387.6~401.3
4.0 218.6~239.1 7.5~9.6 112.9~127.6

Byl 9.0 379.1~401.2 9.5~10.7 243.1~264.8 21~25
12.0 486.3~505.7 8.1~10.9 389.7~408.4

3.0 498.6~728.1 52.3~84.3 79.2~92.7

i 7.0 1127.3~1512.7 16.3~27.1 122.3~145.1 26~30
13.0 1814.3~2011.3 45.1~70.2 172.1~2075
6.0 672.1~987.1 9.1~12.7 87.6~139.4

M 12.0 1349.7~1785.1 15.6~20.7 172.9~200.1 31~35
18.0 1932.1~2276.5 21.3~27.6 210.8~264.2
8.0 335.7~357.9 2.1~94 563.4~672.1

A 14.5 1763.1~1983.7 40.9~51.3 721.3~795.6 35~40
175 1498.2~1787.9 51.2~64.8 501.3~589.6

i%f@' %?[17—19]\ ig‘Eij;%[lllg]\ E&jﬂz[ﬂ-w]\ %J'I‘I[ﬂ_lg]\
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Table 2 Physical and mechanical indices of cohesive soilsfor test sites

k5 it BREE/m Ip W% g /(kN-m™) S OCR S/kPa
Ml 2.6~17.1 14.2~16.1 38.1~44.6 16.1~17.3 2.1~205 0.6~1.1 30.1~42.8
M2 2.3~175 15.3~16.5 35.9.1~48.8 16.3~175 3.8~175 1.3~25 33.1~45.3
M3 3.0~17.2 14.9~17.2 37.7~445 15.8~18.1 1.2~89 0.7~14 34.6~41.8
R4 2.8~179 12.3~189 38.6~45.7 14.9~17.6 1.0~7.6 1.2~26 37.5~45.3
A5 2.6~17.0 13.7~17.0 36.1~49.3 16.3~184 2.3~6.9 1.4~32 33.5~46.1
M6 24~176 12.7~19.1 39.0~44.6 16.9~18.1 1.7~104 0.9~16 36.2~46.3
MR7 2.7~17.3 14.3~17.6 36.8~47.1 17.1~179 1.3~8.6 0.8~2.3 33.9~46.8
A8 2.8~174 14.5~17.3 30.5~50.3 16.8~17.9 1.7~9.1 1.1~31 35.7~45.8
M9 2.7~17.0 14.3~16.9 38.6~44.1 17.1~18.2 1.8~94 0.7~1.6 35.1~45.7
10 3.0~17.2 11.9~183 33.4~46.7 16.3~17.8 1.4~6.4 1.6~26 33.9~46.2
ERL 0.5~10.1 20.1~27.3 70.1~74.3 15.2~16.8 9.6~15.7 0.8~1.7 16.0~36.5
ERHE2 0.5~9.5 19.8~26.1 69.8~75.1 11.6~16.8 10.4~15.3 1.2~3.6 23.7~45.8
ERHE3 1.0~95 19.8~27.6 72.6~75.6 10.9~15.3 98.6~17.2 0.9~23 18.9~50.2
Er 4 1.0~10.5 20.7~26.5 74.2~76.9 12.4~17.1 11.3~164 1.3~5.6 23.8~45.7
ER WS 1.0~95 18.6~25.3 70.6~76.5 11.6~159 10.7~154 0.9~43 33.1~52.9
il 15~125 18.9~234 46.1~53.2 14.5~16.2 1.8~59 0.9~19 21.8~32.7
2 1.0~125 17.6~24.1 48.3~54.1 15.1~18.2 2.3~7.6 1.3~32 18.9~40.3
33 2.0~130 19.3~25.7 45.9~57.6 12.3~184 1.0~138 0.8~29 23.8~56.8
Ehima 2.0~125 18.3~26.1 44.1~55.8 14.9~16.7 2.8~179 1.6~4.3 19.2~445
5 3.0~125 19.7~26.4 43.2~56.8 13.9~16.8 2.3~6.9 2.4~5.6 28.7~51.3
ML 2.0~120 12.5~18.6 52.3~64.1 12.7~16.2 1.5~24.1 1.2~31 27.3~33.1
T2 25~125 10.3~14.7 50.6~63.4 13.4~17.3 1.3~3.6 1.1~23 21.6~354
M3 3.0~13.0 13.5~20.1 49.8~55.7 14.2~17.8 2.3~11.7 0.8~1.7 19.8~40.1
4 1.0~13.0 17.2~234 46.7~67.4 12.6~16.5 1.8~22.1 1.6~4.1 22.5~36.8
M5 15~135 16.8~21.3 44.8~68.1 15.1~17.2 3.2~15.6 1.3~29 30.1~36.1
ML 2.0~135 12.2~16.3 19.4~25.8 16.1~19.3 2.3~4.7 1.0~32 22.1~43.1
M2 1.5~13.0 10.6~17.8 18.6~27.8 15.8~18.9 1.3~3.6 0.9~17 31.7~54.2
M3 25~140 11.3~181 18.1~27.4 16.1~18.7 2.1~51 1.1~35 30.8~56.1
w4 1.0~135 13.5~175 20.1~26.5 15.6~19.1 2.6~44 2.1~45 28.9~36.9
M5 3.0~135 12.7~18.9 18.2~28.1 16.7~19.3 1.7~39 1.2~33 40.1~56.8
ZZM1 1.0~18.0 6.1~10.3 17.5~23.6 14.3~181 1.9~6.6 0.7~1.6 49.8~56.7
ZM2 2.0~19.0 5.6~8.6 20.4~36.7 15.7~18.3 1.1~19.3 0.9~21 52.3~62.3
ZM3 2.5~19.0 4.3~104 19.5~33.6 15.4~19.1 2.5~94 1.3~5.6 48.6~66.1
M4 3.0~18.0 6.1~8.9 30.1~40.5 14.9~19.7 3.1~56 3.4~10.6 50.3~75.4
M5 3.5~185 5.3~9.8 20.6~35.7 16.3~18.7 1.2~23.2 2.3~6.8 62.1~76.8
EZIPAI NN 1.0~18.0 14.2~16.8 50.8~76.1 17.5~18.2 1.2~4.3 1.1~23 27.4~51.2
P2 1.5~19.0 14.6~17.3 56.2~69.8 15.1~19.3 1.5~33 1.4~32 25.6~48.1
N3 1.0~185 15.1~184 60.1~79.1 15.6~18.8 2.3~45 2.6~4.9 30.2~55.3
EPAL! 0.5~185 16.4~18.2 55.3~77.4 17.2~185 3.2~109 3.7~71 40.1~56.9
15 2.0~19.5 13.3~17.9 50.7~74.2 17.1~191 1.7~17.3 4.2~10.9 35.1~52.7
(KPR, R TIENEE [ 25 LUK BUBT R . 83 BTSRRI A (A% . M Syre) #ro
& FH TN R B Al S SRR ) S 2, Horb PRGNS L (A2 G AMESZA) A BLR

FECPTURK ZHAAS MR FRFIE (. MEAHADT AR RARE A A RRUE P i Bl i S B 1k e
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CHIFRSRE) o EEZERE T, BN I IR H
KAEVGRAE A A L0 A [l Y A0 LA, et
X BEAS AR PRSI SR A T~ Aok e A A A 2R
FEHESZ AR, R G R BAKE — [l = B
—REIR 2 AT RS . e t)iE UL, HERIZ LS
NP 5 A A EIE Wi At il RIUE VS PRI it )
FRFIINN , - G r s SN 0 A 0 A A el i 5 A
TR Bl mT SEPE T AN [RI B A o
% 3 HiEm S HHEE
Table 3 Eigenval ues of data fusion model

P €T ey it AT o
OCR Sw S% 0» Uy Duy g, q, Q; B,
S Sw S% 0» Uy Du, g, Q, Qs B, S,

(GRS

Bl 3~6 & I [ 25 e AN HE K Py 1 14 e
VEDARS AR RIS TR AR (1) B i S A28 . i Bk, AR
PR s RS, M AU IE A TEROR, 32 BT
{ELRAR N AT iR o R R A {E . U /B4 n] e
RIS A R ERIA T R (BRI Sy
e 2A SRR e R o [l YO H AR AR e GRELE
SELCRUAHE K BB 55D RS HUE, iR T H
PRt GEE I &5 LU HE K PUBY s ) (WIS, 1F
A2 Aol 10 FloAS ] g (RS 4 ) ~F- 240 (E A
10 FPAS A B AR 1R P39 . MEB 2 Ak — AN Rl b
(REPTree) Fl—AMEZM (M5 (455, 1EAH
PR (1 — R DAL . AR, W HES I L
(1) 7 320 [P VBRSSP A 5 i 11°) B30 i 15 A 2R 4 R
L/

OCR = (0.301547] 1 #) + (0.637 ik 74 b (M 57Y)) +
01713,
S, = (- 0.1901 1] -1 + (1.3027 xfx A4 f#f (M 574)) -

2.01864 .

M, LM1:OCR =-0.00455s , +0.0004>q, + 0.0013x

u, +0.0041>6 § +0.0226 xQ, - 0.0865 B, - 0.0689 x
NEPP- 0.0009>q, +0.0006>q, - 0.0251; LM2:OCR =
- 0.0061>s , +0.0004>q, +0.0013>u, +0.0038> & +
0.0226>Q, +0.0141>8, - 0.0891NEPP- 0.0007 xq, +
0.0006>, - 0.256; LM3:OCR =-0.0059xs  +
0.0014 %, +0.002u, + 0.0065>6 § + 0.011xQ, +
0.00749B, - 0.143XNEPP+0.0006>q, - 1.3789 .
Hr, LM1: s, =0.03325 , +0.0361>q, - 1.7512>Q, -
38.3035>8, +5.0011XNEPP+ 0.015>q, +9.0501 :
LM 2:s, =0.0601>s , - 1.431>Q, +67.58118, +
5.801>XNEPP +0.0758>q, +0.027xq, - 70.771.

<1351 kPa

21351 kPa

3 [E)3RFFM OCR
Fig. 3 Prediction of OCR of regression tree

<356.7 kPa >356.7 kPa

4 BRI TN OCR
Fig. 4 Prediction of OCR of model tree

<1320.5 kPa
2596 kPa

5 @Yt TN A HEK BT 5R
Fig. 5 Prediction of S, of regression tree

<801.5 kPa >801.5 kPa

6 HREV TN A HE KBTS
Fig. 6 Prediction of S, of mode tree
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Fig. 7 Relationship between OCRs by various tree models and
laboratory test reference values
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Fig. 8 Relationship between S, by various tree models and

laboratory test reference values
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T2 TN () SF- 25 ¢4 o) 5% 25 MAE R AR 5 452 22 4 6B RAE
FRE AN o R E 2858 5 1] B2 T A OCRAR X 5
HERf o AETUAHE KPR (KI8) i, BEAYR HEIn]
VR B B A o385 B R] LA AR TR AN /K BB 5
JERA RN vE R, AZSREBRHEIRECK,
MAEHMIRAE S /)N o 2572 A (1] YRR RIS ZRS B 325 Tt )
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HUASHERGTBT AR T FH 5 7 2 4 1 2 2018
it S sk CPTU MRS S, e 1),
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S EAT IR, WK 9, 10 FivR. 2R HFHER
B 1y R FLBE K s g 8 9% 8 SR I ANHE ZK 510 BT it 22 I
Nie F1 Ny, FHERZ AR, NI TG ZEAE R b o A
KA B ASHEZK BT BT 58 2 50 {8 4 3 AN AT RPN
SirofHe RFEANEHEE, HEORP T Ne ZE1T 5 Syro)
FPEY 11 X Np, TEVHS Syro)fF L 6. il I3 7 AT LA
i, FIHISCHR[20) 75 OCR (1 REAIAHEE K, P44
ZAuxfiRIe MAE FIAHRR Z400H RAE B/ ISR
[20) ¥y T A5 2 SRAHGT HERf o [R) B, R SCBR[A5] THRC
ANHEZKUBY SR FE AN HER . 44 SCHER[20, 22]Hh 4 3]
[F11+51 OCR 144 45 Jy 46 4 CPTU MKt &
1) Frs S THEAR R R M s & i
FIf) OCR FHMIME AR, i-F-Hy4axs i 7= MAE ALY
WRZELNE RAE 85 SCER[15] I 3 AL S8 071 P
1SN AHE KDY 30 G THE M R % R X Sty
RV D7 10545 2 AN HEK HTBY 9 B PRMEL A, P2
Y22 MAE R R ZEZE0HH RAE . SRR
Wi, TR R BB Rl 5 SRV A v SRR ] 2 B RTAN K
0B 995 (6 TR A B2 B AR e i By RIS P g
CPTU M B 45 21 (0 4k 8 S AR
F 4 ZHMBEITE OCR BIIFMSEICE R
Table 4 Evaluation parameters for various tree models to calculate

OCR
Ny P R AL
WA R MAN/KPa RAE/%
[FUH R 0.91 0.4 17

SR S EIIEV PR 0.92 0.4 17
RS 0.89 0.5 19

SR FEy L Rith R 0.87 0.6 20

e iz AR AT L 0.88 0.5 19

F 5 SMPLETERHKINE REMTIN SIS %R
Table 5 Evaluation parameters for various tree model s to calcul ate

S
Ny PRI BB
WA R MAN/kPa RAE
[FUH R 0.89 1 23
SR S EIIEV PR 0.89 9 22
RS 0.93 6 18
SR FEy L Rith R 0.95 6 17
i 2 vz Ak R AR RIS AR ARV 0.92 7 20

% 6 MGBEL LA HKIMEBE T E A E
Table 6 Existing methods for OCR and S,

BRI, TR AN
OCR=03170% 5002 0317:Q @ 15 izl
T é sy g t
0. - )
am:J%%EQW b S A )
s = 0 -Sw s N, ALEZR:
Ny R
s, _ DU, g N, LI HE
No, EX {4
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®7 IA OCRM SItEAFRIIMSEHILER
Table 7 Evaluation parameters for existing methods for OCR and

S

- Loy Ry

Wi R MAN/KPa RAE/%
OCRi} 5 77 1% 0.69 0.6 25
OCRi} 5777 0.63 0.67 26
SRR by 0.79 10 28
St syl 0.75 12 31

5 i+ e
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Simplified mechanical analysis method for tensile characteristics of high
asphalt concrete core

GAO Jun, DANG Fa-ning, YANG Chao, REN Jie
(State Key Laboratory of Eco-hydraulicsin Northwest Arid Region, Xi'an University of Technology, Xi‘an 710048, China)

Abstract: At present, there is no smplified method to study the mechanical and deformation characterigtics of asphalt concrete
core. Aiming at the serious tensile phenomenon of high asphdt concrete core, the mechanism of the core producing tensile
stress is andlyzed. The concept of reducing the tensile stress of the core is proposed. The rockfill dam with straight core is
designed to be the rockfill dam with curved core combining with the specia transmission mechanism of the arch structure.
Based on the theory of Winkler elastic foundation straight beam and curved beam, the smplified mechanical analysis model for
the straight core and curved core is established. The influences of the dam height and rockfill modulus on the deflection and
tensile stress (bending moment) of the straight core are investigated. The effect of the curved core to reduce tensile stressis aso
investigated. The results show that the smplified mechanical andysis model can reflect the force and deformation
characteristics of the core. And there exists large tensile stress at the end of the straight core. The higher the dam height and the
smaller the rockfill modulus, the greater the tensile stress at the end of the core and the greater the risk of the core-producing
tensile failure. The curved core shortens the axis with the help of deflection and transforms the lateral load into axid
compression load to reduce the bending moment and increases the axia force to reduce the tensile stress at its end. Compared
with the gtraight core, the curved core can reduce the tensile stress about 42.5% at its end, which can greatly improve the
mechanical characteristics and increase the security of the core.

K ey words: rockfill dam with asphalt concrete core; straight core; curved core; elastic foundation
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Elastoplastic design theory for ultra-deep frozen wall considering large
defor mation features

ZHANG Bo, YANG Wei-hao, WANG Bao-sheng
(State Key Laboratory for Geomechanics and Deep Underground Engineering, China University of Mining and Technology, Xuzhou

221116, China)

Abstract: The freezing method is a key sinking method used in deep aquifer. The frozen-wall design theory is a key technique
for the freezing method. However, the previous design theories for a deep artificial frozen wall have neglected the influences of
side-wall deformation on its sizes and locations. Thus, the associated designs tend to be unsafe and the earthwork excavations
tend to be underestimated. In order to consider the influences of a large deformation, new solution formulas for excavation
radius and outer radii before deformation occurs are deduced by finite strains, and a new design theory for frozen-wall thickness
is established. The analytical results are compared with numerical ones by anayzing the effects of various parameters, such as
the crustal stress, and the cohesion, interna friction angle, and elastic modulus of frozen soil, on the side-wall displacement and
frozen-wall thickness. The results indicate that both the small deformation and large deformation problems can be solved by the
new formulas, the theoretical formula neglecting eastic strains can be applied to large deformation with strain up to 0.15, and
the new formulas can accurately calculate the amount of excavation earthwork, and provide a theoretica reference for the
design of frozen wall in ultra-deep soil layers.

Key words: large deformation; ultra-deep frozen wall; elastoplagticity; effective thickness; design theory
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(40)

Bt
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ESCEN “17 IR A
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3.2 EBREWIE
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IERA I R4, SERHH IEM I 7, SR
JE RS2V, R RS RERL I P L SRR
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Table 1 Influencesof P, ont
t
Po Sl AN R MR KRR
KIE MENAE BUE B
0.02 1.269 1.273 1.275 1.274 1.276
0.025 1972 1.981 1.988 1.982 1.987
0.03 2.878 2.897 2914 2.900 2.909
0.035 4.032 4.069 4.102 4.073 4.095
0.04 5.486 5.5%4 5.612 5.553 5.601
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Table 2 Influencesof C ont

t
[ el Pl o N <YUCE NG VI P NG 5 7
RIE MENAR HOEAR BEAR

0.008 4.765 4.803 4.837 4.805 4.826
0.01 2.878 2.897 2914 2.900 2.909
0.012 1.960 1.971 1.980 1.973 1.979
0.014 1.436 1.444 1.449 1.446 1.450
0.016 1.105 1.110 1.113 1112 1.116
0.018 0.879 0.883 0.884 0.885 0.887

3 tHIRMm

Table 3 Influencesof j, ont
t

Je1C) Sl e g NIRRT
KIEE PENE BCEME B

3 4.737 4.747 4.777 4.748 4.766

5 3.829 3.844 3.867 3.847 3.860
10 2420 2441 2.455 2.445 2.452
15 1.639 1.664 1.672 1.665 1671
20 1.155 1.183 1.188 1.184 1.189

4 TiEEH

HIFRFLE = RER L, R RN T
H-20C, AR AFN-207C ¥ L H s AR s B Ay
%4 E,= 100 MPa, m =02, E =300MPa, m=0.2.
-20C ¥ %% 1 ¢ =35MPa, NI =8° ,
iR Es ;= 8.0 MPa. BIEJG - F-12  r¢=5m

G248 o IREL 400~800 m & & A 7 19 IF
VAR VRESRESN AR R RE RS S5ARAS L7 2
HE .

TR I o K

p, =0.013h (44)
KX, p WACEHLE (MPa), h iEEE (m).

HHE (31), (32), (36), (39), (40) ~ (44),
SRAFSIFIFHZ AT GRahRESN AR AL, AR 1
IR WE 4~6. 5% 4~6 ATLIERILLT
%i/lﬁ\‘

(D R AW, FHE AR R AR PG K.
400~550 m R FEIE I, FHZE AR A (400 THE
S5 R 5 /NE B A RAFFIR L 550~650 m ik
EW, a3 40 WEEERN TR NI E T E
g2 ) 650~800 miREEA, X (40D 1331 FF
PR BN TR S A Rk e, TS KA T4
A R 8 B AR R R, 52
AR A AT E L RGN EAE T 45 R 22 7R
N PR 5, VREEREANPARBEIRE ARG, LR
Ji T ST B 1 4 32 AR

(2) MK 6 AL, VReRE R R BE 3G i e
LRMERE K, BTG R3] 1 B BAE 2 B T B
BB S T IR FHZ AR B URE REAN AR L 2

FOE I o B Be 5 SCRR[3] v vt BR 1) 22 S Bl IR
FEREIN, e RZEREAr 5 H9: 53 em (SRH6). 42em (58
AT 132 cm (ZMEHAPENAS ), & 7 JE s AR
P SCHR[B BT BB RS BE N AR TE 2 K, HBEIRIE
FELMERG R B TRE Y, XA AR B EE A R
PSRRI (T 9520 1, U S A 0 SR 1) a2 45 B P J
(AR o
(3) FT50 (400 THEA R 07 THZ R
W 6, (&AL IHER f oy e/ T 7.5%~20.5%
I e VRPEBOR, BARAN Y F 2y LBk
R4 FRIAZEBINHEZEFE
Table 4 Excavation radii of frozen wall obtained by different
methods (m)

51
h Sl SEAAN AEHL MR KABTE
KIE PENAR HdEM B

400 5.197 5.190 5.192 5.189 5.176
450 5.228 5.217 5214 5.213 5.198
500 5.265 5.248 5.240 5.243 5.223
550 5.310 5.286 5.269 5.278 5.252
600 5.364 5.329 5.302 5.320 5.287
650 5.428 5.381 5.340 5371 5.327
700 5.506 5.441 5.383 5431 5.374
750 5.597 5511 5.432 5.501 5.427
800 5.707 5.593 5.488 5.580 5.488

F 5 TRIFZEGERREEINEZ
Table 5 Outer radii of frozen wall obtained by different methods

(m)

ra
h Sl o N <Y NG NG 3
KR MR BdEM BUEM®

400 8.649 8.648 8.648 8.650 8.641
450 9.581 9.580 9.580 9.581 9.570

500 10.615 10.614 10.614 10.615 10.602
550 11.763 11.761 11.760 11.762 11.748
600 13.033 13031 13.029 13.033 13.016
650 14.437 14.435 14.432 14.437 14.417
700 15988 15984 15981 15988 15.964
750 17.697 17.692 17.688 17.699 17.670
800 19578 19572 19566 19.581 19.547
F 6 FRIZITRICHI LR
Table 6 Comparison among different design theories (m)
T
h e RN ARG . wi/%
o k(3
RS EHE MR SCHR[3]
400 3.45 3.46 3.46 3.52 7.8
450 4.35 4.36 4.37 4.45 8.7
500 5.35 5.37 5.37 5.48 9.8

550 6.45 6.48 6.49 6.62 11.0
600 7.67 7.70 7.73 7.89 12.5
650 9.01 9.05 9.09 9.29 141
700 10.48 10.54 10.60 10.83 15.9
750 12.10 12.18 12.26 12.54 18.0
800 13.87 13.98 14.08 14.40 20.5

AT (36), (39) ~ (44) H445%] 600 m
TRV (P B AN B RN 5 235 R L B R - 5 AR R L 3R
L3R 5 W R A AR AE 0 43 ) L 8~11.
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Fig. 7 Comparison of inner-edge strains by different design
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Fig. 10 Effects of frozen-soil cohesion on side-wall displacement
and frozen-wall thickness
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Fig. 11 Effects of frozen-soil internal friction angle on side-wall
displacement and frozen-wall thickness

5 45 it
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AR SRR RTINS s A THUN . R E
R VR LN BEEEA . SRR A5 S EO VR 2 BEAT 2
JEFE PR A, HRILLCE 3 fighit.

(D) EBEV R R L2 URGE BE R FE I, NAZ Tk A
R RARTE (50 s IRBEEOR, RS ARTE B s Mok .
OB B A R S 2, R R
TRIT PR JBE 5 A7 JUDR R 45 B 1) J5 g ) il 25

(2) AL RS R 5 BB B AN EE H
TR R RE, i HIEH T KBRS RE ;.  Zng 5
PER AR (1B A S RES T H T AR 1A 0.15 11 KAR TE
URGERE . BT AR S R E S5 IR T A, g IUE
FHAERIEEE A (B 20 BPE N AR [ B A4 20O
VERBIRE )RR REROH I IR S %

(3) FrELE Ae s e b T T2 oy & . 51 8
Ny R DMEBR RO RS RE R T, S TZ LT &
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I nitiation mechanism of cracks of rock in compression and shear
considering T-stress

LIU Hong—yan
(College of Engineering and Technol ogy, China Universty of Geosciences (Beijing), Beijing 100083, China)

Abstract: In the studies on the initiation mechanism of cracks of rock in compression and shear, the traditional fracture theory
only considers the singular stress (1 term) of the elastic stress state near a crack tip in the Williams® series expression, and
ignores the effects of the non-singular term (T-stress). It leads to the disagreement between the theoretical predictions and the
experimental results. On the basis of anayzing the mechanical behaviors of cracks in compression and shear, the T-stress is
introduced into the maximum tangentia stress (MTS) criterion of the traditional fracture mechanics, and accordingly the
revised MTS criterion is proposed by considering T-stress. Meanwhile, by considering the stress transfer of the cracks in
compression and shear, the deformation parameters of cracks, e.g., the crack normal and shear stiffness, are adso introduced into
the original MTS criterion. Findly, the new MTS criterion is set up to simultaneoudy consider the properties of rock, the
geometrical parameters of cracks (such as dip angle and length), the strength parameters (such as frictional coefficient of crack
face), and the deformation parameters (such as crack normal and shear stiffness). Therefore, it can perfectly reflect the initiation
mechanism of the cracks of rock in compression and shear. The example indicates that the initiation angle of wing crack
obtained from the proposed method agrees well with that obtained from the tests, and it is also found through the sensitivity
analysis for the parameters that the relative critical size at the crack tip has the most important influences on theinitiation angle
of wing crack.

Key wor ds: T-stress; rock; compression and shear fracture; initiation angle of wing crack; maximum tangentia stress criterion;
crack normal and tangentid stiffness
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Sediment contamination and disposal after Fukushima nuclear accident:
a case study

LIU Ji-ming" 3, ZHU Wei? 3, WU Si-lin*3

(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210024, China; 2. College of Environment, Hohai
University, Nanjing 210024, China)

University, Nanjing 210024, China; 3. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai

Abstract: Fukushima nuclear accident has caused serious pallution, including water body pollution. The water contamination
and radiation from contaminated sediments have raised great concern among Japanese government and the public. A survey
conducted by Ministry of Environment of Japan shows that most radioactive contaminants in water bodies are accumulated in

sediments, and the water contamination is negligible under most circumstances. It has no need to deal with the contaminated

0

sediments that constantly lie under several meters of water, for water shields g -rays. However, the ponds in rural area with a

51

K ey words: nuclear accident; contaminated sediment; sediment treatment; thin dredging; in-situ coverage

—_

dry period may have the necessity of disposd. Various construction companies in Japan have developed a variety of disposal
methods according to the local conditions. This paper presents the investigations and researches of water body pollution
initiated by Japanese Government, and the process of decision-making and operation of pollution treatment, with some
within the harbor of Fukushima Daiichi Nuclear Power Plant is presented as well.
=

representative new methods and their application cases. An introduction to the unique example of in-situ coverage for fluid mud
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Table 1 Sampling methods
W 5UH E
K M B EOK R AT R K 2R B T 3L R 2
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By b 887K B2 4 ] Ekman-Birge )y B 46 7 %
TR PN FIB LEZ GRINA 10 cmizd)
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TER A fd BV RS — I A AP
B A RAE, AR AR E N IR 2
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FE3~5m) JFREG T
, 3R A AR Al Nal (T1) IR 1R 3% A 7E b
i T DA 1 s A0 05 5 7t (1
i BB R FRAK IR B TR Z GR
K MZA50 cmix) KIKZE FEBIRL mid) 7K
bl FE&3L

]

N7y
Ui

e fifs b 887K R 4 Ekman-Birge )y B 48 7 %
N JETE YA B LR Z CGRII210 emiZd)
K PeFt, RFE3RLL L, B ETRA
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Table 2 Results of radioactive contamination in water body during

2011-2016
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e A W WK R
011 Ak 2000Bgkg  2000Bgkgll  600Bgkg
Ko LR ® LR
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Ko LR ® LR
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Ko LR ® LR
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Ko LR ® LR
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Kol LR ® LR
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ALK PR 1 Bo/L, 54F B A RS s R,
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LU FEARDO A%, FLBE (AT N R, 1. 7K
M FE AT AN v, BE IS R TE I T B
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Table 3 Radioactivity to cause aradiation dose of 1 mSv/a
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Ji53
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Wiz B .
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Ak o X
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A [AE 350 5500000 Bkg
m’%ﬁ@iﬁ T (1000Wa) 10000 Bgkg
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R R IR (20%)5 AR
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IR B EBE fem
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1 T T T T T 1
107
% 10—2 L
@ 1073}
=
T104r
105

1064
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Fig. 1 Water shiddingto g -rays (Cesium-137)
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Table 4 Disposa methods for contaminated ponds
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Fig. 2 Pump head of thin dredge pump
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of radiation

PR B 035 YR PR HEAT T 0% 40 I
Mg T &R RSO IR, 89251 (4D 3R]
TR ) S R A NBORE B, A AR TRI4£200 pm
LAR B /NRERE o AZBIF TR B Dhis R4 T4 15 L
A E T () SRR FE PR A FE TR v BRA FH I 2K T



1308 a5 oE L OB ¥ M

2019 4F:

%mmm,AM&Iﬁﬂﬁwﬁﬁh%Bmwﬁm

PR iR ok, B 5 A FH W 2200 B 2% 41
mm sk, BB IRE . DU T RO
kit 8s, RifR0.2 mmbl R Y@ YK o 5. i
KA ERAR e 9, ORI LA S s e Py, R Kk
T FAACIALHE I o 52, SRR FH RV IR
S EE B B ERIR 1T 1166374 Ba/kgl% 42 3542 Boykg, i
T EAT R LB RN 2 e 2R AR kD T 67%.

A e B S Q2 A 1 JE Y 20 B 28 A TV U
BRI ST TR 2 B 0 A . ARGV A S b nks
REE, CRRPRIRURYRL . Bk 2> B EONRE . Bk
BTG B2Ab . e 3% 20 ik 2t A 3 AN AT X R 8 AR B e
Yo Ib T9EK BT T 28 104N, (AAE/ ML AL P8 mP
IYE/K, B2 —ANT A 300 mPH /K i F 2215 d, )
W LVEAGE A AL #1000 mPLL T HURE 1 /N 70 37

(4) JET AT ik

TERF A ZERIIE DL T, JoBEA = SR k5
YL IR JET A B 7 VR A A A B VR T o SR Ak
Py S S AL AN R AL 5 . b SR [ Ak
Je— PNz HBCGA B o 1 B A 55 A S
eI RSB R I TE S, (HAEAE S 5 — i F MRS Y
TRV AL TRE RS 20 T HAT QB kY FH

JEUAT [ A A B ) TP A B K [ BERE
FEP. IR . R R AR U A A AR B I AR IS
TS 7 B 72 & Wh5e ik 7 — I E e [ 1 Ab 2 TR
Ii] Ao Ak B 1 2 B A S e TSR 0 (s i A i A
M AR FAREAT T % PR AR B0 R it S R B0 e T
Wi BURIMKES R o, B2 ARG 2 B X A
=134, 137FINOYES, SR AL T BESROE RE S PR uE R
UBRAE )G 12 FIEWATE. w&, TamkEik T
T AR SR B BER, EEOREE R I I B AR R [ 4k,
TRER KD, AR IR THT0.19 pSv/hjdi/h 2
0.09 uSv/h, Jifi TJ5 34 H i At /K pH 11248 47 R &
1EH 7K

HARS ¥ % 5 gk U AR B R AR RS T —
At 3R T S 6 B SE FE AE Tv e JRERIR
JEAT IR RE I E A T, BT RIS AR R R, R
R AR AN BEAR gz [ A AR 08 0 -5 341 1) 38
SIFRPE . ORI A % LG R 230 e R (R VE 2
e, AR A E B S KPR AT B R L [4E,
P2 H 20 e e V8 A8 F A PR [ AR BRI R RE (1
J5 R, S5 K Ve ARG 6 2 e S AT I,
Bl Je R AT RLE A AR ) R 2 e s 3l . A
LR PEREBE A AL RS S 4940 mYh, JKit b B I AR L
20815 m?, T 4K L1240 H, fe2, 4E5E 0.6~
1.0 pSv/hi% £ 5¢ T J51110.3~0.4 puSv/h.

(5) A & 5 —H% v vl B A 7 5 9%

K MR AR ST A S B S R A K
R 25 Bk B U I IF e, TR S R 1.05
glem®, B SR B2 10 JE e KA TR 4 b 3 e v AT 3k
190000 Bg/kg. HTiFIe L T/K, %5 %3)
MY E, SO & Elm, — B3 HOR & S R
B, AT BB TR, R “R . “fE”
(10 P A T3 B T S o7 AL L 1) m%ﬁ?hﬁx
W S A0 V5 B (R JEUS ALBE i, s MRHME T g
%ﬁﬁwm@ﬁ,&AMEgmm%,Tuﬁﬁm&
5 YT Ve I AL HEAE

FLVEEE RN AR B T IR BIDCR T 1 s A
BT T R TS N VS YR e . AT
PR SR T it TS S R P (it TSR, AR AT A
DU 1= A P AR AE by S5Ok ) ] Ak A 4 B AR
Il L = P RSG5 BRI A o T Ak L R e
i B T A A S 7 R i R AN I L
AR PR ) A - R SEBRIG » SR— JE BRI [ A 11
110 glom®, TR, I HIK PR
/N, e E Y R HOR . R X RE— R B [E AL L,
BEMSEARS RIF IR OL T, iU [ e 46 1Bk
B, A —EEA AR — i e, B
SRR 5 R R R 1 KR
IKAVERIEREL, (B ERE, ZRE T B ) Ar
(FEIANE . B AN AT o foe 20 HH 1D [ 44 13
N131glem®, KRB EL, S E SRS AR
PUETR[$119.2 kPa, 28 dJGIR 5% 612.2 kPa, 4% 1
50 aifif A THHAFH, b )E 7 a6 A kR R 10 em.

5 $—REkL (£ MEZRELLE (B H'J,;%fﬁlﬁufﬂm]
Fig. 5 Pouring of first (left) and second (right) layers of solidified
soil

BRI

b

,nﬁﬁﬁﬁ&

m%ﬂ

B 6 RIRMA R
Fig. 6 Test pouring



7

HIBERT, S, A SR 5 ) AR e Vo e A B SEBINREST 1309

it T B3 5 LS [ Ak LB R pe AR, @
ETEAREE TARL TEANTE AR AR B 5 k% it i
SEAT A L, T LIS R A L R s
P AL RE MY L. BRI AT T X Sk
KELAPEUEAT, fEUHate b, WA W E T8
K14 mifIE T BB I, AT REBT 1vG R i Ay
Bt ISR T HRE IR Sk, 1Sk R R
Z K, PRUE TR S AR E . IAh, it
IR R SIS M 47 pH R 7 [ R 4 P T B
FEPF o

&N 2R JE R 10.8em, 2 12.6 cm, i
WIS R, KRR, It
A, pH FIK b AR A TC R AR, A) LUK
TIEE T AU .

4 WHEISEEELENBA

(D mniie, FEEERR0. Bl Sis,
H AR BURF 358 240 467 52 5 W DX () TBU 0 7Kk sk i 25
b, AR A 600 424, WA KA 3100 XK, If
TE R FEVR AT RS A T IRI5 48 o 1 I I 2690 A
A A4 AN 52 5 00 X3P K AU P v e i o,
PRI AS BN SE B, A5 T /KA A ¥ e 43 A7 R
M U TS R RS R 2 IR, LSO
o B R B I T 2 [ RS R S . I S A
48 JRAN ) 1 T AR A A R ¥ G 43 A 11 1
50, WO RSO SR AL T AR 2 2 HA
AR, Fi5z b, HFFORIR SR IILE S — T RN
Fehb BT

(2) FEAP A LB o AHER Y, i
IRBEA TR S 2K AR5 G ) R, I A2 ARAR K= 44 TR
ST G ), R AR I S B AN T R
TFYRDL, B TR T V5 il s SR A . b,
S AR 7K 2 It 50X 2 KR SIS Ve A% V5 G R A Ok 5
o, EE AT T B B B M T e i A T AR
JE ISR, RAT 0% 1K B R 4 K 2 B2k,
PR K A 78 4 1 it 7 DAOR R, IS 3K B (1 7K A4 T
JEVE A ML T . S A REMIUR, Fi1d
BETF 3283 K . AEAIN YR AEETS s ol
TN RIS YR e Y AT M T AN R, iX
FIAS B0 2 75 RE G 1 5l A I v SR T kR
P ih i, BVR TAEAEAAAE 7850 BRI 45 A N A Y %
TERE, BLRETN AT 2R A . SXAE A A
FEAMN REBE R T D) 5457 LIMIR D, T2 —Fhotf 2R
B ST A

(3) FihtlHT, KR T 4K 5O

PEVS BRI AL BT I, B TR 1 “ BRAATE) 7, AR
IR A ARV 1R AR BEAT Bl th O K DA T AR
TR ARMRIK B R T A T AL SR M UM Vs e it
BECRMMGE, s T AT A, feftiiH, ¥
ST, f 2R L A B 1) — S A 4 B At
TREAATIFHE, RS A ILHER a5 T I
YA it T MU A5 TR AR S T R 7 Ge Ak 2
61, LARSR SRRy Bt A B TAR . RN IR 4R
25 2 5 KA AT E A T S T ARG (12 A
(4) DI Er, RAGIESER T 55 AEARMIK™
A HE KTt PV R AL PR R R, T LU 2T
RS PER S 4200 SORBR AL 5 Tk, XL 4
TIRAEE F I A T o8 e Re Ik BB A BACR .
RE 21— L8y WX b7 Hi R A 1T 0 12 46 A 1) ke 5 81
B BN A A O TS M, Ak
AL TR RIS AN BB Xt e
T AR BN i, SEBL T RS G eig 1 7 2 B
MRSk gD TV R i T e SR EE
BRI T o AR TGS IS OU R, WIS
ZeF RN Tk AR B 4 A 1R PR s
B R T8RRI, AN (K AR N I R e 2%
HY B BRI X SR BT B A5 T
o A AR SE A BAAE I o G e Ab BE DL K
A B B A P S DR A R i YK S S 451 e T
BLI 235 5 BF2 2 NIk IG, SXLELEPH 10 5 A ES
AT, 0BT (1 RE ) R BATH ZER TR AT

SE Ak

(1] JEAEI7EAE. PR 24 4F 3 J 15 HEAD7#)4A & s 130
5 [EB/OL]. H A : & 4 97 i) 4, 2012[2018-03-16].
https://www.mhlw.go.jp/hourei.(Ministry of Health, Labor
and Welfare. March 15, 2012 Notification No. 130 of the
Minigry of Heath, Labor and Wefare[EB/OL]. Japan:
Minigry of Hedth, Labor and Welfare,2012[2018-03-16].
https.//www.mhlw.go.jp/hourei.(in Japanese))

[2] JEAED7B)AE TR 24 4 3 H 5 HAd/K FE 0305 55 2 5. /Kil
K D TR P AR B B H AR 0 S SF 2 T
[EB/OL]. H A : J& 4 97 fiy 4, 2012[2018-03-16].
http://www.water.yok osuka.kanagawa.jp/quali/  shihyou.pdf.
(Ministry of Health, Labor and Welfare. March 5, 2012
Natification No. 2 About setting of management target value

for radioactive substances in tap water[EB/OL]. Japan:
Ministry of Health, Labor and Welfare,2012[2018-03-16].
http://www.water.yok osuka.kanagawa.j p/quali/shihyou. pdf.

(in Japanese))



https://www.mhlw.go.jp/hourei.(Ministry
https://www.mhlw.go.jp/hourei.(in
http://www.water.yokosuka.kanagawa.jp/quali/
http://www.water.yokosuka.kanagawa.jp/quali/shihyou.pdf

1310 Fe)

+ TR

2R 2019 4F

[3] BERBEA. RHAKGEK oYM 50 5 P P

DIIEE = 5 U ¥ U AJHUKER[EB/OL]. H A Bk
44 ,2011(2019-03-27)[2018-01-21]..http://www.env.go.j p/jishi

n/monitoring/results r-pw.html.(Ministry of the Environment.

Radioactive Materid Monitoring Surveys of the Water
Environment[EB/OL].Japan: Ministry of the Environment,
2011(2019-03-27)[2018-01-21].http://www.env.go.jp/jishin/

monitoring/results_r-pw.html (in Japanese))

[4] BRI, P 28 FEA A i EE =50 ¥ 7
FALEAEIR (2 & » ) [EB/OL]. H A B 1544 ,2017[2018-01-21].

http://www.env.go.jp/jishin/monitoring/results _r-pw-h28.html

.(Minigry of the Environment. FY2016 Results of the
Redioactive  Materid Water
Environment[EB/OL]. Japan: Ministry of the Environment,
2017[2018-01-21].http://www.env.go.j p/jishin/monitoring/res
ults_r-pw-h28.html. (in Japanese))

Monitoring in  the

[5] EdEds. BEIERGY o (8 12 D Bk 20901 - 1H 5%

BB BT EE SR A AR 0 B [EB/OL]. HA: IR
5544, 2016[2018-01-21]. http://www.env.go.jp/jishin/jishin/
rmp/conf/12/mat02. pdf.

(Ministry of the Environment.
Organization of knowledge on radioactive materidsin rivers,
lakes, etc. [EB/OL].Japan: Minigtry of the Environment,
2016[2018-01-21].http://www.env.go.j p/jishin/jishin/rmp/con

f/12/mat02.pdf. (in Japanese))

[6] BExEi. SCHBEREY) O JLIRALE O HfEE > v T[EB/OL].

H A B 5545 ,2012[2018-01-21].  hitp://www.env.go.jp/jishin/
attach/memo020120111_shori.pdf.(Ministry of the
Environment. Promotion of wide area treatment of disaster
waste[EB/OL].  Japan: Ministry of
2012[2018-01-21].
20120111 _shori.pdf. (in Japanese))

the Environment,

http://www.env.go.j p/jishin/attach/memo

[71 HARJE T TR KRR O 72 O3 = k7 -

N — I GHIE B A e F B M~ FTEE R (2001 4F 1
A [EB/OL]. H & : H & J& T 8 #F 5T JT & ¥l
) ,2001[2018-01-23].http://jolissrch-inter.tokai-sc.jaea.go.jp/
pdfdatal  JAERI-Data-Code-2000-044.pdf. (Japan Atomic
Energy Research Institute. Shielding calculation constant for

photon, neutron and beta ray braking radiation for effective

dose evaluation (January 2001) [EB/OL]. Japan: Japan
Atomic Energy Agency, 2001[2018-01-23]. http://jolissrch-
inter.tokai-sc.jaea.go.j p/pdfdata/ JAERI-Data-Code-2000-044.
pdf. (in Japanese))

(8] Jebh/KpER. 7= &t O JSUN LB R S bk~ = = 7 v

[EB/OL]. H A& : & M /K FE 4 ,2015[2018-03-20].
http://www.maff.go.j p/j/press/nousi n/saigai/150327.html.(Mi

nistry of Agriculture, Forestry and Fisheries. Anti-radioactive
material countermeasure technical manual[EB/OL]. Japan:
Minigry  of
2015[2018-03-20].
saigai/150327.html. (in Japanese))

Agriculture, Forestry and Fisheries,

http://www.maff.go.j p/j/press/nousin/

[OARME Tk e, ¥ v 7 7 & — IR I[EB/OL]. HAC AR

[10]

[11]

[12]

B T Nk ,2014[2018-03-22]. https://www.toa-const.co.jp/
techno/civileng/dredge/el6.(Toa Corporation. Magic Ball
dredging[EB/OL]. Japan: Toa Corporation, 2014[2018-03-22].

https://www.toa-const.co.jp/techno/civileng/dredge/el6.  (in

Japanese))

ARVERE B, K GOV - 5D O RE RG> » 7 4
[EB/OL]. H A& : K ¥ # ¥ ,2014[2018-03-22].
http://www.toyo-const.co.jp/technol ogy/781.html. (Toyo
Construction Co., Ltd. Sediment decontamination system of
water bodies (lakes, rivers, etc) [EB/OL]. Japan: Toyo
Construction Co.,Ltd,2014[2018-03-22]. http://www.toyo-
const. co.jp/ technology/781.html. (in Japanese))

SREFRE T, AR L. 7 o3t 50 3 Y8+ 0 U YR
Brde v 27 A[J. JREERMN A% 458, 2014(82): 58 - 59.
(OGINO T, KANARI M. Radioactive Substances Removal
System of Sludge in Irrigation Ponds[J]. Water, Land and
2014(82): 58 - 59. (in

Environmental  Engineering,
Japanese))

RARZEE, BEH, AT, 5. FoHriAs &
Hifpe U [ f0As 4 o Fe 638 5E & it T5iE[). BoAR%E
e SCHE 3(HF B %E), 2013, 69(2): 946 - 951. (OKUBOY,
SHINSHA H, AKIMOTO T, et a. Mix proportion
determination and execution method of cement mixed soils
for containing fluid mud[J]. Doboku Gakkai Ronbunshu B3.
Kaiyo Kaihatsu, 2013, 69(2): 946 - 951. (in Japanese))


http://www.env.go.jp/jishi
http://www.env.go.jp/jishin/
http://www.env.go.jp/jishin/monitoring/results_r-pw-h28.html
http://www.env.go.jp/jishin/monitoring/res
http://www.env.go.jp/jishin/jishin/
http://www.env.go.jp/jishin/jishin/rmp/con
http://www.env.go.jp/jishin/
http://www.env.go.jp/jishin/attach/memo
http://jolissrch-inter.tokai-sc.jaea.go.jp/
http://www.maff.go.jp/j/press/nousin/saigai/150327.html.(Mi
http://www.maff.go.jp/j/press/nousin/
https://www.toa-const.co.jp/
https://www.toa-const.co.jp/techno/civileng/dredge/e16
http://www.toyo-const.co.jp/technology/781.html
http://www.toyo

$41% BTY = L+ 1 B % # Vol.41 No.7
2019 4 7H Chinese Journal of Geotechnical Engineering July 2019
DOI: 10.11779/CJGE201907016

BT EGIREEAN LT HARTIRHE

R EHL, B OF,

(R RCRE IR R 5 R e

&, ok
YL75 MR 210023)

5 . ETBRAMHT, MRS ZERRAKRGT AR, RATEIE AT 46  R B AL 248 R RIS T )
A TR T SRR B R e T R R R AR, SRS AE LS B S AR SR TR BRI B A
KRB, SEHTFRBAMEAR, KPR AT, 45 RRM: ORBUE R A ARk hr B 89 ab =
A, BB AR G A Y )35 15 SRR RO R AR HE,  FLRBRIAI ) T B AR RS s @ ARSR T A RS 3 A AR 37 ]
DA 35505 e - At A S R R R BhAREAE . R A AT AN TS BRI A R R I S E B O LR u 4R o 1
FRAFIRX, FEA R R4 R A A i 0%, B B R b o7 S s Bl A (] AR Ak @8 B4
AHSRHEAR G RN A A R BRI R BERR AR, REAE 58 A S) LA I 44 N HERSRIN b A i+ 4 28 A5 B 10 i
TRACEEIE, AT AT S A A R WL BRI T B T B, BT AT e M.

KRR TATRS HEEGADS gihaDs NARY: B

FESES: TUML XHERFRINAD: A N EHE: 1000 - 4548(2019)07 - 1311 - 08

EERI M Mk 28(1995— ), Z, WiEWFoE A, 52 T REH T 53R B + T REWFST T4 . E-mail: linluan208@126.com.

Desiccation cracking bebavior of soils based on digital image correlation technique

LIN Luan, TANG Chao-sheng, CHENG Qing, ZENG Hao, SHI Bin
(School of Earth Science and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: Under dry condition, the soil is prone to evaporation, leading to desiccation cracking. It is of great significance to
deeply study the desiccation cracking process of soils to accurately grasp the engineering response characteristics of soilsin arid
climate environment. In conducting laboratory drying tests on cohesive sails, digitd cameras are used to record the dynamic
development of surface cracks in red time. By using the digita image correlation techniques, the plane strain field and
displacement field of the whole process of desiccation cracking of soils are obtained. The experimental results show that: (1)
The cracks are usually generated at the position where the tensile stress is concentrated, and the stress is then rearranged when
the surrounding stress is rapidly released, and the cracks tend to intersect with other cracks at right angles. (2) The displacement
field and strain field can effectively confirm some movement characteristics of the soils during the desiccation cracking process,
thus providing assistance for analyzing the dynamic evolution process of cracks. (3) The soils are divided into different blocks
by cracks, each block has its shrinkage center, and the shrinkage center will change with time. (4) The digital image correlation
technique can effectively identify the gray scale feature values between different images, obtain the surface deformation
information, and provide valid technical means for the study on desiccation cracking characterigtics of soils.

K ey words: desiccation cracking; digital image correlation; shrinkage center; strain field; displacement field
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Fig. 2 Cracking images of soils at different time
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Experimental studies on seismic response char acteristics of dynamic
Inter action system of pile-soil-cable-stayed bridges

XIE Wen', SUN Li-min?
(1. Faculty of Architectural, Civil Engineering and Environment, Ningbo University, Ningbo 315211, China; 2. State Key Laboratory for

Disagter Reduction in Civil Engineering, Department of Bridge Engineering, Tongji University, Shanghai 200092, China)
Abstract: The seismic response of long-span cable-stayed bridges with lower structura frequencies and damping may be
significantly affected by the properties of the pile foundation and site soil. However, few experimental studies on the full model
for long-span cable-stayed bridges including the pile foundation, site soil and superstructure are available because of the
limitations of shaking table testing facilities and technology. A 1/70-scaled full model for a cable-stayed bridge, which includes
the pile groups, artificia site soil and superstructure, is designed and constructed according to the trial designed long-span
cable-stayed bridge with the main span of 1400 m. The shaking table tests on the full modd are conducted to study the seismic
response characteristics of the dynamic interaction system of the pile-soil-cable-stayed bridge under uniform earthquake
excitations with various frequency components and shaking intensities in the separately longitudinal and transverse directions.
The experimental results show that: (1) The pile-soil-structure interaction effects significantly affect the seismic response of the
full model for the cable-stayed bridge, but the degree of theinfluence is closely related to the spectral characteristics of various
earthquake waves. (2) The influences of the peak acceleration of the ground motions on the pile-soil-structure interaction effects
are not significant when the full model is subjected to the uniform earthquake excitationsin the longitudinal direction. However,
the pile-soil-gtructure interaction effects gradually decrease as the peak acceleration of the ground motion increases under
transverse uniform earthquake excitations. (3) The higher order mode shapes of the tower make a significant contribution to its
seismic response. (4) The seismic response of the dynamic interaction system of the pile-soil-cable-stayed bridge is obviously
affected by the spectra characteristics of various earthquake waves. Especialy, the vertical seismic response of the girder
notably increases when it is subjected to the Mexico City waves with long period components.
Key words: long-span cable-stayed bridge; shaking table @ —
test; pile-soil-structure interaction; high-order mode shape; EEWA: [FR AR ARSI A H (91515101-05);
5 BB G AR IR H  (51608282)
WisHHA: 2018-04-11
*HiRMEE (E-mail: Imsun@tongji.edu.cn)

spectral characteristic
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M odel tests and new progress of pile response due to under ground excavations
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Abstract: The disaster from the unloading effects induced by underground excavations has dways been one of the
high-concern issues. In recent years, a series of ground deformation, pile foundation tilt, or building collapse cases have taken
place in China, and sometimes they even threaten people's lives and property. The imperfection of the conventional model tests
for simulating underground excavations is introduced, and the typical experimental test methods and test devices including
small-scale and centrifuge models corresponding to excavation of foundation pit and tunneling in the past two decades are
briefly compared. In this study, a new testing apparatus for pile oad response undergoing underground excavationsis proposed,
and its design principles and technical characterigtics are analyzed. Using the test boxes, the studies on the lateral pile response
to adjacent excavation and the blocking effect of a barrier on the flow of groundwater are conducted. Finaly, some suggestions
and prospects about the future study on unloading piles are put forward.

K ey words: underground excavation; pile foundation; model test; pneumatic loading; unloading pile
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Experimental research on tensile strength of gravelly soil under different
gravel contents

Jl En-yue" ?3 CHEN Sheng-shui® % ZHU Jun-gao®, FU Zhong-zhi* 2
(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Ingtitute, Nanjing 210024, Chinga; 2. Key Laboratory of Earth-Rock

Dam Failure Mechanism and Safety Control Techniques, Ministry of Water Resources, Nanjing 210029, China; 3. Key Laboratory of

Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China)
Abstract: The tensile strength of gravelly soil is one of the important indexes for resisting the cracking of earth core rockfill
dams. Based on the self-developed uniaxia tensile test mould, a series of uniaxia tensile tests are carried out on the gravel soil
with different gravel contents. Within the range of test parameters, the tensile strength of gravelly soil decreases with the
increasing water content and increases with the increase of dry density. The relationship of tensle strength versus the optimum
water content and the maximum dry density is presented, respectively. For the gravelly soil with the optimum water content and
maximum dry density, as the gravel content increases from 0% to 50%, the tensile strength of specimens decreases from 122.6
kPato 49.8 kPa linearly. The peak tensile strain and ultimate tensile strain both decrease with the increase of the gravel content.
From the fracture energy andysis, it is found that the tensile capacity of gravelly soil decreases slightly with the increase of the
gravel content. In the case tha the specimens with the maximum dry density and the water content higher than the optimum
water content, the comprehensive tensile capacity of the specimensis the strongest. The relevant test results can provide support
for the anti-crack design of high earth and rockfill dams.

Key words: gravelly soil; gravel content; uniaxial tensile test; tendile strength; tensile strain
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Table 1 Basic parameters of core materias

TORAHXT B MR MR ORRE BERH
HIEGs w/% wil% K1,  JKFE%  Kk(cms?
274 304 205 10 22.2 2.0x10°

I P IR L P R A A R A WU R
BEE AR o 22 N LA R0 50 45 301X 7 21 kL
g1, RBEE T4 10ecmXx 10 em, #R4E 1 Tk
FRERIE , BRI R4 20 mme GRFE R
AW U5, d/NRARIEERR 2 mm.

2.2 HBWAE

BN AN FEBARE T A LTSRS,
S8 Hotpg KT8 B S & K3 3R 2 45 H T ANAHB R
N RS KN RT3 AR, 5 S0
R e 4 AR 2 PR B S K R M K T3 AR A
FEbbRAE .

2 BIFEH 0%~50% MFA L HEMEKEMEXTEE
Table 2 Optimum water contents and maximum dry densities of

gravel content from 0%~50%

Bk EI% 0 100 20 30 40 50

W EKFI% 175 164 148 133 115 101
BRT%E/(gom™) 173 1.82 1.88 198 201 205

ARG F TR SKER B R R A
AR RS, SR R AR T L T %
HARRRE 7 2036 3 for, il 3ot 30 Milk.

3 AT RERNMAIREAERE
Table 3 Tensile test schemes of gravelly sail

25 BEE%  T9%E/(gom?) BrIK %

~ 173 17.5, 155, 195

HiFL 0 1.73, 1.63, 153 175
0 182 16.4, 14.4, 184

1.82, 1.72, 1.62 16.4
20 1.88 14.8,12.8, 16.8

1.88, 1.78, 1.68 14.8
1.98 133,113, 15.3

iRt 30 1.88, 1.78, 1.68 133
0 2,01 115, 95, 135

201, 1.91, 1.81 115
5 2.05 101, 8.1, 12.1

2.05, 1.95, 1.85 10.1
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D 28 I3 A 5 (100 AR T I T A R, T A DX s Ak )
RAART, NARpN, HILEERIN S . EIATIK

BRBLRY J7 05, A B 4 ) AR T 3R DX R I 2 X
RIS o 1y AT W R DI R AR N T AR R AR A
RE LS S N S IR AS I g AR 4 R, [RLIA 20
NS IR MR AT 7 B AL PE A REA 21 i 284 DX
SR ) AR 12, AR SCAE S T 28 A IR 1 R 5
Fh AR SR I R Y ) AR R R AR R

B 345 TARIB IR, I KT 3 F AR K
HRRAT LR N I NAR R AR . WTRAE H, BEEEK
N, 507 FEAIPTRR EEPAC w A AR A
e PR ar A A 5 7K A R T B o AR Bl A
TR AT AREAIRS B AR L (RIS ]
HE TR B S K R (RTINS K R 11
BEOR, AR B B KB e, R
6] i TR AR D0 s 2R 5K 138 W,
JoW I BEAR, L SORE 2 TR R SR D B, Lt
BB o A

I3, AETKFRBURI, 2 RIan U128
BEK, ARV LA R . B, AESACREL
i, PRI DI AR, IR AR e MR Ik
B, BN A, RS R, A
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Rk 5

160 140
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@ 120 2100
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Fig. 3 Tensle stress-strain curves of gravelly soil with different
water contents under different gravel contents and

maximum dry densities
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Fig. 4 Varigtion of tengle strength with water content under

hiR AL

different gravel contents
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Fig. 5 Tensle stress-strain curves of gravelly soil with different
maximum dry densities under different gravel contents
and optimum water contents
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Fig. 6 Variation of tendle strength with dry density under different
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/N 1.53 glem®, HidRE M 122.6 kPa i/ #1] 59.2
kPa, /7T 63.4 kPa; Bk 50%M, T2 M
2.05 glem® J /N2 1.95 glem®, iR M 49.8 kPa ik
/NE 34.3 kPa, W/ T 155 kPa. TR A2B
BRE RS S, Sk s OB, il
T8 5 WA TR 5 BT S AN K
3.3 BEREXERA TihEE M

SRR, L ARIITRL R A B FR R A X
WRERT RS, BARERINE, LREIRRLE RS,
WBAR R INE] 100%, B T A77E 820 FORE H] IR &
DI EEE T, LREMIPTR RS AT 0. B 7 45 ik
TAFBIRR R AP S . o7 LUE SRR
M 0% InE] 50%I}, Prhram AN 122.6 kPa /N2
49.8 kPa, P& — e LM CR:

s, =-15741 +120.96 , (3)

L, | B UREL . I8 RO R — i IR
NELH B IPB R, SEhs AWl TRE Y, @
O BEIB R R IR L) 35% /54T, [l sl e flt
FOKREM B K TE AN TS5, % (3, B
WREEAE 35%IN, BEREH PRI E LN 65.9 kPa.
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Fig. 7 Varigtion of tendile strength with gravel content
3.4 WIHBERFNTS

RAG T 5T SRR R Sh N AR T BAR KL
B, HA WA & B R R KR Y. g B A% it
LTI EASR] . FTLAE L, R 0%fF) 1A
FEEKFEN) 17.5% (RS KE) I HThL R A 2
122.5 kPa, AHN KW AT ik B K M8 14.3 N/m; Bt
BERR G, LA AR R A LB B K 2 2%
I ik ) Hode KAE . Wl R BB IR S B m R A 1 Jf
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Table 4 Fracture energies and tensile strains of gravelly soil under

different test schemes

e P&

T BEE TEE SR e WTRAE
k5 % I(gem?®) 1% TE*/‘IJJE J(N-m™)
00

Ui 175 131727 14.3
T+ 0 1.73 155 4517 6.6
- 195 175735 9.5
16.4 8.9/2.2 10.0

10 1.82 14.4 3913 4.4

184 14541 6.6

14.8 8.8/1.9 6.3

20 1.88 12.8 35/1.4 45

16.8 9.3/3.1 6.9

13.3 5.7/1.6 5.2

E"}f 30 1.98 11.3 3.2/1.2 35
-+ 15.3 8.1/3.2 5.9
115 5.1/1.6 4.9

40 2.01 9.5 2.9/1.2 31

135 8.5/3.9 5.6

10.1 4.1/1.4 35

50 2.05 8.1 3.0/1.0 2.8

12.1 6.5/2.4 4.0

NWFFB IR RO WA RE 52, 1€ 8 45 tH T Bk
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3 5000, WA 3.5 N/m, FU N,
AP e CAR/N . SRR RE B TR AR AT 1)
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Fig. 8 Variation of gravel content with fracture energy
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Shear strength behavior of mechanically-biologically treated waste in triaxial tests

ZHANG Zhen-ying, GUO Wen-giang, ZHANG Yu-xiang, WU Da-zhi, XU Hui, LIU Kai-fu, CHEN Ping
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech Universty, Hangzhou 310018, China)

Abstract: To study the shear behavior of mechanically biologically treated (MBT) waste systematically, the samples from
Tianziling landfill (Hangzhou, China) are collected, and severd tests are carried out in an environmental and geotechnica
laboratory, such as composition analysis, sample preparation, triaxia unconsolidated-undrained (UU), consolidated-undrained
(CU), and consolidated-drained (CD) tests. These tests revea tha the main components of the MBT waste include plastics,
textiles, glass, fines, and unidentified materials. The deviatoric stress gradually increases with the increasing axia strain, and no
peak valueis attained even when the axid strain exceeds 30%, indicating a strain hardening behavior. The UU, CU, and CD
tests reved the ranges of the shear strength parameters (cohesion force and interna friction angle). The relationship between
shear strength parameters and axial strain is linear, and the fitting equations are obtained. The stress-gtrain relationship of the
MBT waste conforms to that of the Duncan—Chang model, and the ranges of the model parameters (a and b) are obtained.
Further, a power function relationship is established between the model parameters and the confining pressure. These results

can provide atheoretical basis for the stability analyses of MBT waste landfills.

Key words: MBT waste; triaxial test; strain hardening; shear strength parameter; Duncan—Chang model; model parameter
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Az, 6 MBT 357 3 B )5t B e (W 9 2 OC EE 22

K &lsch™ 34 479 b 0~20 mm ) MBT 178%
AT T KRB EBRG, F30 558 IR0 Py JBE £ Yo il 40
5% 55~67 kPa fil 31.8° ~36.1° , N AR
PR (R 58 R AL Ity L IR SRR I, U 5,
£ e B U 1L F R ) RN Ao v R b 4 . Powrie
AR 258 B 0~20 mm [ MBT B30T Tk
REBRRY, BRI TIEIE RS T R
TG 45.8° ~47° . Lamare 291 Fucale 21
KHEBIC MBT 83T T HB5IRE, o8 T 4F
YL RLOT L BERE I I REI, A K AR N AL KL 52
BRI, AW TR EEEG . Cald 0T T 4R 4RIR
(RS R B 3 1 2 P RE P e, BGIE T 2R 4ER R AS
AR P EEHE A IO/ ESS IR BE S )1 (4518 . Motta™
KR BRYG, RIA T AT Y oA [ R B Y
R EEYE, BT AYERR N I ER, AT AR EIR
R 2 8. Sela 5 VYE S i 0E B T K24
Leichtweiss 5L AR~ 300 mmX 300 mmX
150 mm OB P4, X4 E MBT 33 k47 T A BY ik
56 TA R FLTBY i AN R RORE 2 [] PRI AH L JBE 5 L
T HAEAR R E 138 B AT T B A 4 58 o 1 3 ik 41
YeR ORI RL S D, JFRRIRR 10 16 kPa, N JBE
Pk 40.1° . Baba 2512056 B EE BE N % /K Mavallipura
BRI MBT B3l HURE, I B84SR = 4l
POEATARIHEKEAF NI E N BT YR, LL 20908 4%
I (69 N 1 A P BT s, 15 30 BT IR P EE R A R
40° , [HEEAHER S (P BERE S 0 B5° 5 [ 4K
YT R A 33° . FER IMEUEEEY 0~10
kPa, FLHUBY IR S AR 5, IRl AR
B EE s Prey e IS S pIG R B OC, Bl
FARERI IR S B B KT K. Pimolthai 2512%) 78
[ RN P AR AR A5 () MBT B3 adb T 7 HETRE,
RN T Py E S AP EAA G, AR U k]
PO 5 IE N AH ICH R 1IN ) 1R 58 i
B4 e . Kuehle-Weidemeier 2235t i[5 MBT
W BT D) B R P BEAT TR, 19 T 265K U4 10~
62 kPa i [ Py LI 2518

gi b, EANEE K2 RAEBING X MBT
B BY V)t BERR P AT T FST,  (H BB AT — LG
B, IXLCERFEELER: BYUIIE A AE i (R
PN BTV 2 (AP HD Z ST FTBY R ) A ANy
A, fEGAb RN RTINS W AR AR A

PEBHEAZAT . FUBUK B SRR INAE . — Rl B
A LR BRE, AT AR AR A A, AT BA
FLBUKIE T, BRSO Sebs TRER Tok. i Id FIRAT
FUATAT, MBT B (¥ 85 D) s B Rk 5 L 41 0347 52,
M E MBT B 4L 5 FEAMTIRORI 2 5], B
[ElfE MBT B3l B 9) s SRS PERT TSR R AL TP B
B, AL E MBT B8 i) By ) o 4 1 HEA T BE
o s 1] Ay 2 TP 2O A 0 7 83 B ) o PR R P A
RIRB TR, ASCHBUN MBT B3 (K473 24T
T, R =R, %8 3 A E I HER AT
X MBT B3R (K BTV EERFPEREAT T LU R e 9,
WEFLEE R AT MBT B3l U7 R RSE PR M B00E B
WAL

1 et i &

KPR R I A 35 1 S AL #1371 MBT hi3%,
FH 2 e R 2R MBT 3308 2T T
K T =, WRAMRILE 1 (. JidTF
TAMRITTE, 133] MBT B3R 414y J &k . MBT
RS oyl LR 1.

(a) (b)
1 FRIRIEH EL A MBT 13
Fig. 1 Origind waste (a) and prepared waste (b)

H TN RSO AR 5 SR i g, 7R iE
A1k MBT ST MAREE . 58 22 B Jstah by b R
SRR, WEERDR. KEha g, RERBES. K
PR, RIRGTZN S, SRIE W RRIARTS 73 TN
7F 65°C I T LT R TH . o IR ARV 87 3 3R 6
Tt = a6 by S MR R AR A K TR B AR (61.8
mm) /8 kIR E, SR HTFLE K 7.725 mm
BFLIT, BHT R0 MBT iRk ol i, B0f 1)
NI ORI AR (B 1 (b)) KkifRA KT
7.725 mm [P 4 0 e At P 75 1R AR .
VR R F T RERRE 212.36 g 0 0 J5 1 MBT 3334,
W LI ) BT - T | FREX 106.18 g 14K,
KBS AE MBT bt b, B3R, 35 B4R

%1 MBT fuiREHEE

Table 1 Contents of various componentsin MBT waste (%)
TR AN giZh Ak YEPS B B &8 Kt e b
25.09 5.00 10.72 6.40 411 3.00 14.19 231 16.36 12.82
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RS, 5 MBT b3k = #0045 1347

BEEEHE 24 h, ¥ ik MBT B34y 5 Z B GRFERE
R, SRR RAHE, 5255 AR )
JEdsE, b Tk L2, SR TR R
KM, REFHENT—Z, HEEWN . R
PEAEYRAS [RISRHORE, 75 0K O AR 25 B i
— TR iZARE B2 h 61.8 mm, =24 125 mm,
HBLAY e b 355 4 0.85 glem®, /K% 4 50.0%,
WORLRE O 35 B 171, FLEREL A 2.02.

2 WA ERARITE

SR FH R 28 5 22l A ORI 2% (0 R R A T AN [
SEAHEKEY L [ 2 AHE KB RN 257K 8RS . 156
43 I#E 50, 100, 200, 300 kPa4 NAS[E [l Rkt
KRR AE 5, SRAACGKMURT, s MR 7 v
SPRFEREAT R KSR, 3EKGE 5 K 2 )
IR, Z0RFE 1L om, MK SHEKEA SR, Kk
MR SE R, ORI RE I )24 30 min. e FRALRIRY, 4
XPIRFENE I 20 kPa [, LRI, FEfLERFE R,
WKL, RALE IR SR 20 it s, it in Jse s
() TR I 20 SRt n L e, A3 14 30 kPa, R ISR
FOER LI, A gt Ry, RS R L
B 5 R 2 KT 0.98,  BEIFACH LRI 58k,
SR TR ISR R 30 mine X T AN 45 A HEK B,
TR 58 J5 R HHEZK IR T, SE it 50 kPa f¥ il s, P it
T R 7, BL0.625 mnymin [ 4T ik 56129,
ZRE R G, BORRAE, B s —1
AR R, % BiR 759243 3847 100, 200, 300 kPa
Fil R 6, B 3] 4 K 445 TR IR A s PR il 0 R
X[ S5 ANHEKEY, SR TR, N 50 kPa
B, FTIFHEK IR T TR AT [ 4, [ 4585 s
TREFFI AR, SCHAIHEKIITT, i hn s mfway Jy, LA
0.625 mmvmin [ R HEAT IR, Z P RS R G,
Fi B3R 7243 3E4T 100, 200, 300 kPa [ ifk4:
B AR g5 R I R R0 E L . X[ 45
He/KBY, & SR R IUK Sk MR 5 s H R0 i) 7
YRR TN, AR5 6N 50 kPa Bl s, 4T JFHEZK 18] %
WAEREAT I 4, [ 55805, M Jy, LA 0.125
mm/min (R IEATRIGP, SR R il SR AR AR
B MRS WG, $% BT AT 100,
200, 300 kPa [l Eit5: . g st ity &
IR FURTHERE, RSO AR B, B
TR R LE BRI A5 1R

3 WWEERR A
3.1 FEGFHKERBERRA

i 1 73 55 il i) A PR O R DL 2 ) 2 AT DL H
UU G0 I AN ] s (18l 1 ) -5 0 ) AR () 5 25 1 2k
PR, A ES R, X 5Eg Bt
¥ 3 A AR AN ) B s A A T ELAR B 75 (e — AR
Fidr. Bl 2 ZPTbhfisg e ®ma, 2R MBT L3l
I IRZHE, AR PAEARM R, Wk
FEFPARAEIE R 58 AT o BEAE Bl 1A BEAR AR, i Y
TIIBHHE R, 2kl 1) WA I 15960, W g W AE H £k
R pAEE T o2 P IR B L S e S5t /R N PN B
7 MBT B3R i &A1 KR AR YR RE, A% i Y AR
I 15%)5 o R L AR SR I AR A o

280 -
—&— 50 kPa

—— 100 kPa
—4— 200 kPa

20y 300kPa

140 |-

(0,-03)/kPa

70 -

0 5I 1|0 1|5 2|0 2|5 3|0 3|5
/%
B 2 {REH SHER TR * R
Fig. 2 Relationship between deviatoric stress and axial strain
B I R E o ek, L 5%, 10%, 15%,
20907 ) A (1) BY N ) A A PU B o AE, il ) B AR
5%, 10%, 15%, 20%lh 155 &2k UL 3~6. HIE
3~6 n[LUEH, MBT BIRTE UU &0 FIBTBY R
ZREHE MBS e fF 181~51.2kPa, W JEEHH o 1
40~58° . XHMF 1 UU R Hom g h—4H
2k, WIEEEN O AN[H. X e fn -+, LRk
FE L ORRUK AL e MBT Bk t, ok
SRR A 2, B ERL B 418, ARk
PRRE. BEES. SJE. KA N PSRRI
ERANIEIKIIMEL, /NI B AR AT e 2 X LA
FKA RV ELZE, BN A, SO A7
EDRMNAS, SRR, SRS RYE, W
PRREN, PEARAR, I 5 1A SO e, fE
SRIEELE TR — 5 ERPREIN H L.

80 ¢c=18.1 kPa
=4.0°
40 e
J

0 100 200 300 400
o/kPa

t/kPa

3 4hE A7 A S%RTHYGRE B4k
Fig. 3 Strength envelopes at axia strain of 5%
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. RS [ TR R, RS e, 132 B i
: SR RE LB R, B SR, 4
= m S BB AN, Gt LSRR, R (R
o 50 R— 2o IAER R, I B R 3 B R 4

o/kPa

& 4 A AT 1090 RUSRE B4k
Fig. 4 Strength envelopes at axia strain of 10%

120 ¢=40.8 kPa
. ¢=4.8°
[=
60
=

1 ]
0 100 200 300 400 500
o/kPa

& 5 3R EE 15%0T RISRE B4k
Fig. 5 Strength envelopes at axia strain of 15%

120 c=51.2 kPa
; »=5.8°
o
60
<

1 ]
0 100 200 300 400 500
o/kPa

B 6 e 20%RT A58 E 4%
Fig. 6 Strength envelopes at axia strain of 20%
3.2 BEHETHKEIRIELER RO
I 25 AN K BRI A BT S5 B ALK 7. 18] 7
ATLAE Y, RN ZE T W 8 RSB RBR

e

7 REEES (A SRE (B WEsRK

Fig. 7 Sample before (left) and after (right) tests
i 12 g 5 il g AR R OC 2R LIE] 8. 18] 8 AT LA HY
Sl N AR AR RN, ANTR] FE ST PR S g AN TR], B Hs bk
Ko AN BROR, I HH Bl ] Hs PR 184 O T 39 KPR 3R
S MR PR REZ A S O, iR R FLBR AR
N B ERARIFEINEE, AHER AR,
FESEARKR, RHTARIEHIGE k. K 8B Fill,
i 12 3 Wt A i ) A PR 08 KT R, I HS Y AR R AL
PRRAE, 24 NARREAL I 2 o DA ) PR 38
K&, AR A TG R LA R B, i . BEA i)

o Bt il 1) AR I ZRSERE K, i B ) kS0 K,
EIE R AR ARG, I PR FE 1 A8 T T 1K
R, FA MR KA NEoRE R T B D Bh 2%
I A 2 LA RHN LR Z TR 5l o 2l 1) AR B ik
159 LA » i Y. 77 (R AR SOTARAR b, LI P
Wt 5l ) AR AR AN T SR, R AL TR g AN TR
SEEBE BIHAZ LM R A EALER A, BN
SARF RS, XINERLR, SR YRR AT
U I AR IR AT iR BE AN #4103
ZIa) Ry pe it ELIE 5 L R ARtk i A ke
Ko HIXEENA B Z BIRFASTENT, d1 TS
SAPE, FERRASER R P IRPTIAR B Y, X
B ILEE AR A AR, AR AR
IR A AR A s o 2 2], B+
PRI P S HE ok, 5N g AR i 2 ol 2 L
37 ) 8 K AR AR R BB o

900 - _a 50kPa

—e— 100 kPa
750 | —a—200 kPa
—v— 300 kPa

(0,-03)/kPa

¢ 5 10 15 20 25 30 35

1%

& 8 w1 S5hE i TR K F

Fig. 8 Relationship between deviatoric stress and axial strain
HT MBT B3R 4100 i S e M s At i

ISy A B v 8 PR T S B0 (R e I W
R RS SERR I TR R R gE . EIE RS K
AT VAL RE ST, BRI Y A2 5%, 10%, 15%
H1 2006IN FRYBY Y 3 By om i, Hoom B0 4 WK
9~12,

200 ¢=18.9 kPa ¢'=23.2 kPa

$»=14.9° ¢'=16.6°
s
=~ 100 ol
= e =~

/ D P . \ ) M |
0 100 200 300 400 500 600
ofkPa

9 HE R EE 5%RT HSEE B4k
Fig. 9 Strength envelopes at axid strain of 5%
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0 25 kPa ¢’=29.1 kPa FRARIIAA B E L 58 4065 Sh B RL 2 0] ) 45 k) LB
010 p=2aT e E SR, A NEFARR I T G
5”“ BAR AR, eI RS TR 1 8 )AL
= L 1 JEE B (R phy 400 /N 2T b e 4 L A

) q b 1 b 1 1
0 100 200 300 400 500 600 700 800
o/kPa

& 10 #h[E R 2T 10000 BYSE E B 4%
Fig. 10 Strength envel opes at axial strain of 10%

3001 =28 6kPa c=33.5kPa .-
$=23.3° 9'=32.2° -~

200

/kPa

wof

! 1 J
700 800 900

" 1 1 1
0 100 200 300 400 500 600

o/kPa

& 11 $hE 2T 1590 A58 E B 4%
Fig. 11 Strength envelopes at axial strain of 15%

300 =38.3 kPa -
c’=40.0kPa -~
»=25.3° .

- p=40.1° .

2
4

200

7/kPa

100 -

" 1 1 1 'v 1 1 ]
500 600 700 800 900 1000
c/kPa

B 12 3hiE 3T 20%RT RY5E 614
Fig. 12 Strength envel opes at axial strain of 20%

3.3 EFEHKEREERR O

s NP e SN IV RSE TV S P
130 Hi Pl 13 T4, i Y ) BEA BB 39 KT oK,
X [ A ANHEK BT i Y. ) 55 B s R R R BEA— 5, H
JE R A BOR BB s, e (0 L 4 5 ] S s B o8 4
A, RFERIFLBR EE KO8N, S0 B NS08 52
FERE 1) B JJVERTR , 2 M4 BHA 73 2 TR) (R 5 PR B i,
PR IE I RE B2 . B & 13 B A E Y, Hliin]
AR R 0%/ i B, ) AT I8 BIWEAR,  GUREBCAT ]
JiE R AR A ot ) A il 1) AR AR ORI HG OK, 3K
IR AR R AL AR [R) it ) A% i S g 38
A, FEmAY ) TFAE AR B, il g1
e, RIFHIRZNG, X0l TAEIRFE W) 46 Hs 4
BB, HARPUAZTE WA BIRE ) 2 H & A4 kL ] B FH
T, Z AR e N I AE R, R s
AR T 225 B OREARAA R 1) IR 40/ NRSTRLR A4 ) 1) 44
B Sk FURE IG5l il ) B A kL 15%)5 i A ) )
BRSO R, AH/ANTIFARRT B, 32 K /v Hi

o . 1
0 100 200 300 400

fefit.

r —4—200kPa

[ —=—50kPa

—e— 100 kPa

—¥— 300 kPa

13 fRRL N S5 N TR R FR

5 0 15 20 25 30

&%

Fig. 13 Relationship between deviatoric stress and axia strain

1] 5 H1E A B TR R AR AR 5 il ) 12 R PR G 2% AL
Kl 14, WKl 14 WAL ANFEIEE T AR AR A,
F R B IMAAS ORI O AR A N o AER /N
R, MBT B3R A 5828 I 453808, ilFeSif
AGRARECE, MRS, AR 4R
ZIARTER, AL B R, I AR R i i
TIERR, RAEARIRI Rl ) AR IS, /NS 46 PF R 1
WAL A 5 kA, RIEEEE K.

18 -

15

12

,/%
)

S

14 IR ESHENEXRER

—a— 50 kPa

—e— 100 kPa
—4— 200 kPa
—v— 300 kPa

1 1 1 1 1
5 10 15 20 25 30

&%

35

Fig. 14 Relationship between volumetric strain and axial strain
5L 5%, 10%, 15%F1 20068 [ A8 T (15 N
TINVERBUBYSRAE, Hoom 04 W& 15~18.

0'=16.5°

¢'=18.6 kPa

100

B 15 $hE R 2T 5%Rt AR E B4k
Fig. 15 Strength envelopes at axial strain of 5%
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200 ¢'=28.1 kPa
¢'=20.1°

<
100
<

1 1 ]
500 600 800

1
400
c/kPa

16 HhERIEE 10960 A58 E 4%
Fig. 16 Strength envel opes at axial strain of 10%
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200

t/kPa
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1 1 1 | ]
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17 M EE 15%RT A58 E B4
Fig. 17 Srength envel opes at axial strain of 15%

3001 =542 kPa

¢'=25.2°
200

/kPa

100

5(|)0 6(I)O 7(I)0 8|()0 960 1(;00
o/kPa
18 #h[E R TE 20%0T 858 E F1 4%
Fig. 18 Srength envelopes a axial strain of 20%
3.4 MEEBRESHEMENTHXR

AN [ A ) S AR I (R0 BY i B S0 LR 2.

HH 2 W%, AT E S5AFEKEY, MBT BLJR 1)
PLByR LS A ¢ F) (MHUEYE R4 ) 0h 18.1~51.2
kPa, 4.0° ~5.8° o X T[4 AHEKEY, MBT B[
PretsRE 2% c, ¢, | Mj CHUEIEE 575 % 18.9~
38.3kPa, 23.2~40.0kPa, 14.9° ~25.3° , 16.6°

40.1° . XTS5 HEKEY, MBT SR FHIEY 3R S 4L c¢

1
300 400

0 100 200

~

PUBY R S H — 2 220 MBT B3 L hisy s 2
BEE R DI a B — BN TR G A IR AR TR B IR AR )
(TG, N R AR (Va2 Lh i . R b B AR
WERIRANUR I RIR . BEE A VUSRI, AL
R AR, SLPUBY SRS S B 2 R AR AR, RS
LIPOENOE f%%zﬁﬁj(ﬁﬁ%um K28 HIE, bE
) AR IO, R IR B A AL O, I
KERI A 19, 200 Kl 19, 20 7750, FEII. M
RS 3 m NARROC R UG — R HE, R
D15 AR LA A (D ~ (4D, WEEEEA
L N E AW (B ~ (8D,

551

A

= ¢(CU)
o '(CU)
4 c'(CD)
v ¢(UTU)

501
a5t
40

¢, c'fkPa

351
30
251
20
15 1 1 1 1 ]
0
/%

19 FRNBEHHREN) SHENTHXFR
Fig. 19 Relationship between cohesion (effective cohesion) and

axial grain

45
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351

. 30F

IS-1s
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e ?'(CU)
A P'(CD)
v (UU)
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S

25

/%
20 NEEE R (AN AEER) 5L N TR XA
Fig. 20 Relationship between internd friction angle (effective
interna friction angle) and axia strain

My S TERY 186~54.2 kPa, 165° ~252° . c=13e+110 (CU) , (1)
W PV R S, R A BRI T A0 1 3 ct=11e+17.8 (CU) )
LB R BB EE ) ¢ Sl 0~80 kPa. P JBEHE A | ct=24e+58 (CD) ©)
i 5° ~40° , 0] W, MBT 373 15 A 44 3 A 3% 17 % 11 c=22+74 (UU) |, (%)
%2 TEHER TR R E S
Table 2 Shear strength parameters at different axia strains
il ) A UU k56 CU 46 CD 4

1% c/kPa i 1C) c/kPa ct/kPa i 1C) j ¢C) ct/kPa j¢C)

5 18.1 4.0 18.9 23.2 14.9 16.6 18.6 16.5

10 29.7 4.2 225 29.1 20.1 24.7 28.1 20.1

15 40.8 4.8 28.6 335 23.3 32.2 40.8 23.3

20 51.2 5.8 38.3 40.0 25.3 40.1 54.2 25.2




T AR, 2 MBT bR =4 5 1351
j =0.7e+123 (CU) , (5) MR R R AT 094, LM BIRL .
j¢=16e+89 (CU) , (6) -

j ¢=06e+147 (CD) |, 7 sol

j =0.1e+32 (UU) . (8) ’s

3.5 MBT hIIRBYAMIAER] 510
HE T [ 45 ANHEZK 5 [ 25 HE K B 56 .  55 % ) § Ls|

ARSI B0, DA 45 ANHE K B0 &5 5 A 51 % " 1o}

MBT B3R (AR EAT 2B o Bl 8 FTLUE Y, il 05t $=0.56;0

1] N AS AN 15%I0 , MBT 5785 [ 8 g B 48 5 2 A A

UG h— 4RI, 75 A XS H kAR AL . 0L 2 i 3
e
S5 = , 9
S17Ss = o 9)
A, s, WKENT), s, HHE, e BN, a
b RIS R, AR I =R ESERE F, 28 (9) AT
HH

=—a+be . (10)
S,- S,

€ HefxzIE 21.

S.1-S;

0121 o 50 kPa

o 100 kPa
4 200 kPa
0.09- y 300 kPa

2 4 6 8
&%

& 21 ells,-s,;) - eWxkR
Fig. 21 Relationship between e/(s;-s;) and e

10 12 14 16

Bl 21 mf%, el(s,- s,) SeMRARIAE R4
Hek, UAMKRE RBIAT 094, BIANRIRET .
H & 21 30 A 13 2IAN R B PR 28 a, b (IHUE,
W3 3.

%3 RESHa bE
Table 3 Vaues of model parametersa, b

Fl s /kPa a/102 b/10°8
50 3.2 4.7
100 2.1 3.6
200 1.4 2.1
300 0.8 1.4

B 24 a, b 5HEERCHR WK 22, & 22 v L)
Fih, B a, b A B Rk, AH [
JEFaXkT b, BMZSEa, b 5EEKCRTIUAEN
PR

a=04s;"" , (11)
b=05;" . (12)

1 1 1 1 1 1
0 50 100 150 200 250 300 350
,/kPa

22 1BESH a b5SEEMXR
Fig. 22 Relationship between model parameters (a, b) and

confining pressure
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(1) MBT 54y BA2E, H4ithe, RIAE
il 1) B AR TS 3 30%I], Al . ) B BAT IS BIWEAE, Y )
AR 2 LI AR IR R, 8 T N AR A
el

(2) MBT S50 BY 9 5 2 20U 5 HE K S A
A%, 132 TAFHKSEE T MBT bR bt sy s
SHFR ST WA R A0 BEEE A
(VA T o AN [ 25 AN HEKBY IR & 2R 0 ¢ b 18.1~51.2
kPa, NEEHES @ J 40° ~58° ; [IZAHIKEIIEER
71 ¢4 189~383kPa, WIS ¢ J 149° ~253° ;
HRETE T ¢l 23.2~40.0 kPa, RN EELESM o' N
16.6° ~40.1° ; [HZ5HE KB A RUE R J) ¢h 18.6~
54.2 kPa, RN EH S ¢h 165° ~25.2° .

(3) MBT LBty 24 (¢, ¢ ¢, ¢»
Ehm AR SOEAH DG, WA REMEOCR, @ T

(4) MBT SR FFE XS IR, B2 a,
b H5HEM KR LAUE N RREOCR, B TR
FrFzisA

(5) WFT4E AT g MBT B3 HUH 30 3 (1) F 58
PEST BT ER AL B R U BY SR S EUK A
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Field tests on lar ge defor mation control measures of surrounding rock of
deep tunnelsin fault zones with high geostress

CUI Guang-yao', WANG Xue-lai', WANG Ming-sheng’
(1. College of Architecture and Civil Engineering, North China University of Technology, Beijing 100144, China; 2. China Railway

Tunnel Group Co., Ltd., Guangzhou 511458, China)

Abstract: The surrounding rock at the western piedmont of Yulong Snow Mountain fault zone of Zhongyi pilot tunnel at the
tunnel exit of the Lijiang-Xianggelilarailway is weak and fractured affected by the high geostress and fault zone, and the large
deformation of the side wall is prominent. Four kinds of |arge deformation control measures for the surrounding rock are taken
out in the field tests. The results show that the deformation of the surrounding rock is out of control adopting the genera
strengthening support measures (working condition 1). It needs slow release adopting control measures of resisting and
reducing the stress of the surrounding rock. The stress of the surrounding rock of the test section is better controlled by working
condition 3 (double-layer support + lower bench and inverted arch excavation), but the process is tedious and the construction
progressis dow. Adopting the "strong support” measure of working condition 4 (monolayer support + strengthening arch support +
reserved emergency reinforcement measures), the maximum daily rate of deformation and the maximum accumulation of
deformation are the minimum, 3.2 crm/d and 62.2 cm respectively, the accumulation of deformation of the full test sectioniswithin
the controllable range, the construction procedure is relatively smple, and the advance progress of the construction month can
reach more than 90 m. In view of the advance effect of the pilat, It's highly recommended that the western piedmont of Yulong
Snow Mountain fault zone of Zhongyi tunnel exit should adopt the working condition 4. The research results can provide a
reference for large deformation control measures for the surrounding rock of deep tunnelsin fault zones with high geostress.

Key words: deep tunnd; high geostress; fault zone; surrounding rock; large deformation; field test
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Fig. 1 Schematic diagram of location of Zhongyi tunnel
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Fig. 2 Geological situation of fault segment at western piedmont
of Yulong Snow Mountain
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Table 1 Physical and mechanical parameters of surrounding rock

in fractured zone
A W(kNm3) c/MPa ¢/(°) EGPa n
FEA A
(s ese 264~27.0 0797 3233 12~ (g
s 0.74 1.30
ARED

VE: g W cNERRD: o NWEEE: EWABRER; n
JRA .
1.3 SHMNHHDR

o E 1LV T R BER K IR BERE (B
FLAL) SNy, S KK BN S i KA 28.25
MPa, I KK VN S/ MEN 16.37 MPa, il &
B 1.61~1.94, WXl # sty Iy 1% o
1.4 BREEERET B RE IR Gt

P I BR Bt SR IV 4% B s 1 25
P, A EREE L, PSR 5.3 m, B 3.65m,
PR [ 4224 2.65 m. HI3C K 15 em 5 C25 Wit
&L o6 A (MHEEER 25 cmX 25 cm), ML
R 118 740 (JAJfE 0.8 m), ARG R & 22
WO ST, BTG 2.5 m, TN 1.2 mX 1.0 m(FR
XY WK 3 Fir.

E 3 FigitiEEE
Fig. 3 Origina cross-sectional design
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Fig. 4 Detection of loose circle of surrounding rock
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Table 2 Test conditions
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,—7;

6 36 TR S+ A T E (=
Fig. 6 Cross-sectional drawing of test working conditions
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Fig. 7 Arrangement of monitoring points
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Fig. 8 Curves of convergence value in bottom bench and time of
PDK50+555

ti P 8 AT LA%H, PDK50+555 Wrifi I & B i S5t 1
R GER] 31 cm), S MsERmEEsE, F&
Wrifeslogditese s ME W EIHZE, T abisk
e, FeEtt T, N alsiag, A
ARG E, BRARIAIEEL 54.97 cm, I IE AT
AL AL B

PDK50+536—PDK50+521 4] 3¢ — ettt i
BRARTEATAME AR, G ARATHI S ket ]
9 7K,

\d -

(a) PDKS50+542—520Bt— W #edt (b)) PDK50+536— 521 B¢ —yk#eit

9 TR 1iIXIEME
Fig. 9 Test phenomena of working condition 1
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Fig. 10 Arch crack and uplifting deformation beside section
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Fig. 11 Duration curves of section deformation monitoring of
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Fig. 12 Duration curves of section deformation monitoring of
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Table 3 Test results
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—IRPETFZ PDK50+460
MZP+ R EH gt PDK50+460—
3 » 175 0 0 36 68.9 50
Sy I HAE PDK50+285
FZSC IR+l PDK50+285—
4 e 0 0 3.2 62.2 90
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Pore flow characteristics of porous media based on transparent soil technology

LIANG Yue"?, CHEN Peng-fei"2, LIN Jia-ding"?, SUN Zhi-wei® 2
(1. National Engineering Research Center for Inland Waterway Regulation, Chongging Jiactong University, Chongging 400074, Ching;

2. Key Laboratory of Hydraulic and Waterway Engineering of Ministry of Education, Chongging Jiaotong University, Chongging 400074,
China)

Abstract: The soil isakind of special porous medium, whose internd pore channel is extremely random. As aresult, the pore
velocity distribution is not uniform in its seepage field, which is referred to the preference flow phenomenon. The preference
flow is an important factor influencing the pollutant migration and infiltration deformation of the soil. Based on the principle of
transparent soils, the saturated transparent porous medium is mixed with sodium polyacrylate cross-linked polymer particles
and digtilled water. A simple particle image velocimetry (PIV) system is combined with a green light laser, aSLR cameraand a
cross slide to study seepage in transparent medium. The flow field images of transparent porous medium under different
hydraulic gradients are collected, and the velocity data obtained are statistically analyzed by combining with the particle image
velocimetry technology to reveal the flow characteristics of pore fluid. The results show that the measured results are in good
agreement with the macroscopic velocities. The smple PIV system can be used to measure the flow field with multi-point,
non-interference and high precision. It isfound that the pore areain the longitudina section of porous medium is related to the
location of the longitudina section, and the larger the pore area, the larger the pore flow velocity on the section. The
digtribution of pore veocity in porous medium is approximately the same. With the decrease of longitudinal section velocity,
the preference velocity decreases. The smdler the preference velocity is, the higher the probability density is, the more
significant the preference flow phenomenonis.

K ey words: trangparent soil; PIV; porous medium; pore flow velocity; preference flow; macroscopic vel ocity
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L ar ge-scale low-friction geotechnical truetri-axial apparatus and its application

PAN Jia-jun, CHENG Zhan-lin, JANG Ji-wei, ZUO Yong-zhen, XU Han
(Changjiang River Scientific Research Ingtitute , Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water

Resources, Wuhan 430010, China)

Abstract: Firstly, an introduction is made to the large-scale geotechnica true tri-axia apparatus developed by Changjiang
River Scientific Research Institute. The functions of this gpparatus can be described as follows: (1) The true tri-axial tests on
coarse grained soil can be carried out steadily. (2) The maximum value of osis able to achieve 3.0 MPa, while that of o is ale
to achieve 15.0 MPa. (3) The specimen size is 300 mm (length) X 300 mm (width) X 600 mm (height). (4) The loading process
can be set arbitrarily, both the stress control and the strain control are available, and loading in three directions is independently,
which makesit possible to smulate complex stress paths. (5) The whole process stress-strain curves of coarsely grained soil can
be obtained. Through an engineering case, the researches on the mechanica characteristics of coarse grained soil under
complex stress conditions are conducted using this apparatus, and the stress-strain rules are obtained at different stress levels.
The strength parameters of the specimen in different loading paths are achieved, and a preliminary anaysis for the applicability
of strength criterion is made. The successful development of the large-scale low-friction true tri-axia gpparatus provides a new
technical method in studying the strength and deformation of coarse grained soil under high stress levels and complex stress
paths.

Key words: large-scale truetri-axial apparatus; coarse-grained soil; stress-strain; intermediate principa stress; strength property
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2.2 MABEARER

EHUR RS RED (b=(s, - S,)/(S,-S,)) M
AR g s AF AR s, T RRL T 20 =35,
— 7 TS 2 N AR AR T SRR s, o) —
3 TS PSSR Al R U P 3 P PR A T YR NS o

) AR B AR Ot E s s, ARFEAE
K s D [ 45 @ AR e Y ) 24 b=Ds ,/Ds,
BT RSN, ELERRAERIR . N gk i 4%
Wk 4 fros.

AVAREEF, b 27HH 0, 0.25, 050, 0.75; /)
F W Jys 43 5IEL 200, 400, 600, 800 kPa, JLitJT

Jie 4 41%5s 55 b ik .
r

O3 Aoy

- -
Oy b-Ac, Oy

/- /o

4 #Fs, FbiRBNNMERETEE

Fig. 4 Schematic of loading path under constant ratio b
2.3 MATRREAR

Bl 5 AR AN b Al ANl s 4541 N HDRL L 1) Y
JINARHh 2l . A B ATLAE H

(D K% b ERIEM, (s,-5,) - e, KRRIMMLE
ALY R BER S, WAL RNIRT, |
PSR T 321 g s, PR kR 2 B A AR AL 4

(2) bk, RK(s, - s,) - e KR ML
AP R B AL (A FA, =075 T T A B




1370 a5 oE L OB ¥ M

2019 4F

Kl 6 As ,=0.6 MPa, A~[F] b 45 FHLRL L (1Y
INAR I, dE 6 vl%n: OMIAls , 444, b=0.25,
050, 0.75 =R F(s,- s,) - € MMLEHILAI BLT)
R B, HUE KT b=0 kA&, RFH TN
PRFE N TE B B A R 2 5 1), ©>0.25 )5,
IS A5 A7) H P A A 38 i 5 SR AN PR RF S s @
b=0.25, 0.50, 0.75 —FfriRkARUEAE Y I 555 BY. (1) )3 A% >k
F, BU RGBS, R RNARX ], N )
SPIRFERE AR, R AT 528 A0 S i 3

4r _=02MPa
4+04MPa 0000000000000
""""

--0.6 MPa
-©-0.8 MPa_,

4r = 02MPa
-+-0.4 MPa
5| *0.6MPa
~-0.8 MPa

(o1-03)/MPa

81/%
(b) »=0.50

[ -=-0.2 MPa

-+ 0.4 MPa
4r 0.6 MPa
--0.8 MPa

(01-03)/MPa

81/%
(e) b=0.75

5 AE bfE(S,-S;) - e, XAMLE
Fig. 5 Relationship between (s, - s;) and e, at different values

of ratiob
6_

5+

(01-03)/MPa

81/%
6 s,=0.6MPaftfs,-s,5e xF&ik
Fig. 6 Relationship between s, - s, ande; a o3 of 0.6 MPa

K7 RR L EA s &6 T e, - e KRAMLZ;
Kl 8 4 b=0.25 %A1 Niktfe - e, KR, HEl 8
AT LA H Bl o AR 2 () D6 R R AE R A «
Ob EXIRFEARIK A EIER B, 7Es 58k
PEF, b=0FE RSB A L T B S (A fik,  JLAAE
HAAE NS R R 2, 1T b=0.25, 0.50, 0.75, ik
FEATE R IUARGERAE, P32 eHS0RE B HH B 2 R
EEE. QR bME T, mTHENIRAE, e
71 b0 AT TS chi s, (He, [EHREH s , IHHY
Ky, bAEEFETH s S InARnTERAF A, et
UL, SRR A R F 5, B S sios
o

81/%

NG S S S N
R\ - p=0
-4 p=0.25
-o-5=0.50

-0-b=0.75

~~~~~

() 6,=0.2 MPa

81/%

12

£/%

(b) 6,=0.4 MPa

81/%

&%

(¢) 0;=0.6 MPa

81/%

£/%
R Y N T R
T T T T T T T

(d) 6,=0.8 MPa
7 FEs, #NTe 5T e, KR ML
Fig. 7 Relationship between e, and e, at different valuesof s,



7

WRE, 5 RBIGREER - T =l R g0 I E N 1371

-=-0.2 MPa
-4-0.4 MPa
| —-0.6MPa
--0.8 MPa

_12b
8b=025RT kK. NERTe - e, KRML
Fig. 8 Relationship between e, and e, atbof 0.25
2.4 BESERBIMENERMESH
ARG AL, 220 T (R REDRE 1 B IR I g (B B e 1
SRIEALE L 9 Fun, R 2400t TANE b i MRk
TR SRR . FTLVE R Ltk nin B g 2
RS B A S AH N b BN SR Y g [

¢=0.2 MPa
¢=39.81°

/MPa

o/MPa
(a) b=0.25

¢=0.2 MPa
©=43.06°

/MPa

c/MPa
(b) »=0.75

9 [E b EERENERLL4EEE BELKE
Fig. 9 Mohr's circles and linear fitting curves at different val ues of
ratiob
F 2 TE b ERFLERERITR
Table 2 Satistic for linear strength parameters at different values

of ratiob
b 18 ol(° ) c¢/MPa
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Sability and mesh-like collapse mechanism of tunnel face

SUN Yan-jun®2, YANG Jun-sheng”®, LUO Jing-jing", ZHENG Xiang-cou®, YANG Feng"®
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. Hunan Expressway Construction and Devel opment
Co., Ltd., Changsha 410001, China; 3. Key Laboratory of Engineering Sructure of Heavy Railway, Ministry of Education, Changsha

410075, China; 4. Faculty of Civil Engineering and Geosciences, Delft University of Technol ogy, Delft, Netherlands)

Abstract: The stability and collapse mechanism of tunnel faces are smplified conservatively to two-dimensiond plane strain
models aong the longitudina middie line of tunnel. Using the upper bound finite element method with rigid translatory moving
element (UBFEM-RTME), a series of stability factors N, and collapse mechanisms displayed with active discontinuities are
deduced. The influences of dimensionless buried depth ratio H/D, internal friction angle j and dilatancy angle w on the
variations of N, and mesh-like collapse mechanisms that are identical to the form of dip lines are discussed. A fitting formula
of N for the influence factors H/D and j is deduced, and the effects of numbers and locations of active discontinuities are
also investigated. This study illugtrates that the UBFEM-RTME with combination of mesh adaptive updating strategies and
reasonable and sufficient mesh density can improve the accuracy of the obtained N, values and the refinement of mesh-like
collapse mechanism. The results reved the main characteristics of the ultimate collapse mechanisms of tunnd faces, and they
can provide theoretical supports for the stability evaluations of tunnel faces and pre-reinforcement scheme of soil strata.

Key words: stability of tunnel face; upper bound finite e ement method; dilatancy effect; stability factor; collapse mechanism
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Table 1 Results of stability factor N, of tunnel face
H/D LIC)
0 5 10 15 20 25 30

1 2.82 3.36 (3.35) 4.04 (3.96) 4.88 (4.63) 5.89 (53D 7.01 (5.92) 8.15 (6.38)
2 434 5.40 (5.38) 6.82 (6.67) 8.71 (8.21) 11.09 (9.89) 13.74 (11.44) 16.23 (12.60)
3 5.32 6.83 (6.79) 8.98 (8.77) 12.02 (11.28) 16.02 (14.15) 20.42 (16.86) 24.34 (18.82)
4 6.02 7.93 (7.90) 10.79 (10.52) 15.03 (14.04) 20.81 (18.24) 27.11 (22.23) 32.45 (25.04)
5 6.57 8.84 (8.80) 12.36 (12.04) 17.83 (17.55) 25.51 (22.80) 33.79 (27.78) 40.56 (31.30)
6 7.00 9.61 (9.56) 13.77 (13.41) 20.49 (19.02) 30.15 (26.12) 40.49 (32.92) 48.67 (37.52)
7 7.39 10.29 (10.23) 15.07 (14.66) 23.03 (21.32) 34.74 (29.96) 47.19 (38.29) 56.79 (43.76)
8 7.70 10.89 (10.83) 16.26 (15.81) 25.48 (23.53) 39.30 (33.75) 53.91 (43.61) 64.90 (50.03)
9 7.99 11.43 (11.37) 17.39 (16.89) 27.86 (25.66) 43.83 (37.50) 60.54 (48.85) 73.01 (56.22)
10 825 1192 (11.86) 18.43 (17.90) 30.15 (27.72) 48.33 (41.22) 67.24 (54.17) 91.12 (62.47)
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