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Liquefaction of deep over burden layersin zones with high earthquake intensity

CAI Zheng-yin', WU Shi-yang’, WU Ying-li*, ZHANG Shi-shu?
(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Ingtitute, Nanjing 210024, China; 2. Chengdu Engineering
Corporation Limited, Chengdu 610027, China)
Abstract: The vibrating liquefaction of sandy soils is subjected to various factors, among which, the embedment depth (stress
state) is a very important factor. The centrifugal shaking table tests are carried out to investigate the dynamic response and
liquefaction rules of deep sand layers. For the problem that the deep soil layers cannot be smulated by the centrifugal shaking
table, aloading air bag to simulate loads of overburden layersis designed. By controlling the pressure in the air bag, the seismic
response situations of sandy layers with different embedment depths can be smulated. Accordingly, the stress smilarity
conditions of deep foundations are satisfied. Four kinds of test conditions are arranged, which respectively correspond two
kinds of embedment depths and two kinds of vibrating frequencies. The response rules of acceleration and excess pore water
pressure in the sand foundation with various embedment depths are released, and the influences of the vibrating frequency on
the vibrating characteristics of deep sand foundations are discussed. It may provide a satisfactory way for judging the seismic
liquefaction of deep sand foundations.
Key words: deep overburden layer; centrifugal shaking table test; sand foundation; accel eration; excess pore water pressure
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Table 1 Scaling factors of centrifuge modelling

Yy e A J Ay
SR 1 1
Erezling 1 50
EIp S 1 1/50
T 1 1/50
I 1 1
il 1 50°
%% 1 1/50
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N 1 1
AR 1 1
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Fig. 2 Arrangement diagram of sensors
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Table 2 Parameters of pore water pressure transducers

i G BE I(mv-v-MPa™) IMPa
PL i€y 229 CHS8 11.819 15
P2 flifg 226 CH9 11.751 15
P3 7445 703 CH10 23 0.7
P4 flif 50 698 CH11 23 0.7
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Table 3 Parameters of accel eration transducers

e . ZEER
A i i /(mr*5uv-5v)
Al FW4520021 CH1 0.9558
A2 FwW4520020 CH2 0.9642
A3 FZ0370029 CH3 1.027
A4 FZ0370023 CH4 101
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Fig. 3 Sketch of airbag loading devices
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Fig. 5 Acceleration curve under embedment depth of 10 m
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Fig. 6 Acceleration curve under embedment depth of 30 m
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Fig. 7 The acceleration curve embedment depth of 10 m
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Fig. 11 Excess pore pressure curve under embedment depth of 10 m
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Remediation of fractured rock aquifers contaminated by hexavalent chromium
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Abstract: The contamination characteristics of bedrock fissured aguifer, selection and implementation of remediation
technologies, and evaluation of remediation effects are andyzed based on the remediaion project of hexavalent
chromium-contaminated groundwater in a machinery company in Shandong Province. The results show that the shape and the
scale of hexavalent chromium-contaminated plume in bedrock fissured aquifer mainly depends on groundwater flow field,

water abundance of aquifer and occurrence of fault zone. The buried depth of contamination plume depends on that of aguifer.
The complex hydraulic connection condition of bedrock fissured water is an important factor causing great difference in spatia

distribution of contamination concentration in the site. Through technical and economical anaysis, a multi-technology

0

combined remediaion scheme including groundwater barrier, ex-situ treatment after pumping and in-situ chemical reduction

construction of remediation of contaminated fissured rock aquifers.

51

—_

technology is put forward. After field remediation, the concentration of hexavalent chromium in groundwater in al monitoring
wells is lower than that of class IV standard(0.1 mg/L) in “Chinese Standard for Groundwater Quality”, and the successful

remediation percentage is dmost 99%. This successful implementation project can provide reference for the design and
Key words: fractured rock; hexavalent chromium contamination; groundwater remediation; barrier; ex-situ treatment after
pumping; in-situ chemical reduction
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Table 1 Remediation cases of chromium-contaminated aquifer
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Fig. 1 Location of contaminated site
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Fig. 5 Cross-section layout of applied technologies (I— I¢)
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Table 4 Contamination of Cr(VI) in groundwater before and after
remediation and remediation rate in each area
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Fig. 7 Changes of Cr(VI) concentration in groundwater during
remediation
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I nfluences and mechanisms of anchor failure on anchored pile retaining
system of deep excavations

ZHENG Gang"?, LEI Ya-wei® % CHENG Xue-song"?, LI Xi-yuan"? WANG Ruo-zhan"?
(1. MOE Key Laboratory of Coast Civil Structure Safety, Tianjin Universty, Tianjin 300072, China; 2. Department of Civil Engineering,

Tianjin University, Tianjin 300072, China)

Abstract: Collapse accidents of excavations caused by anchor failure are common in anchored pile retaining excavations.
Aiming at the problem, the finite difference method (FDM) is adopted to study the rules of load transfer, such as the earth
pressure and the internal force of retaining structures of local anchor failure, and the corresponding model tests are designed.
Failure of anchors will lead to obvious increase of axial force of adjacent 3~4 anchors, increase of the maximum shear force
and bending moment of capping beams, and easy damage of capping beams according to structura reinforcement. As the
number of failed anchors increases, the maximum load transfer coefficient (l;) increases gradually and tends to be a constant
value, and the deformation and stress mode of piles gradualy transform from braced type to cantilever one. The maximum bending
moment first decreases, then increases to a constant vaue. Meanwhile, 1, is generdly larger than I;. When the number of failed
anchorsis|less, the failure will transmit along the anchor. When the number of failed anchorsis more, the failure will develop tothe
pile. In addition, the larger the excavation depth, the lower the soil strength, and the higher the load transfer coefficient (I,,and I).

K ey words: excavation; anchored pile structure; anchor; partia failure; progressive failure; load transfer coefficient
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Determination of nonlinear permeability parametersfor shear zonesin
Baihetan Hydropower Station by in-situ tests

ZHOU Zhi-fang’, L1 Si-jia’, WANG Zhe', GUO Qiao-na’, SHI An-chi?, CHEN Meng', SHEN Qi*
(1. School of Earth Science and Engineering, Hohai Universty, Nanjing 211100, China; 2. East China Ingtitute of Survey and Design,

Hangzhou 311122, China)

Abstract: Based on the Forchheimer equation of generalized nonlinear permeability, an in-situ test method for determining the
permeability parameters of nonlinear flow in shear zones is proposed. Based on the fidd tests of Baihetan Hydropower Station,
it is found that the values and stability of nonlinear coefficient b and m are related to the filling type and structure of the shear
zone. In interlaminar shear zones of C; and C,;, m=2, and the value of nonlinear coefficient b is rdatively stable with little
change. In interlaminar shear zone of C, m=0.5, the vaue of nonlinear coefficient b is relatively stable, but the order of
magnitude is much smaller than that of interlaminar shear zones of C; and C,. The reason is that the original pore with poor
connectivity of shear zone forms a dominant flow channel under the action of high-pressure water, resulting in significant
increase of water volume under the same pressure. Using the nonlinear coefficients obtained from experiments into
Forchheimer equation for curves and judged by cal culation of influence coefficient £ of nonlinearity degree, the nonlinear terms
between pressure holes and test holes are absolutely dominant in the process of high-pressure water tests. The movement state
of groundwater is nonlinear flow. It is shown that the distance between pressure holes and test holes and the pressure gradient
change selected by the in-situ test method are suitable. The test results show that the in-stu test method of nonlinear
permeability parameters of shear zones is rigorous in theory and has the advantages of simple test process, easy operation,
compl ete parameters and high accuracy, so it has good application value.

K ey words: nonlinear flow; permeability parameters; Baihetan Hydropower Station; in-situ test; shear zone
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F 1 CZK51-3 FLIFLLMAKI b ITELER (m=0.5)
Table 1 Calculated results of nonlinear coefficient b of borehole CZK51-3 (m=0.5)
R FL CZK51-3 HIFLARE 2 2% bl(s™om®)

& J1/MPa Q/(cm*s™?) CZK51-1 CZK51-2 CZK51-0 CZK51-4
0.3 1.50 8.18X 107 8.57X 107 1.04X 10 5.42X 107
0.5 22.83 4.30% 107 3.65% 10 444X 10° 2.31X 10
0.7 133.33 2.67X 107 2.11X10° 2.56X 10° 1.33% 10?
1.0 190.00 3.26X 107 2.52X 107 3.06X 107 1.59x 10

. . r=447 cm r=500 cm r=400 cm r=1000 cm

/T FesEd

M=67.5cm M=325cm M=37.5cm M=27.5cm
R 2 CZK88-0 FLIELMARB b it ELER (m=2)
Table 2 Calculated results of nonlinear coefficient b of borehole CZK88-0 (m=2)
56 fL CZK88-0 FIFLAR e R % bl(s™om®)

JE S1/MPa Q/(cm*s™?) CZK88-1 CZK88-2 CZK88-3 CZK88-4
0.3 0.59 7.03x10° 1.57x10° 5.89% 10° 2.03x10°
05 1.14 5.66x10° 7.13x10° 5.32x10° 9.25x 10°
0.7 0.86 1.64x10° 1.73x10° 1.57x10° 225X 10°
1.0 0.71 3.84x10° 3.64x10° 3.73x10° 4.73x10°
15 1.25 2.00x10° 1.75X10° 1.95X10° 2.27X10°
20 4.48 2.17x10° 1.83x10° 2.13x10° 2.38x10°
25 5.38 1.92x10° 1.59% 10° 1.89x 10° 2.06x 10°
3.0 7.50 1.20x10° 9.79X 10" 1.18X10° 1.27X10°

ik Rl V=400 om Ve3s0om  N-d00am V=400 om

F 3CZK68-2 FLIFL MR E b ITHLER (m=2)
Table 3 Calculated results of nonlinear coefficient b of borehole CZK68-2 (m=2)
R FL CZK68-2 FIFLARE e R %K bl(s™om )

J£1MPa Q/(cm*s? CZK68-1 CZK68-3 CZK68-4
0.3 1.18 4.78X10° 4.08x10° 5.29% 10°
05 0.78 1.80x 10° 1.53x10° 1.99%X10°
0.7 0.93 1.76x 10° 1.50%x 10° 1.95x 10°
1.0 1.37 1.16x 10° 9.88% 10° 1.28x10°
15 5.52 1.06x 10® 9.02% 10’ 1.17x10°

ik i V=375 om V=3500m V=400 om
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Table 4 Summary of nonlinear parameters of different shear zones

B )l g C Cs Cs
al(scm?) 15.31 471.70 5.32
b/(s>cm™®) 3.49% 107 7.00x10° 6.80x10°
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Fig. 6 Variation of hydraulic gradient with flow velocity in
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Table 5 Calculated results of nonlinear degree coefficient S
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Deter mination of soil mechanics parameter s based on Bayes method and
posterior distribution limit

RUAN Yong-fen', WEI De-yong*, YANG Jur?, GAO Jun®, LIU Ke-wen’, PENG Shuan-shuan?
(1. Faculty of Civil Engineering and Mechanics, Kunming Universty of Science and Technology, Kunming 650500, China; 2. Southwest

Nonferrous Exploration Design Co., Ltd., Kunming 650031, China; 3. Kunming Survey Design and Research Ingtitute Co., Ltd. of Creec,
Kunming 650200,Ching; 4. Yunnan Congtruction Investment First Investigation and Design Co., Ltd., Kunming 650031, China)

Abstract: Geotechnica parameters are of great randomnessin spatiad distribution, and the existing researches are to infer large
samples from small ones, which will inevitably lead to some errors. If the number of samples is large enough, the normal
distribution will become highly concentrated near a certain value. The influences of statistical errors of geotechnical parameters
will become smaller and smaller resulting from the investigation errors or accidenta factors, then the more accurate parameters
will be provided during prospective design. According to the collected experimental deata of the cohesive force Cand the
internal friction angle j of Dianchi Lake facies deposition peat soil, silt and clay with high dispersion, the Bayesian large
sample method is used to analyze the mechanical parameters of several soils, the posterior information of mechanical
parameters of soilsis derived based on the prior information from the collected samples, and the Bayesian estimation interval is
obtained. After the Fisher information is determined, the posterior distribution of the mean value m of the norma distribution
of mechanical parameters of soils can be approximated by a normal distribution independent of the prior distribution, and the
reliable value of the parameters can be obtained when the sample size tends to infinity. The consistency and asymptotic
normality of mechanical parameters of soils are tested and analyzed by the posterior digtribution limit. A large sample analysis
of the mechanical indexes of the sedimentary soilsin Dianchi Lakeis carried out. The reliable value of the mechanics index of
sails is estimated to fal within the Bayesian evaluation interva, which fully proves the feasibility and reliability of the
analytical method. The anaysis results may provide reference for the compilation of regional norms and the accumulation of
engineering experience, and aso atest for the rationality of the design parameters.

K ey wor ds: mechanical parameter; Bayes large sample method;

consistency; asymptotic normality; Fisher information HOWE: £MA AR (2018BC008)
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Fig. 1 Frequency histogram and P-P diagram of three soil samples
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Table 2 Mean values and variances of mechanical parameters of three soil samples
VBT L ZEE it
T /kPa s? 1) ‘st T /kPa s? i 1C) ‘st T /kPa s? i 1C) ‘st
294 9.8 5.9 1.9 16.0 2.6 17.4 0.4 27.8 12.1 9.16 1.79
24.9 10.0 6.7 25 15.9 3.7 17.6 0.4 30.9 9.7 8.79 1.65
19.6 7.8 6.6 2.0 17.6 35 17.2 0.5 29.6 115 9.27 2.08
321 11.3 6.5 3.0 18.7 45 17.6 0.6 331 9.5 9.41 1.96
27.5 8.0 5.9 2.4 17.4 4.3 175 0.5 317 7.7 8.26 1.76
26.7 9.6 6.2 2.7 154 4.7 17.3 0.8 29.5 9.8 8.87 1.95
329 7.9 6.9 2.9 15.9 35 17.6 0.6 27.5 10.0 8.11 1.73
26.3 9.2 5.8 2.8 17.1 3.4 17.7 0.7 27.2 85 9.20 154
24.4 8.6 6.4 25 17.4 3.6 175 0.6 27.7 104 9.32 1.40
239 9.9 6.5 2.6 18.0 4.3 17.3 0.3 27.5 11.0 8.71 1.75
251 10.2 6.4 2.8 145 3.3 17.2 0.1 294 11.3 9.77 147
27.8 11.2 6.7 2.4 17.3 35 17.6 0.5 28.3 111 8.29 1.58
28.8 7.6 6.5 2.0 16.1 4.3 17.3 0.6 33.2 10.2 8.70 1.94
312 7.6 5.9 2.1 18.0 2.6 17.7 0.7 30.1 11.8 8.80 1.78
29.3 8.0 5.6 2.3 18.1 3.0 17.2 0.5 29.5 104 8.49 1.38
27.0 8.7 6.4 3.3 14.8 2.0 17.4 0.6 255 10.8 8.78 1.63
25.3 8.1 5.9 2.4 17.8 2.4 17.7 0.6 32.9 125 8.05 1.95
304 9.8 7.6 14 16.1 3.9 175 0.6 27.9 9.7 8.31 1.80
26.6 7.1 6.3 2.3 17.8 3.0 175 0.7 314 9.6 8.60 2.26
313 8.4 8.0 2.7 16.8 2.1 175 0.4 27.3 10.9 8.76 158
26.4 7.4 7.3 2.4 18.6 4.0 17.4 0.5 29.3 7.0 9.48 191
25.3 6.6 7.1 3.1 17.4 0.2 29.8 10.1 8.55 153
23.7 9.3 5.3 1.7 28.4 7.0 8.43 1.76
26.3 85 6.7 2.9 316 10.1 8.77 1.82
27.7 10.0 6.7 2.6 255 111
27.4 7.6 7.6 2.7 28.0 104
26.8 5.7 25 32.9 11.7
7.4 2.4
5.9 2.6
7.5 18
=3 ERSHMESRESEITESR
Table 3 Vaues of a priority parameter and calculation of posterior parameter
% S n Uo s¢ q t? r2 | /2 k Vi Kn mx)  V,S? s?
Yerm c/kPa 27 27.18 930 2718 293 523 0170 317 13168 30.17 2718 24214 1.83
Jit el(C) 30 6.52 275 6.48 067 3048 0.080 4.10 9096 34.10 6.52 79.92 0.88
. ckPa 22 16.92 373 1697 121 1926 0180 278 6052 24.78 16.93 7870 1.30
1
ol(C) 24 1745 054 1745 0.15 841 0.060 3.60 40.82 2760 17.45 1254 0.04
o ckPa 27 1937 1084 2940 223 5637 0190 486 13974 3186 2940 69573 4.97
ol(C) 24 8.78 1.84 878 046 6793 0025 400 159.86 28.00 8.78 4237 0.26
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Fig. 2 Posterior distribution of mean u of mechanical parameters
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Table 4 Satistical table of confidence interval of parameters

n

+2 Bbr BayesiI{sXIAl UG AT{EIX A

Jes  clkPa [26.6,27.8] [24.3,30.04]

Bk el ) [6.4,6.7] [6.1,7.2]

¥t c/kPa [16.6,17.2] [15.6,18.6]

Tl(°)  [17.41,17.48] [16.2,18.4]

- c/kPa [29.2,30.6] [28.7,32.1]
pl(° ) [8.7,9.0] [6.9,10.3]
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Table 5 Parameter vaues for different interval sites
PRI+ i it
ckPa ¢l(° ) clkPa ¢/(° ) c/kPa ¢l(°)
WEAMYS 270 64 178 174 292 90
mfeskyi 263 65 166 176 298 83
Vbt 256 0 59 0 158 171 296 85
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Table 6 Total number and grouping of ¢ and ¢ samples
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FEABHUA 230 248 540 476 269 294
S 100 100 200 200 100 100
I 200 200 400 400 200 200
H=4U 230 248 540 476 269 294

99
95

70
40}

B4rthi%

10+

N 1k
16.0 17.0 18.0 19.0

te/(c)
(b)
60
SFHYME=17.47
= FAERE=0.54
40t § N 8
200 . §\\ fa
|
§
fs0 170 180 190 160 170 180 19.0
B ) B )
(e) (d)
FHfE=28.7
35p " 99
S =11
30t @\\ i 951
\\&Y\x
% 20 \\\Q§\\§ S
l‘.ﬁ 15 %&\%\ (R 40 +
\ %\\\\& fm
10 \ \\\\\\\ 106
5 :T¥§§§§®
5 10152025303540455055 60 0 20 40 60
#i 1 c/kPa Fitc/kPa
(e) (€D)]
FH=29. - $
80 wiz0s [
o0 95
60 ] & 7ol
@' 40 X or
2 LTy
1 .
05710152025 30354045 5055 60 0 20 40 60
Fhitc/kPa Fhitc/kPa

(8) (h)

3 ML o ML cHINARMEXESES P-P
Fig. 3 Frequency histogram and P-P diagram of silt ¢ & clay ¢
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Table 7 Means and coincidence centers of mechanica parameters

owaiils Ly
ok po—— Fuﬁfum%é{oﬁ A H :
ckPa ¢l ) r kPa 1, I(°)
200 28.7 29.4
1 400 29.1 29.4
540 29.4 29.4
100 17.50 17.50
i 200 17.47 17.50
248 17.50 17.50
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M easurement and mechanism of influences of rainfall on supporting
structures of foundation pitsin soft soils

LIU Chang™?, Jl Fan-fan', ZHENG Gang"?, LIU Tao"*, LIU Yong-chao®
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of Coast Civil Structure Safety, Ministry of

Education, Tianjin 300072, Ching; 3. Tianjin Pile Foundation Technology Engineering Center, Tianjin 300301, Ching; 4. Beijing Longhu
Zhongbai Real Edtate Co., Ltd., Beijing 100020, China)

Abstract: Rainfall is usualy easy to cause sliding and instability of soil dopes. At the same time, it adso has a great influence
on foundation pits, especialy for those in soft soils. In the absence of other construction, after three days of rainfall of 247 mm
deep, the horizontal displacement of supporting structures of a foundation pit in Tianjin increases by 13.75 mm. Therefore, it is
of great significance to study the mechanism of deformation induced by rainfall of foundation pits in soft soils. Firstly, the
experiments on the influences of rainfal on redevant model are conducted by using Plaxis2D. The influence mechanism of
rainfall on the deformation of supporting structures of the foundation pit in soft soils is anadyzed. The influences of intensity,
duration and amount of rainfal on the deformation of supporting structures are analyzed, and the sensitivities of the excavation
depth, the initid displacement of pile top, the form of supporting structures to rainfal are studied. The main factors affecting
the deformation of supporting structures are the increase of the residual soils outside the pit, the softening of the soilsin the pit
and the fluid-solid coupling. The amount of rainfall is a factor to have alarge influence on the deformation of the supporting
structures of the foundation pit. The displacement increment of the supporting structures caused by rainfall is most affected by
their initial displacement, while the depth of foundation excavation has small influences on their deformation increment under
the same rainfdl conditions.

Key words: rainfall; soft soil; foundation pit; supporting structure
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Table 1 Increments of horizonta displacement of test piletop
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Table 3 Initid physical and mechanical properties of clays with different water contents
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R kPa NEEESIC ) E/MPa

25% 70.1% 17.3 22.91 17.70 8.2

30% 84.1% 17.9 27.8 465 187  0.67 13.86 14.61 6.9

35% 98.0% 18.6 11.84 12.52 43
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rainfall intengities of rainfall 36 mm deep rainfall
Kl 4RI 5 0 BE R 12 h, /D, 1. KET 3 F
BT R B2 AN PR Y B 36 mm, Hhy KL ZREY 3 FPRERY L
DL 7 28 T LRI Sk A K. B 6
A% AR 1.25 mm/h R BERY 6, 12, 24 h 461F
TBUKIS, ATEMRILAE T (K% 25%).
BAEID (57K 30%) Bl FAERTINHCHE In, - A B AR
K, T EFEITL (57K % 35%) BUKE—HE 1.

I Rk

6 FFHRE REIFEFRATK LA |

Fig. 6 Water accumulation of soil columns |, Il and Il under

different rainfall durations a rainfall intensity of 1.25 mm/h

R A NAFIER T 5T AR EHBUK BRI,
MEPRLAGR], LAE T4 4 M LO0FEERUK, 6
B AR T (8B R 1R T 6 mmvh; BAE 17 4 T
OURBIARUK, B EAETZE AL KT 0.4 mmvh;

TAETTERN W NN Lo FEBUK, SN T
B ABUK, S A T BER AT 25mmh 5
6mWMﬁﬂﬁ5 ST TAENBEREEN AR )

VRS HE, WRTTTLRR], KNSR
W, YRITRE 70%I01) T ARZESR ) BRI 50%.  PY BRI A1 [
1K 30%. [& 415 B PR AIG 48%; 1Ay 84%I11) 1A%k
RIIBEAG 15%. A BEHE A AR 14%. Hs i i FAIC
38%.
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F 4 FEEMART AR LERK. NERE
Table 4 Water accumulations and infiltration depths of different soil columns under different rainfall schemes

Rk FKIR B /mm NIBIRElcm
) ig BRI B R : : M :
= o S v = I A AT BRI AT
1.25 FH R 6 7.50 0 0 6.48 5 10 0
1.25 FF R 12 15.00 0 0 12.96 10 20 0
1.25 FF R 24 30.00 0 0 25.92 20 40 0
0.40 N 12 4.80 0 0 2.76 5 10 0
2.50 KM 12 30.00 0 1.20 27.96 10 20 0
1.25 FF R 28.8 36.00 0 0 31.10 20 40 0
2.50 KT 14.4 36.00 0 1.44 33.55 20 40 0
6.00 £ 6 36.00 0 21.60 34.98 20 20 0
R5 THANERELCERTRYIENZSHMT
Table 5 Change of physical and mechanical parameters of soil in soils column infiltration depth
WU HFE g /(KNP R ) clkPa W EESE S 0l(° ) Hs4iifi e EJMPa
RES  pmnr  BWE 80 W WS WIE W MWE WIE W WS R
70% 17.3 187 75% 2291 11.79 50% 17.7 1246  30% 8.2 4.2 48%
84% 17.9 186 3.9% 1386 11.65 15% 14.61 1245  14% 6.9 43 38%
98% 18.6 187 05% 1184 11.62 1.9% 12.52 1251 0.1% 43 4.2 2.3%
Fz 6 TINTEMIENFER
Table 6 Computational physical and mechanical indexes of soil
TEE EE i EY el GY TS N PR B
2 N PO PP ) Kel(md?)  KJ(md?)
FEm J(KN-m®) /(N'mm®) /(N-mm™@)  /(N'mm™®) /(N-mm™@)  c/kPa /(° )
O, 2+ 0.72 16.00 2.0 2.0 16.0 48 8 10 864 10! 864 107
@O, &+ 0.70 18.88 35 35 28.0 84 20 8 864 10* 864" 10°
O = 3.48 18.61 4.2 4.2 33.6 100 16.45 1252 864  10° 864  10°
@z e %1 5.10 18.30 3.0 3.0 24.0 72 9 105 864  10° 6.70° 10°
®, W JiF+- 10 19.24 6.0 6.0 36.0 90 15 2119 3.71° 10° 278 10*
R 7 RRREF LT EF/AEEFI LIRS
Table 7 Parameters of st clay saturated/unsaturated soils
MR LEEE o » > » > » > » L BRI N
3 E, /(N'mm™©)  E/(Nmm?©) E; /(Nmm?©) G /(N-mm™)
S /m J(KN-m®) /kPa #IC )
80% 1.0 17.3 5.2 416 124.8 13.5 12.62
100% 1.0 18.2 3.0 24.0 72.0 9.0 10.50

3 HERESH
3.1 BRTHERE

WREEEYL L Z0 A0, AR RIS EE W 6 Pr
INo [RIR AR AR IREG 4518, SEYUHZ RYUREITN
MR IKAL BL B AR MORIBE R 80%, SR 5 XAl

J& 70%, 84%IH) AR NiB R -2t N Adiis, 732 I T ]
YUAHL T KA LA b RS R 7 R, i i

MRYEFED T T L, R Plaxis2D A FRIcHf
SEANEL 7 BRI FROCEEE, TR 70 m (1) X 20
m (&, FESUR 4.9m, Fl S )57 B4R 30 m;
LRI RS 8 LU S IR — B et v D DAy 5 DA o v
(/NN AR L AR A (HSS), HEZK B AHEK
(A, BEHTEREINIL 5 Bt IR TRE, B

BHUZHLR 6, MEHMeR interface T, Y
PN ARREA, BT 15 15 R TT: HEYT 3 X M
NIRRT HIR LA 2m Ak, sl X N K247 The
JRELT 1mdb, MR /R AL AU R 428 7K Sk SE 8L

#
#

7 BIRTITEZRE
Fig. 7 Finite e ement model
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3.2 PBEMXMEREBEGUSIFEMERZMIE ST

JTHHETT i T YUK, FEGUEh X ke R
WARDG AR LA . JTHZETR, R ER I DT2 BRI 52
Wiy, FAKMIEGT AR AR AS, RIZESWMX
BTN YRE, MR KA, R ARREEREAR; PR
FERELUREBRASB T, e IS T, 8K
FYUE. XAk MAKBABIE R BB
T2, SEYUME L RERZRIN: SN ST
HMFAERUKAT B T FERER A SE T 2, B
BEXT 3d 247 mm (EERD (BERT, 3 AlEEXEELE 54
7 153 A7 B RN ST S S AR T L 52 75 1R R L

(L HuALAAREAL R W o A

GUA T KALAESTR LA ImAk, HuR/KAZBL L
AR, AR = N FENIRAR SR, DT iR
TANBHE L m, NBWREN LR A28k
7 7 AE B AT BIHT A AE K - T 1) 3 A (L 8)
LR - R 5 OB S A (1 9).

HE)5 1+ J1/kPa
0 -20 40 60 80 -100

49
>0 —— Bt
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253 - Kiko,
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Fig. 8 Earth pressures on pilein foundation pit
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Fig. 9 Lateral movements of pile before and after softening
G K B DAESURLLUT L mya W & B4R,
BALRTHT N K L B R TR JE BTN K
71, BEGUSC ER AN A, mEESUTHZ R
YR 32.9 mmi i 3.5 mm 4 36.5 mm, 840 T 10%.
(2) YuhhZRdrit 5 N s 73 b
PRI AP S, SRR, ASON A AERE
R R AR T, AR (K] 16 KN/m?® o5 B

T 19.5 KNI, AT 5145 A B4 - TR B
HRHOVEE RS . 2556, WIFE 10 Fi k.

A B M /mm g’ﬁ/(kN-m)
0 10 20 30, 40 -30 -80 -130 -180

—— BERINE
~— B FE R

BEBEE/m

-12.50 A E NS 125+
BRI
-14.5 14.5

(a) HESME (b) BEHTSE
10 A LERRILRIEHEMBE R EE
Fig. 10 Laterd movements and bending moments of pile before

and after softening
RS E TN, HUAMEMK ARS8, A
Yiscr s MmN R BRI . BETTUKSFALAS i 32.9
mm 14 25 B R 5 19 38.8 mm, 41 17%.
(3) BUKAar B2 73 b
T 1 BUAMRUK, STERUK, Jtshitiin 2.5 kPa
BUKST#: Lo 2. BiNBUK, HiANERUK, Bt
n25kPa BUKATHE: T 3: HiBUK, HUAbBUK,
HUA SRR N 2.5 kPa BUKATE. HEBITHE 45 R
F| 3FIRUK LA N HETUK A W 8 fr.
< 8 ARIFAKITIRMETRK FLLFE
Table 8 Horizontal displacements of pile top under different water
accumulation conditions

BUK  BETHACTRL  BETSURPAIAS KT
T F/mm 14 4/mm A S /Yo
Tl 39.85 6.17 18
T2 33.64 -0.04 0
T#L3 37.42 3.73 11

TN URATEL,  TUAMIEM K L 8K,
BEFGTN AR AEARE s AAESTA RN, - TTA A RIAE
MK LIS H AR, TR ANTE s ST AR AT 2K
[ETLER )| P S 22 [ 131V B AN R NP /L IR
WG . LT, BUAMUKATEC R EEEDT S 45
PSR R BTN BUKAT B2 5 A MK ir Bon] 52
AT AR A

(4) i FKRAL BT oA

LA 1 I H N KAL T 50 em CHRAE B
NOREZEEID s B 2: G FARAL ETH I m BHTA
W 1O 3: EFXHF KA LT 50 em, [AIIGTA
R KA BT 1 me TR RN T ALHT A M B
fLE I3, Wil 11 fros, ST s R T, 3
WX BALBUKIE T LA 22 te, S 32 7). A8
M, BEBUKT RS LT B 22
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Fig. 11 Pore pressures on pile side inside and outside foundation

pit at different water-level rise conditions

(5) VLIRS A 52 73 b

THES KRG, HEHUERRABR, Z2h, (5
FR1 3 T N 7K AT B T S 4 A - 9 RE0h 0.083 mvd, I
3d, FEYURARESEBR. WE 12 A, RER S
YER G, BUAMEMLESL AR DT LIS, BERALAE
O FR) ek FLES BN s G AR L Hs AE BT B S N 15,
DUANAMA R AL ZE R, B ST R BT . BETH
HKALAS 32,9 mm 14 B A 1) 40 mm, B3R 7
mm, 345711 20%.
BILE/KPa
=20 -60 -100

—— FEEAIE AR
-+ REBEERE

BFLE/KPa
0 -50-100-150-200 29,
T T T 1 Lk

~— MBI
- REMAEE

£ £ -6.5
H-105 g -10.5

(a) Hish (b) R

12 REBSEAREMAIMENSFLES
Fig. 12 Pore pressures on side of pile before and after fluid-solid

coupling

M L 5 AR08, B R ST SO 2
I EEK R QUM LB (87
TERUKATED s @FT /KA LA BRI Ak 4k
OFEF 2 AT T EETUR E SIS
3.3 HUERIS Tt

(1) 45, ARG S 45K AR T (1) 5

FYOHERYUR, BECHALRE 2 329 mm, -+
ARTE 2 BN &L 13 JToi o e T/ E THZ 45 R G BT AR
HALBUKIE ), BSRG[N R 1A
VSRS el L (AR LR T o T R B
S AR M G5 R], HETUKS-Ar % S B 45 I
AN 18] IR AR AL AN ] 14 TR

petive: 4
BRI H0.02467 m (HLICA837ETI £1961)
13 EMAEZERKN L REREE
Fig. 13 Cloud diagram of soil deformation under excavation of

foundation pit to its bottom
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Fig. 14 Variation of displacement of pile top with consolidation
and creep

el 14 A g HEGUAEE 45 dEAE 3d I, BETIK
AN 6.66 mm, {ERZE. IHEAZ 6 dif, BETK
PRI .75 mm. | 6 d ARFFENY, [E 45 R AT
BEGTRE A SC A S5 AT RGO BRI N, AR
FRE] &5 4 7 A R T/ P (7 8 48 /)

(2) B FRDR LT S S AL AR TR A S

AR B w0 BEGTA SE B, BOE TR O
Yo eE - wm RN, DI BUKATEL 2.5 kKN/m i) TE
A HIAETTAMU; @YuN LR, BUESEILE
7 GEHG @FEWILAAMT, YIRS, BE
PS5 B W SRR S AR A ) AR A 2 A 15 R
S50, BETUKPALRRAE 7 F) 12 H—15 H IR0 6.5
mm, 7 JJ 15 H—18 H 4 hn 3 mm, 7 JJ 18 H—
22 [ 11 1E) 49 14 mm,

B2 B fmm B 4i/(kN-m)
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Fig. 15 Laterd movements and bending moments of pile at
different time
(3) B AU SEI S5 R b
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Fig. 16 Comparison between measured and s mulated horizontal

displacements of piletop

G IRBE RN, BETHKP 7 7% S 55 B

P, RZEAE B%WN, T IR S, SEIN R
EASK, KW T PRBERIAAAE 3 d (I TR TR)RE, BT
W% A S w1 7 ey e sy - B St  EI D
S TIREER N, HTA A AR PR, TA R
TE RGN, AH T BB ARG S X H AR
GBI, OO B2 45 AR5 55— B AT T
BAUIGE, SRS R Raf, Uit IR Je iR 1
HE B E B BAUTH S THRTVE T .

4 PEMREMZZWMEZRSHN

h 2% LSRR YU S, RSS2 5 B
ey, AFGREM 45 AR 2w, Bt A RUK,
Ry 300 mm P [ ZKZESTAN il A N2 21 24 1
2o fILBCE T R OBFW R DTN
Ay 2 (T AN AE YT AR )2 T @Bt TERUK,
TEYLN AN N M E; @Y LR G KA,
NIBIREEIGH N LR BB, SRERK, SHEE 4
HATHUE; @RI, YU &B.
4.1 A EEREZEZESHT

DLEE SZ P NI U B M s . PRI PR
TERIEYUSC SR TR (R, BT SRS 4 o
HIRE TSRS A 4 cm.

(1) FEN5RSE

PERIBEN K 24 h, SRR K. B,
KIET 4 Fh L0, ST LA R 50 531 4 20, 40,
70, 70 cm, HuAMYAMBKETESr 04 0.3, 0.6, 1.44,
2.4 KN/m, #ERgE 015 2 R AT S NS R . 255
WK 17 Fion. B 24 h, BERERTSREER N, BEITKF
A1 P R 6 mm B9 5 KR 10 mm. BRI
17 mm. REMK 21 mm, PSS, S e w
RSB op NI IR TE S N

(2) B

PRI SR N 26 mmvh CRFY), T4 12, 24,
48, 72 h 4 PRI, BT AR SRR BE 53701 A 20,
40, 80, 100 cm, HiAMYAMBUIKATESr 70 0.3, 0.6,
1.2, 1L.8KN/m, HEH [ o A 00T 7 78 FAE £

.

125 el
145 = REW %145
(a) BEEMEE (b) HHTMHE

17 F%/ 24 h R EIFE 8 E AL S MF% R T 3B
Fig. 17 Lateral displacements and bending moments of pile under
different rainfall intensities at rainfall duration of 24 h
F9 TEEMMKSBHESMBRANETK
Table 9 Variation of pile displacement and internal force during
heavy rainfall intensity with different rainfall durations

Ve T BETUK (A% BES B KRR
WfRn  PERUED MR MR BERgET MR MR

/mm /mm /% /(KN'm) /(KN-m) /%

0 40.48 0 0 1734 0 0

12 45.47 500 12 186.8 134 8
24 49.79 931 23 203.0 29.6 16
48 56.64 1616 40 2294 56.0 28
72 62.88 2240 55 254.0 80.6 35

KESRE T, BETAK AL RS B IR AE 12 his) 2k 12%,
24h 2}y 23%, 48h K 40%, 72 h K 55%, [4FRSRE—
SEIN, BRI ARG, BRI A e Ze v .

(3) P

BF% 50, 100, 200, 300 mm 4 R &, WIS
o R 2 A S PR i B R L IR AN [R] PR s
TR E WK 10 s,

F 10 TRIEMERMERBEITESY
Table 10 Cdculation conditions for different rainfall amounts and

intensities
5y Rk I K AN A
FR gy Mgy SUARIE USRS
= P R K/h AR V=
/mm I(mmrhY) fem J(KN-m™)
N 1.25 40 30
KT 2.50 20 30
>0 TN 6.00 8.3 25 0.5
K#ZM  10.00 5 15
N 1.25 80 65
KT 2.50 40 65
100 TN 6.00 16.7 50 10
K#&%W  10.00 10 30
N 1.25 160 100
K 2.50 80 100
200 TN 6.00 333 100 2.0
K#&W  10.00 20 60
N 1.25 240 100
KT 2.50 120 100
300 TN 6.00 50 100 30
KEW  10.00 30 90
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Fig. 18 Lateral displacements of pile under different rainfall
amounts and intensities
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Fig. 19 Lateral displacements and bending moments of pile under

different excavation depths before and after rainfal
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Fig. 20 Lateral displacements of piles under different initia
displacements of pile top before and after rainfall
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Multivariate early war ning method for rockbur sts based on comprehensive
microseismic and electromagnetic radiation monitoring
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Abstract: The phenomenon of rockbursts is notable during the initid stage of the construction of a pumped storage power
station in Heilongjiang Province, and thusit is urgent to study the monitoring and early warning of the induced rockbursts aong
with the deep excavation of the underground powerhouse. The microseismic (MS) and eectromagnetic radiation (EMR)
monitoring systems are firstly used to identify and andyze the precursory information of the induced rockbursts in the
underground caverns of the hydropower station. Meanwhile, a multivariate early warning method is aso proposed based on the
five quantitative early warning parameters, cumulative energy of microseismic events, apparent stress gradient, cumulative
apparent volume rate, variation rate of electromagnetic radiation intensity and variation rate of pulse number. Then the
multivariate early warning method is applied in the key area of the underground powerhouse for the potential rockbursts. The
comprehensive monitoring results show that thereis an increasing trend of the cumulative energy of microseismic eventsin the
early stage of rockbursts while the apparent stress decreases and the cumulative apparent volume increases sharply. In addition,
the intensity of electromagnetic radiation and the number of pulses are characterized by large fluctuations, and the precursory
characteristics of the surrounding rockmass damage are significant. The application results show that the early warning time and
the ddineated location of microfracture activity are both consistent with the engineering practice. The proposed method is
proved to be effective and may provide new ideas for the early warning of the rockbursts induced in the similar projects.

Key words: underground powerhouse; rockburst; precursory information; microseismic monitoring; el ectromagnetic radiation;

multivariate early warning
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DEM simulation of instability mode in sand under constant shear drained
conditions

LIU Yang', FAN Meng?, YAN Zhou-yi*
(1. Department of Civil Engineering, Universty of Science and Technology Beijing, Beijing 100083, Ching; 2. Department of Civil

Engineering, Suzhou University, Suzhou 234000, China)

Abstract: Loose sandy soil can undergo static liquefaction under undrained conditions and the onset of ingtability is within the
failure line, and this kind of instability is called diffusion ingtability. In recent years, some studies have shown that failure can
occur under drained conditions. The constant shear drained (CSD) tests can be performed to investigate this drained instability.
A key point of CSD tests is to control the error of deviating stress for getting reliable results in experiments. The discrete
element method is used to simulate the CSD tests of sand with different densities under different shear stress levels. Based on
the Hill's second-order work criterion, the possible model for instability in CSD tests are divided into two types. Both the modes
of instability are observed in DEM simulations. The influences of initial void ratio and shear stress level are analyzed on
ingtability under CSD loading path. The numerical results indicate that the samples with lager void ratio are easy to collapse,
and the higher the shear stress level, the faster the instability occurs. The dope of instability line (IL) associated with the initial
void ratio is aso discussed in details, and a unified method is proposed to analyze sand instabilities under both drained and
undrained stress paths. Findly, the numerical results from this study are compared with test ones of several kinds of sands.
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Fig. 7 Stress-strain curves and stress paths for dense samples
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Design and experimental research on model soils used for shaking table tests of
super structure-soil-tunnel interaction system

XIE Jun™ 2, BAO Shu-xian®, HU Ying-fei%, NI Ya-jing’, LI Yan-tao"
(1. School of Civil Engineering and Trangportation, Hebei Universty of Technology, Tianjin 300400, China; 2. School of Civil Engineering,

Hebei Universty of Architecture, Zhangjiakou 075000, China)
Abstract: In order to match the similitude ratio of acceleration of a superstructure-soil-tunnel interaction system and truly
restore its dynamic response under earthquake action, a kind of model soil composed of sawdust, river sand, silty clay and water
is designed by combining the theoretical analysis with experiments. A large number of resonant column tests on the model soils
with different material ratios are carried out a confining pressure of 30 kPa, then the orthogonal test scheme is designed and
conducted, and Y(S:, S,, Q) function is created to judge the similitude about dynamic shear modulus ratio-shear strain curves
between model and prototype soils. The orthogonal test results show that the optima mass ratio of sawdust, river sand and silty
clay is 18% . 27% : 55%, and the moisture content is 50%. The model soil with the optima proportion basicaly satisfies the
expected target that its similitude ratio of acceleration to the prototype soil is 3 and its correlation curve of dynamic shear
modulus ratio-shear strain is similar to that of the prototype soil. The influence laws about dynamic parameters of model soils
are obtained for various additive materials. In addition, the resonant column tests on the model soil with the optimal proportion
are carried out at confining pressures of 50 and 70 kPa. It is verified that the similitude between the model and prototype soils at
different confining pressures is basically satisfied, their corrdation curves about damping ratio and shear strain are compared,
and it is obtained that their similitude about damping ratio is reasonable. Based on the similarity analysis of the predominant
period, the similitude between the model and prototype soils is verified again. The research conclusions may provide some

reference for the preparation of model soils in shaking table ————

testsin the future. BEWE: WILERISH (16275406D); Wb TRE2 BEmT
FABIFHEAH (XY202016)
ks HHEA: 2019 - 05- 05
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Table 5 Range andysis of influences of various factors on

similitude of curves

I TRA B KC
K, 6x10° 0.093 0.036
Ko 0.061 0.034 0.059
Ks 0.070 0.004 0.035

W 7= 0.070 0.089 0.024

Tk B—A—C

TE: K NIEASTS AT F1 A58 I Bosh kB 45 SR A



% 34 W%, AR RS BRI AR AR R k) S IR ) 481

0.12
0.09 -

>~ 0.06 -

N

1 1 1 1 1 1 J
V8% 23% 28% 21% 27% 33% 35% 50% 60%
Bk R XK

4 ZERRFEFMEAMUEZIMEEE

Fig. 4 Influences of factors on similitude of curves
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Ground motion intensity measures and dynamic response indexes of
metr o station structures

ZHONG Zi-lan, SHEN Yi-yao, ZHEN Li-bin, ZHANG Cheng-ming, ZHAO Mi, DU Xiu-li
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing Universty of Technol ogy, Beijing 100124, China)

Abstract: There are many kinds of ground motion intensity measures that affect the dynamic response of metro stations. It is of
great practical significance to study the correlation between the ground mation intensity measures and the structural seismic
response indexes for seismic design of underground structures. In order to study the ground motion intensity measures suitable
for evaluating subway underground stations under the near-field ground motion, the Daikai metro station is taken as the
prototype. Based on the results of nonlinear time-history analysis, through the bilinear logarithmic regression analysis of 22
seismic intensity measures and structural seismic response indexes, the ground motion intensity measures and structural seismic
response indexes are analyzed and evaluated in terms of efficiency, practicality and proficiency. The results show that the
accel eration ground motion intensity measure represented by PGA and the spectral correlation ground motion intensity measure
represented by ASI are more suitable for studying one-story subway station structures, which are suitable for predicting the
dynamic response of structures under ground motion. The drift ratio between the top slab and the bottom slab, the shear force at
the bottom of the middle column and the bending moment at the bottom of the middle column are suitable as the dynamic
response indexes for predicting the underground subway structures.

K ey words: ground mation; intensity measure; nonlinear dynamic analysis; seismic response index; efficiency

5] = M iEhr (engineering demand parameter, EDP) I,

il

HZE B 240 (Gintensity measure, IM) 23R 1iE DA/ 8546050y i B oy B o S5 8 R s, it

i ] — 37 M A [ 25 44 1R M S i Y I AE R AR I 22 Sl ————

Mo PRt T AR 5 BE 3 72 B 5k B2 S BOREE £ AN
BT FR VSR AT S g 2 B WA N T, —

FIFHEGE4 I H (2017B030314068)

g T REPURRF ST IR ) — M YRS B 2019 - 07 - 10

EEFREN, 2RHAIER IM g5 = *JEEY (E-mail: duxiuli@bjut.edu.cn)

SR, D, B & B = sl i S H0n Ei K 5l
JIWa oy BT RO . S 2 R T A

EEWMB: EXRAREIEIEEH LIH (51978020); [EZK HAARI KL
SWAEFEETH (U1839201); [ 7R 44 Mg T2 L M R T g s it


mailto:zilanzhong@bjut.edu.cn
mailto:duxiuli@bjut.edu.cn

% 34

PR, A%, MR SR SRS MR Gl SR B ) W N R B S 487

(efficiency) F17e/r1E (sufficiency) 5 T KA B
I IM $i5 bR 76 D O 45 AL M 52 i 8 ) 3 H Pk
Riddell™ & By 51 [ B ¥ (single degree of freedom,
SDOF) RGNS, KH 90 &HES Ik, X
23R By S HORT 4445 K b 7% g )3 AR A 7
JU, AR 5 HRR SR AT AR DG I RE B 5
BRONK P31 (R R A Y 25 5 - Padigett 4517
MU 2 B ] SR IO %, ST N A i s
SR AN EL SRR I S AT T M G 45 ) 1 7R e B A
WRTCAE AR, MR INIEE (PGA) HISEA S 1]
Xt I PR N3 JEE S 3, Sy(Tas 5%), 24 e =30
SETSUR AR, 1 RFL IS (CAV) 2 PTIE T
SRS . AP 60 4 AR
31, KM 33 MMEZRE S, FE T SDOF
RYMZ HlE (MDOF) RZiHkAT T 45kt ARk it
IR HT, S e AR M R N by, BT
AT 1 b 52 20y 50 FEE S 0015 AN ) 5 46 b 7 ) B 8 A 1) AH
Kk, RIUK B — RS b AN &A1 A 4 Kb &
Wi 1. (I E— Rk, R4 1 2 S50 b x4l e 1
MR N AT A BVEA

W45 8 7150 #r Cincremental dynamic analysis,
IDA) J5 2 T AF R e R ¥ —F 3 Sy R etk
GIRT T, ATl BT LA S e H 2t ) I e i R
IR AL R JET IDA (45 K L2 i 57 43 B
JTVE G R SR PUEME REVEAL 0 72—, (HiZ%
JPVEAE B R A S I B G —AnifE, LT i
RIS EARZ , A I RE Bl 5 5 2 Hon 45 i
PEHOFE W N Ay 52 A%, RINEBLA RSO, A
12 D T Hh R B i B Fa b 5 b b 5K 1 58 i B i b
(AR DG, )Tt b S5 a7 DG RE Bl S 50
MOEEFMT KR, 248 TARD S8R, 1M
ST R M 3t 5 A ) R i 1 5 b R 5 i 24
TR . BE Tk, ASCLL H A KT MUk 420 4
R, BEHY 22 MRS S EL, % IR MR Sl N
AN E P, I3 ) 08T (DAY J7iEh +-45
P RUATARLR S DR bT, AR Cefficiency)
SEFIE (practicality) FiziztE (proficiency) 3 5 THi%
JIT i b 5 B 5 B S RO AT 455 VAl . AR SO gk
ZE ik G5 S BT IR HL A T I b 55 B i S gt —
ESH TR Lo

1 HEEE S HIEE
BRI RE B SRS 1M T S S D
e Vb I RE T AL RE ) (0 T BEAE R, Al S R4S

oy = 0 S FR R A Fabs . H T IR R B
A GBI SE, W R (CAV).
Arias B2 (AD. ¥R INTEE amss PGA. HiFUE
HIHEE PGV 45 A 545MAHKSE, il ik
Se WHIE S B SEWK. HTHESMAR
FARGRMBENLYE, SRS S5 R IR CRE R B
Mot Tt BN, SRR R 3 5 S 50 13
FR o3BT 45 AR A RAH A .

R T MR B S5 N, R PEA T R R e
R IM, ARSCAEIGIEER R T 22 DMHIFE B S 5 6hr,
Wk 1R, oA e bR . R R bR R
PR PR AR AH S AR AR 4 P 7538 L, a(t) &k
FE SN0 B RE , w(t) e Hb 2% b RE 5 1 38 R A d(t)
e R MR I R I FE, g R IESE, R HE
FFERE, tq RSN A BORRERE, H tet-ty, t
F t 5393 K9 5% R 95%AI {ELXT R (P 1, Ty A& L—Hb
I S A B A P AR ZR IR A 1

2 HHERSHEIDRIERN
2.1 HERRESH

RSO 1995 4B Pl ERA K
FEABEHATSEBISIAT . SUBRIT SR 1 T

8

7N
0.7 74 0.8 74 0.7
1 i i
-]
S
0.8
9 04 =
v =
%
< | 10.7 7.6 110.4 7.6 L]
b i i
17
(a) gl LR RoPRm
4D1%/m
\/MIHHIIDFHJH\]I‘UU«I—MHHHIM\
\
| ab16/m | 8D25/m N
| 8D2544D22/m 4D25/m B
N ] ¥
RO T T T LT TN T T T T T T T T TR
4D22/m  8D25/m

(b) BEdrIEACATE

1 KA FuEHEETEFE
Fig. 1 Cross-sectional details of Daikai station
KI5 3R 4.8 m, FTAbszth 3= 22 il 40
D A EH R A, ZA ) R L)
)% 25003 2 s . S E izt 1 2SS
PBOE N ve=192 mi's, HR-AfE P (Ol T BE Sl A R T

3k






488 Fe)

+ TR ¥R

2020 4F

F 1 AERHHENEESL
Table 1 Intensity measures used in analysis
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4 18 Rk DS =g S (T,5%)dT
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8 e P 3k 8¢ PGV =max|v(t)| 19 VEE A% PGD=max|d(t)|
N 1 {2 5 29 1 L2
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Table 2 Properties of soils
TEER T EREmM  HE(kgm®)  BYRE(msY AL ZH 5 J1/kPa R A )
AT+ 0~1.0 1900 140 0.33 20 15
At 1 1.0~5.1 1900 140 0.32 1 40
A1 5.1~8.3 1900 170 0.32 1 40
SRR 1 8.3~114 1900 190 0.40 30 20
SRR 1 11.4~17.2 1900 240 0.30 30 20
itk 1 17.2~39.2 2000 330 0.26 1 40
R 3 WA KRR HRISE
Table 3 Material parameters of steel rebar and concrete
o) ERE FAPEAE VAR JEEREREE BROSZIRER HOSZErOR FRRSESREE WBEER RIRJE
i pl(kgm?) HE/GPa Lin fy/MPa [ fg/MPa [ f/MPa f/MPa NAS 6o AR g
VRt 2500 24 0.15 — 14.3 2.1 12.2 0.002 0.0038
N 7800 200 0.3 235 — — — —
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BB DR BT I H R 3, 1 H ARSI A 4 37 Hb
AL A 391 T, A5 AR AR B 40 5t A5 R4 B 1) 3t
BRI A S 4 b7 4 SRk [ ) TR By — B0

KA e ABAQUS X K T4 uili i iy
THTEAT M5 s W23 BT, 1450 R Ge AT I oA 2 4 1)
2 7R o REARSCHT R 14540 R G AT IROTH Y AT RS
IR, AR B Lt SRR R R IR S A 1 T1=0.51
So HUBLIN A SR WY R ME R AT (B2D), JHH
NI VLU S IS/ 7 I A i T A B R
(CPE4R). &% J1] Drucker-Prager B PERIN, %

BRI R] ARSRASH L A S R AR, ) 5 fE b
L% 1) [ PR RE AL TR Ak AR LR JE RO, ] AR AT
(RIt  AJG 2AT o S5 SR AT C30 Rk 1
Mk, BadERTERE 24X 10* MPa, 25k 25X 10°
kg/m®. fE 4V AR TN, % R AR 2R
2 (35 m) 20Ai, A ORUFSERCHT 5 At
SNIEE . PUBINIEE . PR RIE R w3 A s,
WU I TP AE B RTEEL 7.0X 10° MPa, 35 HCH
7.14X10° kg/m®s g 7 JUAT T B 00N xR 4
PO RE B N (P55 Sy PR 55 0 PSS Mk 2t 4%
FIse R 5 A5 LA, AR SOk I 1 55 HR
170 m, TREREAHUIA, TH T 39.2 mo AR (1)
T 5 VAT 20, RSS2 4 00 320 5L R 4 3
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Fig. 2 Finite el ement model for soil-structure interaction system
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Table 4 Comparison of calculated results

AR

JZ RS R e E BT 1Y ) R

9 HAME B .
R 4hif) 1% 1% J(KN-m™) 1%
. M ohr—Coulomb \ "
25V (3D) - A P Y 1.00 — 250 —
- CIEPNS
Drucker—Prager ) »
A5 (2D) - PQ-Fiber %! 0.90 10.0 211 15.6
FL Y 4
FEI J1%5(3D) ﬁfﬁjm PR 1.20 - 263 -
- WrRss
Drucker—Prager ) "
A4S (2D) PQ-Fiber Hi 1.00 16.7 269 4.95
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Table 5 Near-fault ground motion records

N L N . [=5d | o o . 1%\ 1
G Wz au B M, Eﬁxﬁ WiEEs e PGAlg  PGV/(amsY i@

1 Kobe, Japan, Kobe 5 0.2 KBUOOO 0.276 55.3 2

2 1995 University : : KBU090 0312 30.9

3 Kobe, Japan, KJIMOO0O 0.834 1.1

4 1995 KIMA 6.9 0.94 KJIMO090 0.630 76.1 32

5 Kobe, Japan, Port 6 231 PRIO0O 0.348 90.6 i

6 1995 Island(Om) : : PRIO90 0.290 51.1

7 Kobe, Japan, . TAK 000  0.618 120

8 1995 Takatori 6.9 Lar TAK 090 0671 123 40

9 Imperid El Centro H-EO5 140 0529 48.9

10 Valley-06 Array #5 6.53 39 HEos5230 0383 96.9 32

1 Erzican, Turke . ERZ-NS 0.387 107

12 v,1999 Erzincan 6.69 4.38 ERZ-EW 0.49% 78.1 21

FT/s

4 HRINEERIEMZ (FEJE Lk=0.05)
Fig. 4 Accel eration response spectra of selected ground motions
(damping ratio = 0.05)
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Fig. 5 Comparison of efficiency of different IMs
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Fig. 6 Results of efficiency of different IMs and EDPs
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Fig. 7 Results of practicability of different IMs and EDPs
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Dynamic strength criterion for rock-like materials

HU Jing', YAO Yang-ping®, ZHANG Xue-dong', WEI Ying-qi', ZHANG Zi-tao', CHEN Zu-yu'
(1. Department of Geotechnical Engineering, China Ingtitute of Water Resources and Hydropower Research, Beijing 100048, Ching;
2. Schoal of Transportation Science and Engineering, Beihang University, Beijing 100191, China)
Abstract: The strength of rock-like materials has obvious strain rate effect. Based on the characterigtics of uniaxial dynamic
strength, a smple strength criterion is proposed, which can uniformly predict the uniaxia strength from quasi-static to dynamic.
Under the framework of the unified drength criterion, the triaxid dynamic strength criterion is studied. In the
double-logarithmic coordinate system, the meridian strength envelopes at different strain retes are approximeately paralle. The
effects of friction, hydrostatic pressure and intermediate principal stress of the materias are not affected by the change of strain
rate. Thus, a dynamic coordinate system is established, and the unified strength criterion is extended to consider the strain rate
effect. Based on the obtained criterion, the uniaxial compressive and tensile strength are investigated. The strength criterion will
represent similar characteristics to those obtained by uniaxia tests. Finally, the strength criterion is verified by strength tests of

concrete. By fully understanding the dynamic strength characterigtics, the parameters in the proposed strength criterion have

clear physical meanings, and can provide atheoretical basis for dynamic response anaysis.

Key words: rock-like materid; strain rate; strength; dynamic increase factor; cohesion
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L ocal slaking instability characteristics and catastrophic prediction of deep
tunnelsin Xigeda strata

ZHOU Plng WANG Zhl—jle HOU Wei- mlng ZHOU Fe| cong DU Yan- Ilang12 FENG Ji- meng
XUHayw

(1. Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University, Chengdu 610031, China;
2. Key Laboratory of Structural Health Monitoring and Control, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In order to study the local infiltration and instability characteristics of the tunnels in Xigeda strata with “Becoming
powder because of wind and forming mud owing to water”, the indoor soil tests are carried out to analyze the influences of
water content on the mechanical properties of the Xigeda strata, and the numerical smulation method is used to explore the
deformation characterigtics of the surrounding rock of the tunnesin Xigeda strata with change of local water content. The local
catastrophe theory is introduced, and the discriminant equation for the water softening stability of the surrounding rock of the
tunnels is proposed. The rationality of the results is verified by field monitoring. The results show that the surrounding rock of
the Xigeda strata has significant water sensitivity. The mechanical properties of the originad rock of the shalow gray
shae-sandstone sandstone are most affected by the water content. When the water content exceeds the sendtive limit, the
surrounding rock deteriorates rapidly. The mechanical properties show aleaping decline. The increase of the local water content
in the circumferentia direction of the tunnelsin Xigeda strata will lead to the intensification of their convergence deformation.
When the water content of the surrounding rock at the vault and the invert arch reaches 30%, the arch settlement and the basal
subsidence are obvious. If it is enlarged, the local daking at the side wall will have a great influence on the horizontal
displacement of the surrounding rock, which may cause the ——MMM —

surrounding rock to invade the building boundary or even have Y HHEA: 2019-01- 13

*JAf5 1% (E-mail: fengim@swjtu.edu.cn)
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sudden instability. There are two main modes of longitudind infiltration of the main inversion: end the cantilever beam modes
of end daking and the smply supported beam mode of the initid branch slaking. In the former mode, at low water content, the
displacement of the surrounding rock increases with the proximity of the wetted part. At high water content, the displacement of
the surrounding rock increases with the growth rate near the daking part. In the latter mode, the initial support displacement at
the daking center is most affected by the change of water content, and the vertical displacement of the dome is reduced by
about 64.2%. The flat displacement is reduced by about 62.5%, and the vertical displacement of the dome is reduced by about
84.6%. The displacement changes at both sides of the center are different, and the deformation of the surrounding rock near the
face is always greater than that in other locations. Based on the water sensitivity of the surrounding rock of the Xigeda strata
and the softening plastic characteristics owing to water, the local soft slaking softening mechanical model for the surrounding
rock is established, and the derived discriminant equation for stability of the surrounding rock has feasibility and high accuracy
in practical engineering application. The research results can provide guidance for the safe construction and stability evaluation

2020 4F

of the tunnelsin the later Sichuan-Tibet Railway.

Key words: Xigeda stratum tunnel; water content; local wetting; catastrophe theory; surrounding rock stability
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Table 1 Physical and mechanical parameters of surrounding rock
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15 1.95 180.06 0.4 2814 33.0
20 1.95 175.35 0.4 260.7 291
25 1.95 121.65 0.4 196.3 24.8

30 1.95 23.43 0.4 75.5 22.8
T B RO BB A R, Bk, B AR RS I A B A
P13 %135 B P4{81.95 glem’
F 2 MEIEHESH
Table 2 Physical and mechanical parameters of materials
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Table 3 Parameters of supporting structures

W MERTE AL EE_
E/GPa n I (kN-nm3)
ML (HT5E)D 52.5 0.20 25
C25 WS Vit 1 23.0 0.23 22
C35 44 VRt 1 32.0 0.20 25

R4 HEITHESH
Table 4 Parameters of bolts
L MR WEE EE

s TR H
B mmra P e IC ) ikgm

Ry &
0%

HiFFIX 0.19 04 44642 445 1950

4 EZERMBESKETURETBIEME
k18 | & T LA AE
4.1 FEFEEKEE UM EEREEERAE
b 2 R A 3 BB B L, AT
SRS ) S 2 ARasE, IR E b i
FEI 64 /K52 AR P e e o 1) PR AR TR %5 TR
WA R MR — A TFASI R, BRI
T/ O (AN £ K L ) 2 T A
e S AR AL R R A S
WA AT, 7 R 1) s £ K AR (R

7 e EEE KETHAREE
Fig. 7 Model diagram of change of local water content in
circumferentid direction
(1) s B 1 AR JEARFHE
Pl 8 J2 Jri il 25 K AR A 1) A 1 i J2 B 3 L 1%
W AR AL . HAR W] LTI IR AR AR IR I



% 34

J T 2. R R S KRR B S R 5T 507

BEAG S KRN, BRI &7 B 1) R 1) AR T I —
MBI . 245 K F k) 20%38 N 42 25%i), X b iE
(AR TE M AN 2, T I B T AR 3K B B Ak T AH R A
SEMPIRES o A BEIE 2540 50 48R FR e, 3k s
IRy 30%M, FLAbAT B ARTE FIFEAS BT, (HEETR )L
FAE SURIIE R, X BRI 243 AR gy, EHtE T
IAZ S LA A7 BERERN A BERRIAAT K AR KR AR
AR s % 208 T T 457 T R ) A RS AR I IR e 2
PERH IR SR KRR IR G, 5 7KKy 20%F1 5 7K R
N 25%IF P4 B ) AR TE IR SE AR TE &, X PRI AR T
AN . Y E RS 3000, HOk B AR
RIS BLAEATHERE, PR A B S A R Ak T ] — R )
TR ), WOAT A O A G (1) A8 T S i A XK
MAPHEAL LA HIRAS [ S K R ARSI, B K
FIAL, 0T BEIE AR B ) AL RS Y it O . 4
B IKE Ty 20% N E 25%I6), o BEE AR AR B
SO, H 2P TIS K S,y 30%0F, A HRA B [ A [A]
] R IR B W PR ORISR, DRk ik ad K 2 Ak
TKZR G N F B AR ) FRAC, R IE Bk ST
Utk

-u PSR %620%
5 -O- BT &K %25%
- BTG KHE30%
g 0 |
£ 5 :
g -10
m -15
B _20 !
25l o
FEEEEEE
S A~ S = +ﬁt]ﬁﬁ7k$20%
HEHE Wi o BT A K HK25%
L ST AVA - YA KRE30%

g 0 ! 73 /

: s ﬁ##\

ﬁ -1o semi L

i soEme

2 SO % ‘\/-
\ /

AL ko s
€ 85 B I B E ot
BERAXRXRIALE = EHE S K %20%
HHE L o= BB A K E25%
BE R 2 LUK %30%
(b) AHUESKZEL
& LR Sk #20%
-O- Lk Sk #25%

= AR E K E30%

|
—_
w

B HA#E/mm
1
5 b ow
5
&
= b

|
[\
(=]

e gk

% ?5 % E\ % ?‘5 E é - A K $20%
o >
31 KA 7 6

(c) FLImEKEEL

A F R
ShLL,
NSO WLnOUnmouw

-& LSk %620%
-O- G AEKE25%
_3p I A AARI0% |

EHEHEHEEL

HFRAXLREE - HE K 220%
HEH"&EER S T k25,
3R VAN - A HEAR K #30%
(d) B AKRAI
10 HTR
5 et
£ o = S
53 Wi %\
S ys| = msak20% Rk N s
AEiTmmm e Wi
e S T
TEHEEL 2
BERTRERET iAo,
BEE B - MHEEKEI0%

(e) MBS KA

8 FEREKET R E HIA MR IR ERE A [ T RAHE
Fig. 8 Vertical deformation characteritics of surrounding rock of

tunnelsin Xigeda strata with change of local water content

(2) [HE KPS AE

Bl 9 Dy Jrj s 7K A AR R M T i 2 T L 7K
PARTEAFAE . MBI RTLAB WA Y, EF Rk B IE A )
JRTBE KA AR R T, B 7K FR M O B TE A e
(7K AR TE S M e K, 0 HE TR HE AL PR 7K P47
B ARAG oM /s o A BETH LS A A, BEAE Sk
N, BEIKPAL A FEAK A A4k, 1T BEAE H L )
W E AR, B A . AR S KR
FIBER, ARSI S A RS d A W, ik HA A
FR 52 R AT LLZE AN UL, 0 B I B A 0 1) A ACSC
MAEMEAT KA A TR 57Ky 30%IH,
IR R WS BRI R, KA 20%IN 1)
6.9 % o ML R e Az i i 5 HE IO 0 T AR L 17
AT EE A A, BEAG S /KRB I, L I5OR 4
b TRV RE FEASBAT ALY, BEIE P ONEE A 1) N AR T
HPIA R B RBOH . fEsebs TR, Nixhnsm
Xf A A BRI 1 S SRR I, ORIE G L 22
oy

10
g 5
£ 9
B
& -10
®-15
-20 &
FEELELE e

S N EN RS S = _._};gmg- J($204%

HEH Ly <>—§tlﬁ¢;§k$zs%

B A B 4= BT A E3I0%

(a) BTEAKREL



I T E LT
SAXREIRE
FRRTEEER

[ ST A

- TSk HR20%
-O- MBE K HR25%
24 MPFKHE30%

(e) Mt k224

9 BERKETUME AN ERIEE S KT RAFHE
Fig. 9 Horizontal deformation characteristics of surrounding rock
of strata tunnels with in Xigeda with change of local water content
4.2 YPEMHEEEHEKETHRIRRIE RS TRAFHIE

A TH N BUEAIE RS A (AR X 58 OK
D X (B E D) =60 mX 100 mX 100 m, F#iE
HEYRIN 40 m, 1B R A RS FSc—3, Y
AL JRI R 5 K AR T P A, B SRR AR
7 SC 5L, Gt S R 2 R A AT B P 8 e A AR
S P AR i ot P PR, 5 3 AT ) S ]
T BRABL T8 R (R 464, 1] 10 Dy RBVE Re vt
B, SR SO BB AR B S P R Ay, PIL Sy
ol Ry A4ty SR HE — Aok, R o ) BB R AR AR
BANHEAI 2 T3, o N e, 3 )L
BN A 1), &1 21 by 2R AT S R SR . Sl AN
BRI AR DX TR 25 7K, I 5 BN B AN R A

508 ER SO D = 4 2020 4%
] S - . 8 DT 1175 B0 57 () L A AR A
£ 9 -
® 10 L
5 ZE Hitii
& -15 - A K %620%
2 O S K F25% e
=250 I"¢“|E§|*EE‘3’7J<$30% e S it
N EuEsmnex 3t
HAKHKKIHLS = GBS K H20%
WEE L o~ BB A K H25%
Wg i B - A K 30%
(b) GHE S KRN
1 . . K3 %‘ .
g 5 h - IA A WL NEs
3\3 ’ é 25
-5 -— &m0
210 - A sk E 10 KELBEID R A
i_ -15 R Eﬁli"ﬁ‘ﬁ;ﬁ$25% y 10 £EBRITHERE
o | AR g N Hat Fig. 10 Computational model for cantilever beams
€ i B B E it
HERARXKLARNKEE - K 20% 1)
WEE Li o= A Ak #25%
B B - AR K E30% &%j(z
() L& KRBT
10
5
i
R -5
Y Rk
% -20 _ s IS
=25 = N &7 I\ %
wt Bl 1
€ R s O
HYXXKIHLS i N o
WA = A KA 11 EEHRITHER
[ FER A O HBHA Ak 5% ) ) _
(4) B a ks - DIIAEAKI0% Fig. 11 Computational model for simply supported beams
o Bl 12 9 A I HE S B T [ A TR AIE o AP TR
s o e, AT, B AKRARIR, BURSE HEI
£ 5 ~A] . Nk s e e gy e e N
2-10 SR BB B R H R R, #30
S 15| - mtEke20% TN X N s
3§ 220] o Mk Askas PRI AL RS IR 78 BRI — R B R
R-25| o WA kRI0%

AL HORAESEIE 10 m e A oA K A SRR K
%, EESKEN, IR 25 m A 528 AL
TRK, PRI AE SE AR M A 38 AN B o R 245 7K
g 0%, 7EFRES A 5 m A, AR TR A SR TT
1, BRI HEJEC B ) {7 A 16K 316.7%, HIETH S [ {37 % 114
K 233.3%, WUEIKPA#RR 250%. FERAL 57K #
AR BE T HE AR B ) 7 B RE MR, PN
B K205k 89.4% 5 81.2%, kAL /KA
MNP BAE K T 66.7%. HT% T
THTHT T LA AR 23, SR E 07— & BE B N A1
Y EAT SR AR, PR S A T I )
ST RN o

Bl 13 4 A I HE IS 1) S R B AR TEARFAIE o 1] LA
I E . BEES/KERIE R, SRR m ., HETR
J AN RS KA BB B 1K 2 7Kl 15%4% 16 5] 20%,
PR, TR ZR T 200%; 1 20%35 K 2]
30%ik FErt, AR/, KR O AL RS
AT AN, SRR S B K
PIMER, AR RN I B4 i —f, (HaR#&



% 34 JH

e, A ERE I R SRR R R AR AIE A SR TR T 509

—~—HKE15%
—— " KE20%
——HKE25%
K #E30%
—o—H K F35%

HHEEE F N B /mm

—025 =20 -15 —ll() -5 0
B A
(a) ks - B R A

g —0—SKF0%

oK E5%

——EFKE10%
T KE15%
——EKFE20%
——FKE25%
K E30%
—o—HK#35%

fuk e Uy

%5 20 15 10 s 0
BE B R B B /m
(b) EKE - BB,

N S KE%

-0 KE5%

5 KE10%
-5 KHE15%
——5IKH20%
——EIKH25%
K #E30%
—o—H K F35%

BT AL /mm

¢4

04
-25

Y

=20

—5 —l -5 0
BB R B B /m
() &7k - LT R A7 Ik

12 PEIMHERE REETHAFE
Fig. 12 Deformation characteristics of surrounding rock of

longitudinal inverted arch cantilever beams
I e AEARE KRGO, AR AR
RN, R 0T389 1 PR — 0 R B2 B I 0 AR Ui
A B, B AEAEAN ] S K0T
A TR BN B AR I g WA, R TR ) (SRS BRI
64.2%, UKL 62.5% 70 47, HETH RS [ 7 7
K2y 84.6%. BEELSE 11, AR EBOR, XK
A T R T2 AN TR Je 320 [ o = A sl HLAI S 4
TEATE AN SN s T 22 2 5 IR FR) g — DN PR A7 % 1283
{[ISPRPS S S RTT)EWIS-E AT ARSTRi B apsy @ =Ra ot K (|
MEATREIRE. R ERRE S, R R
TKAZIUGRIN W20 9 o) 5 1 FAY e i 000 [ O A i
TEAERII A

5 RTEIEHEH

LU TE P A AT, R M2 R R 1
£ 7K Sl PRI e O A R A K B
P, S ARER M LA (B (5 L s
ROEPEHA R R ERE R, PULA SO N R g2 5

AR LA 1)

61 uuuuuluw Ak 0%
sl AR
£ ——FKHE10%
E g4t - KE15%
R —— 57K #20%
a3t —~— P 7KH25%
= ——F7KHE30%
%2t o K #35%
=S
g1t
30
FEH I BB R B B /m
(a) HURB A BEEILE
vo. * N O
15+ B
g
§ 10F
§0.5 L
R
O e
0555/ 20 <10 o0 10 20 30
T BB 6 /m
(b) FHEAREABAE
sor B HO%
35+ —o-HKH5%
30}
25 =
SH20F &
E 1.5 -y
1.0
o051
of |, L
036/ 30 -i0 0 10 20 30
JFHZ T 1 PR R B B /m

(e) #EWR Ef AL
13 YhE) Ik 2K 1E 32 R E AT AFE
Fig. 13 Deformation characteristics of surrounding rock of
longitudinal inverted arches
5.1 RTEREKREFRE
RAZPR S AR LM RS IRIT 1) — M4
FLH, HES AR R B ) A R g
P ASBRER PR SAR I %A O T BOR IS 5
PR K A5 A 1) R VR SRR AT B TR 2 2 Iy
fitt, HEF A LR, T — A e
R AR N RASR AT KA Tl DB LA
A BT R GRS E A AR HAT AT . IR
K AR R BN H A A B — Rl
RGBS . FARRELV RS A AR 1)
", At

V=x'+gx+hx , )
Arf, VARG, x WIREZE, g h AR

.
5.2 NFiRm
B 25 LB L2 R K O



510 w t T

[

i 2020 4F

4

FRAE, BN AR 14 BT, ETFS, BEIEH A
K BA X IR TRGEIRE; B BEE THZ IR HELE

A B K AL X 2 20080, AR AR, BEIX
(KIS A ™ Kt 2 T Bk 3 el I‘L*’E?’iﬁ

R IX I8

14 BFEEE FEMRIRR LA S FIRE
Fig. 14 Mechanical model for local daking and softening of
surrounding rock of tunnels
5.3 BEAILKIZFIE
A Ik = E Eﬂ?%‘ﬁg%ﬁPTu%VE%ﬁEEﬁ%
R BT R, Bla R X Oy BORIRE, 3L
PUBY SR KA B D) AR TR AR AR AL 18] 15 S 7K AR X 5k
HIE RIBTN Jyt S ETPIARTE u IR &R
AR A IR S AR KA -

leeu 0

28
t, =t.e o 3
APt ORI IR BTN )yt IR B
FIRIEBIISRAL : u A 15t - u i) RiAb i u i,

T

T

l

|

15 i%iﬂi’x&ﬂéiﬁiiﬁﬁﬁ%uiﬁ)}ﬁﬁéa@?&%
Fig. 15 Relationship between shear stress and shear deformation in
slaking softening plastic zone
A% LMY 2 FE A K U RFAE ] 2, A AN
FITAS B P TH R, Mk g e g™
g(w) = (- Gr)A- W +c; (4)

A, WS I KR, ¢y LA AT AL R AL

il 14 R BRaT A, ZRGRBEE VALY
FRUB AL I AR N AR AR RE IV, AR
JIHTYRE T A EhFRE V, X PR B 7 AL

(CATE AT E =g NI ’Ei’”%ﬁﬁﬂl“éﬁ?’ﬂ

V, = Zog(w) e ey (5)

iféﬁiiﬁiﬁ%ﬁiﬁ%‘ HE
V, =mgusinb (6)
Kb, BRI S AT JEA
e

laa.Jo

—Zw(w) e %oy~ mgusnb (7)

X EAGRE, EXV¢—O, SRATP-iy s i

2
leeu O

Ve=2g(wt, eigui; -mgsinb=0 . (8§
¥ (8) HH TR AR RIS u, 128 ) e I O
B 3 kI, A3

2Itg(w)1 mgsinb 0
%1 2 lgwie
— “19 e Lllo+y_o )
e g eWw gp
Ao, | R AR X S T K
BN A A i x = L s
Xo
PR bRIE T
X +ax+b=0 (10)
Kifra=3, b=1- —m9SND_
2,19, (x)We
&  mgsinb 6
D=-4+9¢l- —=—— _+ , (1)
219, Ve g

A QD HHEEFGEMER R, 2 D>0, wkEiEH
TR TROEIRE, D<o, BEiEMHS K.
5.4 TI#iEH
SEAMFE TR R SR R A1 M ik Hh 2 ik i

K ) ) AT s RS R, e YRR B
DK105+096, DK105+132, DK105+185, DK105+223
DU Mo 0 D TR EA T AR DG H R AR B b B, &5 SRk 5.
K 16 s .

=5 REBIRIHTEER
Table 5 Calculated results of catastrophe theory
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Table 6 Calculated results of catastrophe theory and on-site

situation
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Deep mining of big data and model tests on dilatancy characteristics of dilatant soils

YANG Jun-tang, L1U Yuan-xue, ZHENG Ying-ren, HE Shao-qi
(Army Logigtics University of PLA, Chongaing Key Laboratory of Geomechanics and Geoenvironment Protection, Chongaing 401311, China)

Abstract: The dilatancy of soils is an important basis for constitutive models, and the current dilatancy models do not fully
reveal their common laws, which is also an important reason why the existing constitutive models cannot well reflect the
deformation mechanism of soils. Based on the Hadoop and Spark computing platform, a distributed Levenberg Marquardt
regression (DLMR) agorithm for deep mining of big data with strong global optimization, fast convergence and computational
stability is proposed. Based on alarge number of experimental data of dilatancy characteristics of dilatant soils, according to the
DLMR dgorithm and the basic mechanical properties of soils, the big data characteristics of dilatancy of dilatant soils are
obtained. It is found that there are obvious nonlinear characteristics between dilatancy ratio and stress, strain and stress
increment, and the correlation functions between them are established respectively. On this basis, a dilatancy model which can
reflect the common law of dilatancy characteristics of dilatant soilsis constructed. Through model comparison, it is shown that
the proposed model is superior to the dilatancy model of modified Cambridge model and Rowe model. By simulating the
triaxia compression experimenta data of dilatant soils under different stress paths, it is shown that the new model can well
reflect the dilatancy under different stress paths.

Key words: dilatant soil; dilatancy ratio; big data; deep mining; constitutive model
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T, 43 Rowe BYBRRIZLIE T 32 N dl g 25 5
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R ENEMAS T o AT 7 2 L) 55 v SRR A AT ],
B4 200 L PR AR 5 SO, DRI AR S R
TR PR B A 5 T R, AR, KU
PR ARTE L TR R R R S A S B T
GE i BE P22, W) T OO HARTE L B KPR
Fe b RATAT I ARSI TE H R KB e
PEEEA, AN A S BT KR L f B I S R
(BRI, 63T Hadoop+Spark (XX i
Pty BT b e R O BEA TR
Y, 2T T B G A S TR 2% IR AR G RR
FEBCIERN b, M IIEA 2, s T SR
B RS, WA TR R MR A B

1 —#oHAERAIER DLMR &%
LEARSCIRGE T, A BT B P KBt AT R

FEFZHE, UL B KA H R g DR 3 2 ) J K3
Gl VR B T B u A i L B ST A s W I VB K RP R e dEE =1
SHMENG, THEAEEE DL SAE A B O RS 45 N 21K
AR, A TR CL B, ARSCER T — AT
Hadoop+Spark K £ 41~ & 1) (distributed levenberg
marquardt regression) DLMR 5.2
1.1 Levenberg-Marquardt (LM) &%

EBEAT B 40 A isf, 2R Gradient Descent
(GD) ¥%:F1 Gauss-Newton (GN) 7%, {H GD y:{Ei
B /IMEIS AR R, T AR Al ME I RS,
I HAEFET B ME R 5 Z BN, B 5 RBORELR K.
GN VEFEFLERE LN, HE 80k AU HIK Ay
EEAAEL IR B M3 F B 2R o £ LM
M R, BRKAET GN K, 41 R
K, BRKLAET GD LA, LM Hik4i4 T GD
A0 GN R, RTINSO A A5 ) L. A
EAEXHAR AT R A B, LM SVERERS R R
L PERE.
1.2 EF Hadoop+Spark IS HRiITE T A

Hadoop & — ™I T3 A1 2o S5 1) R Hoetks 4 2
a, LA A RS (HDFS) A
MapReduce HEAEHE Jil . TEA ST, g g0 £
A7t/ HDFS Hh,  —J7 1 SR 7 e £ 1) 7341 X
Teft, DRUE THAR I 2t 59—t oA e 85
AT ER I THAE &, fm T BRIz I8 .
Spark 55 HAth K F s SR (1) s K D) A& 2T P A i gk
ATEAR VIS, DRI ] S i A 9 A7 B0 H bR
PEAT AT 2B b P . Spark!? i 4 g 2L A 1] 1 BT s o
THF A
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EED Frd

WP S
‘ Spark 5% R

TV R
PATE ik

1 Spark HYZRHIZE FY
Fig. 1 Architectura composition of Spark
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PN R, A7 Sedas il BRI 554 S5 LA & Executor o
Driver 11 5tiz17 54 Application (X% 4. Executor
AT 28, A Application 147 7F Worker Node |
AR . FEA SRS H bR BRI 7 A AT,
FEAZ i1 Cluster Manager 43Tt 45 4% Worker Node 4 s i1
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B/, seiatn, M TAA, Nl mA iR,
ARG N S, A UGEARHS 203 [T A s
SEOTHEACRE T . KH Hadoop+Spark 114> 4 Uit
AP ab R R 2A TR RdtR 2 53lieH il
Frbr, AN R v AR PE R AT 2R
1.3 ETF Hadoop+Spark 89 LM &%

FEARTHGINT LM Sk AR, SR [a] ) )
AR A AR Ee M SN — e, T LAAE AT ARE
B, e S AT R IR ST R m, L
B TIEAOE K. ARSCEVERIER AW T Frs:

Xk+1 - Xk + hm , (l)
h,=-/J, +m)*Jr 2)

L, R, WIEPK, 3, A HERT LRAR R

TERR A SCHR M SRE 2 |, TR0 5 1R AT
Y. 3 =NF(X) KRR EF 78 X b IR nT LR R,
¥ I gt 4 ), 3L, 3, b af & m  nil
Bk, adx T R, x,T R, L,xT R*. ¥ JF & I
155§y b,y J ARG 0 x R x TR n
e F M mAHNT |y, ), L, IIEICEFTE n 4k
e A 11 M 12 TN, i LM O BELE
Hadoop+Spark )53 A Ui H - 6 N SEBl, AP 5RW R By
e OYLEVIRE X k=1i=1r"=F(X"); @i
JF=NF(X),i=L2L,t; @iFH s, min{|d*s +
re s T R i =120t @il Sw,i =12t ;
@ ﬁ‘ %’4 rk+1:rk+é\NIJikSk . @ ﬁ‘ %’4 Xk+1:Xk+
A ws : DX L P, B,
BRI NGESE, B4Ak=k+1, %2P
ROQ@, EEIAT . WA SR A, BRE.,
OM@HA TR IATH, SNESEROMOT, W]
bt AN TR S TS e R X i, FTRAAR S
e i DLMR 835 B A R IFMFRAT . HfEA
ST, SRR S FEICE R 1R .

% 1 ETF Hadoop Ky Spark AHIEITHF AINERE
Table 1 Environment configuration of Spark big data computing

platform based on Hadoop
At JRA
Hadoop 2.6.2
Spark 152
Scala 2.104
Java jdk1.7.0_79
Ubuntu 14.04

2 ETERKMRKEBIBFFEF DLMR
LRI B BRIEEY

2.1 BUBKIEAKIRASEIE
B KA R ) TS5 MR BB 2 (A A SO ST I

HERAE, DA B A T 07 I R AR e
T ARAEREAT -

() H FASCE X 2 BRI - (s, Prblik
I L FEA I AR N A2 e, BN 170 N A2 e, (1320 Ha 95
LTI 2 i .

&1

2 BipkEIte S5e XA
Fig. 2 Relationship between e, and e, of dilatant soil
(2) N JEgAens 1 A BT AR PE RS2 LL AT SR 2 o
VR % 18 215 0 — b P A 1 0 A S B R A
i, B I A S RISy — 7 =l s 4
TR Y AR IOR Tl 5. DRI AR AS SO 9T 22k
B0y B A YR T R Al I A a0 ) L AR
(3) TEFRIPRIHHs fUN, 0620044 FE S o 1) 1l
ST 5 LA AE BT AR B 2R A>T 10
A, AEBTIET B il R AT 15 4
A, DR OO A A BA S ) 2 AT
Py AL T 2 500 jm o< T BT KPR SCRRBERE, 32
TP T WK 2.
%2 WkEZERIFER
Table 2 Main sources of literatures

Hh ST AR SCHATI
(A T TREHD (GEOTECHNIQUE)
Cafa %5 TR {SOILS FOUND)
(R ¢{INT JGEOMECH)
(AR TREZHD {J GEOTECH GEOENVIRON)

h T ARUEAR ST b Eicdls Rt e ml Stk () b ik
o BRSO AEAE IR ZE 520, K PR 43 P
A, AR BRI BT AR HE N B TR A,
K435 155 NI R, IR ARG A
PRAISHAE Wk 3 Jrs, HrpByiksRd, VAN
AW del 5 PR BT N AR 5 deP LU, nIAEA VR
MBI R bR, S d >0, AR BISARE
Md<oif, AR,
2.2 BIRKERAIFMER

BYKE d 2 PR I YK E I EE EE AR AR, DAL
BYJHK 6 52 i DA 22 R T 9 SR A5 0 A S 0 T B IR
Roscoe 27\l d 5% )i g/ p A5 5%. Cubrinovski
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Table 3 Data of some soil samples
FEARG S S FA R d P q dp dq e’ e’ L
1 0.67 715.12 795.28 40.23 120.69 0.0026 0.0039 1
2 0.44 745.43 886.28 30.32 90.96 0.0048 0.0089 N
S1 N N N N N N N N N
24 -0.02 820.84 1112.52 -2.51 -7.53 0.0056 0.0931 0
N N N N N N N N N
1 0.85 28351 400.53 38.38 115.14 0.0007 0.0008 1
CN-5 2 0.63 333.14 549.44 49.63 148.90 0.0012 0.0016 N
N N N N N N N N N
28 -0.09 417.40 802.21 -5.90 -17.72 -0.0164 0.0631 0
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Fig. 3 Correlation coefficient between dilatancy ratio and different

influencing factors
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Fig. 4 Change of dilatancy ratio with stress ratio of dilatant soil
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AT DLMR Sk, Bieff8Eu 8
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A n,=-0.028, n,=0.671, n,=1.353, L% K 0.635.
ik (14> h %04 n,=-0.075, ny=1.238,
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M 2.3 WIIERTT AL, HE T B IR A L FEACIR
B0 Bt A N PR B K 2R 5 5 S ) K] 38 2 T R AH O R K
A FEBAR, XL T B R AR L B — &R
(RRE, 1A T B2 O 5 B8 T TR BRI B I R 25 1 5
Wi, d.5ep, el dp, do 2 Ia ARG s S fr A
BT AT s PR e, PR AR R B KA
R e R SRR S AT TR A DGR 22 S A T A AL 2

ASCVHELT d 5 % BRI 52 e R 28 2 T PR A OG &R
Ho R APR, HPr, . v, 1y, IR d,

Lel, ef, dp, dgZ[AlfiAHC REL.
x4 d, 5EMMEWEZZ BREXRE
Table 4 Correlation coefficient between d,, and additional factors

el el rdP rdq

-0.65 -0.69 0.63 0.63

HT AT V5 A B PRI R d S A (L, 4
PR

e

=0.250 , (15)
r

eb’

#r| +[re)
Xf, wiﬁﬁﬁﬁ%m%mﬂiﬁ ) 2 T s 74
w,=0.266, w,,=0.242, w, =0.242.
Sﬁi AT B TR - S A S 2 b, 45
SR R I R AR B, g

47%?ﬁ%?%ﬁ%ﬁi
d=fh)1+w,f(e])+w,f,(el)+
Wy, F3(dP) + Wy, fo(da)] - (16)

X, fh) FoR BRI ERN 5 d, AR R L
f.(e)), f,(e0), fy(dp), f,(da) 73527t g
el ef, dp, dqt5d, ARG AL, R, X
(16) A (5 gk, Wd=d @Q+d,)-
A SCBY PRAR R P (1) % B 20l A 2.3 TS5 A
Kk ErhiE DLMR L3k A, Wk 5 iR,

M (16) 7T%0, U ab AR ER AR, 4
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# 5 BAREIMNSEIE
Table 5 Parameter values of dilatancy model

ER S AIES 5

B In s X 3 24

n n n n ”5 N n N

Mo Ny N, N My Ns N

3610 1251 0.027 0437 0425 0241 0183 -0701

0232 -0137 -0028 0671 1353 -0075 1238 1431

A £(h)=0, MIA d=0; 2940 Tilm FRREH,
ASCHEAT £ (h)=0, [FIFERAI{GEId =0, EAk, ASCHE
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Fracturetest and analysis of horizontal fissure rock-like specimens
influenced by apertures

ZENG Jia-jun, ZHANG Zhi-jun, ZHANG Xu-xu, PU Cheng-zhi
(School of Resources Enviroment and Safety Engineering, University of South China, Hengyang 421001, China)

Abstract: In order to explore the fracture mechanism of horizontal fissure rock mass with different apertures, single-fissure
rock mass specimens with different apertures are prepared by using cement mortar. The uniaxial |oading tests are carried out on
the prepared rock mass specimens based on the RMT-150B rock mechanics testing machine. The results show that under the
same length of prefabricated fissure, with the decrease of fissure apertures, the initiation position of microcracks shifts from the
middle of prefabricated fissure to the tip. To verify this phenomenon, a pardlel bonded contact element based on PFC
numerical smulation platform is used to establish a numerical model for fissure body for anaysis. Under that condition, the
boundary conditions of numerica calculation are consistent with the test environment, the crack initiation modes and fracture
characteristics which are consistent with the test results are obtained. In order to further explore the initiation and propagation
mechanism of micro-cracks in horizontdly fissured rock mass, based on the yield characterigtics of crack surface deformation,
the evolution law of particle displacement field in the numerical model of micro-crack initiation and propagation is considered,
a smplified mode for fixed beam is proposed, and the mechanism of micro-crack initiation and propagation in horizontally
fissured rock mass with different gperturesis analyzed and explained.

K ey wor ds: rock-like specimen; fissure aperture; horizontal fissure; micro-crack initiation characteristic; numerical simulation
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Table 1 Physical and mechanical parameters of rock-like materials
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Table 5 The crack initiation mode and the displacement field near the prefabricated fissure of the specimens with different lengths of
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Theory of artesian well flow in ancient river in Wuhan and its
application in foundation pit dewatering

LU Bin-quan’, FENG Xiao-la', XIONG Zong-hai?
(1. Department of Engineering, China University of Geosciences, Wuhan 430074, China; 2. Wuhan FengDa Geological Engineering Ltd,
Wuhan 430074, China)

Abstract: Based on the analysis of the special hydrogeological conditions of an ancient river in Wuhan, a hydrogeological
model for the ancient river is established. The problem of artesian well flow in the ancient river is generdized to that of
groundwater movement to pumping wells in belt-like artesian aquifers. Then, based on the principle of mirror method and the
potentid function, the formulas of steady flow for artesian and artesian-unartesian completely penetrating wells in the ancient
river are derived. On this badis, it is applied to the foundation pit dewatering project, and a method for calculating the water
inflow of the foundation pit of artesian aquifersin the ancient river is put forward. Finaly, taking the deep foundation pit of the
underground parking lot of Liyuan Plaza in Wuhan as an example, the calculated results are compared with those of the
traditional methods and the actual monitoring data. The results show that the relative error between the cdculated results and
the actud water inflow of the foundation pit is only 7.4%, while the relative error of the traditional method is 54.5%, which
verifies the rationality of the proposed method. The research results are of great significance for understanding the theory of
artesan well flow in ancient rivers and for guiding the design of foundation pit dewatering projects.

K ey words: ancient river; artesian water; well flow; completely penetrating well; steady flow; foundation pit dewatering
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Fig. 1 Plane distribution map of an ancient river in Wuhan
1.2 HEZEWEFR

VAT FE BT A3 A R Z PTG R 6 A4
ot OFATHE L Q™ AREE (Q): @K
—EE LR Q) @NER L. BTRE LR R
Bt AR Q™) @D, AR AIE 5
W42 Q™) ® K i I i O A7 A% 5F 47 )2
QU™ ©NTUE I Ve WaS A2, ]
DL TE M 2 SRR O B A )2, A
T WPONAE, JRECNIEES, DURWIRL L B b B R
ROEWAS, sE 35T 2N AR, R s
JE AR, ) 2 B, R R K T
U I, DUBIAETRIR X R ek, ki iE
RO ) PN ot T3 M A v, ORI T AR 4

eg Uy HrIGE S ——
O Ao T
40%%%%/%%%%@%%%$ﬂ35

ool (R T

ER L A#LR SR ESIHROE

2 (XPREE S EH R H EE

Fig. 2 Stretigraphic profile of ancient river in Hanyang
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Table 3 Calculation of water inflow of foundation pit
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Resear ch on mechanical properties of heter ogeneous r ocks using grain-based
model under uniaxial compression

LIU Li-wang"?, LI Hai-bo"?, LI Xiao-feng', ZHANG Guo-kai®, WU Ren-jie"
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan 430071, China; 2. University of Chinese Academy of Science, Beijing 100049, China; 3. School of Mechanical
Engineering, Nanjing Universty of Science and Technology, Nanjing 210094, China)
Abstract: In order to investigate the influences of structural heterogeneity on the mechanica properties and crack growth of
rocks, the microstructure of granite is modelled by using grain-based model (GBM). In comparison with the results of
laboratory experiments, the properties of stress-strain curves, acoustic emission and grain-scale crack growth of rocks with
different mineralogies are investigated. The results show that GBM can be used to efficiently study the macro- and
micro-mechanical properties of rocks when the mineral components have different structures and strengths. The grain-scae
cracks in rocks are mainly intergranular cracks at the onset of loading, then the intragranular cracks become predominant
inversely, and the falure pattern of cracks is dways dominated by tensile cracks. When the model fails, the ratios of
intergranular and intragranular cracksto total cracks are about 93.87% and 60.95%, respectively. During the whole |oading, the
locations of microcracks are first located randomly, then the clustering of microcracks leads to the appearance of macroscopic
failure surface, and the formation of failure surface is related to the propagation and coal escence of intragranular cracks. When
the feldspar minerd in rocks increases, the corresponding peak stress and damage stress increase due to the increase of
intragranular cracks formed in feldspar mineral and the decrease of intragranular cracks formed in biotite mineral. In this study,
the modelling of micro-structure based on GBM and the reason why heterogeneous rocks behave different mechanical

properties may promote our understanding of the influences of

rock heterogeneity on the mechanical properties. EEWE: ExAREEILETHE (51430008); [E5K R F 4
Key words: heta'ogeneous rock; gral n-based model; FER AT H (51800137); A 1 )i 5 TR E &K & 4 s il & i il
(Z017015)

grain-scale crack; acoustic emission; discrete e ement method WS B8, 2019 - 04 - 04
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Fig. 7 Variation curves of growth of grain-scale cracks
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Fig. 8 Micro-cracks of granite
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Prediction and effect analysis of surface vibration waveform for group
hole delay blasting

LIU Xiao-ming', CHEN Shi-hai®
(1. College of Civil Engineering, Huagiao University, Xiamen 361021, China; 2. Fujian Research Center for Tunneling and Urban

Underground Space Engineering, Xiamen 361021, China)

Abstract: In order to solve the shortcomings of the existing surface vibration waveform prediction method for group-hole delay
blasting, a new method is proposed, and the surface vibration effects of group-hole delay blasting are andyzed. First, the
vibration velocity waveform function for single-hole cylindrica charge is obtained by superposing the vibration velocity
waveform of spherical charge. Then, using the Blair's nonlinear group-hole superposition theory for reference, the nonlinear
superposition of vibration velocity function for single-hole cylindrical charge is realized, and the surface vibration velocity
waveform function for group-hole delay blasting is obtained. The vibration velocity waveform predicted by the waveform
function is consistent with the measured one in the peak vibration velocity, spectral distribution and duration, which verifiesthe
correctness of the waveform function. The influences of delay time and number of holes on the surface vibration are discussed
by using the waveform function. It is found that a reasonable delay time can reduce the peak vibration velocity and make the
basic frequency of the vibration deviate from the naturd frequency of the protected object, while the number of holes has few
influences on the peak vibration velocity and the frequency spectrum. The surface vibration velocity waveform function
provides a simple method for waveform prediction in practical engineering, and itis of certain practical vaue for engineering.
Key words: group-hole delay; superposition; waveform function; vibration effect
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Evolution of particle crushing of coar se-grained materialsin large-scale
triaxial tests

LIU Meng-cheng", MENG Feng', WANG Yang-yang’
(1. College of Civil Engineering and Architecture, Zhejiang University of Technology, Hangzhou 310023, Ching; 2. Zhejiang Scientific

Research Ingtitute of Transport, Hangzhou 311305, China)

Abstract: By analyzing the progressive evolution of particle crushing of crushable soils, four basic properties of particle
crushing are presented, and three characterigtic states are aso given over long-term or repeated |oading. Two breakage indexes,
namely the global and or breakage index, are defined for the crushable soils to distinguish temporary stop from perpetua
termination of particle crushing, and a mathematical relationship is put forward between the revised relative breakage and the
grading index. A series of consolidated drained large-scale triaxia tests are conducted for the coarse-grained materials (CGMS).
The evolution of particle grading and breskage is analyzed, and some mathematical formulations are presented for various
breakage indexes, which exhibits aentire rule of particle crushing of CGMs under the monotonic loads: (1) The global breakage
has a negative exponential increase with the non-moralized deviatoric stress and the mean principal stress upon shearing. (2) At
the end of consolidation or in the critical state, it increases merely with the non-moralized mean principal stress which meetsthe
above-mentioned negative exponentid function. (3) The local breakage varies with the stress level in a way of hyperbolic
function and approaches 1 in the critical Sate.

K ey words: coarse-grained materid; grading; particle crushing; breakage index; triaxia test
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M odel tests on penetration and extration of modified suction caissonsin clay
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Abstract: A series of model tests are conducted to investigate the installation and extraction behavior of the modified suction
casson(MSC) embedded in marine clay by taking the MSC dimensions, shear strength of clay and instalation method into
account. It is found that the discrepancies between the find penetration depths of the MSC with the aspect ratio of 1.0 and 2.0
and the corresponding regular suction caissons (RSCs) are 2% and 6%, indicating that the M SC can penetrates into the clay to a
desired depth. During suction-assisted ingtalation, the interna compartment and the external skirt are found to disturb the soils
around the caisson, |leading to the decrease of the penetration resistance compared with the penetration resi stance during jacking
ingdlation. Based on the limit equilibrium method, the expressions for estimating the required suction to penetrate the MSC
into clay and the penetration resistance were proposed. In addition, the variations of the water pressure in the suction caisson
and uplift resistance during suction caisson extraction are also obtained. The results show that the water pressure in suction
caisson firgtly increases sharply to the maximum value with the extraction displacement, and then decreases to a certain value.
It is also found that the M SCs and RSCs can not be fully extracted by injecting water into the caisson. The expression obtaining
the extraction resistance of the MSC is proposed to guide the foundation design.

K ey words: modified suction caisson; clay; suction-assisted install ation; extraction by water injection; model test

5] =] TSR WP, W LR A RS o
g b R R T T SRRk ke R CUFRb b b LR B L s

MEARAL, RN BA 230, TEERMEN . —————

AR FEAtE e B TR RSB, BHIAE
e B AL ISR T st S At

LR BB 2R A #r AU H (2015TDJH104)
Yrks BH#A: 2019 - 01 - 29
*3{f51E% (E-mail: philc007@163.com)

TR . SRR DL S AT, P T
Wy S 5 Y -F DL B e S

EE&WBE: HXHRBEF4ETH (51879044, 51808325, 51639002);


mailto:ldy@fzu.edu.cn
mailto:philc007@163.com

% 34

R, S R R SRR ICET ST AR B o 569

(Andersen %513 Randolph 25!, Houlsby %5 Chen
25BR zhou 20, BFFTRHT, WU AR
e TRER 2 20 FH ) o DB BH ) 3= B LA P Ab
R PR DA B Sttty S BE g o RER FO0l SE At 53 BH )
XPUT BT W A R A R R T R

Houlsby 25 MR 3 T b L FIBE L1 b, W) el
7 B EC SR S0 5T T B BENBE T LA B U B R
KAV I A . Chen 25181458 3% ) JEfilifr
10 e B RE EE RH g v B O AR AR %, i
TUBTAE RSB (K55m0, 2k 53 A sz )
FER T A AR RS S DL R D A SIS, A EI it
D51 LB AT SRS R SER TR ) . Zha 25
TR R JEE R ) VR ) AR L PR T 5 T R R
Tt

g BRI Bl IR — 20 &, SEERIL ]
R R R, $halh B I A7 R (R BE At EdE AT T+t
RGP A B R KL £, 5008 A Bt vf: LA
WK o AR B S BIL S AA X HL S ALt
(4R A SR o W B AT v R K mT [
SR G 5, B A K Bk R P B A B
H A P A 0 SR T i KR AR I A D o
Zhang s MO MRT gD - oy SR KR AR, R
IRy B R B PR Tk AR 3 ) 52 b R H 1 5 i) 4L
K, WePBRPTHAARE I BE s g i3 oK. Fi4b
RINIERR AL 1K 0.044% JEml AR, FEAl 3
TKH 73k 31 B KR

W g et 2 K B TR £ g ) SR )
Clridt . 2Rk B A T Ol R doh A8 o T AR A
6 FIEAEL AL FRT 4 2B g FEA R 7K PR 48 R0 86 i) 7
BHAT T — RYWEFE, ASEREAE R L 3T TR
KRR TR B — RN Meah, 4y EEA
DUBT IS I8 3 WA L AR BT, S BORRTCTE 4R 8T 5
T TR R KO, SR B TR, R
VBN TTRIEKIR AR — N S B AT 5

FE T B Ai 2t A A ) SRR R P g
TIUCTEBA I AT B A PR AR 4
Wt 03 R TR i BRI K S AR, 5 Tl 45 2
1320 ) Bt 7K IR AR R o A

1 MEBARBRODITELARX
Houlsby 251, 3 T (G0 ) REmbAE B+ i
TGN 00 (D, AT TR g5 AR
5 ARl s B 2 ) SRt BT B
G+ O-ZSSﬂdi2 =Fci tFeo tQcp - ey
X, GEYW ) HEAE E &, S ARl I I 1E,

Fici 1 Fico 705l A 24/ N BE R AMEE BERH T, Qicip N 1
A B PH T o
(D & IFH T R FHAHE K BBy 5 FE AT o1
B B PTR TR PR LA HER DU R S, B
R 2 VAR A
S =Setkz 2
A, S HAERIAHAKPUBT AL, k AAHIKPT
B GR T BEVR PEAR A Bh
SN 92 s N S AR o TEE N
¥
Fei =ac,md (‘ghsu(z)dz )

h
Feo =@ IC,ondo Q s.(2)dz,
Qecrip = @(h - S+N..S, (h)gndt

Rt A, B, A SR AR RS AL
Nicc A il LA T A& #S ) R 8: g®h B2
HIE: h AR TINRE: d=(do+d)/2 4 ERFEE
(o
LR AR IS, # R BRI B R )
A P HIMRE PRE BE g i BEL Ty DL SR Gtk P AMRE JEEREL T
Ui BE AL, DB B R R A
G¢+0.255d” = Fici tFico tQcp T
FEs,i + FEs,o + QES,tip ’ (4)
A, FesiflFes o il A HE 45 F P« AMEEEERH 775 Qesip
PRz Eat b A Sl IRl N W = ¥

H
Fesi =@gs;mD; (‘9 s.(2)dz,

u
|
gy ®
|
I

i
I
1

Feso :aES‘onDo(‘gH s,(2)dz, y (5)
1

QESvtip = @(H + Negg .5, (H )Bndt O.i;)

R A, e, MBI, SNEE LRI

H0: Nesc MG N LA&H ) 2% H=h-1+L 3R

SR TINIREE: D=(Dgt+Di)/2 A S5 K H AR
BT RVEEE RECIEHFAR, WIUIs, WL

W ) 5 s Y . I, AR G S,

VUG RE P T )l R kA

Fei +Fico * @(h"' Nic.S, (h)l:}lndt - G¢

_Nici

6
“ 0.25rd, + mdt ©)

2 (6Dt m] S 4K R S0 T2 ey R it oy =5
WME. B ER S e i e, H R SR B

Pt 14
S =

req
I:IC,i + I:IC,o + @‘h + NIC,cSu (h) Elndt + FES,i + FESO + QES,tip - G¢
0.25nd, + ndlt ’

(7)



570 Fe)

+ TR ¥R

2020 4F

HaC (6) F1 (7)) W50, 40 ah My Eefhe i s,
0 Ay TR DL BT TR W) K AR S ) i di .

2 REIRIGRENARIE
2.1 WWESE
TR IR FH AL RAE RSF K X %8 X 5=1.0 mX 1.0
mX1.0 mo 50 FRGE TR FH e 0 v HE 29 s
%, LERAERE08mM, HASHWE 1R,
PRME SR ) 3EA (9’5 RSCL Hil RSC2) Itk
AW EERE (G5 MSCL T MSC2) #5875 & B R R
Sl 1R 2 . RIS AR RO AR T O,
AN ) A i P 3 et 47 T M 2 P00 I TR) S o AR T AR
AP HIKAL, 730 53K ) AR IR s 1R
WA TIRCBAT 2 NMHEKAL.
1 Rt ksH
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Fig. 3 Instalation of suction caissons
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Table 2 Dimensions of test caisson models

o W 4 1 b EWEEE L
ZATT TARBREE S, GIN /mm /mm  /mm (/D) /mm  /mm
RSC1 173 120 120  — —
MSC1 W IrIis S=12+0.82 288 120 120 180 1.0 60 2
RSC2 o 231 120 240  — — X
MSC2 I 5=33+0.1z 348 120 240 180 20 90
RSC3 231 120 240  — —
MSC3 HITBEN S=33+0.1z 348 120 240 180 2.0 90 2

B 2k SR






BRT, A P A ) BB S T KRR 9T

571

%3
£33 BETIRRATERELER UEBUELSI AN
0 005 010 0.15 0 20 0.25 0. 30
Table 3 Test results of installation for various test cases T ' '

WE N wn AW GUEAL) o | ARIRR =

TR atiys DLRHEMM O e kN L R

RSC1 138 95.8 (0.81) 33.1 0.38 é 2

MSC1 236 96.9(0.8l)  40.0 0.45 ® izz

RSC2 113 201.4(0.84l) 230 0.28 H 0

MSC2 124 1900(08l) 255 0.33 S0k % ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
MFTFEW M. 2% Andersen 2551 45 52, Y sl + TER _
B FH N =75, [N, 1 Holsoy B4 65 DRI e BT
1 Byrne %5 SRR B AT P9 B 5 SRR (A TR 5D Fig. 4 Relationships among installation resistance, suction and

FHa,; =05, a,.,=05. ml (1) S Hl4m i
FoE R AR IG R PE AR e i A A HEKPUBY s, 4
SR So=12 kPa Fl1 3.3 kPa, ANHE/KPLBT 50 B 2
AR A §=12+0.82z, §=3.3+0.1z. HKl 4
Blol i, REE S B TR &R, B R
= CIETA

LB /KN
0 0.1 0.2 0.3 0.4

HEERAG '

A AR /mm

(a) WRE AR ILH B S

PLBTRLJI /KN
] 5 10 15 20 25 30 35
T T

A AABE /mm

(b) w3 LA HIR RS

VLR BLAI/AN
0 005 010 015 020 025 030

* T T T T I‘
0f | pESEHR —HRME

(e) K3 B+ f Pyt BB

penetration depth for RSCs

P 5 D4 AU D AT 51 BEL oy S R I g B
DOSTRBE AR A . IRIG A 5 PRI S 80 UESE
AHE R . Hoh U (4) Fsl (7) i
Ags; =35, A, =35, Nesc=4. HULA[%1, A
NERREEERN A& 050, SERREH T LA
&) F O i AR ) RBUEAR . EI B (a) Hr T
LR AR S AN, BEREDC BT BE ) SRARIE R, AR
IS TP BT B SR AN &, 3Kt ph T4 Sl f A 2
s N LR (B 1), 3B K.

Kl 5 (b) A1 (d) A ANIE] AL A 0 ) ik
il S P SIS T BE D SR BE AR A . R kA
RIS A A RN, o R R
JIBEYT BRI K AR W) B, AR R 1
TP KRN B . AR
8 QI g Rt ol 5 W s K AR AT e i 73l 42
71 20 %A1 11%.

VLH EHJ1/kPa
0 0.1 02 03 04 05
20 — gt
£ 40 : we e PR
% 6| !
£ |
H 80 |
100 -
[t 3
120l
(a) wsREE LR hITH B
YUH K J1/kPa

0 5 10 15 20 25 30 35

N
(=]

HARBRE /mm
g 3

100

120

(b) fksREE L HAORETR RS



572 A+ o2 R 2020 4F
VLB S1/kPa .
0 005 0.10 0.15 0.20 0.25 0.30 IEI {%
? T T T T T ‘l 1 240
0 | AEHE oEEE T e
| 0 et oo

(e) fRIREE LR IR BT
ULE W F1/kPa

0 0.05 010 015 020 025 030
T T T T T 1

— HitfE
—o— iXKHE

HEIE R

————— ]

——

(d) SR EE AR TGS
El 5 BAMNEMARAS. AFERHIEL
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Table 4 Test results for suction caissons during extraction

W T s F4efirsimm A BANRET SESE LI
{Hi/kPa NGNS {Ei/kPa NS
RSC1 63 21.8 (18%) 19.5 23 0.22 23
MSC1 60 20.7 (17%) 22.7 5 0.25
RSC2 67 65.4 (27%) 8.4 5 0.10
MSC2 127 43.8 (18%) 8.1 31 0.11 31
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water injection
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M echanism of deep defor mation of roof arch of underground power house at
right bank of Baihetan Hydropower Sation

MENG Guo-tao™?, HE Shi-hai*, CHEN Jian-lin', WU Jia-yao" %, CHEN Ping-zhi*?, DUAN Xin-ping®
(1. PowerChina Huadong Engineering Corporation, Hangzhou 310014, Ching; 2. HydroChina Itasca Research and Development Center,

Hangzhou 310014, China; 3. China Three Gorges Corporation, Beijing 100038, China)
Abstract: In the process of the excavation of underground powerhouse caverns a the right bank of Baihetan Hydropower
Station, which is the world largest underground powerhouse in term of span, the surrounding rock at the roof arch from section
0 + 076 m to 0+133 m shows a continuous time-dependent deformation 17~26 m in depth from the excavation surface. The
total deformation magnitude is 35 to 55 mm, and the deformation increments of 0~17 m in depth are synchronous. The special
deformation becomes the most concerned rock mechanics problem of feedback analysis during the construction. On the basis of
summarizing the monitoring layout and the results of arch displacement of the powerhouse, the spatial distribution
characteristics of surrounding rock deformation are intuitively demonstrated by GoCAD interpolation of the monitoring results
of multi-point displacement meter, and the particularity deformation mode of roof arch is explained. Then, base on FLAC®
numerical analysis, the distribution characteristics of stress concentration, fracture expansion and time-dependent deformation
of the surrounding rock of the cavern groups are discussed, and the formation mechanism of deep deformation is explained.
Moreover, the failure phenomenon of the surrounding rock and the displacement monitoring of dense quasi-distributed grating
fiber are used to verify the deformation mechanism. Findly, the stability of the surrounding rock of the roof arch with the
phenomenon of deep deformation is evaluated. The research shows that the stress concentration level of the surrounding rock at
the floor of the anchored tunnel above the roof arch of the powerhouse is greater than the crack initiaion strength of the rock,
and the fracture extension of the shallow rock mass causes the time-dependent deformation of the surrounding rock. Thus, the
end of the ingtdlation base of multi-point displacement meter embedded in the excavation damage zone at the floor of the
anchored tunnel is lifted, which indirectly resultsin synchronous ————
ks H#A: 2019-03- 19
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and constant displacement increment at different depth measurement points of the multi-point displacement meter, thus showing

the so-called deep deformation phenomenon. The research results may provide a reasonable explanation for the deformation

monitoring mechanism of the surrounding rock of the roof arch and valuable technical support for the stability eval uation of the

surrounding rock.

K ey wor ds: rock mechanics; FLAC®; deep deformation; high stress; underground powerhouse; Baihetan Hydropower Station
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M easurement of earth pressureson curved surface of thin film pressure sensor

LIU Kai-yuan, XU Cheng-shun, JIA Ke-min, ZHANG Xiao-ling
(The Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technol ogy, Beijing

100124, China)

Abstract: Measuring the earth pressure with rigid soil pressure cell (SPC) is a common test method in geotechnical tests.
However, the traditiona rigid soil pressure cell is not suitable for measuring the earth pressures on curved surface such as piles
or buried pipdines because of its limitations such as diaphragm subsidence, "embedding" effect, incomplete fitting of
measuring surface and large buried space. The measurement circuit and calibration devices are designed for the characteristics
of the thin film pressure sensor. The calibration characteristics are andyzed, and the influences of deflection on the
measurement of the film pressure sensor are preliminarily investigated. Findly, the capabilities of the traditional rigid soil
pressure cell and the thin film pressure sensor to measure the soil pressures on curved surface are compared and anayzed
through experiments. The results show that the thin film pressure sensor can effectively avoid the "embedding” effect, reduce
the measurement error, and is easy to install.

Key words: curved surface earth pressure; soil pressure cell; film pressure sensor; effect of deflection; calibration characteristic
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Experimental studies on effects of initial major stress direction angles on
liquefaction characteristics of saturated coral sand

MA Wei-jia', CHEN Guo-xing"? QIN You', WU Qi*
(1. Ingtitute of Geotechnical Engineering, Nanjing Tech Universty, Nanjing 210009, Ching; 2. Civil Engineering and Earthquake Disaster
Prevention Center of Jiangsu Province, Nanjing 210009, China)

Abstract: In order to investigate the liquefaction characteristics of saturated coral sand from Nansha Islands under different
initial major stress direction angles (ag), a series of undrained cyclic torsional shear tests for saturated coral sand are carried out
by using the GDS hollow cylinder torsional apparatus. A remarkable finding of this study isthat, ag has significant influence on
the liquefaction characteristics of coral sand, the excess pore water pressure (Ug) for case ag # 45° cannot reach the initial mean
principa stress pg, but the u, for case ap = 45° can eventually reach do. The developments of strain components for various ag
cases are different, but the specimens for all o, cases will produce larger general shear strain amplitude (yg), and the correlation
between the u, to pgand y4, can be expressed approximately as tangent function. Based on the experimental data, the number of
cycles (N.) required to induce initial liquefaction decreases with the increasing o, for a given cyclic stress raio (CSR).
However, by defining the modified cyclic stress ratio (CSRy) as a new index for cyclic stress level, a virtualy unique
relationship between CSRy and N can be established for al aq cases. The applicability of CSRy, is verified by the original test
data of saturated sands from the literatures.

Key words: saturated coral sand; initiad mgjor stress direction angle; excess pore water pressure; deformation characteristic;
cyclic resistance; modified cyclic stressratio
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T2 CPHRENID m a, /(") R b s g, /kPa s §, /kPa i i)

0 130.00 100.00 111 0.93

Y S 225 128.28 92.93 1.08 0.92
Ms (A0 0.77 45 15 0.5 120.00 80.00 1.00 0.89
( pg= 100 kPa) 67.5 107.07 7172 0.92 0.90
90 100.00 70.00 0.88 0.91

— 1.0 — 100.00 100.00 1.00 1.00

0 2.0 05 150.00 100.00 1.37 0.89

PRSP 0 15 05 130.00 100.00 1.22 0.93
(if ﬁg’kpa) 1.42 30 15 0.5 126.37 88.63 1.11 0.91
45 15 0.5 120.00 80.00 1.00 0.89

60 15 0.5 111.37 73.63 0.90 0.89

90 15 05 100.00 70.00 0.79 0.91

0 166 05 137.22 100.00 1.18 0.92

30 166 05 132.72 85.89 1.09 0.89

VD 45 166 05 124.81 75.19 1.00 0.87
Bt b0 0.98 60 166 05 114.11 67.28 0.91 0.86

( pg= 100 kPa) 90 166 05 100.00 62.78 0.82 0.88
0 1.66 0 154.10 100.00 1.26 0.89

0 166 1.0 122.92 100.00 1.11 0.95

R 0 166 05 137.22 100.00 153 0.92

( pg= 100 kPa) 2.49 45 166 05 124.81 75.19 1.00 0.87
90 166 05 100.00 62.78 0.60 0.88
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