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Time-history analysis method for soil-underground structure
system based on equivalent linear method

DU Xiu-li, XU Zi-gang, XU Cheng-shun, LI Yang, JIANG Jia-wel
(Key Laboratory of Urban Security and Disaster Engineering of the Ministry of Education, Beijing University of Technology, Beijing

100124, China)

Abstract: Site seismic analysis plays an important role in the practicad seismic design of underground structures, and the
equivaent linear method is a widely-used approach for the seismic response analysis of one-dimensional soil layer. Based on
the theory of the equivalent linear method, an equivalent linear method for the seismic design of underground structures is
proposed. And the methods to calculate the materia properties are also presented. Then the proposed method is applied in the
transverse seismic analysis of a subway station. The Davidenkov constitutive model is applied in the time history method as the
comparative model. The error between them can meet the requirements of engineering design. The proposed method has
advantages of the equivalent linear method and the time-history analysis method for underground structures, which can be used
as atime-history analysis method for the seismic design of the underground structures such as subway stations.

K ey wor ds: underground structure; equivalent linear method; time history analysis; Rayleigh damping
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Sate-dependent 3D multi-mechanism bounding surface model for rockfills

FANG Huo-lang® 2, CAI Yun-hui*, WANG Wen-jie'
(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)

Abstract: The rockfill materials have been widely used in the construction of rockfill dams due to their high strength, small
deformation and strong permeability. The strength and deformation characteristics of the rockfill materias are essential
prerequisites to the design of rockfill dams. The existing laboratory tests have shown that the stress-strain relation of the rockfill
materials is closdy related to their states in density and pressure. Within the framework of the critica state and bounding
surface plagticity theories, a sate-dependent 3D multi-mechanism bounding surface model is proposed for the rockfill materials
by considering their nonlinear characteristics in deformation and strength. The macroscopic deformation behaviors of the
rockfill materials in this model are decomposed into a macroscopic volumetric mechanism and a set of independent virtual
microscopic shear mechanisms in spatially distributed orientations. Each microscopic shear mechanism is described by the
microscopic shear stress-gtrain relations and microscopic stress-dilatancy relations in three directions. A state parameter is
introduced in the strength criterion and stress-dilatancy relation for compatibility with the critica state theory. Some relations
are established between the microscopic and macroscopic model parameters. The model has twelve parameters, and most of
them are of clear physical meanings. The proposed model is used for simulating the triaxial compression tests on two types of
rockfill materials. The results show that the calculated values are in good agreement with the test data, indicating that the
proposed model is capable of predicting reasonably the strain-hardening and strain-softening behaviors of the rockfill materias
under different densities and confining pressures.

K ey words: constitutive model; rockfill materia; bounding surface; state parameter; multi-mechanism
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Calculation of bearing capacity for combined post-grouting bored
piles based on settlement contr ol

DAI Guo-liang" 2, WAN Zhi-hui®?, GONG Wei-ming" %, WANG Lei®
(1. MOE Key Laboratory for RC and PRC Structure, Nanjing 210089, Ching; 2. School of Civil Engineering, Southeast University,

Nanjing 210089, China; 3. Nanjing Dongda Self-Balance Pile Foundation Inspection Co., Ltd., Nanjing 210018, China)
Abstract: It is of great practical significance to determine the bearing capacity of post-grouting piles on the basis of the
principle of settlement control. Based on the field static load tests on six large-diameter cast-in-situ bored piles of Shishou
Y angtze River Highway Bridge project, the influences of combined post-grouting on the bearing and deformation behaviors of
cast-in-situ bored piles in deep fine sand layer are studied by comparing the field test results before and after combined
post-grouting. The range of improvement coefficient for the tip resstance and shaft resistance under different pile head
settlements is obtained through dtatistical analysis on the basis of the field test results, and a design method for the bearing
capacity of combined post-grouting pile based on settlement control criterion is presented. Findly, a case history is cited to
demonstrate the validity of the design method. The results show that the bearing capacity of cast-in-situ bored pile in deep fine
sand layer is significantly improved under the combined post-grouting, and the improved range of bearing capacity increases
with the increasing settlement of the pile head. Moreover, the ultimate bearing capacity of combined post-grouting pile is
increased by at least 66% under the ultimate |oading, and the settlement of pile head can be controlled effectively. Meanwhile,
the bearing performances of the pile tip and mechanical characteristics of the pile side can be improved effectively, the tip
resistance and side resistance are significantly improved by the combined post-grouting, and the load transfer characterigtics of
the pile have a significant impact. Additionally, the proposed method can well give the range of load-settlement relationship of
combined post-grouting pile. It is suggested that the calculated lower bound should be used conservatively in engineering

design. -
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S7ZY02 3.0 4.0 2.7 4.2 30, 15
SZY03 34 3.6 2.8 4.3 30,15
SZY04 3.4 3.6 2.9 4.2 30, 15
SZY05 3.2 2.8 4.2 55 30,15
SZY06 3.2 2.8 4.8 57 30,15
SZY08 2.4 2.4 3.1 3.5 24,12
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Table 3 Loading values and corresponding increase ranges of test piles before and after grouting under different displacements

b s=5mm _ s=10mm _ s=15mm _ s=20mm _ R _
R O P 1 B P
kN WEE% /KN W% KN g% /KN WEEE% KN R %

SZY02 gjgg 18577279 19.52 1;1(2)(8)§ 29.23 ;Zégi 42.08 ;gggi 52.89 gégig 73.49
o FE SR M2 e B g 2 am B aq
SZY04 gﬁg o BB L ares I usss 2500 asas 2200 6603
o KT om B aw M wn DY eu 2 o
ovos JEI g HE g W5 g 8 g g
SZY08 gjzg ggé? 33.39 ]?21;3(‘)8 40.79 f:02554 61.74 iggig 76.81 ;gégg 96.40
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Fig. 3 Curves of equivalent pile head | oad-settlement for test piles
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Fig. 4 Fitted hyperbalic curves of q, - 5, data before and after
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Fig. 5 Fitted hyperboalic curves of r - sdata before and after grouting
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Fig. 6 Comparison of pile resistances between grouted and
ungrouted piles under different settlements
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Table 4 Improvement coefficients of shaft resistance under different settlements

i H 0.25%D 05%D 0.75%D 1%D 1.25%D 15%D 1.75%D 2%D 225%D 25%D 2.75%D 3%D
Be/MA 1.10 1.08 127 138 138 1.42 146 147 147 1.47 147 147
S PNE 151 1.44 145 151 156 1.62 161 161 159 1.59 1.59 1.59
TME 1.26 1.29 136 144 147 1.51 154 154 154 1.53 153 153

AR R 0.10 0.08 0.05 0.03 0.04

0.05 0.03 0.03 0.03 0.03 0.03 0.03
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Table 5 Improvement coeffi cients of tip resistance under different settlements
i H 0.25%D 05%D 0.75%D 1%D 1.25%D 15%D 1.75%D 2%D 225%D 25%D 2.75%D 3%D
Be/MAE 161 1.89 194 18 190 1.97 212 224 225 2.26 225 225
ESPNE 2.91 3.32 352 344 342 3.61 371 38 377 3.69 364 358
FHME 2.23 2.44 248 246 243 2.48 258 261 260 2.58 258 257
A R 0.24 0.22 024 023 021 0.22 020 021 o021 0.20 019 018
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Fig. 7 Average values of improvement coefficient of pile
resistance for grouted piles under different settlements
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Fig. 8 Comparison of bearing capacities between grouted and
ungrouted piles under different settlements
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Deformation characteristics of suspended curtain deep foundation pit of
metro lines

LI Fang-ming" % CHEN Guo-xing?, L1U Xue-zhu®
(1. Ingtitute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, Ching; 2. Ingtitute of Geotechnical Engineering,

Nanjing Tech. University, Nanjing 210009, China; 3. Geotechnical Engineering Company of Jiangsu Province, Nanjing 210018, China)
Abstract: Based on the actual deformation data of suspended curtain deep foundation pit of metro linesin flood plain areas, the
deformation laws of the deep foundation pit are analyzed to provide a reference to the design and monitoring of similar projects
by using the methods of theoretical analysis, empirical formulas and finite e ement numerical simulation. The results show that
the digtribution curve of the ground subsidence behind the suspended curtain takes a shape of groove. The ground subsidence
considering fluid-structure interaction is greater than that without considering fluid-structure interaction. The final shape of the
underground digphragm wall is convex. The horizontal displacement of the wall at the top does not completely move to the pit.
Theratio of the maximum horizontal displacement of the diaphragm wall to the excavation depth of the foundation pit is similar
to the situation of the foundation pit with wholly used waterproof curtain. The depth of the maximum horizontal displacement
point is near the bottom of the foundation pit. The ratio of the ground subsidence caused by precipitation to the total subsidence
is about 0.54. The range of ground subsidence can be divided into strong, moderate and weak influence areas. The curve of
ground subsidence in each influence area can thus use different functional expressions. The location of the maximum ground
subsidence point is farther than that of the foundation pit with whaolly used waterproof curtain about 1.0~3.0 m under the same
conditions.

K ey words: suspended impervious curtain; metro; floodplain; foundation pit; precipitation; ground subsidence
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I nfluences of holes on dynamic propagation behaviors of blasting cracks

LI Meng"? ZHU Zhe-ming"?, LIU Rui-feng™?, LIU Bang"
(1. MOE Key Laboratory of Deep Underground Science and Engineering, Chengdu 610065, Ching; 2. College of Architecture and

Environment, Sichuan University, Chengdu 610065, China)

Abstract: The influences of different spacings of holes on the pre-crack propagation behaviors of circular sand specimens
under blasting loads are investigated. The explosive loading waveform from experiments is obtained as the loading stress of
AUTODYN to simulate the crack propagation, and it is embedded in ABAQUS once more to calculate the stress intensity
factor (SIF) of the static cracks under dynamic loads. The initiation-propagation time of pre-crack is measured by using CPGin
the experiments. According to the CPG data to obtain the universa function, the dynamic initiation-propagation critical SIF is
yielded by modifying the static SIF obtained from ABAQUS using the universal function. By comparing and andyzing the
dynamic critical SIF, crack propagation velocity and length of crack propagation under different spacings of holes, we can
obtain the following conclusions: (1) The holes have an effect on the dynamic propagation behaviors of cracks under blasting
loads, and the smaller the spacing, the more remarkabl e the effect. (2) In general, the crack initiation critical SIF is higher than
the propagation one, and the crack propagation velocity has influences on SIF, and their overall trends are inversely propotional.
(3) The critica propagation SIF of cracks increases due to the action of the holes when they propagate near the holes, both of
whose propagation length and velocity are reduced. In addition, if we take the holes as the auxiliary or surrounding ones in
tunnel smooth blasting, the conclusions of this study will provide theoretical support for controlling the crack propagation
length to achieve the integrity of surrounding rock.

Key words: critical stressintensity factor; hole; crack propagation; blasting load
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patterns under two different hole spacings
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Three-dimensional UH model for structured soils considering bonding

ZHU En-yang"?, LI Xiao-giang?, ZHU Jian-ming®
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Abstract: In order to reflect the influences of bonding in structured soils on the ultimate shear stress ratio and dilatancy law, a
dynamic moving critical state line (MCSL), which parallels to the traditional static criticd state line (CSL) and moves to the
CSL as bonding structure decays, is introduced in p - q stress space. Correspondingly, the yielding surfaces and the dilatancy
equation are both modified to match the MCSL. After that, a UH model for structured soils considering bonding is devel oped
from the structured UH model mainly considering soil structure collapse. Adopting the transformed stress method, the proposed
model is developed to be applied in three-dimensional stress space. Compared to the structured UH model, the proposed new
model adds only 1 model parameter expressing the initial bonding level, which can be estimated by unconfined compression
tests. Comparisons between test data and model predictions of 4 structured soils indicate that the proposed model is qualified in
reasonably describing the behaviors of the bonding structured soils in isotropic compression, drained/undrained triaxia
compression and truetriaxid shear.

K ey words: bonding; structured soil; moving critical stete line; constitutive model; three-dimension
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Fig. 9 Predictions and test data of Eastern Osaka clay
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Fig. 10 Predictions and test data of Bangkok clay
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Fig. 11 Predictions and test data of Shanghai marine clay in
drained true triaxial shear
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B E: AT ATEHOEW MR PIV BRI T AR AR T vk 2 s TR T Bz —, &, Hard
1935 W AR AT SR AR Fh 1 (AR AR . 42 H BL Carbopol® Ultrez10 344 (fRiFk U10) . NaOH Ky A1
AR ERRL BRI BHE AN R R R R B, B — Pl BB W AR B R SR k. JE
TGRS (MTP J7ik, XEEALE A T AR 62208 T AT, 15 CAT B BRI E W
TR EEAIHT, ARt o JE T AR BT DG . TR 456 . BB R S TR0 2 = kK T ik,
T RL5E WA R AR B ) SF R AT R, TRUTIHBHR AR R LI mTAT . DFUEE Rk B ALE R M
B33 W S T ik 25~40 em, 85 H AT O BOE I ARG 2208 R B e 2 2~3 % B UM RLIER I Ik R
VR L SRPERR N T WG N, BREE . A AR RN UM ) B AT, BiE R
ok 2x107~7x107 cmis, #ufk T RECN 0.62~0.7L W-M K™,

F*52R: BWFt; Carbopol™ Ultrez10; 6@tk = ik ; Bl 2245k

hESES: TU47 SCERARINAD: A XEHS: 1000 - 4548(2018)12 - 2208 - 07

E&®Y: L1982~ ), %, WHLERA, 1, B, AT, FEMNFE - TAHTEMN KRR S
IS T R 20 598 T4 . E-mail: ggkongl@163.com.

KONG Gang-giang", ZHOU Yang', LIU Han-long"?, WANG Cheng-ging', WEN Lei*

(1. Key Laboratory of Geomechanics and Embankment Engineering (Hohai University), Ministry of Education, Nanjing 210098, China;

2. Key Laboratory of New Technology for Construction of Citiesin Mountain Area, Chongging University, Chongging 400045, China)
Abstract: The visua model test based on synthetic transparent soil materials and PIV technology is one of the most important
geotechnical engineering measurement technol ogies. However, there are still relatively few transparent materials which can be
used for simulating the natura clay. A new transparent materid which can smulate the naturd clay is developed. It is
manufactured by using Carbopol® Ultrez 10, NaOH powder and distilled water, and nano materials are served as the tracer
particles for spackle pattern. The manufacture processes are introduced. Based on the modulation transfer function (MTF)
method, the transparency of this material is anayzed, and aso compared with that of the previous transparent materials. Based
on the laboratory vane tests, consolidation tests, faling head tests and thermal conductivity tests, the geotechnical properties of
this synthetic transparent clay are measured. It is shown that the transparent clay presents a good optical transparency within
30~40 cm, which is 2~3 times that of the previous materials. This materid is quite consistent with the low or middle-sensitive
natura clay, and its strength increases with time obvioudly. It has similar shear strength and consolidation properties to the
natural mud (especialy marine mud). Its permeability ranges from 2X 107~7X 107 cm/s, and its thermal conductivity ranges
from 0.62~0.71 W-M K™,

K ey words: transparent clay; Carbopol

®

Ultrez10; optical transparency; laboratory test; physical and mechanical property

M anufacture of new transparent clay and its physical and mechanical properties
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R, ERHIRARED 151 : 1994 4 |skander
T P RE AN M I B B AR, s TR
P55 R AR AR, 2011 4F Ezzein %5, 2013 4E4L
29 ik 5 R FE s A Db R 4 ek I P32 B A R
SILARYHE S 2 T 5 RARAD T AT, HASHE AR
HRIRE PR3 ) AR AT AR BB s 2B W 3,
2012 4 Downie %55 T4 S i Fie A4 Rl R — ZLp e
PRI B L ATRE, R T R R AE KRR
FEHA XTI, 5 R LR AR R A4
KMUHEEAT T 0 S, 2007 AL ANl — &
FIPT IR SR BERK:, WS AT LA K i S i
WA - 8 PR R AL . ZE B R R 36 + 7 1 - 1994
4 |skander 25 FH IG5 BURERY A W T iz i 1
FoRE, A TR S KRB AR, 2010 4F Lo
25T P KO ERABIC G W A k), ASSLTS e R AR
TR BT ALE FEE . 2015 4F Wallace 257
Laponite RD“FHRHEIML HGE B LAk, BHURAR S
-1, 2016 4 Hakhamaneshi 2 £ ] Gelita #4}HIc i
B LA, BRSO, RS 45 Rk,
P RlA JERDVE D BIRGE WIS LI 2R, Il T2
RO Hou2B WIE T ik 15~20 cm; fEp AL
JIE WAL L ARL, Hol2EiE M B, OB
JEJR R T 5 om e A (1 P R B /R Hh i 7
B WFE AR, SR IT G % ; Laponite RD®., Gelita
SRR B RS LA k), AR B ) 22 b
ERARE LA — 5 2 0h.

BRI, A ScHE T Carbopol® Ultrez 10 (fi#k U10)-.
NaOH ¥y K FI4iyg /K A AR, BRI RHE A
INEERL T OB S, AR — PR g I AR
FIRL T2, X BT B b BT =
PRI 572, SHZA RS AR B - 1 T AT AT &R
BT I+ BB DRSS, AT Lo R |
e RN s TR B ) IR AR5, 497 L 4 ] 5 5
FF AR K B BRI AL TR, o pr BRI
Je A PReME . 12087 3 VA B AR AR AR B
RS F AR g S R A AR S

1 #HELERAR T AYHIES
1.1 MRhEE

FALERE AR, B U10 Ry 4iiok DA
NaOH % BIEL T . U10 2 Fag SR NI IR IR &
Y, EEN O EE AR, W 1R BORK/NME
X157, KRG A 50~100 nm, AHX %5 1.4543,
T 0.21 glem®. U10 ¥R F4 e SEM (10
Jif) g5 B 2 prs, Eibye s IO 4

i SEM HUR il 2 Fros; HesrirR B, U10
AR IR 5 e e L IR A — e AR UM

1 U10 #$KR K4 E
Fig. 1 U10 powder

(b) EBEHLT
2 SEM $3#4[E
Fig. 2 Photos of SEM

U10 ¥3 AR AE S KB /i IR RS, FEKH 0y
B, ACHRI 2R IR IR A I BETF 44T 9F, I A
REYE BT IRMR AW 458 . U10 K R AEH Rl
W2 TAEKP G FEAN, T EREE TR
NEAFEEE BEKR miEeR ., R Rk
A Rk, ATV RN T A BGE R LR, A
SCHTIE FH TR AR NaOH %7, 1 NaOH # A 4l
fE KT 98%. U10 #HEHGRIRIE (-COOH), &
RIGFEIR AT NG IRR AW . BARIX R 2 2
S9IRTE, 59 THSRR, RIRAE S RN AR, HAEK
Hr) PH R, BERIRIREEIAN], 75 2.8~3.2 [f3E [
2] MRS R IR T ks, DA pH R8I
W U0 HORI R, A i 23 7R R R D s
A, SRR = SRR R . O THE
7 ARG P S EUEOE S, LB ERAH SR 138 BIUE,
AT LARN IO S 5 0 s FEC B R s
TNAKAE R CUBRANKAT . BRALERE . 9 REER FIZh K
FULEREE) R RoRERRL T GKRATRIT BER P WL
1 JiRe ASCERPERAKE W EEE AR R 1, 9N
KA 24 S BT I 5 I 28 L B 1 1%
1.2 HECI3E

G R, T R A WAL RS
S EIRAN . PERERS DL LS A A B s DA
il 30 L A & LR ], T R A 3 A
FEE
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Table 1 Properties of nano materials (10325 B A L ELAT AR BE L 1) 6 27532 B o A ST
o %f@ aksc MR A WL 375 11 36 L (10 77 L3 W15y 2540 em, HCLA
T LB YRR R 23 £
AR BEBMK T, REE OEmK — .
B e e o ¥
405 1% >01 >099 >999 >08 " ‘
FiAz/nm 8~15 50 30 — S
bR mRY(mP-gh) 233 60 60 —
¥/ (g-om) 0.15 0.09 0.09 —

(1) Z2uies TAE: fellisiEcmr, Ak
I FTORL ) J0T B A4 B T R ), 5 4 v % B 25T
B BIRTENT HE.

(2) MEES: MRS U10 @ NaOH @ /K
=1:0.4:98.6, FHL 0.3kgU10¥ &, 0.1 kg NaOH
MR, 296 L 1aliifok, g NaOH ¥y K
R RE Y QENEER TUN a7 oY & i

(3) V10 BroR$ii b B4 BoRL 3 A, R
i 7 7K 1) 5B N AR Y CFI R — 8 1) 4l 7K s
fift NaOH ¥ AR 2 FHD, HF I #vis /K m#h 4 50°C ~
60°C; RJ5, FREIFIMA UL0 KK, FHEWIR N
B E 8~10 hy KM /N Dy HE 25 HiFE 30~40 min,
Pittse G, B E 8~10h.

(4) NaOH ¥ fiFr: Pre NaOH ¥y K, TR
A 0.5 L 2K, BiRe . B AR5 I
NaOH %, FHEIABEA UL0 IR A I B R, K
FUR D2 Bt e PRI A1 i # 10~15 min 23 5) 55
BIR o

(5) N LHIBE: 8 &N AKE MR,
TN B35 154 P R 4057, R B2 2 4 3 5 Vs
2R TR AN T2 B AR, e T B A I A
(PR s 258k 10 em J23% W & L ilAE 5 9B <ok
EFE IR A& 3 (a) s, {EEOE T kI
B B A A I i 3 (b)) R

2 NRFERRMEXT LS

CAWIILE REN], fRIEREE2E WP 51
& TR RIS AR R A R i
WG L R T I A 5 om 224, il S sl
RT3 WD A RERT IRy 15~20 emi™e T
ARSI RIRC 32 B % R 5 0 T L O A o
W AKRERSE) BEATEWIRFIEXT LE, K PR SO
FEE W] LS (50 mm )RR, HEAT BB R Rk
FET3 AT o 2 PR AR FR ot I H A A 38 iR P A 3
WA R W R« 278 O 1 30 om J53% W] 4 1=k
FER) SR A R 2 I 4 () fios. RO
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Fig. 3 Photos of new transparent clay
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X A7 Wk LA REE W] FEREAT 0 AR KT vk
A (B 5): LUREWRE A HER, 20 ea < &
FE L ER AT R R R A, AR5 B A
SRAEIEW] L H AR5 SERRE ROAH AL BER MTF {#:
(Imax(l) - Imin(l))/(lmax(l) + Imin(l)) (l)
(Imax(o) - Imin(o))/(lmax(o) + Imin(o))
S L may M L mingry 73900 A 232 W] LR o H B 85K
Pt MEF IR Nmaxo) M Tminoy 73900 A SE B3 H b
KBt/ MG Z 5. MTF DRI 1, WEEW 1)
i W R
ASCULR E &A% 0.1, 0.4 Xf/mm (4
mm HAR RS H R A EREO IR E bR, 0B
TARAREREATINR, b F RIS MTF EREE
W R AR R 6 o & 6 AT AN, iEHI A
L 032 W) B AP J R I A (oW R
KT 200 mm, BE19 0 50 mm 53 17 R 15.4 %
Fi118.9%)

(a) 30 cm/B&
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Fig. 5 Schematic diagram of calculation of MTF M
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Fig. 6 Relationship between curves of transparency and soil
thickness

3 RN EFHA
3.1 RMEARSIRGIT

BRI R AR L I AR R B RS R LR A&
PIANEARRE S ORI B @5 RARE 1
LI IEL ) 25 v . AR, IR R
1, Laponite RD™ LUK Gelita 2514 kil iz 1]
Bl AHOE, RRMPDRHEIEC 3 A Lo 22 iE v
FHXEAG, Laponite RD®. Gelita #4 I % 137 W %k
e, 2R S R R 2 AR R
A 2 1m0, AT I R L B AT RAFI s
S R, OB ALE AL LA B ke v
BT R, AFR R TR 2550 B8
BEIE Rt W T IR 2 BToR.

(1) BYY) s BERE RS 7 &

ST AR B UIRREG ik, BB A L1
DUN g b TR E: BYDIOmEE . B I a) 56 B e Ao R B
o SR+ 74 (PSVST-P) BIPI{X, &
Yy 0~8.125 kPa., it & 11 2 - i 5 B Fsf 1) A 4 g
B0 PG AE A S DA BE LU SR A I 5 AR SCHE X I
R R I (R VR R R LB AR 7T
BT EIRE , ¥%E 100 mmX 100 mmXx 150 mm (K-
XOBEX D) A LI R, 38 A R i
B, T HHEK S 0], RKUOBCE FiEKA . FEELR,
SR K T R G L IBE BRI, SRS TR
BN, FEIKA . RVFIRKEE 45 24~T720 h, IR )N
WA I S T AR S o IR P - WSk B A

P IEE R L TR TR 25 mm R JE LU o SRR
A 3 MAFE; i FE TCSL~6 WS AEAN R [ & 1 a)
375 A LRI AN KRR L . i FE TCS7T~12 #ff
FEAEAN [ [ 25 I8 )R 32 ARG LR I8 5 AR A
HEKRE .
F 2 BIAFMTYEHFHERETR
Table 2 Test conditions for properties of transparent clay

WS N~F/mm RFgih RERRA DA Py 2
TCSL 100x100x150 24 T+ AR BT VS 5 5
TCS2 100x100x150 72 T+ AR BT V{5 5
TCS3 100x100x150 168 T+ AR BT V{5 5
TCS4 100x100x150 336 T+ AR BT VS {5
TCS5 100x100x150 504 T+ AR BT V(B 5
TCS6  100x100x150 720 FFIRBI V{5 5
TCS7 100x100x150 24 -|7AREEs). BIY) BRAvomaE
TCS8 100x100x150 72 -7AREEs). BIY) BRAvomas
TCS9 100x100x150 168 +/HR4kshn. BIY) AR
TCSI0 100x100x150 336 - 7HR4ksh. 870 sRARins
TCS11 100x100x150 504 7 HREsN. 870 B amE
TCS12 100x100x150 720 -+F#&:zh. By FhARsmps

TCC r=30.9,h=20 168 JE#i[E4iR% =45ttt
TCP r=94.4,h=400 168 ZA/KkBiEFEREK BEXR
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Probabilistic back analysis method for unsaturated soil slopes with fluid-solid
coupling process based on polynomial chaos expansion

WU Fang" 3 ZHANG Lu-lu*? 3 ZHENG Wen-tang®, WEI Xin" %3
(1. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Collaborative Innovation

Center for Advanced Ship and Deep-Sea Exploration, Shanghai 200240, China; 3. Department of Civil Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China; 4. China Energy Engineering Group Guangdong Electric Power Design Ingitute Co., Ltd.,
Guangzhou 510663, China)

Abstract: The seepage and stress-deformation in an unsaturated dope under rainfall infiltration are interacted with high
nonlinearity. Numerica models are commonly adopted to solve the coupled governing equations. Tremendous computational
cost of numerical modeling is the main obstacle for probabilistic back analysis with field monitoring data. A probabilistic back
analysis method based on polynomial chaos expansion (PCE) is proposed in this study. PCE approximation is used to construct
the explicit functions between unsaturated soil parameters and model responses to replace the origina numerica model. The
PCE surrogate model is adopted in parameter posterior inference with Markov chain Monte Carlo (MCMC) simulation based
on the Bayesian theory. An example of unsaturated soil slope under rainfal infiltration is presented to illustrate the efficiency of
the proposed method. The statistics of posterior distribution and 95% uncertainty bounds obtained using the PCE-based method
are close to the results of the traditiond back analysis based on the origind numerical model. In addition, the proposed new
method can significantly improve the efficiency of model calibration.

Key words. back analysis; unsaturated soil; coupled hydro-mechanical model; polynomia chaos expansion; Markov chain
Monte Carlo smulation
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Fig. 2 Schemeatic diagram of unsaturated soil dope model
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Table 1 Input parameters of unsaturated soil dope model

ZH CRAL) K ZH (AL K
B pl(kgm3) 1800 | FRARVEFILE 0/% 0
MEVYN =) 0.3 al (kPa®) 0.04
HPERTE E/kPa 10000 Ny 1.2
BERB KI/(mhY  0.036 I 0.5
F558 )1 ct/kPa 12 PBERE SR ¢I(° ) 30

# 2 BT EXRE S HFGIHE
Table 2 Prior distribution and statistics of random variables

ZH KA kxR PR B
InE 9.180  0.246 EA 82 101

Inks -3.355  0.246 E& -42 -25

Ina -3.249  0.246 EA -41 -24
Intanj ¢ -0.550  0.100 E& -09 -0.2
ct 12 18 EA 6 18

4.2 PCE KEEEMEINIIE
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K S RIS R AR 1l /2% 2 5000 (1) 200 41
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B, LR A 2 ), BeUE PCE AU AR . [§]
34 1~3 [ PCE R RIS R B R £ LI Wi 1 LA
ST AL BERL A S AERE A 5, 1~ 3 s b A% L
EBCH S 11, 81, 471, PCE %5 Z%8H 45
46, 21, 56, Kl Tk R % R A1 7 iR % (Root
Mean Square Error, fij# RMSE) i f 3L F 5 F1 PCE
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Table 3 Posterior distribution and statistics of random variables
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M odified lateral confined swelling tests on expansive soils

ZHANG Rui* % ZHANG Bo-ya’, ZHENG Jian-long" 2, LIU Zheng-nan?
(1. National Engineering Laboratory for Highway Maintenance Technol ogy, Changsha University of Science & Technology, Changsha

410114, China; 2. School of Traffic and Trangport Engineering, Changsha University of Science & Technol ogy, Changsha 410114, China)
Abstract: In order to measure the vertica swelling ratio and latera swelling pressure under different vertical loading and
confined conditions during soaking, the conventional confined swelling test apparatus and method are modified to ensure the
consistency of the initial water content and the dry density of specimens before soaking and loading, getting rid of the initia
horizontal stress caused by specimen preparation and distinguishing the lateral swelling pressure from the total latera pressure.
Using the modified apparatus and method, the conventional and modified confined swelling parale tests are respectively
carried out on the expansive soils with medium swelling potential from Baise County in Guangxi Province with specific water
content and dry density. The test results show that the initid water content and dry density will change due to vertical |oading
during conventional tests, resulting in underestimating vertical swelling ratio measured by 7% to 95%, and that the existence of
the initial horizontal stress produced by specimen preparation will underestimate the lateral pressure measured by 16.1% to
43.5%. The results of multi-stage loading and step unloading tests show the great consistency and repeatability. The vertical
swelling ratio decreases with the increase of the vertical loads, and a fitting formula performing the ultimate swelling state
based on power function is set up by relative swelling ratio and relative swelling pressure. While the lateral swelling pressure
increases with the increase of the vertical loads, reaching its maximum value with the increasing vertical |oads to the vertical
swelling pressure, a hyperbolic function can fit well between the upper |oads and the latera swelling pressures. The achievements
may provide references for establishing a swelling model and designing retaining structures in expansive soil aress.

K ey words: expansive soil; verticd load; vertical swelling ratio; laterd swelling pressure
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Fig. 1 Sketch of modified lateral confined swelling test devices
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Fig. 3 Comparison of initial states and swelling ratios under different

vertical loads according to conventional and improved methods
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Fig. 5 Stress paths of lateral stressin the process of sample
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Table 1 Measured lateral stresses with and without initial
horizontal stress

T H T LR K THARRRIR K
WIGR/K TN Si/kPa 405 1.0 40.1 1.0
T &AM\ F3/kPa 10.8 19.1 577 688

iR, FRE 40 kPa Zi A IR /K1 g
RS T BRAT AR K1 N T3 Bk ARk, et A e
PRI AE T BT IR 0 1 3 53 531l i /1> 43.5%A11
16.1%. DEt, AR 7KFR 000 ) 3 fR s i ANl 2
I, R FH S AR T LU BRI — 5

5 ok A PR B B I 3G 45 SR % 7 #7

FIR -1 J7 A L-2 J5 A3 2 ikse 4551 Gk 2,
3) R W] I3 ZIMATAT REG DA (1) 185 ) JZ JHK < A0 [ra
T AR AR 22 (RSD) 43054 3.7%, 4.3%,
BN 55k 4.2%F1 3.2%, /N T 5%, il
BRI E IO 2 R AT RPN, T E, D
U R B i I SR 1 7 £ R pb A AL 2
RGBT IR .

F 2 TR LBEH T SEBAEMME N FITRIEER
Table 2 Paralld test results of vertical swelling ratio and | atera

stress under different vertical loads

E o IR, {ERK 1~2h N, 2 Zfar B/EH
BN S IR T0%LL |, TeAT AR N TR K 48
h G 2K ATIA 2IRE €, A E T W#G 2~40 h,
3 BREHEAHT EE B EFM N TR LR
Table 3 Paralld test results of vertical swelling ratio and | atera
stress under step by step unloading condition
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Fig. 6 Variation of vertical swelling retio under different vertical
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Fig. 7 Variation of vertical swelling ratio during unloading process
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Fig. 9 Variation of lateral pressure under different vertical loads
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Fig. 10 Variation of lateral pressure during unloading process
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Mixed variable for mulation for dynamic response of 3D layered road structures
WANG Yan"?, LIN Gao" 2

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian Universty of Technology, Dalian 116024, Ching; 2. Ingtitute of
Earthquake Engineering, Faculty of Infrastructure Engineering, Dalian University of Technol ogy, Dalian 116024, China)

Abstract: A mixed variable formulation and the relevant precise integration method are proposed for the dynamic response
analysis of multilayered road structures. By performing the Fourier-Bessd transform, the partial differentid wave motion
equation in the frequency wave number domain can be decoupled into two sets of second-order ordinary differential equations,
one for P-SV components and the other for SH components. By introducing the dua vectors of stress and displacement, the
second-order ordinary differential equation is further reduced to a homogeneous first-order one. The solution is in the form of
an exponentia function. By employing the precise integration method, very high accuracy can be achieved. Furthermore, the

mixed variable formulaion of the solution of wave motion equation facilitates the assembly of layers and improves the

matrix

computationa efficiency. The proposed method is applicable to arbitrary distribution of loads. The computation is stable and
characteristics and stress distribution of the road structures under the tire loads. The research results are useful for the design of

convenient for the computer programming. The accuracy and rationality of the proposed method are verified by comparing the
solutions with the BISAR software and the experimental results. Some numerical results are presented to reflect the deformation
road pavement structures.

Key words: mixed variable formulation; layered road structure; dynamic response; Green's function; dynamic impedance
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% 2 MVF 5 BISAR3.0 i2F R+ B4 R LA
Table 2 Comparison of cal culated results between MVF and
BISAR3.0 program
B BN ) MPa X
/Im  MVF BISAR3.0 Z%/%

B B Imm AR
MVF BISAR3.0 Z/%

0.7356  0.056
0.6643 0.062
0.5949 0.076
0.5604 0.082

0.00 1.063200 1.052000 1.065 |0.73601
0.18 0.327110 0.327100 0.003 |0.66471
0.48 0.061259 0.061240 0.031 |0.59535
0.78 0.011146 0.011150 0.036 |0.56086
1.08 0.007761 0.007767 0.066 |0.47439 0.4739 0.103
1.38 0.005884 0.005889 0.070 |0.41563 0.4152 0.103
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Fig. 9 Comparison of calculated vertical stress between MVF and
BISAR3.0 program
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Fig. 13 Pavement deformation and distribution of vertical
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Generalized Vesic solutions for interaction of buried beams and
transver sely isotropic layered soils

WANG Yu, CHEN Wen-hua
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: According to the transversely isotropic dagticity theory and the transfer matrix method, the generalized Vesic
solutions for the coefficient of subgrade reaction are obtained by considering the buried depth of beams and the transverse
isotropy and layered properties of soils. The rationality and accuracy of the proposed method are validated by numerical
examples, and the influences of variation of some parameters on the coefficient of subgrade reaction are analyzed. The results
show that the coefficient of subgrade reaction k increases with the increase of the buried depth h to the maximum vaue, about
2.05 ~ 2.25 times the surface. It decreases with the increase of total soil thickness H and increases with the increase of the
transversdly isotropic parameter r. When his 0 or H exceeds 100b or r is 1, the proposed sol utions are degenerated to the Vesic
solution. In the condition that the weighted-average dastic moduli of soils are the same, the harder the top soil layer is, the
larger kis, and the smaller the deviation iswhen the generalized Vesic solution is used to analyze the finite beams.

K ey wor ds: coefficient of subgrade reaction; transverse isotropy; multi-layered soil; buried beam; generalized Vesic solution
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Sress-dilatancy propertiesfor fiber-reinforced sand

KONG Yu-xia, SHENG Fei-fan, WANG Hui-juan
(Ingtitute of Geotechnical Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract: It is observed that randomly distributed polypropylene fibers act to interlock particles and thus improve the
mechanical behavior of the reinforced soils. The polypropylene fiber inclusion clearly increases the shear strength of soils, and
reduces the loss of post-peak strength. The stress-dilatancy relationship can be employed as the foundation to develop a
constitutive model for polypropylene fiber-reinforced (PFR) soils. In this study, a humber of conventiona triaxiad compression
tests are carried out to investigate the effect of randomly distributed fiber reinforcements on the stress-dilatancy relationship of
Nanjing sand. A new parameter, S, representing the reinforcing effect of fibers in Mohr-circle space is introduced to
describe the behaviors of PFR sand. When a polypropylene fiber-soil assembly dilates in response to the applied shear
deformations, the work done by the driving stress will be dissipated by the particle diding and the fiber deformation. The work
dissipated by the polypropylene fiber deformation can be expressed by introducing S ;. Based on the minimum rate of
internal work assumption, the stress-dilatancy relationship is deduced for fiber-reinforced sand. It is shown that the predicted
results are in good agreement with the experimental ones.

K ey words: sand; fiber reinforcement; stress-dilatancy relationship
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Comparative study on ground lossratio due to shield tunnel with different
diameters

WU Chang-sheng® 2, ZHU Zhi-duo"?
(1. Ingtitute of Geotechnical Engineering, Southeast University, Nanjing 210096, China; 2. Jiangsu Key Laboratory of Urban Underground

Engineering & Environmental Safety, Nanjing 210096, China)

Abstract: The ground loss ratio is one of the main factors causing ground surface settlements. The measured data of the
maximum ground settlement from some areas of China are collected. The ground loss ratios are obtained through back analysis
of Peck formulas. The distribution and influence factors of the ground loss ratio due to large- and small-diameter shield tunnels
are studied, respectively. The results show that: (1) About 93.19% of the ground loss ratio caused by small-diameter shield
tunnel ranges from 0% to 2.0%, while about 70% of the ground loss ratio due to large-diameter (D>10 m) shield tunnel is 0
%~0.50%. The ground loss ratio owing to large-diameter shield tunnel is smaller, and the digtribution is more concentrated
compared with that of the small-diameter shield tunnel. (2) The ground loss raio induced by small-diameter shield tunnel
decreases as the soil conditions get better, while the ground loss ratio induced by large-diameter shield tunnel decreases with the
decrease of permeability coefficient. (3) Thereis a certain correlation between the maximum ground settlement and the ground
loss retio, and the control of ground loss ratio resulting from small-diameter shield tunnel in soft soils is the most difficult. (4)
The ground loss ratio has no obvious connection with the ratio of cover depth to diameter. (5) The ground loss ratio induced by
small-diameter shield tunnel decreases with the increase of the cohesion, internal friction angle and modulus of elasticity. The
results can provide scientific references for the prediction and control of ground settlement induced by similar tunnel
construction in the future.

Key words: shield tunndl; diameter; ground settlement; ground | oss ratio; influence factor
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Fig. 1 Statistical distribution of ground loss ratio
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Analytical investigation of dynamic impact of moving surface loads
on underground tunnel
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Abstract: To investigate the influences of the moving surface loads on the underground tunnel, an analytical solution for
calculating vibrations from a circular tunnel buried in a half-space due to moving surface loads is firstly given. The surface load
is represented by a moving harmonic point load, and the half-space with a circular hole is visco-elastic. The anaytical solution
is obtained in the frequency domain based on the fundamentd solutions of governing equation for elastic ground in Cartesian
and cylindricd coordinate systems. Also, the transformations between the plane wave functions and the cylindrica wave
functions and the surface boundary conditions should be used. Then the response in the time domain is obtained by the inverse
Fourier transform. The influences of moving surface loads on the vibration of underground tunnel can be investigated by using
the analytical model. The displacement and acceleration of the tunnel and the dynamic stress response in the ground under
different load velocities and tunnel buried depth are analyzed. The results show that both the dynamic stress and the
acceleration responses above the vault of the tunnel increase significantly as the moving speed of the load increases. The
dynamic stresses decay rapidly as the buried depth of the tunnel increases, while the acceleration responses decay relatively
slowly. When the buried depth of the tunnel increases to the critical depth, the vibration level of the tunnel can meet the
requirements of Chinese specification. The critical tunnel buried depth increases linearly with the moving speed of |oads at the
low speed range, while when the speed exceeds 100 km/h, the critical tunnel buried depth increases exponentially with the
increase of load speed.
Key words: surface loads; underground tunnel; environmental
vibration assessment; analytical investigation _
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Dynamic response analysis of drainage pipes with gasketed bell and spigot
joints subjected to traffic loads
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(1. College of Water Conservancy & Environmental Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. National Local

Joint Engineering Laboratory of Major Infragtructure Testing and Rehabilitation Technology, Zhengzhou 450001, Ching; 3. Collaborative
Innovation Center of Water Conservancy and Transportation Infrastructure Safety, Zhengzhou 450001, China)

Abstract: In recent years, the road collapse accidents caused by the disasters of municipal drainage pipelines occurred
frequently. The concrete pipe is the most widely used in municipal drainage, but its mechanical characteristics under the action
of traffic loads are not clear. A three-dimensional numerical model for drainage pipe structures with gasketed bell and spigot
jointsis established using ABAQUS. Theinfluences of different pulse amplitudes, |oad positions and pipe buried depths on the
dynamic responses of drainage pipes are calculated and andyzed considering the bell, spigot, rubber and infinite e ement
absorption boundary. The results show that the stresses on the joints are highly discontinuous, and the traffic loads have
significant influences on the pipes within one pipe length a both sides of its position. The circumference of the bell and spigot
is mainly subjected to tension and compression stress. The position of traffic 1oads has no significant effects on the maximum
Mises stress in the crown, invert and springline, but has influences on the Mises stress distribution of the crown and invert. The
longitudinal and circumferential stresses are proportiona to the buried depth, however, the stress increment is inversely
proportiond to the depth one.

Key words: drainage pipe; bell and spigot joint; rubber; impulsive load; dynamic response
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Numerical analysisfor support mechanism of constant-resistance bolts

TANG Chun-an', CHEN Feng"?, SUN Xiao-ming?, MA Tian-hui* 2, DU Yan-hong®
(1. Ingtitute of Rock Ingtability and Seismicity Research, Dalian Universty of Technology, Dalian 116000, Ching; 2. State Key Laboratory
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3. School of Mechanics and Engineering, Liaoning Technical Universty, Fuxin 123000, China)

Abstract: In order to study the tensile mechanical properties of constant-resistance bolts, the numerical simulation of the tensile
strength of a constant-resistance bolt is carried out by usng the RFPA software. The experimenta results show that the
maximum plagtic strain is 12 times the maximum value of eastic strain after constant-resi stance tensile fracture, and the stress
value fluctuates in the range of 28.01~38.71 MPa during plastic deformation, and the fluctuation is stable. The results of
numerical experiments are in good agreement with Academician He Manchao’s laboratory test results, which verifies the
accuracy and reliability of the numerica test method. Based on this, the numerical method is used to study the interaction
principle of the constant-resistance bolt and the surrounding rock under loading and to andyze the stress and deformation and
failure characteristics of anchored rock mass. The support effects of the traditiond and constant-resistance bolts are
comparatively analyzed. It is shown by the test results that the support effect of the constant-resistance bolt is better than that of
the traditiond one, which provides an effective way to control the soft rock with large deformation damage and rock burst.

K ey words: support mechanism; constant-resistance bolt; RFPA; numerical experiment
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Fig. 1 Numerical model for constant-resistance bolt

2 EFAEFTE - AKX R
Fig. 2 Elastic-plastic constitutive relation of constant-resistance
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Fig. 3 Elasto-brittle constitutive relation of traditiond bolt
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Table 1 Physical and mechanical parameters of numerical sample
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Fig. 4 Stress-strain curves of constant-resistance bolt
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Fig. 5Modelsfor three numerical specimens
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Analysis of anchorage performance on new tension-compression anchor :
I simplified theory

TU Bing-xiong', LIU Shi-yu’, YU Jin*, HE Jing-fang', ZHOU Jian-feng’, JIA Jin-qing’
(1. Fujian Engineering Technol ogy Research Center for Tunnel and Underground Space, Huadiao University, Xiamen 361021, China;
2. School of Civil Engineering, Dalian University of Technol ogy, Dalian 116024, China)

Abstract: The anchorage mechanism of a new tension-compression composite anchor is studied based on the assumption of
triangular distribution of the shear stress between anchorage body and rock mass. The formula for cal culating the uplift bearing
capacity of the tension-compression composite anchor and the bearing capacity ratio of tension-compression composite anchor
to tension type anchor (BCA) are derived. The andysis results for BCA show that the value of BCA increases with the increase
of the anchorage length. BCA has the maximum vaue of 2.0 when the anchorage length coefficient k; = 2.0. The curve, which
is like a bowl, of BCA is symmetricalyl distributed over the compacted anchorage length coefficient k,. The value of BCA
increases first and then decreases with the increase of ky, and it has the maximum value when k, = 0.5. The maximum vaue of
BCA no longer continues to increase with the increase of the anchorage length when k; =2.0, but the value range of k,
expands, with which BCA has the maximum value. The calculated value of the derived BCA agrees better with the test one as
compared with the model test results of tension-compression composite anchor. The uplift bearing capacity of
tensi on-compression composite anchor can reach 2.0 times that of the tension type anchor under the same anchorage length. So
the tension-compression composite anchor has a very good prospect in engineering application.

K ey wor ds: tens on-compression composite anchor; anchorage mechanism; bonding strength; uplift bearing capacity
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Numerical simulation of large-scale triaxial tests on soil-rock mixture using
DEM with three-dimensional flexible membrane boundary

JN Lei*? ZENG Yawu?
(1. School of Civil Engineering and Architecture, Hubei Polytechnic University, Huangshi 435003, China; 2. School of Civil Engineering,

Wuhan University, Wuhan 430072, China)
Abstract: In order to effectively simulate the mechanical behavior of lateral flexible latex film used in large-scale triaxial tests
on soil-rock mixture (SRM), a feasble three-dimensional discrete element (3-D DEM) modeling method, named 3-D
wall-arrangement method for the flexible membrane boundary, is proposed. In conjunction with the previously developed 3-D
DEM modeling method for irregularly shaped rock blocks and SRM, the 3-D DEM models of SRM large-scale triaxid
specimens are constructed. Then, the parallel-bond model is introduced to better smulate the cementation in cemented SRM,
and the meso-mechanical parameters of numerica specimens are calibrated comprehensively by conducting a series of
numerical large-scaletriaxial tests. Finaly, the deformation and failure processes and characteristics of numericad specimens of
uncemented and cemented SRMs are analyzed and compared with the results of the corresponding laboratory experiments. The
results show that the proposed modeling method for three-dimensional flexible membrane boundary presents many obvious
advantages including smple principle, fewer parameters, convenient implemention and saving computing resources. The
stress-gtrain characteristics of SRM, bulging deformation of uncemented SRM, deformation locali zation process and meso-structural
characterigtics of shear band of cemented SRM are dl well reproduced by carrying out the DEM simulation of large-scae triaxial test
on the constructed and calibrated SRM model with the devel oped three-dimensional flexible membrane boundary.
Key words: soil-rock mixture; large-scale triaxial test; three-dimensiona flexible membrane boundary; granular discrete
element simulation; deformation and failure characteristic
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Fig. 2 3-D DEM models for large-scaletriaxia specimens of SRM
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& E: $2H T van Genuchten (VG BRI S n ¥ —A 36 ik 4 (pedotransfer function, PTF) , ZR%ieE—
AR PEENE TR, 46 VG B SHa SYIATLEILL e MIEEFR, KT R4 FL R LG 4 18 K AR i 2
(SWCC) . nfalEAREFHIESE (a, bATA, B) HFET 3 4% M1 SWCC iR H IR i 1E . HFEEK
BAREM M SA SR RSB B o — M TRIEG S (a, bFA, B, Ji—a H T 5k
T PTE Tl SWCC Jiiktviemfitt . &5 380, FET PTF FrTillf3 SWCC 5 ik il gt Bt R 1R UF (i — 2k, PTE
HFIIN—ATAZ EEIAETLIL e EADGEMH T+, WM TR IE 1.
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FESES: TU43 XHERFRINAD: A N EHE: 1000 - 4548(2018)12 - 2305 - 07

fEERN: =988 - ), B, HiargtA, FEMNSHARBEA LR st T/E. E-mail: yeyunxue@163.com.

Predicating soil-water characteristic curves of soils with different initial
void ratios based on a pedotransfer function

YE Yun-xue', ZOU Wei-lie* 2, YUAN Fei®, L1U Jia-guo®
(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China; 2. School of Civil Engineering, Xijing University, Xi'an 710123,

China; 3. Shanghai Geotechnical Investigation & Design Ingtitute Co., Ltd, Shanghai 200093, China; 4. Shenzhen Geol ogy Survey Bureau,
Shenzhen 518015, China)

Abstract: A pedotransfer function (PTF), which is a nonlinear regression equation, is proposed for predicting the parameter n
of the van Genuchten (VG) modd. Considering the regressive relationship between the parameter a of the VG mode and the
initial void ratio ey, the soil-water characterigtic curves (SWCCs) of soil specimens with different initial void ratios can be
accurately predicted. The fitting parameters (i.e, a, b and A, B) of the regression equations corresponding to the parameters n
and a can be cdibrated using the test data obtained from three sets of conventional SWCC tests. Thetest datain each reference
available are divided into two parts. One part is used for the calibration of the fitting parameters (i.e, a, b and A, B), and the
other part is employed for the verification of the predicted SWCCs based on PTFs. The results show that the SWCCs, which are
predicted by using the proposed nonlinear regression equation (PTF) concerning the parameter n of the VG model, have good
agreement with the test data in the references. Only one predictive variable (i.e., initial void ratio, &) is needed in the proposed
PTF. This PTF is suitable for both rigid and deformable sails.

K ey wor ds: pedotransfer function; soil-water characteristic curve; VG model; initial void ratio
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Table 1 PTFs of parameter nin VG model

22 3R PTFs

Wosten 111 In(n-1)=ag+a,Cl+a,Cl*+asSat+a,Sa +as n(Sa) +agD+a; D *+agD*+
agIN(D)+a300M +a3,0M %+a,,0M +a,5/n(OM)+a,,D-Cl +a35D- OM +aystopsail -Cl

Hodnett 12 In(n-1)=Ag+ A;Sat AsSi+ ACl+A0C+ ABD+ ACCEC+ ApH+AgSaSi+ -+
ASI-Cl+A, Sa+ - +ACI?

Rajkal £ In(n)=by+b,BD+b,OM +bsCl2+b,In(Cl)+bsBD-Sa+bsBD*Cl +b;Sa/Si+bgBD*Cl?

Matula 4 In(n-1)=cqt+c,Cl+c,Cl%+csSatc,Sa +csl n(Sa) +cgD+c;D 1 +cgD?+cgl (D) + C1g60OM +¢1,OM ™+
C12lN(OM)+¢13D-OM +c4topsoil -Cl

Tirzah 251 i NALECl, S, Sa, P, Py, BD

Ebrahim-Zadeh 219 i N5 H:Cl, S/Sa, BD, OC, TS

Y Sa PRI AR (%) SOMETRLI A (%); O WIS (%) BD HEE (kg/em®); D AT %% (kg/em®); OM A LR & i (%);
OC WA WU iE(%); CEC MBS A # i (cmol/kg); topsail 24 0 8% 1; In 2 AKX P A RILERE, Py hBiki%E, S/Sa
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Table 2 Vaues of parameters of simplified VG model under different initia void ratios

RIS T Ki1% R Fikii% & alkPa n R
0.695 46.470 1.610 0.980

R Ryt 30.1 55.7 14.2 0.746 39.000 1.630 0.958
0.802 33.725 1.541 0.970

0.845 7.866 5.633 0.987

Columbia ffy 4 1-0 54.0 35.0 11.0 0.9%4 o497 5720 0992
1.075 4.917 3.542 0.985

1.193 4,298 3.556 0.988

0.500 552.240 1.328 0.984

Barcelona fj 119 25.3 52.5 22.2 0.540 432.339 1.335 0.983
0.620 122.400 1.211 0.986

0.444 347.254 1.202 0.973

—_— 65 . 100 0.474 185.982 1.183 0.980
0.514 79.017 1.162 0.987

0.517 66.732 1.159 0.992

0.940 1265.918 1.288 0.992

A 0.0 0.0 100.0 1.126 471,501 1.261 0.987
1.765 93.158 1.271 0.976
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e A A B a b
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SC (Ay) 0~30 2.9 78.8 18.3
SC (An) 30~50 2.1 78.6 19.2
HP (A,) 0~25 745 19.5 6.0
HP (Ax) 30~48 715 20.5 8.0
HP(B,C.) >70 750  19.0 6.0
DG (Ap) 0~5 630 334 36
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Radial opening ratio of EPB TBM cutter heads

YANG Zhi-yong', JJANG Yu-sheng', ZHANG Jin-xun?
(1. School of Mechanicsand Civil Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China; 2. Beijing

MTR Construction Administration Corporation, Beijing 100088, China)

Abstract: The opening ratio of cutterheads, the area ratio of the cutterhead openings to the entire cutterhead, is an important
index for selection of earth pressure balanced (EPB) TBM. However, the opening ratio of cutterheads done cannot fully reflect
whether the positions of the cutterhead openings are reasonable or not. To solve this problem, the concept of radial opening
ratio of cutterheadsis proposed. Based on the characteristic curve of the radial opening ratio, the radia abrasion events of TBM
cutterheads during construction of Military Museum Station to East Diaoyutai Station of Beijing Metro Line 9 are anayzed.
The main reason of radial abrasion is that the radia opening ratio istoo small in a certain area on the cutterhead, and part of the
soil depositsin thisarea Besides, it aso causes the cutterhead to abrase when soil flows from the small opening ratio areato the
large one. The characteristic curve of the radial opening ratio can be used to evaluate the rationdity of opening position on the
cutterhead. For the TBM cutterhead with reasonable opening positions, the characterigtic curve of the radiad opening ratio
should be gentle without large fluctuations except for the centrd area of the cutterhead so as to ensure the reasonable opening
positions in each part of the cutterhead and smooth soil moving into the chamber. The radial opening ratio should be fully
considered when designing TBM cutterheads.

Key words: EPB TBM; cutterhead; radia opening ratio; cutterhead abrasion
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Effects of freeiron oxide on water retention behavior of lateritic clay

NIU Geng"?“, SUN De-an*“, WEI Chang-fu®, SHAO Long-tan" 2
(1. Department of Engineering Mechanics, Dalian University of Technol ogy, Dalian 116085, China; 2. State Key Laboratory of Structural
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University, Shanghai 200444, China; 4. Guangxi Key Laboratory of New Energy and Energy Conservation for Architecture, Guilin
University of Technology, Guilin 541004, China)

Abstract: In order to obtain the soil-water characteristic curve (SWCC) of two types of undisturbed lateritic Guilin specimens
with and without free iron oxide in full suction range, two measurement methods are used: the pressure plate method and the
vapor equilibrium method with saturated salt solution, and the volumes of specimens are measured during the process. The
mercury intrusion porosimetry (MIP) tests are used to investigate the pore-size digtributions. The test results show that in the
low suction range, the SWCC of undisturbed specimens where the free iron oxide is removed is gentle. Especidly in the
relationship of suction-saturation, it's still saturated when the suction is 1 MPa. But the SWCC of undisturbed specimens
declines obviously. Compared with the undisturbed specimens, the undisturbed specimens where the free iron oxide is removed
shrink obviously. The main reason is that the free iron oxide is distributed on the particle surface in the form of film enveloping
and bridge, which strengthens the connection and the coat effect between particles, so as to enhance the capability of the soil
skeleton to resist deformation. In the high suction range, the water retention and shrinkage characteristics of the two types of
undisturbed specimens have little difference, indicating that the absorbed water in the soil is dominant. The undisturbed specimens
with and without free iron oxide exhibit a unimodal pore-size distribution, and they are different from the traditional understanding of
adouble-porosity microstructure. There are mainly intergranular pores with a diameter of 40 nm in compacted samples.

Key words: freeiron oxide; lateritic clay; water retention behavior; MIP; undisturbed specimen
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Table 1 Basic physical properties of Guilin lateritic clay
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Table 2 Chemical compositions of Guilin lateritic clay
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Fig. 1 Perticle-sze distribution curve of Guilin lateritic clay
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IMPa LR L FLBR L
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Dynamic response to plane strain problem of multilayered orthotropic
foundation under moving loads

ZHANG Chun-li* >3 WANG Bo", ZHU Yan-zhi®
(1. College of Water Conservancy & Environmental Engineering, Zhengzhou University, Zhengzhou 450001,China; 2. College of

Information & Business, Zhongyuan University of Technol ogy, Zhengzhou 450007, Ching; 3. School of Civil Engineering and Architecture,

Zhongyuan University of Technol ogy, Zhengzhou 450007, China)
Abstract: Based on the dynamic equation for plane strain problem of single-layer orthotropic foundation under moving
harmonic loads, the transfer matrix of single-layer orthotropic foundation in the Cartesian coordinates is deduced through the
Fourier transform and the introduction of state vector. Then the computational model for the layered orthotropic foundation is
established. Considering the contact condition and the continuous condition between layers, the analytic expressions for the
displacements and stresses at arbitrary depth in the plane strain problem of multilayered orthotropic foundation are derived by
means of the transfer matrix method. Based on the theoretical solutions, the corresponding cal culation programs are compiled to
verify the cal culated results of the single-layer orthotropic foundation and to study the influences of |ayered characteristics and
orthotropic properties of soils on the amplitudes of vertica displacement of soil surface. The resultsindicate that neglecting the
layered characterigtics of soils and orthogonal anisotropy of the upper soils cannot accurately describe the dynamic
characteristics of foundation.

K ey wor ds: moving load; multilayered orthotropi c foundation; transfer matrix; dynamic response
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Table 1 Soil parameters (MPa)
1z 2 3=
T
E. Gu E, G, E. G
T#H1l 50 20 50 20 50 20
T#H2 50 20 100 40 25 10
T#H3 50 20 25 10 100 40
T#4 100 40 50 20 25 10
TH5 25 10 50 20 100 40
T#6 100 40 25 10 50 20
TH7 25 10 100 40 50 20
%2 FESH
Table 2 Loading parameters
ZH b/m Qy /kPa c/(ms?) f/Hz
] 2 100 35 8

%3 REZEIBIRE
Table 3 Amplitudes of vertical displacement of soil surface
(mm)
xm T#H1 TH2 TH3  TH4d TH5 THe TH7
-30 1.7688 1.7463 1.7832 1.0721 2.9333 1.0731 2.9299
-10 24992 2.4731 2.5239 1.4967 4.0679 1.4983 4.0718
-2 57027 5.6452 5.7597 3.4463 9.1942 3.4490 9.1911
-0.5 7.9714 7.8905 8.0514 4.6824 12.2940 4.6883 122910
0 7.6633 7.5860 7.7410 4.6639 10.3840 4.6694 10.3880
2 31102 3.0812 3.1407 2.8824 1.8528 2.8845 1.8429
10 2.3679 2.3456 2.3870 1.6196 1.5396 1.6123 1.5371
30 16797 16678 1.6934 1.4188 0.2558 1.3402 0.2532
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Fig. 4 Amplitude curves of vertical displacement of soil surface
for different parameters of second- and third-layer of soils

141

12

10+

l22:l/mm

5 A 170 3R LIRS KT HE R R E R A BIR(E Lk
Fig. 5 Amplitude curves of vertical displacement of soil surface
for different parameters of first- and third-layer of soils
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Dynamic pore water pressure model for liquefiable soils based on theory of
thixotropic fluid

WANG Zhi-hua', HE Jian', GAO Hong-mei*, WANG Bing-hui®, SHEN Ji-rong*
(1. Research Center of Urban Underground Space, Nanjing Tech University, Nanjing 210009, China; 2. School of Architecture and Civil

Engineering, Jiangsu Universty of Science and Technol ogy, Zhenjiang 212003, China)
Abstract: It is a key problem to confirm the growth process of dynamic pore pressure of the liquefiable soils in the analysis of
liquefaction potential of soils or evaluation of liquefaction effect. Based on the structural theory of the Moore thixotropic fluid,
32 groups of undrained cyclic triaxial experiments on different types of soils are performed to verify the corresponding
relationship between internal structure parameters of soils and dynamic pore pressure in the whole liquefaction process. The
thixotropic mechanism induced by the pore water pressure in the liquefiable soils under cyclic loading is confirmed. Moreover,
a dynamic pore pressure growth model for the liquefiable soils is proposed based on the rate equation for the thixotropic fluid
induced by pore pressure. It is found that the generation and growth mechanism of dynamic pore pressure implied in the
proposed model can be explained reasonably from the viewpoint of energy. The experimental results show that the parameter of
growth rate of dynamic pore pressure in the model is closely related to the effective confining pressure, initid relative density
and cyclic stress ratio. The proposed modd is used to simulate the undrained cyclic triaxia experiments, and accordingly the
rationality and reliability of the model are proved. Findly, the main characteristics and potentia applications of the proposed
model are discussed. This study provides a new technical means for the liquefaction anaysis of soils.

K ey words: liquefiable sail; thixotropic fluid; rate equation; dynamic pore pressure; undrained cyclic triaxial experiment
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Table 1 Experimental cases used in this study
e s A SIS
i RSt D, s¢ f h, h, b
CSR A B c
1% IkPa IHz /(kPaxs) /(kPaxs) /kPa*
NS-1 20 100 0155 1.0 243 1124 110 37.6 1780.2 43.11
NS-2 30 100 0155 1.0 201 1084 82 312 1711.4 51.36
NS3 30 70 0144 10 341 3038 89 34.4 3096.7 59.82
NS4 30 30 0262 10 469 1161 187 36.9 949.3 67.25
NS5 30 70 018 10 29 1329 118 38.4 1768.8 62.31
NS6 30 100 0150 1.0 211 1189 82 317 1815.2 53.30
NS-7 30 9 0135 10 276 1483 76 335 1835.4 60.27
NS-8 30 150 0.168 10 08 1135 65 21.4 2881.6 57.37
NS9 46 150 018 10 11 1039 58 31.0 2961.3 30.46
NS-10 46 150 0.154 10 154 1431 38 35.6 3338.9 24.08
NS-11 70 70 01% 10 214 1933 69 29.1 3057.4 34.89
NS-12 N 70 70 0201 10 234 2024 7.7 32.9 2880.7 37.06
Lipneii

NS-13 70 100 0166 1.0 249 2102 42 41.3 3527.3 24.41
NS-14 70 100  0.186 10 193 1666 48 35.9 31235 2571
NS-15 70 100 0203 1.0 188 1474 56 38.2 3022.3 27.10
NS-16 70 100 0215 10 235 1175 6.2 50.5 2566.0 2851
NS-17 50 100 0170 1.0 255 1277 6.0 43.4 2202.4 33.28
NS-18 50 100 018 10 29 979 60 53.7 1848.2 30.77
NS-19 50 100 0211 10 212 716 64 44.7 1542.8 29.53
NS-20 50 50 0210 10 372 1071 166 39.1 1372.6 72.84
NS-21 50 150 0215 1.0 163 815 46 52.5 2682.4 16.95
NS-22 50 50 018 10 576 145 165 53.6 1403.9 82.84
NS-23 50 150 0187 1.0 1.8 122 3.8 51.9 3474.0 19.80
NS-24 50 100 0150 1.0 283 1564 53 425 23825 34.10
W-1 FaE R 35 40 0.21 02 339 3433 196 285 29122 13284
W-2 2% KR 1 30 100 018 01 292 3386 143 52.6 61000.0  79.23
W-3  gErning 2t 45 207 0.15 02 18 180 235 58.4 56455  156.55
W-4 o3RI 61 50 0.12 01 14 5249 32 8.4 3157.9 26.84
W-5 PP LR P 70 0 025 01 206 1175 289 46.3 26906 11566
W-6 R e W 4 -2 92 200 0.29 01 137 10983 59 79.3 63777.8  20.45
W-7 RBE A 50 2000 030 05 4 5516 155 2400 333334 5176
W-8 i g+ 24 60 100 0.10 10 69 279 657 27.9 684.9 69.01
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Field tests on retaining wall constr ucted with soilbags filled with clayey soils

FAN Ke-wei', LIU Si-hong’, XU Si-yuan®, WANG Jian-lei*2
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Power China Zhongnan

Engineering Corporation Limited, Changsha 410014, China)

Abstract: In the construction of approach channesin aplain area, alot of clayey soils are excavated. If the excavated clayey
soils arefilled into woven bags, they can be used to build retaining walls. The principle of treating clayey soils with soilbagsis
studied through laboratory tests. A 100-m testing retaining wall constructed with soilbags filled with clayey soils was designed
and applied in the Yanglintang channel project. The behaviors of the retaining wall are studied through the field monitoring of
the lateral deformation, latera pressures and surface settlements of the retaining wall. The test results show that the soilbags can
benefit the consolidation of clayey soils in the bags and increase their strength. The monitored maximum latera deformation
and the surface settlement of the retaining wall are 29.42 and 19.2 cm respectively after 7 months of the completion, hence quite
stable. Thelateral earth pressure on the front retaining structureis positively reduced owing to the interlayer friction of soilbags.
The cost of the retaining wall constructed with soilbags has an obvious advantage over that of the conventional gravity concrete
retaining wall.

Key words: retaining wall; soilbag; clayey soil; field test
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Table 1 Physical and mechanical properties of clayey soils

wK R W
A W MR R F
B M g

LK % % 8 DikPa
1% l(gem™) )

50.4 175 1416 371 220 15 16.0 59

Bl 1 A i b R 4 i i AR SRR S - T
ESEPIRIL o T LAIH S5 ) - TASTE R4 ik e P AT /KB
R T gmZAS R IR LUK . b TSI
FURAAETR AR, WA S 1 - TS RS 73.2
cmX54.5 cmXx5.4 cm. & 2 AP UGREASE]K) T8
IR i) i g RS [ N AR TR DG R e, b T ARAR IR IS PRI A PR
Fr# 435k 560, 620 kN, S (IHT RS 435k 1.4,
155MPa, #zlr C25 Wikt 158/ (16.7 MPa) [1] 1/10.

(b) RBLHE
1 T THREHFRW IR SEREFIKR
Fig. 1 Soilbags under compression and after compression tests
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Fig. 4 Evolution of settlement and its rate of soilbags filled with
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2 HERARITEIFEN
2.1 HEAREIT

Bl 5 4 B I AR T R RS s = .
TR B — MG TRE, b 1 SR A L f g o
ARG IR DL AR - TS G S R AR 1 B
O, R TASPERE MR IR E T —ANE 0.6 mIf L A
TR -V RE S PR ARy, JERIR TR T B PR AL,
TiE e R 2.2 m, B E T A-2.8m, JEAEE 3.2m,
W ALIE T W) BERS 3.5 m AR A E 0.5 m JE IR, L



2344 s *

2018 4F

+ . + X + pe
A‘Zv.
“lepsy  FHUAREL [
T | e i3 ¥ ]
5

5 RIHER TR EREE
Fig. 5 Schematic view of retaining wall constructed with soilbags

RUVRBE LR S P R Sk 1 T AR . L TASR
Sk 120 emX 120 emX 30 cm, &5 1) bR AT
Hem), RakEmrm OHZER (124 B LT
505 4 2 TREMEAT R, b TS R R ) K&
FEAZ R 123 B B B R AR T - [l b T gmgiss
S AR I R 4 R 45856 BT AR A F] .
AT A+ TR A TGDGS0 H# i) HDPE, 4 fi) #7ihr ot
JERT 65 KN/m, 21 2%. S5YoRy AR IR i {5 i 43
AN T 16 kN/m AT 31 kN/m,  WEAR A5 /N T 12%.
FTH EAER T A THERR L, S )
AR PR L, AW ERER, SHIIEZIRA,
2.2 (UEEHERKEN

h TR TAERIR,  SERR T AR R R
Wit Py ER T T e Bom i AR, WA E W 5
. K4S EPCL~EPC6 fll EPSL~EPS6 4 ik1%
AR, 0 TR L RR LR S R A
A TASPERE N T2 (0 ) 1k ), b ) S )
M, Wk 6 (a) Fras; FCl, FC2 AZRMAI# T,
T AL TR AR A AR, Bl & 6
(b) Fizns Cl, C2 ARSI HpIREm &, 2l A
EAERS G SR 1.8 m M 125 mAk, TG T
GG PR TR IR B s 78 L BVREE 3P gh
FATERAR A~ M- 3 B — AR IRNE (T, 1T2), A B
NP RE RHIEACEAT RS, DA R E L
718 m.

SRS N PN R PO I UM =LY e S e ) 2
Jois b TASPYREE T4 2015 45 1 ) 26 H—1 /]
28 H Giti THD, PRGN T) Kb TR
AHI AR AN AR B IS TR AR, P44l b w1
LT R M- T A4 B PG S0, e T3k F b 4
Bk 4 BTSN —%: R TG, MR T2
K TREIC A M A CL. C2, 4 H &k 2015

6 H 4 HFFMREK, 7 H. 8 % MET Ik, &l
SIRABANR, JER AT R .

SN b

(b) RtEfrBt

6 TENERFHMBITTIAEE
Fig. 6 Setup of earth pressure cells and displacement sensors

3 MIRGERRED
3.1 KT

7 A (1T, 1T2) BRI E: L S
2445 0 B S - M R SR R - 4 8 010 2K
Bo WE 7 (0 ATLUEH, B THINBL, BE# IR
L TASIE R (1H 26 H—1 H 29 [, %1
BT RS EHTRA, JE i b T 0 K



o 12 3] FRME, A SR T IR T 2345

30

TR 7168 g220

KT fmm o
20 10

30

-8- 2015-01-29
-2 2015-02-01
-©-2015-04-15
-% 2015-06-03

(a) MEHEITL 23 w-22.8

KA
20

= 2015-06-03 ¥}
j - 2015-07-15 B
= 2015-08-15

(b) JFHE 1

#/mm KA fmm
10 o0 30 20 10

—— 2015-02-01 ¢
- 2015-04-15
=7 2015-06-03

- W
% 13 (2015-01-26— 2015-01-29 )
-15 — RTH

(2015-02-01— 2015-06-03 )

— &KW
(2015-06-04— 2015-08-15)

B 7 ME (TL, 1T2) MELR
Fig. 7 Measured results of inclinometer tubes IT1 and IT2

SRR SN O B3, 2015 4F 1 H 29 H A+ A% T
BIBET, S KK A 19.16 mm, R AETERE
AR E (RFEN-4.0 mZA£AD. WK 7 (b)
ATLAE Y, 3R TR T AP A oK, RS
) IE RN, — ELRG I A ey R A - 14 m Ak () b 5
WG TR B 85 EH, $485 5 R KA
A R R, o 20154F 3 H—4 A, TR B Nt
PURER T, AU BRI B R R s AT, 51
T2 I B ST 40 K b PR KT8 2 14 i A K
2015 4 6 H RSl KK %) 29.42 mm, 2
JE PR TTNUE &K, fERniKE D RERR, 4
i S ST KSPA RS A s T =R 6.39 mm;
2015 4 7 H 4 Pk scii s KoK FAr %o 225 mm, 8
A SEMMEARAANK, SRR CEAE TR £
B R TRFG ek R b, PHRRAF T T-58 i 11 (1) e KA
FEURLE I EAE PR RE TIOR8 00 5 498 o T 7 A% e K
IR AAEB KA (2016 4 6 H 3 Hur), HALH
20.99mm, AHXF TR R 0.42%. AR — BN i
TP TR, PABE I KA A I IR = 1) 1%
LR, 26 By 2 411

B 7 H AR 1T AT 1T2 038 131025 i 5% ik &
WA 2L B AL RS B HEAAH S, XUl B R R T
WA E A RAMNIERE . L TASEIRAEX T
BB E IR E SRR WK 7 (© Pix.
ACUE R RTINS P 2 EEPah . N
NI, X5 SCRR[12] P G SR S5 R i - T AR
PUBEA A . R T 3N HE, $4B% LA A1
K, BUTEERIALE, X2 HTRE L TRER
Wl 2, ) AR TEAE R T RS ), R L AL
AL ) AR AT — o BRI, L5 1 A
) (EPC R4 &, WK 8).

5

B /m

F+
N

—+- EPS2 —-EPC2
—A— EPS3 -a- EPC3
-o—- EPS5 -e- EPC5
-=- EPS6 = EPC6

1 1
0 10 20 30 40 50 60

A ) L FE 1 /kPa

8 METHI L BUE B M 5 T TRAEMEAZM I LIE

MEiERIHT S EAT

Fig. 8 Evolution of latera earth pressurein dab and wall of

soilbags with backfill height during construction

3.2 MEEER

182 jiti T WIEPC. EPSRAIH"2, *3, "5, 6illl 1
el A sy RE A ARt 2. ANEI8RT LA H
L 2 JHERE SO G54 B T AR N T 2 0 17 1 s g Bt
R A BG I TRG O,  AELA I R s R K R
T RERE IR AT /N, SR S AR A A T KA
B, SER IR

K94 32 TN EPC. EPSHR A TN 4= s Jy i 4 v (4
G3At. EPSRAFTIN L TAE A 1 s g Balr (Hmg /T
PSR R R ), EPC R A Pl L2 e R = P 25
R s N T AR R Ty, R
I St R A A P 4 SR L L S E e Y RS WAL
N T AR AR b g T AR R A A
FE, 5 1 T 7 B DA 1 B M8 336060 o WA Q3 T L)
A, LA RE SO SR 1) 1) o B R AR N L
Hs 3 B ZE AR W bt ey B G K, X0 b o AR R ) g
AN G REVIRA G K EEA G, T H Y L TARR W



2346 a5 oE L OB ¥ M

2018 4F

(ot P P AT 2, o] 1 Bl iy 2 PR 1 K e
eI, RS EREA, b TARR A B
By

L
0 20 40 60 80
1] - FE S3/kPa

B9 BTR L BIER TSNS T TRAMAZMELED
BiESHS T
Fig. 9 Distribution of |ateral earth pressurein dab and wall of
soilbags along wall height at completion
3.3 IEmMFTmIME
K104 32 TS $48% TR [l 2 CL, C2IUt ke 7
thdk. ATLLEH, WM NHAN (20154:2—5/1)
PRI SR BB O, TS DR S T R
TJEHIABY B, B CL R A o T A, A8
TR L [ 2R, i A C2 AT R i e L
DAL R CLIR TR A7 B KT 5 C2; 382 T J5 24~ ) 2113
A~ A8 (20154E4H—5H ), i 55 0 i i TAUBGE AT,
C2il s TR B A ORI, Bk 7 I R CLr il
fii. W L7 HJ5 (201548 ) il £iC1. C25Myil%
5 5419.2, 22.8cm, AR, fEibgE. R
P 2.2°75 A8 YA e o L ] 45 3 6 4 SR A ] 5 b
SRS POUINAS 2 (1) 4 8% it 156 )6 H G TR &
21°420.2cm, 55NIME19.2 e A #EE .

25 -
C2W
20 -
c CI3 %
ng—
g
;510—
5_
0 1 1 1 1 1 1
— = n % o %) n
T 7 7 1T S 17
$§ 3 3 %8 % 35 3
e Lt
& &8 &8 8 8 & §
i [

& 10 % T RIETNE AL
Fig. 10 Evolution of top surface settlement after completion

3.4 TTi8MNT

K114 R 15 2 AL R TFFCL, FC2EI43 21 1) 1
A M A Y AR B S TR AR A £ . TR, DR
FC2, FCLHLfN AR T 534 H WA PTG, K
£90.2%, G NAER WA, FEAE TR
T RIBE M AT ORI N 2R B #8
I R FC2 P 1) - A AR A R AR DT S A
FCLMIME . 64 HJ5 (20154:8)}1) FC1, FC2HTillf
- RS I N AR 3 531 490.304% 5 0.504%, B4 KB
P 14 5 42.432, 5.248 KN/m, /T TR M
B BRR B (69.17 kN/mD 20, B+ TR MY e 4%
HAR PR T 50 11 3.52% 5 7.59%, DA AT LL#% FefE It
S T RE A AR BT R o /N A A

0.6 -
0.5 FC2{u#Eit
Q\QOA
gos FCI{i#it
t A
® 02
0.1 ¢
0 1 1 1 1 1 ]
5 2 2 2 g 9 =9
4 3 3 4 ¢ £ 2
g g 9 g9 g9 g 9
a2 2 2 2 2 2 =%
R 8 8 8 8 8§ 8§
i} 8]

[ 11 3% T f5 + T A& (e 2 TRl At () B9 28 48
Fig.11 Evolution of tensile strain of geogrids after completion
3.5 Mo
] £ TASEORAE P i & /K8 e, #THZ
e AL TAR, A TESS IERE, AL
W TREFHZH e 5 L EF A AR, AT,
117 HLBS (A 5 B e iz, w] DU Rk b 15 )5 15
LR ) T, OROKS 48 AR T e M 7 £
M. 1Z TREFERT100 mt TASPIRERL B2 4b,
FoR ] A S8R o AR Tt . IR 1200 Rkt e
J b BRI Al AR P T s S . S Al

0.6 0.6 2.0

at

5.0

A
“ - . .
4w

(a) WEESPIGSH

0|



12 4

44

los].
|

Hufir

]

(b) ESH5%

12 BRI EMFIE 1 U IR B S T PLAR
Fig. 12 Comparison between concrete volume in thin face dab and

that in gravity retaining wall

DR BT R REAHLE, 100 mir) 48 eyid e ot T P85k
BT T k#1928 myE A . Z3H5, 100 m
TR 50 B IR FH R G 2R AR RN L RS A RS A R
10.52J5 7t, WUk 5 N LA A 7.7675 70, RHEEL
i1 300/m> 5L, i 4 37.45)5 I8, TMiHNE )
IR HE L £455100 miKi&EHr 460.4)5 7, RI100 mik )
SR ot A Ll ) AORRE L RS 4 2023
Jit, AH T TR P RIS 1 38%.

s % %

i O MR IE RS TR, TR T L TS B
VeSS, AT T AR i T PR I
MR 37 S ARy B O g 7 %« B85 1 0 R s Tt [
DUBERIAS, A 7 b TSP TAEMES . 2450
W

(D G R A IFE R, 1 H R A 3K AR
TAER o IS TFIZ PR R AR it T
88, REMSPRARAR IRV it K3, PR AR U e it
) TR e T B S A S o s e 23 A o
JoU - n] DA TS R

(2)RG0 B4 B 37 K0 DN 45 TR 2 B 482 e ot 1+
PUBE BAT R TAEMR . BT b A 2 A R A
s B85 s 7 D ARS8 9 g S M2 ek )
L 2R R S AR 0 1) s B S /N T A
FE A, B BAS T 8 L D ME s R Te H JEsE
WAk I K AKCEAI RS 529.42 mm,  BE TR T4 R
19.2cm, FEAILF|FEE

(W FFFZ MM T 2N G A Tk - T A8 H
TAEGULINTTE SRS, REER i i v B vh 2 i
JesEEHA AR R, AR E, M H S ) A
TR T PUBE AR b, SRR T P TR R,
P HIIEERAG, TREEMN .

FRME, A SR T IR T 2347
S
[ THESC, X, WERM, % mEKRER e E 1K)

P BRE S5m IR [). 4 L TR~ 2013, 35(3H) 2):
55 - 60. (DING Jian-Wen, LIU Tie-ping, CAO Yu-peng, et d.
Unconfined compression tests and strength prediction method
for solidified soils of dredged clays with high water
content[J]. Chinese Journal of Geotechnical Engineering,
2013, 35(S2): 55 - 60. (in Chinese))

[2] TANG Y X, YOSHIHIKO M, TAKASHI T. Practices of reused
dredgings by cement treatment[J]. Soils and foundations,
2001, 41(5): 129 - 143.

[3] DADOUCH M, GHEMBAZA M S, IKHLEF N S. Sudy in
laboratory of treatment with cement of sty material:
improvement of the mechanical properties[J]. Arabian
Journal of Geosciences, 2015, 8(7): 4329 - 4336.

[4] zZHU W, ZHANG C L, CHIU A C F. Soil-water transfer
mechanism for solidified dredged materialg[J]. Journal of
Geotechnical and Geoenvironmentd Engineering, 2007,
133(5): 588 - 598.

[5] DONG P, QIN R, CHEN Z. Bearing capacity and settlement of
concrete-cored DCM pile in soft ground[J]. Geotechnical &
Geological Engineering, 2004, 22(1): 105 - 119.

[6] KZAh, WhA0n, skbiE. PIFm g R8s ) 3h Rtk Lt
B P sor gl ). A TR, 2012, 34(11): 2072
- 2080. (ZHU Hong-wei, YAO Ling-kan, ZHANG Xu-hai.
Comparison of dynamic characteristics between netted and
packaged
recommendations for seismic design[J]. Chinese Journd of
Geotechnical Engineering, 2012, 34(11): 2072 - 2080. (in
Chinese))

[7] SKINNER G D, ROWE R K. Design and behaviour of a
geosynthetic reinforced retaining wall and bridge abutment

reinforced  soil retaining wals and

on a yielding foundation[J]. Geotextiles and Geomembranes,
2005, 23(3): 234 - 260.

[8] X, #AMIIe. LR I B[, %,
2007, 28(8): 1665 - 1670. (LIU Si-hong, MATSUOKA
Hajime. A new earth reinforcement method by soilbags]J].
Rock and Soil Mechanics, 2007, 28(8): 1665 - 1670. (in
Chinese))

[9] X%, VES .t CAHEAR BN T (I KA 24,
2007(1% f1]): 644 - 648. (LIU Si-hong, WANG Yi-shen.
Reinforcement mechanism of soilbags and its applications|J].
Journal of Hydraulic Engineering, 2007(S0): 644 - 648. (in
Chinese))



2348 s *

2R 2018 4F

[10] LIU S, BAI F, WANG Y, et d. Treatment for expansive soil
channel slope with soilbags[J]. Journal of Aerospace
Engineering, 2012, 26(4): 657 - 666.

[11] LIU S, LU Y, WENG L, et d. Fied study of treatment for
expansive soil/rock channel slope with  soilbags[J].
Geotextiles and Geomembranes, 2015, 43(4): 283 - 292.

[12] X%, demie, SRS, & T TRF IR AR

KA FoE[d. & TRE24R, 2014, 36(12): 2267 -

2273. (LIU Si-hong, XUE Xiang-hua, FAN Ke-wei, et a.

Study on the earth pressure and deformation mode of a

retaining wall constructed with soilbags]J]. Chinese Journa

of Geotechnical Engineering. 2014, 36(12): 2267 - 2273. (in

Chinese))

XM, BERME, BRECHK, 4. AR A AR BRI

5L A TR 4R, 2016, 38(10): 1874 - 1880. (LIU

Si-hong, FAN Ke-wei, CHEN Xaio-lin, et a. Experimenta

[13

]

studies on interface friction characteristics of soilbags]J)].
Chinese Journal of Geotechnical Engineering, 2016, 38 (10):
1874 - 1880. (in Chinese))

XM, B, KWK, & B TARE ERNIRE G
K[, iR AR (A RRERR), 2015 236 - 243,
(LIU Si-hong, LI Ling-jun, ZHANG Yu-zhuo, et al.
Small-scale shaking table tests on retaining wall constructed
with soilbags[J]. Journa of Hohai University (Natura
Sciences), 2015: 236 - 243. (in Chinese))

[15] BREZEMR. 1 TASZR Mk BRI 96 K 5T 5 0 9T D).

[14

=

-

Rt P RE%, 2017, (CHEN Xiao-lin, Study on seismic
behavior of flexible retaining walls constructed with
soilbags[D]. Nanjing: Hohai University, 2017. (in Chinese))
I, M, RNR, A RABPRLG T L ARE) o kE
PESHSE R 7T, A 1%, 2015, 36(1): 131-
136. (LI Ling-jun, LIU Si-hong, XU Xiao-dong, et al. Tests
on factors of dynamic characteristics of retaining walls
constructed with soilbags[J]. Rock and Soil Mechanics, 2015,
36(1): 131 - 136. (in Chinese))

BRI A, b AR RS K Bt T VEWFS[D].
B KA, 2014. (XUE Xiang-hua. Sudy on the
model test and design of flexible retaining walls built with
soilbgas[D]. Nanjing: Hohai University, 2017. (in Chinese))
MR B TAREARR IS S [M]. dbat: Bl s,
2017. (LIU Si-hong. Principle and application of soilbagsM].
Beijing: Science Press, 2017. (in Chinese))

[19] MR, — Pl AR 4 F ) s R ek B 5

WFST[D]. WIE: WIE K2, 2011. (SUN Jian-song. The study
of design theory and application of a gravity retaining wall
constructed with soilbags filled with crushed stones[D].
Xiangtan: Xiangtan University, 2011. (in Chinese))

(20 #)0K, BE 8, B M8, A% SDREE TR R

R[], b 1%, 2008, 29(9): 2387 - 2391. (YANG
Gang-ging, PANG Wei, LU Peng, et al. Experimental study
of tensile properties of geogrids[J]. Rock and Soil Mechanics,
2008, 29(9): 2387 - 2391. (in Chinese))

A E&55|

B2 JeSUEEE A IRA
B3 MEREBKMKHEER T AW
B4 Rl ITCEARTEARAF
At 1 EPH TS

Jrf 2 e EIES AR A R A



12 W BEX I

(8 £ I ¥ =%
2018 F2HFE (F405), £1~128f (& 318~322, 324~328, 330, 331 8D

F40%, FE 18 (R 318), 20185 1 A

E BRI

8 L e 11T (e, T XME (D
it X

MICP R &5 55 TP B JPRFHEARIGAIETT  woevvermeemmesmmemsmsnssninncnienns XNk, H M, H A, THET, BER. £ 8 (38
20 J7 L2 5 SR S B O BT R BATTT ST eoveeerereererenmresmssssssesmssesenssessesnesesons oREE, x| M, EEYE, FTX (46)
B [ TP [0 S LEBRJEUETL]  wvevereerereereeseesereeseeseesesseseeseeseesesesaeesesaesenenesae Bk, PF, TEE, £ (54)
KL R SR B AT AV R TESEB) JJ MR AIHT  weveesmenmeseesneseennennencnnens Ri#g, Tk, 8 =, & @, ARE (64
TIPS BOE R K-SR FLE M RIALE T IPHT  wveeeerememsmemmesmmnisniennneens FRA, G B, BEE, X2 (74
y/iﬁ+:ﬁﬁ;ﬁ*ﬁﬂﬁﬁj‘_u_e"cyﬁéﬂ&*ﬁ«f—j’g{ﬁﬂ ................................................ 9& 4‘%’ j([J ‘@\jt’ j(ljijé’ j{ﬁ"‘i" (82)
HE T AR AT AT B ST AR T HE GBI oveveererseeereeseeseneerseseereeeneesesseseeseeseenens ik, Taf, ®& (D)
S P R SN - TR BT T ceeerererseseneereessessssese st sessssese st sesseseaesane BesA, H %, % F, F F (100)
HEAT RIS RTE S ZRIRARALTIFTY  weeerererrerereereressensssesesseensesseseseseenes kB, AR, BAE, GET, EIA (108)
Wb (Qg) WO FIFIHEBRIEYEIIST  veveeereeresessessesessessssssssnsssssssssnssassasssssssssssnsenn oM, WAK, % M (116)
SAME RIS TE NG LA REAE RGBT PR FIBETT  eeeeereeeereeseeee IFR#E, ZHX, EAX, REA, FRF, & OE (122
S BTN ST (B T R AT ARG TIFTY,  woveererererererenesenerssesesssssssesssesssesesssssesensssananses BEM, B M, 2T%F (130
KR L 2 R B A JLHISE JJ B weeeeevreerenesssssssnessssssssesenesoss s sessssssenons T o, REE, % Al (139
S 42 R R ) BT AR FE B ATRETE]  eveereresuesestestee et st tes et st tes et s et et st a e s 2 & (147
Bl R0 K TR EE M EIFITITE  cveverererevrsssesmrnssssessessressenssosssssaesssssssssssssssusnns WA, EHE, £ 3% (155)
b33 X

BN TR AR 23 mS AR AR T JITE BT veeeeeremmennmsmsssnsnsieieieiennes ® O BREK A4 FE THP (162)
b TG | LR L RE TR ST veeeeeeeeeseremnsssmnesnssssssees s ssssessas sesssnenas AAKE, B % IR, 4R (169)
B H 2 TR B MIBRGT T 2% TFIRAEPEIIGL  oveeerereveerssereresnesmnmnsssssss s sesesssesssssnssesssssnsnesons T 4%, f N AT
b TR IR G L IR PE SR weeververereereressensnsesestesessesesseseseesessesesesaenes IxA, BHE, HEET, KEE (186)
Coulomb #E N % FE B RN 1 7 RS (1) R JJTHEL  eeeeeeeesesmsne e WwoE B W,k R, WRE, H4E (190
[

T e 7 E TR (201)
S A I TFRIHT D 12 THA] (JE L)  eeereeeeseesseessseesssesstesssastesssassasessssestassssessesssaasssassssasseesnnses (73)
S T T R A S SE IS (IS ) 2018 TE G BTG  cevveeererereresrerssmsessssssenssosssssnesessssnssenons (90)
A TRREEARY AT T «overererseseseemnsssssesias sttt caesssssssssssssssasses e sasssssassss st sases st sassessas sasssssassssssssasnas (129)
IRIIT 2 ZEE] eeeveresereeses ettt st sa R R bR s sh R et ea s b s s (185)
(Bt TIZEAR) A T RSB E  corererererseeisit e s es s st s es et e s ea e s s B 1)

1 =TT LT PP RETID



Il a5 oE L OB ¥ M 2018 4F

BRI

l%—,fﬁlﬂ)h/l\l‘ﬂ]ﬁ@ﬁﬁ‘ .................................................................................................................. jJI./J\F(]]J (203)
t X

1995 4 H A M e KT MR A2t 72 5 S DR R SRR L B AT T L i - L8 7, & 3, PR, BB &, RN, & 3 (223)
S TARNT R TCIRIK 2 PV ITHIE RS BN AT BB ST IR TL  coveoeeemeesesssnesenesnensnenns XEF, XA, E) B, XFMR (23D
b -2 ) Sl P (K AR RDL  veevvereeesnennneeeesseeisentestestebes st e ste st st be e s re b e s e s W2, EFEA (243)
RN+ ST AR AR BT GE A weomemeeremmeesemmessenmeesnneeee KEN, & F, RAE, EF, KAk (252)
KRS SPH B EAR IR I NMALAG IE S L ceeeerveereermereennrnneiennieninnininennn. ® A, ’Iigj‘j.:_ll}%’ :g: W, —F]{J—EIT}\%" (262)
K85 T SR ) TR R E R PR TE R G TU AP AT  oeveeererrmereesnennreineiiiiiieenns F Kir, ﬂgé\f_f]é’ f/zf_\%)”’ ?}i%‘ (270)
éﬁ(?ﬁéﬁ@LTfﬁﬁlﬂﬁiﬂ%%@flﬂT&Iﬂ‘&J“iHE ............................................................ ]K/éi\ 7‘5%’ j('J;Zf\f/E}, 5&‘ E (278)
HEKNIPEBE R AEGORALPEREFIAREN SRR T wooveerrmemseesenmsnsneesnenineens WRE, BE R, XXk, FXHE, T & (287)
18 1) 25 T E OV RL R PR AR BT G BARMRIITTL  coveeemmermmessmessnmessnensnenineens WO, XOREL, ARAE. R (296)
im‘FéﬂD:ﬁ]ng«f—Ejjﬁ{{ﬂ‘ﬁjjyiﬁﬁﬁ ............................................................ 3%_;]—1{;/}\’ ]K/éi\ %’ ? ﬁg’ ]Kﬁt\*ﬁ;f]é (305)
PIV BORFE AR A AR R SIS AR FEAHICIE IR eoeveeeeees xR, XM, F o, AEE, FRE (313)
ST SV AR FLAG T PR B 18 S5 A AT SR I A LRI weoeeenennenees B, EMR, B EA, B (32D
X

5 BERE L B S U L REIIZ IO TIIGT  weeevevererrmesemnesemmneennne st MR, AR, MR, F AR (329)
SEFH MR 12 BRI IR T RE  wovveessssssssssssssnnssssssssnee ETE, A A, FHE, Bk (336)
FELIURE T AR L NGRIGIFFGY wovvveernrveessssessssessssssenssetensietessnseesssseesssesssanens TEK, 545, TE4, GHA (346)
.;%%IZISE)Q_;‘LQ_E{BLiﬁﬁ&%%*ﬂ@&ﬂ\@%{*ﬁﬂﬁ ............................................. Elﬁ@, E%j{é’ /—iﬁé%’ ;‘5_&% (353)
W K A FLEETE BEH U PE L RIGHTEGT  oovvvveerererrereeeemsnenneennsniieenssnitetennnieeeas x| ¥, X EM, B W, X KA (360)
ORI R R Dot R WEE e TR 1 A eetee KOk 2 E, B E A W WERE 370
BT CPTU BRI 302 AT AR B ST AT SR BIIITTE  eoveeeeeeees L, XME, ExT, b L A FH (378)
FRABLTIAE BN IR S ARE N E T it S T R (KIS AL eoveeeeee B O, & 7, % B, BIEAR KI, BRORlL AR (384)
[

IR N A B =t A L L L PR (295)
O T N R B D L o e = 5 L T RPN (304)
F o O TR/ BRI I T o T LT LT PP (320)
T T P PP (312)
i I e~ I (1A I = I - T R T TRPTRERPP (328)
/N e e L T T TR (369)
R 1k D N il =1 =< P BT 1)
1sE =TT L P BRI

$40%, ¥34 (8320, 2018438

t X

%:W&ﬁﬁ)ﬁﬁém*ﬁﬂmﬁ%iﬂ%ﬂﬁ ......................................................... {EI/%/%’ ;ﬂ}ﬁﬂg’&’ F *[n]’ F 5%: (391)
BT IR RBORNI B REIRIL I AT woovemeeseeesmsmenssseesnnenes KA, FAL, THRE. BhE, Bk, THE (399
K18 AR R A H AR BB PR A0 AT EFRTE:  ceeeererrneeeeeeeeiii ettt e BRI, i,:‘.g,:—%(ﬁ’ E%;ﬁg (408)
ﬁf‘%%ﬁ]ﬁ;*ﬁ lﬁu@@%ﬁlﬁ% ............................................................................................................... 7&/%/% (418)
e R S el b O i e S £ 7N b i A L L w4l g, FIRT (4260
S G S R | R IR TN o L TAE Y R R v A LRI KEK BAFA K OE HIEE (43D

“12:20” VRYITE IR ZNASHEILL  vveveeeneenemneeettr i e e s e INEH, K _#E (44D



%5 12 30 ISy S I

TRNEZ BRI GG AR BEE TR FEm T - & &, fA=, B &, FRE, X 4, T8, TRE (449
ARG A AR L (B BRI SURMIT RURFIERE ST coeveeemennesmneesnnnes FRK, XRFE, XH#FE, BET (459)
— T AN R A I RGN GHIE I eeeeeeeeeens Z 4, & B, LA, AW, £ M, DK (468)
BT RORELH RS BRSO AR A BB BRI TE woveeeemmrersmmnessnnnennnnnenns = g, REX, EEA, REE (475)
£Eoitia

AT S JEFL AT AL F]  weerererereereressenessenesssnesesesssrenessessssesesaesessesensssenennes B, % R, R, BEE (486)
| %

EVE L G ARHE LT BT D)0 [ AT T BTIRIGIIIT  weeeeeererereerereseseseseseseesnseensesesenns EEE, Ak E, BB, HE (495)
BT R S BT SERE Bl S BOATE O P JJ ARG T wevveeemmmeeemmneesnnnnsennnnnennnes TR, EEE, BT BRES, FARER (502)
LR HOEHE Y LI “ VLY eerereereereereesensessessesee e REE, F fk, IAE GxE, E#A (512
B I FE AR N S RIGTIFST  erverereererersersmseressenessnssssesestesessssesesaenes B, % B, B, %4 (520)
FARIEIIAEF TS 2 R LB ooeeveememnenemsnenennnenes ANFFE, & X, § 2, ETH SEHN, wxXE 527
FET Mindlin 05 TSI RG] TIGBRIIRE J]  eerevereesereereereeseseneeeeseseseeseeseneeneens AL, THW, 254 (533)
IR AR SE ST TS e A RN wveeereererseeeresseereeesesessesseseessesesesaeesesseses e aeane T O3, %, THED (540
AN AR A B X TEHER A MBS IR TT vveeeeeneenee FoH, XA, BER, FARK A i, £ 8 (546)
B S NFLBE LI 52 R EL B TR ZEAMAT  wovereeeererserereeresensessssesestesessesesesaenenseseneeae s S, KB, SEE (550
VR JE R BETE T TR G L RSB AIGHI T weoevveeesmnnessmnessmnnesnnnennnes M, x| %, den, R OF, 2EE (562)
AN R 2B A B IR PGB ARG TT wovveeemmmessmneesmnnesninennnn wWOB, ERW, B8, FEE, Bk (568)
#ﬁ:l]}:Ha:-H-ﬁ JRC D/\J"ﬁﬂfm‘@{ﬁﬁéé\\ﬁ?ﬂﬁyi ................................................ ﬂ%ﬁﬂ%’ ’% [—]ﬂ’ E I)’(]]J’ E fﬁ\" (576)
[T Y

D018 4F JE5 565 21 PE 1 S BOPE L RAR S A5 L IAI]  wvereererersesessesessssessssessssstessssessstesessessssesesessessssesesessessessnsns (M7
S TR A L2 ) S RN EHAT]  eeverereereresreressere sttt et sttt et e b s et ae sh e st st st ae st a s (561)
S TR A L T RO 1 B4 (JESL)  eeeveererserereesesessensnsessssesesssssessessssaessssesssssasssssssssassnsnsnns (467)
2018 4E A TREHI RS ARAEL S 1 BT (fES0)  woeeeerersererseressesessesenessesestesesssresessessssesssassesseseassaesessesenseaeens (553)
(R A TTRZEARY) FETT RS weeerererersereesesessesessssestssessetesesestes st e sae et et s st et s st et se e seae s sas s nenessas s neansons (567)
IRHIS 2 BLT| eeeerererseneseee oot st e a e sh st e a et h e s h bR e s e a e e b s et b e bR b he sh e s s st bttt et s s ens (582)
(Bt TIRER) EA T RIEDBZE  cerereeeeseiietins ettt et ettt et s et st s st s BT 1)
O Yo OO OSSR BT ID

F40%E, FA4H (232D, 20184 4 8

it X

$5-BE B I N b VY S 1 A VA 2 2 S L R L IR AT, YRR RO F O (583)
AR SR/ w5 7 ¥ 9 i P R o L A L IR LR AORL EHOR, BEM, ok, x| A (592)
B AEI E R B T AR A REIRIG TG weerevvemrerrereneeeseresnnsnteeeteeensannnnenneees £EY, B, BEE, BAN (602)
IR o B = R g LI (v O P FEYR, IMEZE (612)
PO AL AR AN 1K B ARIBIR  ovevemeseremm s KEK, EEH, A%MH, #RA (618)
FERU AT EL IR BRI YL oovveeererreneesmnsnnnesenniieteeennieiee e OB, A& W, O, W W, Hata, FTET (625)
S PR L I T IREN G IRIG ST coeeeeeeemmmmmmereretetmm it WL dE, B4, MEA, KFW (634)
KR TR ZER AL A (R IR B PRI TY  woveveesemseensssnnenns B, BRH, BEE, K OB, FIL¥ (645
AL 4 et ITRIOE | LI TE /e R s 7 T T L TSP WHIE HFR, TEF(655)
ST MO CEME A A TR I JERE A BN ] B BIIFIT  ceeeerererennvemeemernereennonsnneeneeeenennnnneane T %, x4%, £ 1 (665)
RIS i 5 VXS k7 S BRI T ARG TR OIFGIE  woeemeeeresmenenmennenees R OE R, REY. B (673

TP VAN 2 - 5 AR ELIEJTRIGTFTY  wovveevrerseessessnessnessesssssssesssassasnsans % O, VEE, ¥ 2, & Kk &M (68D



\Y; HoE L OB ¥ 2018 4F

JE R XUBETEAN R TTHZMGY AN A BTG SO LRI FE M TT  woeeeeeeeeseeeenes Lo, x| %, # ¥, BEWE, BB (689
RIS AR N HEADRF I RORL R VERTTY  veeeememesronmemmonnesssnnnennieene T @ K M ARE TERL B O# (698
RGN L BRI FE P B JL IR RSN HT  wovveereeerseessrsesssenssssntensteseestessnessseeae e & W, #Ham (707)
T IR TC R REIE) [ LG ARENATIIY wvveereeereeessnesssnesssesssnssssennssennns x| %, WERE, HEK, B4, 2 XE (716)
PN H I NS VR U7 - el Lo R 150 N S B R R A OB BREDX, XN, XE&T (726)
518 ANy 75 16 (KA 2% ) SR SRS AE W ST BT TL coeeeeemmemmsmmmsnsmmsnnsneenns £ M, AHA AL R B X (736
B BTC P [ L LU TR EESIITEST weveeeereesseesssesnssesssssnsssssunasesassenannans R, K A, BAE, BRA (743)
| X

FLRE 13855 LR [ A B IOATTIY  eereeerrveesrnessnssssemssnssnessssennssssessnseannns B, & %, Xk, 2L (752)
TARE KA IS TR B RIS G IO - A K, AR, THER, 4 %, 5 B, A& (759
BT HRB BN KB BARBUNESBURIHITTE  coveeeeessesssesssnssssnsenen ZRA, HEW. ¥ A, REH, RBRWE (767
[

2018 4FJ 55 21 PEHE S BB EE L AR 2555 L LA wevveroseersseesssessnsessssasisssssesstesstesssesssesssssseasesssaessnesssaanns (591)
S A R TR 2 B A 0] A R A2 (2 ESHMAI)  weveeerreeerseesssrsssessssnnsnassssnsasssssannaans (611)
E R N N O D A 7 N Ot L N T (624)
2018 AFEAH T FEHU T A ARAELS S L B4 (JESL)  seerevererserssssssssessssssessssesasessssassesasssassssessessssassssassssassesssnses (644)
I 2 D I LT (664)
1 I 1 [ (735)
R It 0 ) - ol =1 - T R 1)
1 =i I RV 1D

$40%, E5H (2322), 2018458

it X

Bt L A L] 1 Husdh, AL, X B, EiRd, Bl (777)
U 7K R 27 BRI B IE OB T INBLITTIT,  coevervverernnnresrmmmnerrmii e Mo, ¥ A RANE, T O (786)
P AR AT BT ) ) SRR A RTFGY RARIG I IE  weeveevervrrermmmmneiinnniiriniiii XNEFE, TS, SEF, B ¥ (79)
W RS RREL ) 22 AT H SRR LR IGTTFGY, weveeeereesennennnsereeeeneuiiiiiitiiiiiee et F ORI, R, FRE (802)
WA A AR A S 5 R BN T TLIGZE  eveeesseereessssssns s BB, B %, HEMH, ERE (81D
I TART SRR T B PETRAEAGIIFIY  eeverereerserrmmnrrrmmnnniii e kI3, BAL, THME, BEZ% (819)
BV IR AR TR VAT S K BT BT AN AT oo vvvvvssermmmmnstmmns ittt ettt e et s e e
................................................ BEKE, ERL, FIRE, ZHF, B N, AR O, T &, IMNYE, HHE (828)
LR =t — LR R AR AR R I TE MR ST ST LR ceveveeernnessmmmmnneriiiii e, TEK, ZWHE, B T (837
TR UHT T FEM BB IR woeeeesssssesenssss s FRX, ¥ W, TRM, KAE (848)
IR 5 X TBM BEE A BT IS ovreeeeessssssssssesssssnes 3B, £EB, TWE, WKW, $55 85D
EZ2 SNNNIE AR R R s I RNt a2 N R 2 LR BLegfe, EAEAL. A M, TEZ. BAE (864
AN ERBR BE AR IR T i s SEIA LK AR coeeeeeeeenes Wokit, & &, RRE PAR, £5F, K T 872
T B B e R B AT G U R ceevereeermrmnnennneineieneeeeees % |, B O fF, T R, Feeik, FE (880)
TR T PR JE U IREN I IR ARHF HEIFF Y seveeeernrornoeormntiiiiiinn e e, BRE R, XX E (890)
b 2 AR T RS M T T RS TS EG ] veevveerseeessseessesnsssnsssssssessssesssnansssassessssansnnaans T O, Mexdb, FYLE (900)
18 TR L ISR WAL A S AR AR T SRR weveeveereeens IWE, R, £ F AEW, BEAR £ F (010
X

IR B 2 A TB BRI woeeeeees WAL, TWH, AAK, BAA, KEX, KK, KEE (918)

AR AU RGO I GO TLR  oeveeesssesessssssssssssssssisss s Aok ¥ B B BEL (925



12 W BEX \%

%R e N e I AA 7 5 =R LB Y R e e S R MRl, FRE, th M, GFE (932)
B0 R AL R P R ZE (R BLIFIRTEGY woveeeveereessessemssensnessessssessensessessssnssens INEE, BHE, #XE, T2 2 (939)
XCC HEHE IR AL 7 FEIIRB G ARIIIETL  weoveermeesmmesmmssmemsmsneinnnne FXH, WER, WXk, HR%E, KEHE (945)
TEVE MQO BAL AL L ISR IT  ceevererereeresesenmsieei e T B, GRE, Kbk, EEE (953)
AT (D RIS SSICEZFLBE Y & T TR AS TGS woveereeressessssessesssesessessssseesseenssennas Egs4, HEEA (960)
[ET

S SR - B ) 222 RN T EHAI]  oveeveereereereereesteieentet ettt et et b e et bbb b ehe b easeresnetsanees (863)
- A LT TR 2 55— i 4 [ T A 2 R AT 2 (2 5ATL)  weevveesvesseessesssessesssenssnsenssesssesssessnenns (909)
(A TREZZHEY) HE LT HE +evveeresseeresssereesseeieeseetete st ets st e s eesbete et be s et be b e e be e e as et sheebeetsebesasetssbeassebaasees (793)
IKHJIT 25 LB eeveereereereerienieee ettt e st et e he b ehe et et bbb he s et et b bt e b e e be et e he b ehe b sheebestsebe et etsarees (818)
(EATIEEIR) B T RIRTED IR coereererrerierteeie it ete ettt bt r ettt b ettt bbbt bt b ae e R 1)
FEFETZTU]  woveereereereersessesesitesee s et e et et e eheebeeheebesaseebeaseebees s eb b esb et b e b et e b e b e be b eae e e beeheebeeasebesaseassbe s seber e R I

$F40%, F6H (2324, 201846 B

it X
RV kI FBEEAK LT HHRBE T woveveeeemsernsssnmssenssnnienes OB A R, BEDE, ET (969)
ET IDA (ST I M BEREHL  woeverreeremroermreessmen s e LEE, F AL AvEE, % &, B % (978
S BB ALY RE S T HEERICHMONT  oevveeeeessessoneee BEE. F R HRY, BRE KSR (985)
VR T AR AT R [ ) S RERIFGY coeveereemmmmnerserimninnininnennnn w7, WEW, B AR, BB, % 4 (994)
BN MR AR K3 5 TR RS ooeeeeeeseeeeens R, ELR, BHE, $%h, AA#HE, RAE (1002)
By A el s et R L T PPt T, kA&, BEH (1011
MR RENT 22 FLAN 3 TP K= T RIS ML (K ST -everemermmemenmmemenmmennmnne et st st e s e FEk, B sk 1020)
TR ] T 52 S 5 2 I ) B30 M 7 YR B TR A TT VG R JT] wevemeveemmemeemmmmenmmeneene et st e e e
..................................................................... OB, ERA, x| . 2 4, HFE, 258, ZAE (1029
MBI BRI BLLIEARTE TP HT  oovvvvvreeenseresenomnneentietniiiininieceienn ® R, KAK, 2o, FAE (1039)
L ST A SRR A VIR D - (KBS MARIE ST weeeeeeeerrnnnneeeseereeiiiine ettt ¥, LIEM, ISR (1048)
) JERBEIE SN I AT R R A TN S ] eoeeeeeeeneeens B, M, KIS X B, KA, G (1056)
SERTRAGT T YR IKHEEL I Z] JIMARISPHT  eeeeeeerrereerermneneeeemmmnneernnieete ettt e s seneeee e A, Ak RRA (1066)
S T A 2 B 2 B PEUITETL oevveeeessseessensnne F@, IOM, RBF, 2 B F A, ZAA (1075)
W WM VR SR PR (F RS T SRIATITGT  weveeevereremmnmmennnmeennemmeeeteeete ettt e e TR, xEs, A, B M (1084)
FEUR FEL2E 5 P A4 MR L B R (6 S AR eeeeeeessenmsssennss s PHE, T ), £, HiE (1003)
| X
D3ED At IO L] AN S D & L A o N AL £ R o T P P FFE, KMEE, %X (1103)
KV GE CFG WS A AT AR AR E TR wovveeveeseenmsssesnnseens FaA, WHE, A FAR, ¥ OF QU
T 2 T TS SE8E /KA A B R TIRIGTTTIY  woeeeerererrrererrrermnemermmereetteteettereetteteeatenenereneneeene & HHE, s (1117)
R M ST T PR LSO O RSB B BIRI I weeeeeseesseeesssensssnssssssneae stHR, X%, EEE (1125
SR ST P Th M FEHLBIATFST  -eeerevereremenenemmnenemenmmeneteeete e e e e e e FHE, %—, 2584 (1135)
R TG IR KT R JE R B E0H1 ER HERBT oveveeeeeoe AFE, x| K B R, HIE, A HER (1143)
R U P BB T SZ PR ATBIHUBITE L ooeesseemssemmsssmms s ZE%, B, W8, ZHEE (1152)
BABE
S M B S REAE A ———FF 2018 AE B SCRLPF R 22 ARIRAE 2 IR TS rovererererrroseersesnettnttetinintiiiiiiiieiatietnaens HIEH (1161
I
B E N S22 AR T ML ceeeerereeererenen et e e e s s e (1047)

S A T T R 2 A — it 4 T A [ A 2R RIS (2 A1) woevveveeeessmnmneesssnneesenntiteennsiiesee s (1151)



VI HoE L OB ¥ 2018 4F

i I e~ I (1A I = I - T ALLLT TP T R TSR PP RP (1065)
/N e e LT T L LT T PP PP P PP PP PP PP PP PP PRPYRYST RIS (1134)
(B TR EF T BT D BEE  coovverrrrn e e e e (RETL 1)
F1sE == T TP RETID

$F40%E, ETH (2325), 2018478

t X
K R ) PR L IR R IG DFTY  +ovvvesssseensssssemsssssssnnssse Bl Hth, A#M, K (1163)
& TSR R S R L (I B L REE FI IR weveerseeesssessssesssssssssssessssassssassssassessssesssnesssenssesssassessssensnns kg (117D
BT B T TT TS SR AR AL LB JL U T FT T wveeereeesseesssnesssessnnsnssssseesssassanessseessenanaas Weig A, #E X (1180)
VR AR BT LR G FIBIAIHT  wovveseeeesssssssssssssssseinnnss FUER, kA BAE, ST, REE (1190
FDEM-TM J7 IR 0 U B ceeeee ettt et et et sttt sttt e e e e e T Rk B (1198)
SN BEHE R TT T 235 108 B R R 2L eeveeverrrerermmmmnnniiinniiiin B e, EEsR, 2Ea, IMELE (1205)
VTR K R ARG () UHE e eeveesneesseensseesssssssessssessssesssessssesssaesseseseas 8, BER, & 5, x5k (1212)
RO 1) IR AT IR ARV T S AR BTG TE  ooeveemeeronmesmnessmminnessnenineens IHME, FOE FWFE.F R A A (122D
S G SE RS A ISR T SRR PRFALRIT T woevevmemeesommenmessnensneinnneiinsennnes AP REETE KTH, B9 (1230
RBERAS DO KBNS T I3RS FEMARIETT  coveeeemmesseenes FIE, GE 5, #EAL, CHUGH Yoginder P, £ &3 (1237)
A2 HIBVE N [ R - HHEOS LA NARIRAITTT  wooveerenmemessemmsmmessmessnsinieineennes FEM, B B, ANE, KEE (1247
Eb et R et e o N 7 L x| g, RRE, B OF, BEE, FHX 125D
[ELL S e R w1 Y oY N e T R B MR, XUER, BOfF, BARE, BRI, TEHER (1268)
S S GZ S S FOA S BN I RGGERETIAT  weeeeseeesmmsmeseene W&, xR, XA &M, | M (1277
X
HE R TR 5 1 TR B8 S IRE E G SL  ovvveeeveeoeoe IER, HAR REE, A%, X B (128D
I E TR R Y R U] 11 SRR F 9T, W%t BT, 1Ak, BELE (1200
- B IAR S ARE U FE IR IOITTIY  wveveveerreeersseesseesssnsssssssensssesssnanssassessssassnnaans A3, EEk, FEE (1300)
TN SIRTREEYTIEIRIGTIFGT  wvvvererrrrrerrereereoseererene e IEERE, BMRE, EXE, TEE (1309)
BT AT B PR S U [ G IRIGIIFIY  wveerveeerreeesseessensssssssessssesstessssassesssassnnaans WA, EEE, I 4L (1316)
VUGBS IR RS RGO AT S wevveeessesensssseesssssnnns Bz, TRB, LI, BER, K FH#, xR (1322)
BEZURESZ I BN LTIATFIY eveeevnnreerrmnnsertmiiiittiii it e et e W R, k=4, X A (1328)
WOCTIREREIR AT 5 5 R AR TR B AR ST oo wOE. BRE, FHFE, REH, BA, BAH—, HEE (1336)
G VAR S R RN g s L ST 6 R KE T BAEAL K& xR BT A BROR (1344
2 H S B SR B A T S PRSP AT weveeeseeersensssessssssseessssssssesssessssassaeanns kA, NRE, ZEE, THS (1350)
it o#
TR RN 1 A = 2 AN L B D) AT (K B T 20 QAR S B AT 7 O AE eeveeeee & B, B, thib & (1359)
X2 SN - A = 2 RN R B AR TE IR B TE TTAZ X AR IEHERE LI IHT 7 FHBIKIE R coveemesessnmssnmsnnssinieennens
......................................................................................................... WOLE, £84E, % B, T (1360)
&R
dE AR TR =i A L 2 e b TR AR AL (B GHL) veeerrrrrerermreneessnnitnteenisieesennneaes (1170, 1189)
B T RN T e b A 3 Ny = 1 . R T LT P P PP (1246)
B e A E Y TR A B — e A A B A R ARITFIT A (2 B THA)  ceeverrrnrerrrrmmnrirmiii i (1267)
I i R (IR A ST LT P RN (1293)
1 =1 P P PP (1315)
(L TIEZIM) EFT T BIRTEAREL ettt e e e R

T1sE =T TP RETID



121 BEX VI

$F40%, E8H (2326), 2018488

t X

R OE AW N AR RN g 1] g s BT P PP PP PSP etk (1363)
LM AR TG RN R ZE [IITFGY wovveveeereresoseseeosennentetet it ttittotenntettetetetettatttatesasncasotasasssasaanns Wv-FE, £ 3k (1373)
TP B R ARHL e ORI, 2 A, KEM, EEJK, X # (1383)
RJEEEBAPE BT BEEBUABARIETESL  wrevveesseenssssssnnsssssnnnsns TR, F W, FER, THE, WEK T (1305)
AT RN R 5 VA T FL U PR RS TT [HTJFGT wevevvverveeeneeeseresnnsnnmeeeeneeenssnnnnennees &, A, KEIIL, A4 (1405)
TARFAEZIBR T R B IR SEH LTI eoeereenneneneee ettt st FEE A, M ok, BEFE (1415)
F T O AT L (IS G50 & = YE A RETUFGY  oovvveerereerssreessssseessssessisieensseesssseessesenssesenseses AR, B (1424)
7 8 8 I RN A i) A 24 SR PR BB b A RN 1) R B MR SR 5T oo EEL & M, RLEE, TR, 44 Nl (1433)
T O BRI A S BEZLRIG I ST covvevveeeereresnsonneneerteresennsninnneeeeeeeens %Ak, F ot T, 8 AL, s8R (1444)
A G 0 B 4 HT (RSB B AR AU T GY, wvereveenseessnnnsnnssssensssnssssnnssssssssssesasees Sk WAk, JA O3, B F (1449)
RO 1 [ E AT SRRV E AR 5 SR IRTTIEIIETE ooeeoeesmmesmesneeneens I8, 7 &, fFAW¥E, EARL, F OB (145D
T NMRHAR A TEIE T SWRC  wrvvvversesssssessssssssssssssnssssnns MER 4, kB HEE, 2ME RYR (1466)
R IR T BB FREN AP AT weeeevrevrerrereeseesermsnnonneeneeeeeennannane sk ROD, O, EAE, 258 (1473)
HALBEE “UNE—VE 7 O G HIZRIR JJERIGTIFST  coererverereereerermsmnsnneerteeeeennnireeneeees Wik, PFEE, E ¥ (1481)
U7 P B [ KA EEFIFLAR AN AT TY  wveeeveerseesssseesssesssnsssssssessssasnnasssassessssassnnaans XA, &, PR (1491)
RT BT 25 18 N e I WP PRSI RS B LI Ty eeeeeemeeveeens KT, BE & LW, K & 15 (1498)
AN EEEBETERE N o AT I8 BRI B OB GG TT oeeeveeemmermmensmeennneenn SRF, RRE, FF, FXE, B F (1507
W R B ) T B RS P A ORI T T - Eam, BB, ReH, KAke, REE, F £, TR (1515
X

PR IBIE b SRR P IBRE SRIEAMT  woeeeessssssnennssssssnnnnnnnns FTEA, KA NFT, kG B HF (1522
A AE FH T SN0 - R BEAS M S S K T LI S HT  ooevevvvemeemennereessensnnmeeneeeesennnnneane Kk, 2E%, % £ (1528)
A NS Lo AL 90 Wi e N v = O R I, BHEK, ¥ T (1535)
VR BEREARKUE A IE RN (0 AR BEUATIRITAT  oeereeeereemessssssennesssennennnnns WoOB. EEE M M % (1542)
RIS T it i A N T o = i T O O PP ¥ T 5 (1549)
WIS MR AT BRI L7 T B ORI e e IR £ # BT G, XE, HEK 2 ¥ (1556)
[

LIJ+7I<L$§l%é§§€+£}[_ﬁé+ﬁ#&%+¢%§#7{<ﬁﬁ(§€*%@%ﬂ) ...................................................... (1414)
T I e~ I (1A I = I - T L ELLE T TP TR TSR PP RT (1472)
/N e g T T T TR (1555)
(L TIESIR) EF T RIRTE DB cecereerrerrrrtette ittt et te e e e sttt te e teese s sttt e e e s e eesasstbeeteee e ens (BE 1)
FEREFEIU]  eeeeerernsennmemnneereereennaosstetteeeeeeeas b tetteteeeae sa st bt bt e e s tesees seuabe e et e s s eesen ss bt et te e e e e e s bt e tee e e eas CRETLIDD

$40%, EOH (2327, 20184 9A

t X

FETARR I Biot BES HLAN - A B AT TEAS IR P TS ER TR oeeeeeeeseeenes KW, THIE, i, 1 (1563)
N R AT A ISR Y EN = R N SRR IR TEE, g F, e, Hkth, dE%, HSIEHArid (1571)
ISP U ape i AR YR TR -SSR i b v i i ol AL R LU EC LU L LI X5, £ R W (1584)
SR T BAT SE GRS AR B QUML) wooveemeemesemensmssneennens T ok, T B, 4 & HER, FFE (1593
€ R A T A R BRI B IHE L] eeeeeeeevenesneessnneneenneesirente s e # K, KB, AW (1601)
s RS IN 2 S A R AE () DSCM JEH AN T I wveeesvresseesssnesssesssassssssnssssssseesssennns &5, EEA (1610)
TG B R IR AT AR N ZR AL TGRS 54T vevvevveeerrersensonsnneeneeeeeeenniinieteeeanennens MR ST, BN, Mg (1619)

H T Timoshenko 2B 8 [ ZEM T 2% F YT I IRAN TR cvveeeerorveerermreneermnnreeeseniiieterennneieeenane A, B4 (1627)



VI s oE L OB % M 2018 4F

IK TR EE S VBB SEMEIRIGIIEGY wovvveerrrreerssnnemsserensienensneensnseensnseensneas RAKE, % &, 2 b, HEHE (1635)
NI 2 O R B S ST G JT] weveeeeereeeeeremeeerememmemeemtemeenteteeeteteenteneeneenee P ﬁ’%ﬁﬁjgﬁg(mﬂ)
RT3 R (KO [P 25 AN AR BRI R B ARG SR L EL NI womeemmemmsmmemsmmmsmssnsssssesinens ZRAL A K (1652)
NIVGRARE L2 IR RAL A SERPE TR TT  oeeoveemeeneeenenens REd, KA, BKE, Fle, =4, K W (1659
F: T Mein-Larson K70 (A E FIBI R BRI ceevereremennmerer ettt ettt ettt FEE, B X, HiEdE (1668)
B BAPEIGIR | B ST A L B B N PUABBTTAR  ceeveeeeerereremmmnmemnmmmennttte it ettt ettt F B, HET (1676)
= X

T IRE BB IV L ELHTRIAR T T ceeerrerrsenerninnniin e A, TAA, E454, WY (1684)
5 HE ALK AR A RRE0 N TR TR AL oeveneeninenennennens KM, WA, BTk, ARE, x| (1690
TR LR ) B SR UBRURARPERE AT oveeersreemss s TR TRE B K Bk (1698)
B B o N TR L LD G 00y USRS X %, a4 (1706)
I EOK TAR “Bh— 7 NSO R R HLBLRE ST -+ 2 R, 2%, R, 4Rk, HEE, T K 48 (1714)
VR G FIRFHERD TR AR IRIATIIT eeerevereremereremenememetmmeneteeet et e e e e e P, FEk, FIRT (1723)
HEATRIEN IS TR HEIRIGTIT ST woeeerereeererererereeerneeeermeeeerteeeet ettt ettt ettt ettt teenteneeneenee ENE, RibE, BFIE (1729)
B M NE R IEREIIRIE 1 p -y HIZE oo Fusfh, HEE, H  F (1736)
AR TTE RGP I HULILF IR oeoeeeeemnessssssnnnns s RAER, WO, BEE, B 9, HHR (1746)
AR TJRH TR AR AR LI veeesserenssssenssssnnnens B, ¥ #, (TR, ¥ H, *tFE (1753)
CI

P E R TR SR 22 i 4 TR AR KL (B B5AI])  cveeeeemmmesemmmemnmmne e s s e (1618)
T I e~ I (1 A = I - T L LLET TP TR TSR PP RT (1683)
) BT T T T L LT PP PP P PSP P PP PR PP PR PR PR TS PR PR PRTE (1735)
/N e e T T T RETTLTPTPTRRSTPPRPO (1675)
(B TIZER) B T IRIRTE DG EL  -oeveeeverernmererne ettt e e s e R 1)
1T T R ID

® X

+D’Jﬁ%g§¢§ﬁ&§j§m}ﬁﬂ .......................................................................................... ﬁ)ETfP—TF, ﬁﬂjg’g (1759)
TR BT YA RE SAS TG I R ST MR, woeereeneemerneerenerenssmnntittitttereen st tteeeseeesnneane mes s, RYE, B B (1766)
R A B TR S AL (R BA T GT cvveeveeerereserosnnsnenmeereneeensennnenneees W, s, A )|, gk (1773)
W B EATURE B VBB UARTISL  woevvseeenesssssnnesns WRF, K B 2 S BEF, A (1782)
AT R I 2 ] SR R AL ] eeveeeereesermsnnonneeneeneeensennnnunneaeeeeeens AR Webd, ROER, B (1790)
LK AT 5 A TR PR IR BB IFAL  woesseeeessssennsssesnnsssssennsaans IR, ZEF, xlé, B2 (1799)
FETIRPE 2 VBRI A BB LA AP TTTE  veevereereemenesmsesnennenescenenes WER, Fita, EME, HRE, #F B (1809
LRI B AN A AR ovevesvnnsssernnenes FA#E, Bk BLE, SEMh, fRE, ZHH (1818)
B R 22 R 52 IR TG ARIATIIIY,  woeeerrvererererrenerronnititeiiiites ittt e e, B, EET (1827
AT B R S A A Y MPT L B HITETT wveeeeerereroremreneeeereensonsnnititeeesesnnnnreeneens & Z. F &, % B (1836)
SR A T I th VT e 2 BN AR IR RPN weeeeeeereresennemmemeenereennnnniiieiteeeneannnneane HHE, AL EA, T M (1843)
TR TN FH TR 3 2 P A5 T [FIPEBEANAT  ceeevvrerorerrereneeesanterenseensnitensteeesaneenane YL, EE, TEF (1852)
AN RN B A SR ) B 2L S BE R SRR T woeeeremneeenenees WO, EZOE, S, @ A, T E (1862)
BT DU 0TS BTRIAE B o T I B LA T BB Tk - WAk, x| %, RER, R, En, AGIK (1871
B v TE R T/ K B A TG AE SR ZK LR TR weeeemmmmmeremmmmmneessnoneeceenns Fte, EARL, FAF, ik (1880)
BRI G R KT IS I L AR IR SR TE I T oeeeemeremneeeees WM, FRL, FAFE, FikiE, B0 M, BRxiE (1889)
ESitin

g T iy 1 = - T TR Z 42 (1897)



12 W BEX IX

5] 3
A IR 2950 S T RS H N0 BB BT RIS eeveemmemermmennne et Meal&, % B (1905)
BT SR SRALB LR R IO AL S OB SR ELTTAY  eeeemeemmmessmnenineens & #, WREX, KW, ALk, A#KE (1912)
B L b R A BT RIS T GTY evverernrrererornenn i o fE, LAEE, B, T (1923)
HF A N AS RIS K AR, eeereeerenenenenenet et e HE W, R, Bk (1930)
D R AL 2 LI o Al 110 OO O B, LML, £ M (1936)
ARSI T AR SRR LA A oeeeessseresss e FEA, Efok, THT, $RE (1943
AR I R s XGEE IR IET AR I H 2 AS TR S AP AT oo eeeoeeennseemmsemnnsemnniiii ittt e 3 (1950)
[
e Ry NI tay T ey PO ey S LN e = am el v Ny A A = L1 D B T T P (1826)
TR E R S22 S TR ARAEA S A )\ P DIl veveeemereenmemeenmemennmmnetnee e e e e (1879)
S MBS ” SRR 2 SAFL  ceeeerererererenenene ettt ettt e e e e e e (1904)
e AN IR Tk - & e 5 N ST TR (191D
T I At~ I (1 A I = I - T LLLET TP T LT PR PP RR (1929)
/N e e T TR (1942)
(B TIZER) B T IRIRTE DG EL  -oeveeeverernrerernme ettt s s s e BT 1)
FEFETEITU|  weeerereeeneneemneneeetemetete ettt ettt ettt et e te et e et e e e et e e s s e s s s s s e R ID
$40%, E114 (B330), 20184 11 A
t X
BhLIRDEORHS B O AL BOGGIRE S HEIITT  eeeeeemeremmemeeneees ik, & R, XARE, BO¥L, K &, BK (1959
B S BT R TEAPHT  ceeverererereremrnnee et ettt B OE, A &, mE{h, XuEE (1968)
VR A St b o R A L B TR A BT — > FEM-IBEM BB TIVE  coeeeresssmsssnssessnsnecens RAX, K& 197D
NN TR A RS T UL G HERIGTIGT  -eevverermmemermmemmmmmemmmmmeeeeaees FENE, AT L, R (1988)
N ALl = N L g e R g L 8 by 1 S PPt X EAE, BRI, £ (1995)
BT HM—er R BN R IEUA T IR BIARAITTT  woveeermmesrommresenmnsssnneennneens KER, KREM, XMAK, FAL (2003
RN L8 T L BEBE R IUAITISY  ceeverereremreemmemmnmeemmeneeneeeneeenee e e ¥R, AN, 2, T A (2012)
PR AE ] R A B AW B FTEIIITTT  eovveeemereomeesenmemeecsnneens x| A, BHEE, FR®K, Ema, H OK, E K (2022)
TRHSTTR BN I VB T IRHNY S5 SR AL ceveemeeeemsssmessnennneens FZ&T, ®k B, KEZE, &M, A (203D
B SRV - PN AT E NS = I E ) ) MEFE, ZHEK, [N E, ETF (204D
ANV I 75 50 AR S AL TE A LRI BRI ST oo 5B, EANAL RFETE XS, XA, B £ (205D)
HER AT P G5 TR A AR PERE T T B AP M eeveeremrereerommeneesesosnnneeesnntte e ennete e s e ;EE, B k(206D
SRAE e R I 2 4 BBV MEBRIEIITTL  woevevmemeesmmsmmessnenineens M, REm, HHEL, B R, £ Wl (2068)
FHEFS s () A S AU [ AR Ve USRI SRS TE VE A MBI TT  oveeeeveeronesmmessnenssnessinennneens ERE, THA, ARA (2078)
A s X B T S R T AR T A FLEE S LRICRAIT T oo eemeemmmeemmmenmesnnenneeennes AT, KU, o, FiE (2087
A T TR T RSB B TTVEMIGY  crevereeerereremermmemmemmmememmeneneeanenee WL, ANE, Fuew, REA, TEA (209)
5] X
[y R R 2 A 9 T i e L. 2L = Ry Lo < o S B <SR B, xS, TWE (2103)
MR S MO0 2 R B TR BT ) A BT evvevoeeeeeos FRE, BIGE, A ¥, #H%, T F (210
% R XA A R R RSB BT I FLBIIITT  coveeeenereeee *® K, REG, MEL, K, #TM, HHIE (2120
(YRR ICRD - P i 5 DES (KB AUR ARG, woevmreremmrermmrmessnenessenesnen e KAM, HAAF, BEE (2129
B Al Sy bk L] 7R 11,10 OO AR, £24, ¥ 2, AXxAL, 4%E (2136)
BUERDEAEZACT TR BER SLBEARAIITT  coeeeemeeremeseesinesneens KiEE, F K BEMN RO, XK, M (2143)

T BRI N AL ZE A AE U I YEII]  +ovvveeennnnnensnenensenensnieennieensneen e TAhE, T B, B, BEE (2148)



X a5 oE L OB ¥ M 2018 4F

&l

tE AR TR =i A b 2 e b TR AR AL (B2 GHI)  weeevrereessssnesessitneetenntiteessitesesneaes (2077
b TR E AT 12 5 TR ARAEA A |\ AN D G AT GHA]  wveeevvresermsreneesnisnttesenisittesesnitite st tesesineaeeeas (2102)
b AN R G g R O N T T P PP PP PPRTPRS (1987)
A TFEBEFRY JIETT AT +eeeenenvenereenneersennnnmtttetttensenatst bt teetesee seutt bt teseessesses s sbtebeeeeseesssasbtebteaesesns (2119)
1 =1 [ PR (2021)
(L TIESIR) E T RIRTE DI ceccereerrerrrrtette ittt re ettt te e e e sttt te st e e se s sttt te e e s e eesasntbeeteee e ens (BE 1)
FEREFEIU]  weeeerernsonnmemnnnereeneennaostetteeeeeesss et tettetee e e seat bt bt e e s tesaes seusb e e et e s sessen s s s bt e bt e e e e ee sttt e tee e e ens CRELIDD

$40%, ¥ 128 (B 3B, 20185F 127

it X

BT AR AN L3 SRR T ISR TTEIITC  voeevmmesmesseereeens HAE ST, N YRR, F& 3, %I (2155)
HEABPIRASH S Z i 2 TEHLEIH LA T covnererrnerreertireree ettt FOKGR, EREE, XA (2164)
B TYURRAR IR AL 5 B SRR AR T BRI TT woveeseessnesnmsssnsssinninniennens WER, 7EE, REW, £ F (272
B O B R SLH AT TSR PERJFIT weeeeeererreererneereeeeenssmnnntuntitetereessnsnrtetteeeseassnaneane ZH7H, WREDL, XEEk (2182)
LIRS B LTS JRAT H BUMTIFGT wereeernremrerreenreeesernminnnnneteeteeenssnnnnenneees A B RFE, X EE, x| H (2191)
YEIRGE GERITE - UH BT ceeeeeeeeens ettt tee e sttt e s e s sttt e s e et e e e e BUEBH, 2k, AR (2200)
FRLBIH BB HIEE A PEFTY  oovvvsseseessssssssssssssss s AMWE, 4 ARk, TAE. X B (2208)
BT BN 2 R TT IR U R AR R B IR ST AT  oeeeemeemmmeesmmensmesnneeneennes X 7. WEE, AXE, ROE (2215
G HIEIE T IR ARG TIFGT  ceeererervemreeeerersensensnntenteeeneasennnsneeeeteeensanaane BB, BRIEE, R, XITER (2223)
Yk BRI LSRN SRR TR AT EETI:  eeeeernnnrstrrnn ittt e T W4 £ (2231)
s L R 2% 1] [ R M A FLAE TR X VESIC I wevveeenvessnesmeenetsniessiteniiteentsne s T W, Mqn (2241
Tl A 3 L B O 11 e LEME, WA, THE (2249)
TR ) A2 G A BT Ml 2452 BRI LA GY. veeeveersesesssensnsssssssssssssessssssssnasssssssesssasssnesssenssensnns 2B 4k ELE (2257)
WO AT A TR AT HD TSNS RITITY  wveseeenssseensssnsssennsssennssssninssinens BEAL B OB, wEE KEE (2266)
B X

Q@ﬁﬁ{@}:{j?iﬂﬁmﬁ(ﬁmﬂhk%jégjjjjuruj@ﬁ*ﬂ .......................................... E/EEH’ 73723@ ? jjh’ [%E\ Mj (2274)
T REASAT SEP HUTEELARLSPATT  wevveverrnmernnseernneernenene it FEEL, RO, JheRel, I RME, M (2281)
PO R EAT A PERERT T, T RALEEIE  coeeereremsnineenes W, X EW, 4 &, AmE, ARE, Hed (2289
BN iE R sk DR WP N L NI LR i e AT v % 1 SRR R IR E S & %, YT R (229)
T AR R (PTE) I YA SLBR L B B KRR coveeeeneesneesneens nwnE, A, & E, KE (2305
A S B R TIEE TR ] TR ZRIFGY oovvveersnvesssnsesssnnessnssessniuessnssesssseessseesnsesnssesnsnnens BMEE, TEAL, REH (2312)
FEB AT LT R AKAFEE I ELI  weeveeereeerseeseessssensssnntesssasestesssessssessaeenns 4, IMEZR, 5EE, HAE (2318)
FSARTAAE ] R JARIE A 45 0 S AL T RS BB JJIRE  wovssssssvnesssssssnnsssssnnsnnsesen KEW, £, WEk (2325
HeT AR FAR PR I AL TARIRBIFLIEIY  cooveermnmesmeessnniinneinnenneens I, A 4, s, TR, EFR (2332
SRBEIAYR T BUBEFIIZRIGHITIT  cooevverersmerneseromntnte ittt HEE, X, hEw, TEE (2341)
&l

dE AR TR A b 2 e b TR AR AL (B2 GH)  eeeevvereerssrnesesnstneetenntiteensitesesaeaes (2181)
UG ILRE TRLRFRIRIE (A5 0MAI])  creereererrerreersenamnuntustteeteraesesttttesteese s snrtebteeeseassannsreebteeaseaens (2304)
b AN QI g R S N T T P T PP PP PP PR TPRS (2311)
A TFEZEHEY fIETT AT wereeserneerenrereesnonsnottettetes ettt te e tesaes seast bt te s tesses seusnbtebteaesaesssasrtebeeeasaasns (2348)
1 =1 [ PR RRRPP PP (2324)
2018 FERHEHZR(E40%E), B 1~12 B (5 318~322, 324~328, 330, 33L HH)  srevererrcerererartrneinneiiniitiniiitiiiatneeenens ap)
(L TIESIR) E T RIRTE DI ccccereeererrrrtette ittt et te e e e sttt te st e e se sttt e e es e se s sebeeteee s ens (BE 1)

F1sE == T L P RETID)



12 3 BEX XI

Chinese Jour nal of Geotechnical Engineering
Contents of Vol.40, No. 1~12, (Total No. 318~322, 324~328» 330 331) 2018
Vol. 40, No. 1 (Total No. 318) Jan. 2018

HUANG WEN-XI LECTURE
Geatechnical investigation and remediation for industrial contaminated SiteS — ««sesesrerrererrereeaererennetatattneaeeees LIU Song-yu (1)
PAPERS
Dynamic behaviors of MICP-treated cal Careous Sand in CyCliCTESES  ++++++ssseetssersesreettnaetintiiiiiiiiiiiiiiiiiiitiiiiiiiiienns
................................................ LIU Han_|ong, XIAO Peng, XIAO Yang, WANG J|an_p| ng, CHEN Yu_m| n, CHU J|an (38)
Centrifuge modeling of 200000 tonnage sheet-pile wharfs with relief platform e« ceeeeeeresesmerie
................................................................................. XU Gumg_mi ng, LIU Yang, REN GUO‘feng, GU XIng—Wen(46)
Three-dimensional strength criterion for transverse iSotropiC JEOMALENialS  +++eeerrrrrrseeseereemmmmmmitiintitiitiitittittitteeeeenne
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