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Analytical method for stress of granular medium foundation under vertical load

CAO Wen-gui*, HE Min', WANG Jiang-ying®
(1. Ingtitute of Geotechnical Engineering, Hunan University, Changsha 410082, China; 2. School of Hydraulic Engineering , Changsha
University of Science & Technol ogy, Changsha 410114, China)
Abstract: The analytical method for stress of foundation under vertical load is an important basis of design and computation in
foundation engineering. However, the existing methods cannot reflect the properties of granular media for foundation soils.
Therefore, according to the current researches on stress transmission of granular media, firgtly, supposing that the stress in a
granular medium foundation under vertical point load aways diffuses downward with a curve cone, an analytical problem for
the stress of the granular medium foundation under vertical point load is converted into that of a curve cone under vertical point
load at its top, and a stress-solving method for a curve cone is obtained by discussing the stress-solving method for a line cone,
hence, an anaytical method for the stress of the granular medium foundation under vertical point load is proposed. Then, an
analytical method for the stress of the granular medium foundation under circular vertical uniform load is established by
regarding the problem as the integral solution of the stress of the granular medium foundation under vertical point load, which
can adequately report the characteristics of the granular media of foundation soils and shows obvious superiority to the
Boussinesq solution. Findly, by simultaneoudy adopting the proposed andytical method and Boussinesq solution as well asthe
numerical analytical method with PFC®P, a comparative analysis of stress distribution in granular medium foundation under
circular vertica uniformload is carried out, and it isindicated that the proposed method is reasonable and feasible.
Key words: granular medium foundation; vertical point load; circular vertical uniform load; stress transmission; Boussinesq
solution; numerical analysis with PFC®
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circular vertical uniform load
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M echanisms and char acteristics for deterioration of shield tunnels under
surface surcharge
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Abstract: The metro shield tunnel in soft soil area is investigated and analyzed. It is shown that overlarge transverse
deformations of the shield tunnel are induced due to the surface surcharge, which is an allowable magnitude according to the
current computational theories, and it brings about problems of breakage and leakage of longitudina segment joints. Through
the scaled modd tests, numerical simulations and theoretical anayses, the research results show that the additional vertical
earth pressure on shield tunnel induced by the uniform surface surcharge is not the uniform pressure, and the vertica earth
pressure on the top of shield tunnel is larger than the uniform surface surcharge. The additional earth pressure around the shield
tunnel caused by surcharge is more negative for preventing tunnd deformation as the tunnel passes through softer soil. The

longitudinal segment joints are the weakest points on the segment ring in the process of transverse deformation. Finaly, the
and stiffness of longitudinal segment joints are given.
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[=]

design concept of rigid linings for shield tunnels in soft soil areasis proposed, and some suggestions for enhancing the strength
Key words: shield tunnel; surface surcharge; model test; segment joint; deterioration
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Fig.1 Diagram of shield tunnel
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Fig. 2 Diagram for location of structural disease of tunnel
1.2 HREBHSHHIBERERFR

M IR ) S HABAT I AT & K SR ok, %
B ST S5 2R I A P T At R B E R N R K
AERERIE AR T, LR A T iR 5B RK .
JE K% T8 A G AL AR T B B I 0 R A

(D) RAETRFE ) JE R BEE 2Bk gs )=,
HAERA SRS R /NER AL BKER
45%~53%, Hs#ilsif 2~4 MPa,

(2) JEHE) P T8 BE TV G 423K &y H Mg A4 A1
(Kl 3 (@ Fia), W TBE— 2 KR F 30
TRPUR AR et CnlEl 3 (b Frzs), JfFE
RALKNBIFRIK

(3) i A6 P 3 7 4L 0 1) PN e 12 Sk AL B o Uk
AERSLBIRAK A 3 (o) Fia), MBI KE] &
FEEEIT, HUBE Gk A TR e LR
(A B G HE S A R A T 1 AR T 3ok 72 i




ERg

SONME, S MRGEEAE T EBEE 5 LB S R

1175

DR A G H B
IR ICTAE A OAERCSK I E RUAE  S Y
BEIE £ Ko T et A R FT AE H, WilE] 2 .

(8 BLIMHALERLITTIRES 3R

(c) MFRELHBIRAK
3 EHRFEERE
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Fig. 4 Segment rings for shield tunnel model
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TR G R o RIS BRI - AT R i B i 2 DR
“h 100~ 200 kPa I %) I (1) R A B 1, 2% L8 BB
PIARARLLG i), 38 B b NAZEUE 72 10~20
kPa I IF) R4S B ORFFAH LG R . Ak, IS R
ARG I PRGN o, BN 2o Js ik ik
B INARIE 1200 43 BT 4iab « Bk T T 4R,
138D 5 B RIAE T )7 10~20 kPal i), 40 b 1) 11 4
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R FEOR AT AR AER T, R )2 E
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Table 1 Similarity constants for model tests
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JURT RT A 10 )t Cy =C,>C* 10000
EE A 1 7 Cy =C,C? 1000
R AR C. 1 25 Hh NI Cy = CI4 10000
g G =C G, 10 Al P12 Ce, =C?2 1000
fi#% G =G 10 BIYIAIEE Cea=C? 1000
LR C. =C 10
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Table 2 Parameters of soils
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Fig. 5Model test field
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Fig. 6 Measured results for model tests
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Table 3 Parameters of longitudinal segment joints for finite
element model tunnel
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Fig. 7 Finite e ement smulation results
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Fig. 8 Additional earth pressures on tunnel

FH PR A AN [1] ) B3 2B J2 05 5 R B T B 1% 1)
SOV E S/ = o s 11 ] =k 5] 51 P B 2 A (S
B 7B b BRSO BRIE S A HRBURG  AR TE AT
PAJTTTIANH] . OB B FEE o IE B — e
L P R BRI B 1) P 0K @8 EREE oL E
A Ve TR A R B N AP L s T, b T 5 A=
i ] R AT B [ o A 5 N 7/ o Y A T S
B, LR KT R BT R EORH,
AL B T A AR ) AR TSR KTy, BLyd /g
RN D BETE S5 RO (R “ A i) vt
MBS RIS I R IR AN G B BRI, 7R
DG BRI B UEIN, SO KRR T 25 R R M
2.3 BERWERIANETRSH

1T SE bR TR A GRS A B Y ) B
2%, N EAEHUE 07 B B SR JR R A A
PECT DA, 7 R R R 1, B
Ry R TR T, WU 0 AR
PG E RS RS, HZHOCk[14, 15]
iR = ARPRE BRI S NE A NI PR Y R DS &=
N NGERERIK IR UM 3 T IR HAE I By
B, PIAE S5 32 J3id B ) o R e L S g ke b T

AR RS MEIR S o AR e derh S EOT AN A e e
bk 1.2m, %M h o 25 cm; $EITES SR
Bk 2 I X /MG 2 B RS hy 2 10 om, 184252
PR d A 15 emy $EIEER L2 R IX Ah g 24
JERE heoh 15 om,  BRFE SR AR E d ey 10 om;
HER A AR Al 1413.7 mm®, SRR ROK
lp ok 40 cm, B H 5IERAR MR E R Es 25
3.55X 10*MPa il 2.0X 10°MPa, B2 1il'% 7 To A4 100
KN CHR A SR 2 SR 25 B AT TA) . B 9 kb
AR JZHERAE R SR AT B, 3785
CAAMISZ Rk 1, A28z 4 6, 7 3 &Sk AEAS
[ BT b7 R A ] 10 B .

BEIAREk

LM
\ s D8 '

9 BETHELKSH
Fig. 9 Distribution diagram of bending moments on segment ring
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Fig. 10 Bending moments on segment joint under surcharge
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Sress-defor mation characteristics of silty soil based on Ko consolidation and
drainage unloading stress path tests

ZHANG Kun-yong" ?, LI Guang-shan™ % MEI Xiao-hong®, DU Wei*?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China;

2. Geotechnical Research Ingtitute, Hohai University, Nanjing 210098, China; 3. Jiangxi Province Architectural Design and Research
General Ingitute, Nanchang 330046, China)

Abstract: Based on different initia stress states and unloading stress ratios, the unloading stress path drainage tests under Kq
consolidation are carried out on the silty clay sampled from the construction site of the South-to-North Water Diversion Project.
The specimens are firstly consolidated with a given value of K, under different confining pressures. Then, to smulate the stress
path at different locations of excavation sail, the stress decrements are applied from both the axial and the radial directions with
different stress ratios. The test results show that the stress-gtrain behavior of soil is closely related to the stress path. Under
different unloading stress ratios, the specimen may be compressed, elongated firstly and then compressed or elongated. The
critical value of unloading stress ratio determining compression and extension is determined by the initia consolidation state
and soil properties. With the decrement of the unloading stress ratio, the vaue of volume dilation increases. The tests also
verify that the loading mode and stress path have little effect on the strength parameters. The characteristics observed from the
tests are significantly different from those of the conventional triaxial test results. It is necessary to devel op a proper constitutive
model, which can describe the unloading stress path of the soil, and to carry out the stress and deformation analysis of the
excavation soil.
Key wor ds: unloading stress path; Ko consolidation; stressretio;
stress-strain behavior
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Three-dimensional multi-mechanism bounding surface model for sands

FANG Huo-lang"?, SHEN Yang', ZHENG Hao', ZENG Ze-bin®
(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China; 2. MOE Key Laboratory of Soft Soils

and Geoenvironmental Engineering, Zhejiang University, Hangzhou 310058, China; 3. Faculty of Mechanical Engineering and Automation,
Zhejiang Sci-Tech Universty, Hangzhou 310018, China)

Abstract: Within the multi-mechanism framework, a novel constitutive model for sands is proposed based on the critical sate
and bounding surface plagticity theories. The model assumes that the macroscopic deformation behavior of sands can be
obtained by summation of the contributions from a macroscopic volumetric mechanism and a set of virtud one-dimensional
microscopic shear mechanisms with random orientations in space. Each microscopic shear mechanism describes a shear
deformation and a volumetric deformation due to dilatancy, which are modeled by both the microscopic shear stress-strain
relationship based on the macroscopic bounding surface plasticity theory and the microscopic stress-dilatancy relationship,
respectively. Both the strength criterion and the stress-dilatancy relationship introduce a state parameter for compatibility with
the critical sate theory. The correlations between some microscopic and macroscopic model parameters are formulated for the
triaxia compression under constant confining stress. The model contains thirteen parameters and most of them are defined by
soil parameters with the clear physical meanings. The systematic comparisons between the model simulations and the test data
indicate that the proposed model has an excellent capability in predicting sand responses under the drained and undrained
monotonic loadings, and the rotation of the principa stress axes without using additional parameters.

Key words: constitutive model; bounding surface; dilatancy; state parameter; multi-mechanism
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Nonlinear seismic response of 3D canyon in deep soft soils

LIANG Jian-wen® % LIANG Jiali?, ZHANG Ji?, BA Zhen-ning®
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin Univerdty, Tianjin 300354, China; 2. School of Civil

Engineering, Tianjin Universty, Tianjin 300354, China)

Abstract: A model is proposed for nonlinear seismic response of 3D canyon in deep soft sails. In the model, the viscous-elastic
boundary and the equivalent node force input method are combined for wave motion input, and the equivalent linear method is
introduced for nonlinear soil behavior. The model is based on the genera finite element software ABAQUS. The accuracy of
the mode is verified by comparing with the results in the existing literatures. Nonlinear seismic response of a 3D shallow
canyon in deep soft soilsis performed and compared with the linear response, and the influence of canyon on nonlinear seismic
response is andyzed. Finaly, the nonlinear response of the 3D shallow canyon under excitation of the artificid wave from
seismic safety evaluation is presented. It is shown that the nonlinear behavior of soils has significant effect on the seismic
response of the 3D canyon. The nonlinear seismic response can be greater than the linear response near the canyon center, as a
result of wave scattering by the 3D canyon, and it is more obvious for a larger seismic excitation. The proposed modd is
valuable for analyzing the nonlinear seismic effect of complex local sites.

Key words: 3D canyon; seismic response; viscous-elastic boundary; equivalent node force; equivalent linearity
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Activity laws of microseisms and rockburstsin deep tunnels by TBM tunneling

ZHAO Zhou-neng"?, FENG Xia-ting® 3, CHEN Bin-rui®
(1. School of Environmental Engineering and Resources, Southwest University of Science and Technology, Mianyang 621010, China;

2. Northeastern University, Shenyang 110004, China; 3. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of

Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)
Abstract: For the deep tunnd of Jinpingll Hydropower Station excavated by TBM, based on the seismic monitoring data and
rockbursts, the temporal and spatial distribution characteristics of microseismic events and rockbursts and evolution laws of
microsei smicity information during the preparation process of rockbursts are sudied. The conclusions are drawn as follows: (1)
The active period of microseisms and the peak period of rockbursts are the working time and within one hour after stopping
working for TBM. The microseismic activity mainly ranges from 3 times the tunnel diameter behind working face to 0.4 times
ahead, and its peak value is located at 0.8 times the tunnel diameter behind working face. The rockbursts mainly occur within
theregion 2 timesthe tunnel diameter behind working face, especialy the high-risk zone of rockburstsliesin the region aslarge
as 1 times the tunnel diameter behind working face. Therefore, there is certain space-time reativity between the microseisms
and the rockbursts. (2) A sudden increase of microseismic released energy or the steep rise of cumulated apparent volume
(CAV) with a sharp drop of Schmidt number in the time sequence is an microseismic anomaly, which is a premonition of
rockbursts. (3) The spatid distribution pattern of mircroseismic events shows a transformation from random to clump
digtribution in certain zone with time, and the degree of their clump dispersion pattern gradually increases, smultaneoudy
accompanied by a growing number of microseismic events with large magnitude and high energy, that is, it is an microseismic
anomaly and a so a premonition of rockbursts.

K ey words: rock mechanics; deep tunnel; microse smicity; rockburst; tunnel boring machine
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Sep-path failure mechanism of rock slopes based on crack coalescence
modesin rock mass

ZHU Lei, HUANG Run-giu, YAN Ming, CHEN Guo-ging
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract: The crack propagation and coalescence mode play an important role in the step-path failure mechanism of rock
slopes. By using the discrete e ement method (DEM), the coal escence modes between two pre-existing cracks with different
geometries (rock bridge angle) and confining stresses under biaxial compression are performed. Three types of cracks can be
identified during the tests, which are the secondary coplanar cracks, secondary inclined cracks and wing cracks. Meanwhile, the
wing cracks and secondary inclined cracks occur under alow confining stress biaxia compression and almost disappear under a
high confining stress. Based on the above, the step-path failure mechanism of multiple flawsis investigated. It is found that the
crack coalescence modes depend on the coalescence stress severely, and the extended modes are carried out and show the
homol ogous view. Finally, taking arock dope as an example, the mechanism of rock slope step-path failure is generaized. The
coalescence of the joints is from bottom to upper, and the coalescence mode of the joints is subjected to the slope stress
conditions. Based on the modes of crack coalescence and correlaion between crack coal escence modes and stress, three zones
of the failure surface are divided.

Key words: jointed rock; crack propagation; stress state; step-path slope; failure mechanism
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Anchorage behaviour of specimens containing a single fissure based on
digital image correlation and numerical method

CHONG Zhao-hui*, LI Xue-hua', LU Jing-zheng', ZHANG Ji*, LIANG Shun'

(1. School of Mines, Key Laboratory of Deep Coal Resource Mining, Ministry of Education of China, China University of Mining &
100084, China)

Technology, Xuzhou 221116, China; 2. ChinaAcademy of Engineering Physics, Beijing Computational Science Research Center, Beijing

Abstract: To invegtigate the reinforcement effects of specimens containing a single fissure, a digital image correlation (DIC)
method and a discrete element method (DEM) which can be written in house are employed to compare the results of

unreinforced and reinforced specimens. The crack initiation and propagation in two types of specimens (unreinforced and

reinforced specimens) are quantitatively analyzed at the mesoscopic level. The displacement fields, strain fields and crack open
displacements (COD) obtained by DIC and the crack number, distribution and propagation orientation obtained by DEM are

0 3l

compared. The results show that the DIC method can be used to conduct non-contact nondestructive measurements of rock
Key words: digital image correlation; discrete fracture network; crack propagation; strain field; crack open displacement

jillf3

mass precisely and monitor the internal hidden process like anchorage behavior. The reinforcement effects of specimens are

illugtrated in quantity since the concentration of strain nucleation is acquired at the cross of rock bolt and pre-fissure. The
reinforcement can change the type of cracks and the orientation of the main fracture.
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Table 1 Experimental parameters of intact specimen
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Table 2 Mechanical behaviour of POMB used in specimens
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Table 3 Micro-parameters used for intact specimen after

calibration
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Table 4 Micro-parameters used for fissure after calibration
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Fig. 14 Crack propagation process of unreinforced specimens
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Fig. 15 Crack propagation process of reinforced specimens
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Limit support pressure at excavation face of shield tunnels

XU Qian-wei’, TANG Zhuo-hua?, ZHU He-hua®, WANG Gguo-fu?, LU Lin-hai?
(1. Key Laboratory of Road and Traffic Engineering of Ministry of Education, Tongji University, Shanghai 201804, China; 2. Jinan Rail

Transt Group Co., Ltd., Jinan 250101, China; 3. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education,

Tongji University, Shanghai 200092, China)
Abstract: According to the limit support pressure a excavation face of shield tunnels, the principles for cal culating the covered
earth pressure of tunnels in different strata are proposed by comparing the theoretical calculation with the field measurement,
and the limit state equation for excavation face stability is deduced by using the dice method to analyze the excavation face
stability of shield tunnels. Hereby, the limit support pressure at excavation face of shield tunnel can be solved. Finally, based on
the specific engineering practice, the aforementioned theories and methods are used in searching the critical diding surface and
calculating the limit support pressure. The research results are important in guiding the design and construction of shield
tunnels.

Key words: shield tunnel; excavation face stability; overburden earth pressure; limit support pressure
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Table 1 Physical and mechanical properties of soil strata at
position of ring No. 192
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Fig. 3 Geological formation section near ring No.192
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Fig. 4 Overburden pressures acting on ring No. 192
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Sress characteristics of foundation gallery of high core wall rockfill dam

FENG Rui, HE Yun-long, BAI Xin-ge
(State Key Lab of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: There are deep overburdens, tens to hundreds of meters thick, on riverbeds in western China where many rockfill
dams are under construction or will be built. A concrete cut-off wall is always constructed in the overburden beneath high
rockfill dam to control the seepage through dam foundation, and a gallery is usualy built to connect the cut-off wall with the
earth or asphalt concrete core within the dam. Since the foundation gallery is under complicated condition, fracture and leakage
are found in the galleries of some rockfill damsin operation, which endangers the safety of dams to a certain extent. In order to
study the cracking laws and stress states of the foundation gallery, the monitoring data of several galleries of rockfill dams with
earth or asphalt concrete cores are analyzed. One of the galleries is calculated by using the finite element method, and the dam
construction and water impounding processes are simulated. The nonlinear elastic model is employed to simulete the concrete
gallery. Thelaws of the stress states and the behaviors of structura joints of the gallery are obtained. The vulnerable parts of the
gallery and some improvements of the reinforcement design for the gallery are suggested, which is helpful for similar projects.

Key words: gallery; high rockfill dam; monitoring data analysis; structura joint; crack
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Critical filling height of embankment on soft ground based on
generalized SMP criterion

ZHANG Chang-guang™?, ZHAO Jun-hai*, FAN Wen®, DAI Yan'
(1. School of Civil Engineering, Chang'an Universty, Xi'an 710061, China; 2. Stake Key Laboratory of Geohazard Prevetion and
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Abstract: For the natural soft ground with plane strain under the self-weight of embankment filling, analytical formulae for
both the critical load of soft ground and the critical filling height of embankment are proposed based on the generaized
spatially mobilized plane (SMP) criterion with reasonable consideration of the intermediate principal stress. The lateral pressure
coefficient and consolidation degree of soft ground are also taken into account, and more applicable conditions of the obtained
analytical formulae are provided. Finally, the parametric studies combined with the results of Mohr-Coulomb (M-C) criterion
are discussed. By comparing with the results of the existing literatures, these analytical formulae are validated, and the necessity
of given applicable conditionsis highlighted. It is found that dl the effects of consolidation degree, lateral pressure coefficient,
cohesion and inner friction angle on the critical filling height of embankment are very significant and the consolidation degree
should not be blindly adopted as 0 or 100%. The results of M-C criterion are conservative, whereas the minimum latera
pressure coefficient of the proposed formulae is smaler due to the effect of the intermediate principa stress, and thus its
application range is wider. The real lateral pressure coefficient of soft ground should be determined by in-situ tests, and the
variahility of its strength parameters should be fully considered.

Key words: embankment; critical filling height; generalized SMP criterion; consolidation degree; lateral pressure coefficient
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Effects of properties of surrounding rock on change laws of grouting
pressures and diffusion patter ns

ZHU Ming-ting, ZHANG Qing-song, LI Shu-cai, ZHANG Xiao, TAN Ying-hua, WANG Kai
(Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China)

Abstract: The effects of properties of surrounding rock on grouting patterns of durry diffusion and change laws of grouting
pressure are studied by grouting simulation tests. The heterogeneity of practical surrounding rock is simulated by filling the soil
with different void ratios into different parts of the model frame. Different stages of practical grouting are simulated by grouting
through multiple grouting holes respectively. The diffusion patterns of grouting durry are obtained by studying the grouting
fractures and bulbs of different grouting holes. The change laws of grouting pressure are obtained by analyzing the grouting
pressure data of different grouting holes. The effects of grouting on the void ratio and compression coefficient of the
surrounding rock are obtained by testing the samples before and after grouting. The results show that the diffusion patterns of
grouting slurry and the change laws of grouting pressure are closely related to the properties of the surrounding rock. By
analyzing the diffusion patterns of grouting durry or the change laws of grouting pressure, the properties of surrounding rock
can be estimated so as to offer the basis for the improvement of the design of grouting parameters. The conclusions are verified
by the curtain grouting project of Yonglian Tunnd.

Key words: property of surrounding rock; grouting pressure; grouting diffusion; reinforcement; effect evaluation
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Transport laws of contaminant in porous media considering non-equilibrium
adsor ption under cyclic injection

GUO Zhi-guang, BAI Bing
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: According to the classical equations for contaminant transport considering the effect of adsorption and desorption, a
theoretical model for non-equilibrium adsorption is obtained by regarding the Freundlich linear isotherm as an adsorption and
desorption process. Then, the relevant expressions for the cumulative mass fraction and the relative concentraion are given
correspondingly. The transport laws of contaminant are analyzed by Comsol Multiphysics for the cyclic injection of the
trigonometric function and Gauss pulse function. The results show that there is an obvious impact on the adsorption capacity of
contaminant due to the difference between the constant of adsorption and desorption. The adsorption amount increases with the
increase of the difference. On the other hand, with the increase of the dispersivity, the peak of breakthrough curve has a
decreasing trend at first and then increases. Also, the penetration process increases with the increase of the dispersivity. In
addition, there is a critical value of injection time, below which the breakthrough peak increases with the increase of the
injection time. Beyond this threshold, it maintains a steady state and is equal to the injection concentration of pollutant.

K ey words: contaminant transport; cyclic injection; non-equilibrium adsorption; porous medium; migration process
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I mproving three-dimensional DEM modeling methods for irregularly
shaped particles and their assembly

JIN Lei* % ZENG Ya-wu', YE Yang', LI Jing-jing®
(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China; 2. School of Civil Engineering and Architecture, Wuhan
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Abstract: Based on the irregularly shaped rock blocks in soil-rock mixture (SRM) and the large-scale triaxiad specimens of
SRM with rock block proportion of 40% prepared indoor, this study aims a constructing three-dimensional DEM models for
the irregularly shaped particles and their assembly as redistic as possible by improving the current modeling methods. To
simulate the morphological characteristics of rock blocks, the controlling parameters of the proposed modeling methods for the
geometric model for rock blocks and their evaluation methods are identified, and then the three-dimensional semi-red-shaped
DEM models of rock blocks with identical sphericity and similar angularity are constructed. To obtain the volume of the rock
block model for subsequent density optimization of rock block model and porosity calculation of particle assembly, a virtual
slicing technique for three-dimensiond DEM model is devel oped and adopted to evaluate the volume of the semi-real-shaped
DEM models for rock blocks in combination with the digital image processing (DIP) technique. To efficiently build a SRM
model whose relative dendity is consistent with the corresponding experimental specimens, a three-dimensional DEM modeling
method for the large-scale triaxia specimens of SRM based on the quasi vibration and the compaction method and layered
duplication method is proposed. The results show that the required sphericity and angularity can be smulated readily with
fewer controlling parameters of the proposed modeling method for geometric model of rock blocks. When a rock block DEM
model composed of a small number of packing spheres, a great
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Yt HE: 2016 -03-31
*WIRMEE (E-mail: zengyw@whu.edu.cn)

deviation in the volume from the corresponding geometric
model occurs. The numerica and experimental SRM specimens
share a common mesoscopic structura characteristic that the
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rock blocks randomly scatter in the soil matrix.

Key words: irregularly shaped particle; particle assembly; three-dimensional DEM modeling method; soil-rock mixture;

semi-rea -shaped DEM model; virtual slicing technique
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Observations and analyses of site amplification effects of deep liquefiable soil
deposits by geotechnical downhole array
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Abstract: Based on the accelerations recorded from two downhole arrays instrumented by the Caltrang CDMG project, the site
amplification effects of deep liquefiable soil deposits are andyzed in both time and frequency domains, and severd important
features of the wave propagation from the bedrock to the overlying soil layers are observed: (1) The depth of soil deposit affects
the site amplification considerably, and large part of the amplification occurs in the near-surface zone within the depth of 20~30
m; (2) The amplification differs from one to another direction, and the difference between the horizontal and vertical shakingsis
significant; (3) The amplification occurs when the input bedrock motion is small, while the de-amplification effects are
observed when the bedrock input motion is large enough; (4) The amplification is frequency dependent, and the deep deposits
amplify the bedrock ground motion in a wide frequency band. The underlying mechanisms are preliminarily analyzed. The
simplified function accounting for the impedance contrast amplification and thickness attenuation effects is proposed based on
the plane wave assumptions, and the parameters are improved for the quarter wave length method. The amplification ratios are
predicted for al four events in conjunction with "free-surface effect”, where the predictions are found in good agreement with
the observations either in time or frequency domain. The present sudy provides a theoretical basis and simplified method for
estimating the ground motions for liquefaction evaluation and seismic design of deep liquefiable soil deposits.

Key words: deep deposit; ground motion; site amplification; geotechnical downhole array; peak acceleration; response

spectrum; plane wave
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Satic and dynamic mechanical properties of ener gy absor ption bolts (cable)
and field tests
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Abstract: In view of the failure characteristics and the specia requirements of bolts used in bump-prone roadways, the
energy-absorption anchor (cable) is invented. The energy absorption principle of the energy-absorption anchor (cable) is
analyzed based on the plastic bending theory, and the static tenson and impact tension tests are carried out by use of the
independently designed static and dynamic loading test system. The test results show that the hex pipe of energy absorption
anchor (cable) is squeezed and deformed, and then dip resistance for friction cylinder is produced during the whole tenson
process. The geometric parameters and the assembly forms of hex pipe and friction roller have important influences on the
working resistance. Under whether static tension or impact tension, the load-displacement curves both consist of three stages,
initial axial force growth stage, axia force stationary stage and axid force spurt-stationary stage. The rod body of anchor is
basically in the el astic sate at the axial force stationary stage, and the bolt beginsto yield when the action of friction and sliding
is completed. The energy absorption action of energy-absorbing structure delays or dows down the yielding of bolt effectively.
Compared with the ordinary bolt, the energy absorption anchor (cable) possesses better self-protection and self-adaptability.
The fidd tests show that the energy-absorption anchor (cable) can effectively weaken the effect of the impact energy acting on
the surrounding rock of roadways.

Key words: bump-prone roadway; energy-absorption support; energy-absorption bolt (cable); static and dynamic mechanical
property; field test
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Fig. 8 Axial force-displacement curves of energy-absorption bolt
under static tension
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Fig. 9 Axial force-displacement curves of energy-absorption bolt
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under impact tension
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Fig. 10 Axid force-displacement curves of energy absorption bolt
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M echanism and control strategy of buckling rockbursts of orthotropic slab

FENG Fan, LI Xi-bing, LI Di-yuan, WANG Shao-feng
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Brittle dabbing failure of deep highly-stressed hard rocks exists in engineering geology and mining engineering

extensively, and the slab buckling rockburst induced by slabbing failure also brings severe challenge to safe and high-efficient

excavation of deep resources. In order to andyze the mechanism and control strategy of slab buckling rockbursts of
high-stressed hard rocks, a mechanical model for orthotropic thin plate is established for dabbing rockmass, and the critical
load of slab buckling rockburst under two-dimensional stress condition is aso deduced. The deflection value under buckling is
calculated according to the energy method on the basis of acquiring the bending deformation potential energy. The filling

method, deemed as the control strategy, is proposed to prevent dab buckling rockbusts, and the rational confining pressure is

deduced accordingly. The research results indicate that (1) For those phenomena of dab buckling rockbursts which occur in

vertical layered rock mass, it is necessary to establish a mechanical model for orthotropic thin plate for slabbing rockmass when

proceeding the relevant mechanical analysis; (2) The increase of axid stress promotes the formation of slabbing and intensifies

the possibility of slab buckling rockbursts; (3) The horizontal deflection vaue, within a certain range, may increase with the

decrease of plate thickness under buckling, and has the maximum value when the length-to-height ratio of thin plateis equal to

#E,/E, ; (4) A relatively low confining pressure value can prevent the occurrence of sab buckling rockbursts when adopting

thefilling method in deep engineering.

K ey words: orthotropy; slab buckling rockburst; layered rock mass; confining pressure of backfilling; elagticity
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Fig. 1 Sabbing failure and dab buckling rockburst in level 640 of

Maluping Mine
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Preliminary statistical analysis of behavior of concrete face rockfill dams

WEN Li-feng', CHAI Jun-rui* % XU Zeng-guang®, QIN Yuan', LI Yan-long*
(1. State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi'an Universty of Technology, Xi‘an 710048, China;

2. School of Civil Engineering, Xijing University, Xi‘an 710123, China)
Abstract: The concrete face rockfill dam (CFRD) has become a preferred dam type, yet its design is till largely based on the
past experience. However, few studies have been conducted on the behavior of CFRDs on the basis of reliable case history data.
A compendium of monitoring records and construction details of 87 case histories of in-service CFRDs constructed in the past
50 yearsis collected for analyzing the behavior of CFRD from the perspective of statistical analysis. The post-construction crest
settlement, deflection and stress of face dab and the maximum settlement at compl etion time are analyzed. The effects of intact
rockfill strength, foundation characteristics, valley shape and seepage flow on behavior of dams are discussed. A summary of
the findings from the case histories is put forwrd to enhance the understanding of behavior of CFRDs. These results may help

guide the design, construction and operation of CFRDs.

Key words: concrete face rockfill dam; behavior; case history; monitoring; statistical anaysis

0 31 &

T IRsh A B R A, 12 50 a it
CRIFRITARID CZ Bl — Rk, b B
AR, ARZ KA A 4 1P, gk T
i)z 1) Alto Anchicaya U5 IR Hi X (1) 25 T4
HRTTHARIUE/EH 200 m 247 300 m 20580 . S 2%
JTARAT R e R e B T RE S AR TR, b
SRR TIR™ B 2R K s e e,

TR PR T v Rt AR O RE RS AT SR T
2613, A TSR A8 IR A A
PRIk . Clementsi®. Cooke™® L & Sherard 251 T
ORI T RL R Gt L AR B PR IR B A T i 2
Hunter®. Pinto 2 BL &% Won 2 B5L /b TR 5245
O TR A T R FFGE it 40 o B A 2 1% o [E 401

e 129 m DAE (R i A AR IR A T R G S A, T
FUT AR TAEPER A FE R 3R . Ay — 48
2 R @ SR R AR AR sk
WIFSE B R AT (0 TR SE B AR AR AR, B0 AT
XS LRI B i 0L, A7 6 B AR IR T 3 — 2P 1Y
gLt t.

AT AR P 87 A CLA AR A PR I i %
MGV IR R 5 WUTGECR « TARCER BE AN Ay L K
R I T s R YCREBEATGE vh Mo A, B 5 TR HEA
BESHIALIRZAPUR R (BURIARHEA SR | Hidk
Rtk WA TEARFS TR HIR RKIUPEAR 150 o

EE&WB: HXHRBEIAETH (51679197, 51679193, 51579207);
e vh 44 T i B BB IBA I H (2013KCT-015)
Wi HHEA: 2016 - 05 - 26


mailto:wenxuan89@126.com

EN g WAZWE, A SRR YL Seit b 1313

1 MEREAIN TELERFNEES T
1.1 WEHREARMTIESEK

Cooke" o BLAR M B 1 TR et 36T T R 4
SERIR . B 1 P oA TSGR LR 43 X O s . B
PRAEAEAR YA R A RIS Jook )OSR H (K10 A
AN AR X o Bl it R A B o R R R 75 5K, 1R
Z KA AME @A vl 4010 5 /21 B )2
FEMBR A P AR E A, BAT AL,
P AL R AR AR . HAro & &2 b
TR I A 2 AR T2 5 e e )%
TR DL AT AR S T voe . B HEA TR Z R
—Hh 0.9~20 m, EHEHEAREA G HiATIRE
SR 10 t RIS 4~8 i, ELRRHE
P 3 B8R 22 J5 7K S AR S B AT A BRI A

HERE TR
T L7 G eI

2A A TAbBUNEIR AR

1A Ptk 1B JEE +4&
A MRBEAI/NEEAR 3B BHgk, 3C kmk, BE1.5-2.0m
AOTHERR RIE1.0 mEs

B 1 AR A IS 4 X
Fig. 1 Zoning of atypical CFRD

1.2 IREXMEFTESIT

# 1 ohnk 2 s0ar 19 ANANIFNE 5 87 AN K1 £k
A BRI IR MR I o K302 S s st 1) i
TSEEERHUEIR I R /N 10 a0 KR
2/ 50~200 m BRI . £ AE 56 4 (No.l~
N0.56) &3 7r L4 Fi A 31 4 (No.57~No.87)
e AT IR bt Bl a2 EORHIFLER
FIKECH 0.15~0.25, /M F3ts BRHIVEH 0.15~
0.30. 78 i 2 M L JE A = 220k 30~50 m. HEA [R5
— AL VH I PR s 4 5% - UCS=70~ 240
MPa), MH (UCS=20~70 MPa), M (UCS=6~20
MPa) . B IR A7 HOHRE — e M~MH [,
F 10T LRI, & 078 o J2 b Bl K B i 100
m R IIHEA R E 2 VH,

2 EMHEAIMERG T2
2.1 MILRFE

T WA TG, UG e —
B9 LOH% (H A KAL) . [ 2 s R
AR TR R VRS A f . b T LAy

i, Hoe 2 Ge vt A LT ey [t B 5 A P v
BT VEGH DX 40 2% L& I T B S e R 3, T
WIREAR A3 A s i 790 T4 TR DA M 0 s ) 25,
Kl 2 (a0 B B3 SR (R
NITMTRIL, BR T 9E A1 Buan S MEA A R 2%
BCFI S A% 53 DX BT AR, BEA B A LT 44 /N
TEEET 0.3H%, X T3 ORI, T % 2 30
WEE I ey R D0 T [ 328 0 4 T P s, R ) e A i
0 VH FRL, HEA SR VH I, SRR A
(0.03H~0.18H) %, MHEA LR M-MH I, FHL
Yo EE R (0.05H~0.25H) %, 3T 90%I1 %5 A
PTG EZ N, FIMEA (0.17TH) %, L VH HEfA
SR RIUK (0.03H) Y%. X178 i )2 LR, 35
DR BEI A B AR . MEASRIECA VH I,
WITRYTETEE Y (0~0.25H) %. HEf 50N M-MH
IS, H N 5 FEl K4 24 (0~0.3H)%, ~FI3T[% 4 (0.22H)
%, L VH HEA A RHUR (0.02H) %. SZHiIEAS
af=A A Al e RN S SN - Sl .
Uik (0.04H) %. & 2 (b) SRR FEAR & I
[ RZh B 4F . AR 22 H5d i s s 1) B S /1 KA
S T BRI, RO SR AR N, A EASE
A0 JEHIDTE . Won 2055 B HEFT o, AT
iR E ORI B (At 42 55 )2 R
e @ e E aT LR g5 /T (0.25H) %, H
HEA ERINEAR A&, FEERR IR e 3

EZ QB Sl I
0ASH = o AT i
0404 Sy = . ( CSHANTRITRE
0.35H
£ oo,
0.25H [Cogke®
B
X 0.20H|
R oasuf S
L D i .
0.10H4 WoniKim®] o o2 “‘ o BRI
0.05H e oy A
vi L
oH 1 1 | -1 A 1 1 1
BAELER 0 50 100 150 200 250 300
K BE fm
Y (a) BITRYTREBEIRZAE ST
‘—'_’: OVH, EfMHE
0.5 TR Bzt OMMH, HEHTE
: AVH, BRI
Ro4Ht E - AM-MH, EHEHE
& Te
E 0.3H[ : A,
= H
> N S Prgiiy st e
o024 : A P
0.1H
1 1 1 1

0 510 15 20 25 30 35
B A [R]/a
(b) ITHBTREHIXT F MU (o) (K GE T AR A
2 TR AT BEFE X F 10075 AN A (8] RO e i+ 4
Fig. 2 Crest settlements with respect to dam height and time
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Table 1 Summary of case history data and behavior measurements of 87 in-service CFRDs
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Distribution characteristics of force and stability analysis of slope

LU Ying-fa', HUANG Xue-bir?, LIU De-fu*
(1. School of Civil Engineering, Hubei University of Technology, Wuhan 430068, China; 2. Headquarters of Geological Hazard Prevention

and Treatment in the Three Gorges Reservair, Yichang 443200, China)

Abstract: It isworthy of researching the force distribution and stability analysis during the progressive failure process of slope.
The five sorts mechanical failure mechanisms are proposed for the thrust-type and tract-type landdide respectively, the another
five sorts existence modes of the thrust-type slope status on site a o suggested, the forward direction of slope failure is defined.
The characterigtics of progressive failure of dope can be described as. the failure mode of slope obeys the geo-materia rule
under the peak stress state, the critical stress state moves forward step by step under the condition that the dope failure occurs.
The dliding force is greater than that of frictional resistance aong the diding face in the destruction zone. The bearing stress of
geo-materid reaches the maximum and its vector sum is equd to zero on the critical state. The frictional resistance is the same
as the dliding force quantitatively in the stable and less-stable zones along dliding face, the pressure is equd to the reaction
quantitatively in the entire diding face. There exist force and moment balances under the critical state during the progressive
failure process, when the shear and tensile failure occur by using the slice block method. The bearing stresses occur under the
limit stress state, and the stress vector sum is equa to zero under the critical state for the tensile and shear failure. The rigid,
flexible and rigid-flexible design methods are proposed for the protective measures of slope, and their location is a so suggested.
The failureratio, failure percentage, failure area percentage, mechanical failure and engineering failure are defined respectively,
and they can be used to evaluate the stability of slope. The force distribution rules of dliding face is andyzed during the
progressive failure of slope. The conventiona definition of stability factor which is equa to that of the frictiona force is
divided by dliding force aong sliding face). The case studies indicate the main thrust method (or main traction method),
comprehensive displacement method, surplus displacement

method and tensile failure method are feasible to evaluate E4TH: B ARR¥ELW LW H (41372363, 41641027,
the stability of slopes tensile failure method are feasible to 50879044); =gk J5 & TAFH K i Wi H (0001212015CC60005))

Wi HHEA: 2016 - 03 - 28
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evaluate the stability of slopes.

Key words: force digtribution; critical state; shear stress model; stability analysis; protective measure design
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Table 2 Stability factors of present stable method (F,n), frictional resistance variation (Ff), comprehensive sliding-resistance method

(Fcsrm), main thrust method (Fymv), comprehensive displacement method (Fcpw) and surplus displacement method (Fspw)
under the critical state change from the 8" to the 13" dlice block

?JK\ X y X y
ij& Foon Foon Foon Ff Ff Ff

X y X y X y X y
FCSRM FCSRM FCSRM FMTM FMTM FMTM I:CDM I:CDM I:CDM I:SDM I:SDM I:SDM

8 0.83360.65720.7956 0.85290.8594 0.85380.14023.18470.79470.20250.0199 0.15121.225881.225881.2258 0.18700.0333 0.1393

9 0.71660.57490.68710.88660.8958 0.88790.12532.9042 0.70400.0995 0.0048 0.0752 1.152981.152981.1529 0.0920 0.0109 0.0690

10 0.62630.51130.60310.91700.92590.9187 0.11332.6783 0.6307 0.05190.0024 0.0391 1.097621.097621.0976 0.0415 0.0665 0.0308

11 0.5659 0.472 0.54730.94120.95370.94300.1051 2.5385 0.65790.0286 0.0014 0.02111.062091.062091.0620 0.0176 0.0032 0.0124

12 0.48690.42850.47630.98100.98740.98200.0942 2.3862 0.5078 0.0057 0.0011 0.00181.017071.01707 1.017 0.00290.0011 0.0020

13 0.45550.41560.4487 1 1

1 0.08982.34330.4773 O 0 0 1 1 1 0 0 0
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New fiber Bragg grating sensor-based local displacement transducer for
small strain measurements of soil specimens

XU Dong-sheng
(Schooal of Civil Engineering and Mechanics, Huazhong Universty of Science and Technology, Wuhan 430074, China)

Abstract: The small grain stiffness changing with soil strains is significant for the performance analysis of the existing
structures subjected to the nearby excavations and subgrade settlement analysis. The soil stiffhess has a nonlinear relationship
with the soil strains. Especially in the strain range of 10° to 103, the soil stiffness dramatically decreases with the increasing
soil strain. Due to the large ranges of soil strains, thereis alack of single transducer to measure the soil strains from very small
strain to small strain. Two commonly used small strain measurement methods are the bender e ement method and the local
displacement measurement method. The bender eement method can obtain the soil stiffness at the very small strain level.
However, it cannot obtain the relationship between the stiffness and the soil strain as it cannot control the soil strain during
measurement. In this study, a new fiber Bragg grating (FBG) sensor-based local displacement transducer (LDT) is devel oped.
After the design and calibration tests, the newly developed transducer is ingtalled in a modified triaxial apparatus. In order to
further verify the feasibility of the newly developed transducer, the bender element sensors are dso incorporated in the
modified apparatus. Three consolidation undrained compression tests are conducted. The test results indicate that the
FBG-based LDT can be used to effectively measure the local small strains of soil specimens.

Key words: fiber; fiber Bragg grating sensor; local displacement transducer; smal strain; bender element
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Fig. 1 Typical modulus degradation measurements of soil stiffness
in laboratory tests'”
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Energy dissipation of rock specimens under high strain rate with
singlejoint in SHPB tensiletests

LI Miao, QIAO Lan, LI Qing-wen
(School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The energy dissipation in single jointed rocks under high strain rate is investigated by the split-Hopkinson pressure
bar (SHPB) technique. The dynamic split tensile tests on both intact granite specimens and man-made single jointed granite
specimens with a thickness-diameter ratio of 0.5 are carried out. The compressive anaysis on the temporal responses of incident
energy, reflection energy, transmission energy and absorbed energy stored in the rock specimens is performed. The anisotropy
characteristics of energy dissipation of the jointed rock are discussed based on the anaysis of energy distribution. The results
show that the absorbed energy of rock specimens in SHPB tests increases with the increment of strain rate. The fracture modes
of jointed granite with different angles are different from each other. There are three kinds of fracture modes: diding failure
along the joint, combination of splitting failure and dide failure, and splitting failure. When the incident energy stays constant,
the absorbed energy with shorter incident time is less than that with longer incident time. The distribution of absorbed energy
corresponding to the joint angle within range of [0, 90°] is found to be quite similar with the shape of |etter “U”, which further
proves the anisotropic characteristics of the single jointed rock in the dynamic split tensile tests. The research results can
provide references for the dynamic tensile mechanical properties of jointed rock.

Key words: SHPB; dynamic split tensiletest; single jointed rock; energy dissipation; anisotropy
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Fig. 9 Energy-time curves of jointed specimens with different anglesin SHPB tensile tests (striker bar of 400 mm)
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Fig. 10 Strain waveforms of incident and transmitted bars with
different lengths of striker bar
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Table 3 Relationship between joint angle and energy (striker bar of
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Fig. 11 Energy-time curves of jointed specimens with different anglesin SHPB tensletests (striker bar of 250 mm)
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I nfluence of sedimentary facies and depth on normalized dynamic shear
modulus and damping ratio of quater nary soils

CHEN Guo-xing" 2, BU Yi-fan™?, ZHOU Zheng-long" 2, ZHANG Shu-han®?, XU Han-gang® 2
(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; 3. Earthquake Administration of Jiangsu Province, Nanjing 210014, China)
Abstract: To contribute to a better fundamental understanding of the deformation behavior for Suzhou quaternary sedimentary
sails, using GCTS cylinder apparatus cyclic loading testing system, atotal of 40 cyclic triaxial tests are performed on various
kinds of undisturbed soils at depth less than 100 m corresponding to a wide strain range in the order of 10° to 102, It is revealed
that the variation characteritics of the normalized dynamic shear modulus (G/Gn,y) and damping ratio (1) with the increasing
shear strain (y) are strongly influenced by the sedimentary facies, depths and types of soils. The reduction of G/G,,5 With the
increasing values of y wheny <<10™is small, and the soils show nonlinear dasticity. Under the identical conditions, the test
results demonstrate that the increasing depth shifts the values of G/G,a and the relationship between 1 and y. Moreover, the
sediments of flooded plain facies are more linear and have dightly smaller values of A with the increasing vaues of y than the
sediments of littoral facies. Under the same sedimentary facies and similar depth, the reduction rates of G/Gy With the
increasing values of y for dilty sand, silty clay and clay have a descending order, and the values of A under the same y for silty
sand, silty clay and clay increase successively.

Key words: quaternary sedimentary soil; normalized dynamic shear modulus, damping ratio; sedimentary facies; soil depth;
soil type
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Table 1 Soil classification and physical and mechanical properties of specimens

e L, ok gopepy  BMREE gk GiLs HdE JLERLL MR
gy OISR /m s ¢ /kPa W%  pllgem® G e Ip
1Al1sc - L 3.0-47 13 24.8 1.95 273 075 16.8
2A2sc 4.7-6.1 31 25.1 1.96 273 074 16.9
3B1ss 22‘% W+ 10.0~12.0 41 29.1 1.92 270  0.82 9.7
4Clsc S 13.8~15.0 80 314 1.89 272 0.89 13.3
5C2sc ot 16.0~18.0 100 25.3 1.95 271 083 12.1
6C3scs A Ay 18.3~19.0 120 24.7 2.01 272 0.69 11.6
7C4scs Jernt 20.0~21.2 127 28.3 1.93 271 074 115
8A3sc L 21.2~22.0 141 24.6 1.96 273 074 14.7
9A4sc 24.0~25.0 147 23.0 1.99 273 0.69 14.1
10A5scs  TA[TZAH 26.5~28.1 167 30.4 1.87 273  0.90 14.7
11A6scs *ggff 30.0~31.0 187 28.9 1.89 273 086 16.2
12A7scs e 34.0~34.5 207 321 1.89 273 091 16.4
13B2s 34.5~36.0 230 29.5 1.89 269 084

14B3s 38.2~39.1 240 36.0 1.84 2.73 1.02

15B4s LR 42.0~43.0 261 32.3 1.82 2.73 0.92

16B5s . 43.4~45.0 287 29.8 1.87 269  0.87

17B6s 22‘% 46.0~46.5 300 30.4 1.87 269 097

18B7sc 46.5~48.0 310 36.0 1.85 2.72 1.00 13.4
19B8sc W E T 54.0~55.0 320 325 1.88 273 092 14.3
20B9sc 58.0~59.7 367 36.7 1.81 2.74 1.07 17.7
21B10s i 59.7~61.0 331 29.7 1.82 2.72 0.84

22D1sc WL 61.8~63.0 407 27.7 1.97 273 077 14.3
23D2sc —" 66.0~67.0 420 25.9 1.96 272 075 12.3
24D3scs i 68.7~70.2 447 29.8 1.92 2.72 0.84 11.7
25D4scs FRBE LT 73.0~74.4 468 22.9 2.02 2.69 0.64 11.2
26C5c 74.4~76.0 496 28.3 1.94 273 081 16.5
27C6e 76.0~78.0 507 28.9 1.95 274 095 18.3
28C7c it 78.0~79.5 520 329 1.81 2.73 1.00 16.5
29C8c TRIRFAH 79.5~81.0 530 35.9 1.84 2.75 1.03 20.2
30C9c 82.0~84.0 540 28.3 2.03 275 071 19.3
31C10sc S 84.0~85.0 560 22.7 2.01 273 0.67 15.2
32Clisc 87.5~88.1 567 20.2 2.05 272 059 13.0
33Els 89.8~91.0 587 20.5 2.01 269 061

34E2s i 91.0~93.0 607 21.3 2.00 2.69 0.87

35E3s 93.0~93.7 620 19.5 1.98 270 093

36E4sc 93.7~94.2 625 21.1 2.02 272 063 115
37E5sc — RS 94.2~95.0 628 19.3 2.03 273 060 16.9
38E6sC 95.0~96.3 633 20.5 2.03 272 061 12.8
39E7sc 96.3~97.3 642 20.1 2.01 273 063 11.2
40ES8s 97.3~99.0 649 21.2 1.90 268 075

41E9s LR 99.0~99.4 660 26.3 1.95 2.69 0.74

42E10s 99.4~100.0 663 25.5 1.98 268  0.80
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Table 2 Typical valuesof G/G,«x- g and | - g curvesfor Suzhou quaternary sedimentary soils
T ERE TR ; BB AR g 1%
8 +% ZH
/m 78 0.001 0.005 0.01 0.05 0.1 0.5 1
o GIG 09774 0.9212 0.8679 0.6221 04695 0.1660 0.0936
Ny gys NN I—'.Ti max
3.0-66 W2 A B+ | /1% 1.50 3.01 4.21 8.83 11.32 15.87 16.90
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- 3 g NG A max
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Inversion analysis of M—C criterion parameters of rock based on uniaxial
shearing failure

YANG Ren-shu™ 2, CHEN Jun', FANG Shi-zheng®, HOU Li-dong™ 3, CHEN Shuai-zhi*
(1. School of Mechanics and Architecture Engineering, China University of Mining and Technol ogy, Beijing 100083, Ching; 2. State Key

Laboratory for Geomechanics and Deep Underground Engineering, China University of Mining and Technology, Beijing 100083, China;

3. Qingdao L ongHao Properties Limited, Qingdao 266000, China)
Abstract: Based on different shear failure modes in rock uniaxial compression tests, the relationship among the uniaxial
compressive grength, cohesion and internd friction angle is deduced by using the limit analysis method. According to the
uniaxial and triaxia test results of rock, the correctness of the formula for calculating the uniaxia compressive strength based
on the M-C criterion parameters is verified. The difference between the results obtained from the formula and the experimenta
ones is between 6% and 10%. The cohesive force and interna friction angle of rock are calculated by combining the actual
uniaxia shear failure modes of rock and the test results. The results show that the proposed method for calculating the cohesion
and internd friction angle based on the mode of uniaxial shear failure and the value of uniaxial compressive strength is accurate
and practical. The formula aso reveds the interna relationship between failure modes of rock and parameters of rock
mechanics.

K ey words: rock mechanics; uniaxial compressive strength; cohesion; internal friction angle; shear failure
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Fig. 4 Standard conical failure modes of rock specimens
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Fig. 5 Standard modes of axia tensile failure of rock specimens
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Table 1 Comparison between experimental and cal culated results
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"BEhAL Y #ST 2652 3759 107.18 10718 050 9669  -9.70 790  -25.90
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Table 2 Inversion results of M—C criterion parameters of medium grain sandstone
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Fig. 6 Results of uniaxial compression failure of medium grain

sandstone
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