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Particle breakage of rockfill materials under cyclic loadings

HAN Hua-giang™ 2, CHEN Sheng-shui® 2, FU Hua" %, ZHENG Cheng-feng*?
(1. Nanjing Hydraulic Research Ingtitute, Nanjing 210024, Ching; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic

Engineering, Nanjing 210024, China)

Abstract: Through lab dynamic tri-axial tests on rockfill materials, the characteristics of particle breakage and its influence
factors under cyclic loadings are studied. Considering the variable quantity of different ranges of particle size after grain
crushing, the particle breakage form of rockfill is differentiated as angular crushing and skeleton crushing in view of the roles
that the rockfill particles play in the mixture for the first time. Incorporation with the fractal theory, the broken rate of rockfill is
defined as the variable of the fracta dimension of aggregate gradation, which can be obtained by the fracta dimension of
aggregate gradation before and after particle breakage. Furthermore, the relationship among the broken rate, the shear strain and
the dynamic volume change of rockfill materiasis established.

K ey words: rockfill materia; cyclic loading; broken rete of particle; influence factor
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1.1 s &

RFE R ST 300x700 mm, JiFFH HEA RHE Ak T
AR TR, 4960~40 mm, 40~20 mm, 20~10
mm, 10~5mm, 5~0 mm SFRi4R7E Bl E T 4. 1k
FESILF Ja R KGR AL AR iy AT, AR5 4%
AN PR AR TR 25 A T JEAS R g 2440 1 I 3l ek
RIS I o AR UGRIS L HEAT T 241 60N UFE G H iy 2
A, WA SR AR LR L,

£ 1 AR ISR
Table 1 Basic physical property indices of rockfill
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Fig. 1 Typical test curves
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Fig. 2 Comparison of gradation curves of cyclic |oad tests before
and after cyclic loadings
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Fig. 3 Change of columns relative toinitial gradation under
different grain sizes
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Fig. 4 Relationship of variation of Marsal’s particle breakage

rate with dynamic stress
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Fig. 5 Relationship between fractal dimension and dynamic stress

after cyclic loading tests
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Table 2 Vaues of broken rate Dy, of rockfill after cyclic |oading tests
, D1 D2
G
[l Hs /kPa il Hs /kPa
Ke odos 400 800 1200 2000 3200 400 800 1200 2000 3200
0.3 0.02 0.02 0.03 0.04 0.05 0.01 0.01 0.02 0.03 0.04
15 0.5 0.03 0.03 0.04 0.05 0.06 0.02 0.02 0.02 0.04 0.04
0.8 0.03 0.04 0.05 0.06 0.07 0.02 0.02 0.03 0.05 0.07
0.3 0.02 0.04 0.04 0.06 0.09 0.01 0.02 0.02 0.06 0.07
2.0 0.6 0.03 0.05 0.06 0.07 0.09 0.02 0.02 0.03 0.07 0.09
1.0 0.04 0.07 0.08 0.09 0.11 0.02 0.03 0.05 0.08 0.11
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Fig. 6 Fitting curves of D,
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Table 3 Fitting parameters of D1 and D2
AR50 i c/% C
D1 0.0465 1.158
D2 0.0378 1.268
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Table 4 Basic and fitting parameters of verification tests
. BANTHEE  RATEE BT ‘ c
BUREG 2 o W LR ' c
/(g:em™) /(g:em™) /(g:em™) 1%
T1 59 R AL KA 1.74 2.21 2.03 24.0 0.0214  1.632
T2 59 RAHP T 173 2.23 2.21 20.5 0.0504  1.510
T3 i XA 1.61 2.14 2.14 20.5 0.1165  1.052
T4 59 R AEAE K 1.69 2.17 2.00 25.0 0.0225  1.739
-
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Fig. 7 Grading curves of verification tests I
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Characteristics of lateral deformation of soil-subway dynamic interaction system
ZHUANG Hai-yang" 2, WANG Xue-jian?, WANG Rui®, CHEN Guo-xing®

(1. School of Civil Engineering, Shandong University, Jinan 250061, Ching; 2. Ingtitute of Geotechnical Engineering, Nanjing Tech
University, Nanjing 210009, China)
Abstract: With regard to the insufficient researches on the reliability of the existing seismic anaysis methods for underground

structures for the seismic design of large-scale underground structures, three site classifications are designed according to the
relevant seismic design codes, and the characteristics of seismic deformation of the interaction system are analyzed under 84

conditions by using the finite element method. The results show that when the peak acceleration of input earthquake wave is

larger than 0.2g with any kind of site classification or when the site classificationis IV under very small peak acceleration, the

sail-structure interaction coefficients are all smaller than one, which means that the lateral soils with large deformation may
push the underground structure to be deformed maximaly. In other word, the large deformation of the surrounding soil

0 3l

foundation is unfavourable to the seismic performance of the large underground structures. On the contrary, the maximal
K ey wor ds: subway; site classification; seismic anaysis; lateral deformation; soil-structure interaction

jillf3

deformation of the underground structures should be constrained by the surrounding soils, which is favourable to the seismic

performance of the underground structures. Meanwhile, the effect laws of the site classification and the properties of input
ground motion on the seismic deformation of the large underground structures are also analyzed.
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EAVARTS AU Y AR VY P VAN P o R VA 2 AEi0f )
AR N BT VA A A S T SR B
IV S (S T e = R VA 2 250 LN 4T ARV 9 Aa T
PRl A G Sl SR L N A AR I (2 A |
&, O N ESRIPURR D M R TN R 45
H RO G it S 0T, R M By ) A AR
NS B A8 7738 BT M R T G5 i A
FEEAT LTI .

BT, ARSCR A NEA BRITIER AR #1553
S R S R B A A RTEAT T BUE A,
TrHT T ARSI B B3RS SN AT K2
NI AL, DU AR T S K AR T 2 )
(¥ L= K Bl A B TR DU SCHIT TSR BE A
o aR TR o S i R S S .

1 HESNHZE
1.1 AREHEHF

2% (EHPUE BT E GB 50011—2010) H1 T
IS4 4.1.4~4.1.6 ThiGELE, T
WL N IEAT 438, DA T S8 I7 /e IR AT 2k
NS ERR IR MR AE S Bk, ASCLIR R

MR 2 5 2RV R K VT T M B R O R, T
TRFEE 55 2 R SEAR , O 7 M A5 5 B VR R K ),
HEETHIEHH WA I L IV 3 258725 0 LAtk
YR T 7R TR, R 1A TR
TG 2 HE R 20 m YE N 22 B
L 7 15 2 S o AR Mk A T A (R VR SR 3 1
TR A, ASSCHH SR IO 233 4 1 e 2
P, HA S0z FURTE I A AR BE A Fod et ok
AR IR 20 m Y FE Py 2 BT D)0k SEI
1.2 ki T FEuhEH8R

ASCHEFE (PR 25460 0 H Rk s B 1R 9 2 X0
SRR, R S5 AR A B A R i 1 ()
fime BB EREE R 3 m, HhZkdh T 40k 1) 5
JE 212 m, EECh 12,49 m; Hb TR 2 S5 R R Tk
JEFE S 0.7 m, JEMREE A 0.8 m, FHRERE S 0.35m,
MRG0 JE AT A R BEMBEEE S 0.7 m,
FIZMESE R 0.8 m, s kR EARN 0.8
m A, FEEG A AR 9.12 me HAE ST, K
R (PE B AL E T AR RS IAE, BT, K&
RS AL AT T IR AR B . ATl AR S 1
MR A HPB235 AW, FZREwE 1 (b
FiR

F 1 T REHHhZERI% 5
Table 1 Different site classifications designed in this study

W5 25 B 7R dm B DI R Vi (mrs™) Wy Ry btk
II II 80 300 d>5 H. 250<V&<500
nr* 80 250
111 112 80 200 d>5 H. 150<Vg<250
1IN 80 175
vt 80 150
v V2 80 125 d>5 H. V<150
v 80 100
*2 ' a4
Table 2 Conditions of site classification I1I*
T sy
1 #Hit 19.4 35 3.0 o0 ) (mes D
2 Sl R 19.4 4.2 4.0 S_ T
3 iR L 19.4 6.5 4.0 ol
4 HriLF+ 19.4 8.2 45 e
5 B+ 19.4 15.3 4.0 0.49 Bl
6 L+ 19.4 25.4 4.0 H ol
7 PR 19.4 26.3 20.0 oL
8 Wt 20.0 425 8.0 0L
9 2R+ 215 38.9 285 g0l
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Fig. 1 Main dimensions and distributed steels of cross section of

subway station
1.3 ANMERR B LA R

ARR AR L Pk 5h ) AR R R g 10 g
SEHVER A AZ BRI IR E T B ) AR R, AR
BET b ARR ) SO R, A H A5 1) R A R Bt SR AL,
FEEE BT R BS, AL T — NN R P
) ARG S) ) AR, BN T W22
SCHR[9, 10]. ANSC TRESHL I 1 2R AW B )1 24550
WA 1, HEBRSHOT IR R A S0 2 H BAR
SEJTVE NS 2 3CER[9, 10

vl S Ry B R ARVR e L ik B 0 €30, JREELZh
AN R Lee S ™42 HY 1 36 58 1 5 J3 B i 0,
AR TR T (T AE B, 7 Lubliner 251241
HH PR S PR A () Bl b AT Sk, 23 SR R A
P43 28 e SR A IR Vi Tk L 52 N 52 Hs BRI P AN AN R 1)
W BE S8 g AR, IR 2 R4 AR R R AG TE B T 1)
J MR BRI, ST T REE AR T B E R 3 ) 2
PER ARSI, C30 VELGE |00 W PR B 70 2 B mT o
W22 SCHR[4] o TR BRE L R R AN A R F M RS RS,
FRA PR 210 GPa, AU AN BN 5 ke 1
Z AR IT 2T o
1.4 BRTHFRE

N T PR, ARSORHT DY S 1 1 Y AR A

=

e ‘
(b) EREHH R ME
2 T THEMBEERGRBRETNS
Fig. 2 Finite elements of soil-underground structure interaction
system
%3 PHEBRL B ERGREELSHEVE
Table 3 Values of parameters for plastic-damage model of concrete

R 24 ZHE F 24 ZHE
v o IR AR )
PR E/MPa 1.55X 10 s o /MPa
MELVN =AM 0.15 W, 0
R (kgm'd) 2500 A 1
Iraksy 1C) 36.31 d, 0
W46 e R R
s /MPa 0.74 X 0.1
W RN s ,IMPa 1.04

RRT: NT Abd DI pAE:S [ EES TN & N
A2 (BBl 1 %) (master-slaver surface) [1 /)%
fEib e (L Abaqus BCEERS B SCE), i 7
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Fig. 3Modelling contact between soil and underground structures
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Centrifuge modelling of working perfor mance of foundation pile embedded
in expansive clay with high liquid limit

YANG Jun', ZHANG Da-feng’, LI Lian-you?, SHEN Zhao-pu?
(1. Key Laboratory of Civil Engineering Safety and Durability of Ministry of Education, Beijing 100084, China; 2. China Road and Bridge

Corporation, Beijing 100011)
Abstract: The centrifuge tests are carried out to study the change of displacements of pile head and axia forces of four single
piles embedded in strong expansive black cotton soil with high liquid limit after being submerged considering the influences of
pile length, pile head load and expansion isolation measures. The self-developed rainfall facility in the centrifuge and the
artificia seepage path in the model stratum control the submerging condition of the black cotton soil foundation. It is found that
the effects of rainfall condition on the axia forces of piles can be divided into two phases. In the first softening phase, the
wetted expansive soil provides less friction resistance, which increases the axia forces of piles. And in the second expansion
draft phase, the swelling uplift of expansive soil produces more friction resistance and the axid forces of piles decrease. In
addition, the displacement of pile head caused by the submerging is closely related to itsload. Under rainfal conditions, the pile
without load is uplifted, while the pile with load of 625 kN settles. Taking expansion isolation measures around the pile body

will decrease or even dliminate the negative effects of expansive soil deformation on pile foundations.

K ey words: black cotton soil; expansive soil; foundation pile; centrifuge; submerging
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Table 2 Summary of model piles
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Fig. 1 Separating pile from surrounding soil by larger-diameter

casing
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Effects of salinized deterioration and aeolian ullage on soilsin undercutting
areasof earthernruinsin arid regions (1)

CUI Kai" 3 GUAN Xi-peng" *, CHEN Wen-wu?, CHEN Meng-meng" 3, HAN Wen-feng®
(1. Key Laboratory of Disaster Prevention and Mitigation in Civil Engineering of Gansu Province, Lanzhou University of Technology,

Lanzhou 730050, China; 2. Key Laboratory of Mechanics on Disagter and Environment in Western China (Lanzhou university), Ministry
of Education, Lanzhou 730000, China; 3. Western Center for Disaster Mitigation in Civil Engineering of Ministry of Education of China,
Lanzhou 730050, China)

Abstract: The effects of saline deterioration and aeolian ullage are the important controlling process for the formation and
development of undercutting disease at the bottom of earthen sites in arid regions. Among them, the traces of movement and
enrichment of sdts and the essence of sdine deterioration for anti-erosion ability of soil are the two key issues. Through
real-time monitoring of the temperature, moisture and permittivity of three typical sites during concentrated rainfall process, it
is found that the larger time gradient difference exists between the changes of temperature and moisture content in soils located
in foundation and undercutting areas, providing much power and being a transportation medium for sdt to migrate and
accumulate into undercutting areas by capillary action. Based on the above monitoring results, and by analyzing the particle
sizes and conducting wind erosion experiments on remolded samples of site soils which have experienced different stages of
wetting-drying cycles and been cured under different salt types and contents, it is shown that the essentia reason for
deterioration of soil resistance to wind erosion in undercutting areas is the salt enrichment increment caused by the annud
concentrated rainfall in the arid areas and coarse-grained soils and the uniform particle sizes caused by wetting-drying cycles.
K ey words: undercutting area; salinized deterioration; gradient variation; wind erosion modulus; homogenization granularity
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Table 1 Results of analysis of grain composition
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Fig. 4 Exudation of salts and pul verization of particles of 5 RUREIRIELE R
samples and undercutting areas Fig. 5 Results of wind erosion tests
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Table 2 Results of correlation analysis between indexes of grain
composition and wind erosion modulus
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12 0.969 -0.945

F 3 KRS Tk 2 S EHIE YT SR
Table 3 Results of regression anaysis between indexes of grain
composition and wind erosion modulus
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Fig. 6 Regression analysis between indexes of grain composition
and wind erosion modulus (9 cycles)
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Calculation method of geogrid-encased stone columns' bearing capacity
based on cavity expansion theory

ZHAO Ming-hua, HE Wei-xi, HENG Shuai, LIU Meng
(Ingtitute of Geotechnical Engineering, Hunan University, Changsha 410082, China)

Abstract: The mechanical mechanism of geogrid-encased stone columnsis complex, and the characteristics of the geogrid have
an impact on their bearing capacity. Based on the theory of cavity expansion and the assumption of the soil pressure of the edge
of single-pile effective reinforcement as the static soil pressure, the method for calculating the bearing capacity of composite
foundation is obtained. Combined with the engineering examples and existing research achievements, the results show that this
method is more consistent with the actua projects. Finally, on the basis of this method, the analysis demonstrates that the
optimal reinforcement depth of geogrid-encased stone columnsis not a fixed value, and it changes with material properties and
soil conditions.

K ey wor ds: geogrid-encased stone column; ultimate bearing capacity; cavity expanson theory; optimal reinforcement depth

5 =

BT Bruans M PR-PTVE 2 S0 B T S0 S A A A 11

PRI A B, A B AT TR e R
Uf o EUMRAE . TR AR RO AR T N
DI 5 e AL KRR, Van Impet™ ¥ s th 7e f bk
TRUHRHTE 5 FEIE— Tl bg, TERR “ i b . fE
AR AT R AR T, B [ A AR R RIAS A
FFRT-Be, WA MR IE T 5P, 4R EoR
WA RE AR A AR RE R A0 T Sl A B

AR TIAE D VR 5 i B A W A P B ) B
b, — BRI R RS A i B
930 LA 80 KIS 2% RN BE LA #347 HE BLIK S
BIPREROOR, JHREX W th T H I8 AR sk B
SKBIRIN (R AR o505, (HAZIiAE T T i
INFFAT R B ER BE N s Bl e FREmeE®, w )
R ) ¢RI 3 FORFIBIR B,

BEAE I HIT .

SRR W25 Giel 2451 O S A e 4 k1)
AT BE S N BRI R T, ST B IR R R
JE, ORI AR IR AR B I R R N, [
I, Lo A5 i DA R S B 6 th 15 5 T
55 PRI AR S I A A T Ol B T AR B P ir
SE AT AT BE AR B TR, BB AR IR
I PEREAG AL ) S, T 28O O0 T Nl Bk Al A4
HAERIR I A AR E N RRAS, SO — s
BT 2N BUR B I3 KT S BR{E

BT, RSN AR A TR R SR A 0 4 2

EE&WMB: EXRAREFILETH (51478178, 51208191)
Y¢Fs HE: 2016 - 06 - 01


mailto:mhzhaohd@21cn.com

1786 a5 oE L OB ¥ M

2017 4F

B DL N S0 [ X o Hr o, %S S
BE. LR PRRATE, M) Vesic BSLYiKIG, ik
Il X 3G e s 4 ik b sy, Ak e
ERER A3, A58 7 AR R AR, RS
HAE A BRI OB PR A LA, NITIERAT 1 A3 46 A A
A IR PR v 7%, TR ] S B TR
GITERAT TIRAE, LAY i R A b SR R
T BTk s f— R i) R o

1 EfLY kit EREE
1.1 EXRE
W 1 FToR,  DARERE S A5 b3 o 1 SR AT o [ i
BlA Mt %, T Rst s, Ffibin R e
(1) BEJE AT A0 R 340750 L 25 v () 1 14 5 98 P
BE, HIRA Mohr—Coul omb 4 5 vE NI .
(2) FHFREAT B ) AR TEAR R~ 1 R AR 1) S
(3D A (1) W7 24 5408 ) A PR Al PR 48 2 5 B0
AR AR RS T R
(4 sy Hr Ttz (i B A .

O 0 O

1 ST rEE
Fig. 1 Schematic diagram of anaysis el ement
1.2 SARXARRE LRSS
Dems MYy SUBVERT RIS T 45 6 A2
TV, AR TE R4k 3B BL:
(D AEY FLE IVEBAERTS B ™ A i
PTG, HWAR B PR
(2299 fUE G 2o SRR e A ] Ak A
AR, BBVEAR T AR
(OB A WL T AT A R 4R i o, 2Rk XA IR R e
TARTCSAL LM W AW, BEAAR R A B IR
DRI IR A AR N, A AT 23 Dy & 2 i
NIRRT
(D WX R<r<R,MXHL.
(2) #PER: R<r<R{IX .
(3) JEEM X : ReSr<R, X4k,
gr EATA, AR R AR Y. 1 B - Ak w]
AL BEAA IR B BR Ty, L s R A A SR
AT, ARHE Mohr—Coulomb #E A5 it i 11 B8 44 -
f=(,-s,)-(s,*+s,)sn , - 2ccog,=0. (1)

L, s, s, 20l LARIAR ) Y ) FUER ] )3 77
Cro o 3 A AR B AR DU BY ik RS AR 9 EE A1
AR SO AR AL I IS R 0B 5 B2 0 P R AR O —
B, BPEIARIGEIIPUBY R ¢ RN RS oo 1930 1
A R L B ) 5 5 P S R A A i AR B, AR R
Vesic [ L4 5K B K Af 4 LI RN, AT AT i SR Ad
FLEARIAMESL, TS L AR TE RS 2 A 1)
AR, SR TCTEHE P R S A S A A B A B AT )
BEL 7 o DRLAB S WA S M A2 Ak 1 s g A ik E )
S.e =S,y ==K, 02 2
b, g M EARERE, z2h PARREE, s A bR m
PARKLARIO N ), Kos Akt s ) R
K,,=1-snj - 3
RIGHIP 4 T LRI 57, AT S0
SR BERIMIBE 7 o W] RE .

B B
M EH

(b)

2 RFLYskERITEREARERE
Fig. 2 Calculation diagram of cavity expansion theory
1.3 R Him. (LBIA0RE
FERESRAG LAR AL TR T, A7 0 EEXS B 4
TARKIRN Sy R RS kAT 4 M. $E T ORETEL Vesic
[l FLY SR ERIR A Bl KAk TR BRARAS A ] 1)
Iy BE 2 1) 3G, MR A R R, T



45 10

A, A TR AL SR IR R R B AR T SRR 1787

4% Mohr—Coul omb 54 J8 HE I Ji] - fAc s DX R 9
PEXIIN 3375 iR 35 3 IEA TR

wfiE (2) Fizs, Vesic FFLY TR IS &K HE A
(1 S5 AR T AU DA~ T I A K T, PR P v R 5
z SRR B AR TR T A, il 3 P
o

3 BILIKM NS
Fig. 3 Stressanalysis
AR T AR P o T RE R

ds, s.-s

—+
dr r

X, O bR TTE R .
IAEFAE T 21 TN AR [ B, A7

du _1-n? n o U
dr ?’ 1-n 31
ol

E
u _1-n? n o 7
RS L
K, e N AR NAS, g b LRI NAR, v Ryt
IRALL, E b bARSERIE, u A LR A,
A BT 5 B RE R IE .
(D FMEX (RSr<Re[fIIX 1)

BE R EARTERE ARG LR ) P AEA R b T
ARASI, wPRE AR R Hh ) AT R R /L H R A LEE
VU J& 52 25940 W s 70 PAE R JE BROKSRPEAA, A RT3
P 3 2 e R A 2 T 5l ) R 4 TR L XN
WA

L0 . 0

> ..
u
Sr :&; pr ’:l:
r l,

2 Y (6)
S :-&p ’_I.
0 r2 r b

X, PONBEAY LT
gity30 (5) ML (6), HATR W3R R
, ()

ur:(lén)%fsr
X, R WHEABIAR 4%

(2) WX (R<r<R,MXH)

Y LTI K EIRER Py B, A4
BERIAR M 2R B WK 2s |, fLP ARGt
& Ro #75K 2] Ryo HiG Tty ke (4) M

Mohr—Coulomb i iR¥EN] (1), 7 R—r (r A4k
PEXAT R — mAER) YW T Ry, AT EE X
WA N 1354

2sinf

(i u

s, =(s,, +Cxcot] )&&g R cxcotj !
&r g 1/

6 za Uy
_1-sinj & L yaR, gesnt g

« = T¥sinj g(sru+c>cotj )Sr = C >COt] IE'J"E)
)

X, s A EARIRBREIRR 7y, Ry ABEAR RS FLF

2o
H R A AE N AR I AL R IL S (7)), AT
B AIITE X WAR AL A3

é 2sinf u

1+n A X GL+sinf L
ur:( )rQ(sru+c>cotJ )@E‘S - cxeotj U, (9)

€ &r g u

é a

X, o ERMPIBTRE, | AN RS .

2 FfEfEAMASNITE
2.1 IR FLFZKEE

H Vesic [EFL 5K 3 KA A B 52 B Ty 1)
KA TR BRI (G L . A e i i 2 pn 2
I o SO g vy AL ) B A B ARL, R TSt (2)
PR BOE [N &S & e ) 2 v i SRR R i A 2,
ARG Mg g L A2 )

T AP R R—R 52 ) LR Bk,
AR — AN R AA, B AAE N LR R=R, &b
ZRIAMNIET) q=op FTEH], 1EAMAT R=R AL
FIIIATHNET] do=0re MIAE o FIHEARIE T 2 vh R AR
fZ TR, AE Ry—>Re I HAAYE Hl A A7

2 2 U
&é-l 1-52 1
S, =- ;252 Srp_ %stre ’:I:
|
R VR

y (20)
R R i
— +1 1+ i
__ I I .
Sy =- S, Sre °f
R LR
R R b

A SRR H 3PS FAL 42 Ry, 145
LT FAHEREVH S AR BR Y FLF4E Ryo
¥ (10 456X (2) (EF IR T R,

K,02
R=R[=E (1)

Hor, DRI R A B AE TR S FH s 28] DARERE P QB
Bt LU AR AN} B HEA T 118
HRNAMEIX 1205, FR454 Mohr—Coulomb it i



1788 =T S D R 2017 4F
RE UL ) e I X A8 AR (R N ) AT R, Tk —2D sk Pry FPE
P o] b AR PR R PR 148 o L E VNN S W)

R (6), FEmpdIdE A S AT T =J , (19)

S, =-S, (12
¥ AN Mohr—Coulomb Ji IRAEI (1) Hf, 75350
S AT S AR N ) A

S, =s,=cxos (13)

M ZAE DN 73 (8) vl R Jo) L AR PR LB 77

2sinf

(L+sinf
S, =cxcotj (L+sinj )gdi+ - cxeotj . (14)
éR g

YA AR A2 A 8 (7D Fnsp s AL Fab 42 1)
it h
qﬁ%;&% . (15)

LS EIRIN, RS L ARARAR A A SRR X AR R AR AL
BAPEXARFRAAL 2 A0, Bl

R} - 7Ry =7k - n(R, - u,)* +x(R; - R)D, (16)
A up NIRIVEAS AL AR RS, DOy A
PEDCF AN A, Al - TS 2.

JEIT B3, mg ki b, e sl (1D Mk
(15) Al R RY fLF12 R A

1 2(1+n) D10 L o2
RJ—J1+D\/[D+ ooy IR+R . (17)

¥l (1D X AR Ry (A7) F R RS L
AN (14) o, e AR pE e EAR 1
G
2.2 TURFAMRIEA AL AR AR Bl PR 1) AR

TR A A 52 1A ) LA R 735 41 A R F R R 44 R
Inf, M2 s s 4R .

Y

T T
BAtHE

dé R

T T,

4 BRfEMRIEZ HREE
Fig. 4 Force diagram of reinforced materials
ML 4RI, BER AR R M B s |
Py YRGB, BRI LS s b 8 Y Bl )
AERRL T, WRAEZ P A3 LT Py

p=s +- . (18)
r

SRS, AR R BB D e daC (14) 7533,
ST PR A LT T T S S T4 21 45 R LR

A, I N BURIRIRE 547 2 kN/m.

HIEAPER AR R R BT IR B R 42
Ry I, il 5 e BEAR B AR T, At i RyiB
P79K Ruo DRI MRS 1A Ab A FRARZS N R4 34 Ji)
VA

-R-R 20
e R (20)

X, Ro A AT HERI 4G F 45

K (14 A R E R EAMA (19 Ft
R BROIRAS i )z A (e AR R (18D, BIW)
P BUTAEAAE A R B PRI BR 5 ik Ak

T
Pru :Sru +—= (21)
r

A, By AIRBRE R Sy, T A FidHL s
2.3 FfEMEAHERBNITE

5 A A AR AT 4 BN A RS 23 I P A 2, Bk
MAETZ PR INFEE 30N BB A A 25 5, I G
A TS AR, B Hughes 250 )T
FUATR, AR A HE A SO B AR AR AE (1~3)
dp VR B A « SCRR[10] 7 Gniel 45 (111856 1 45 HH 42 bE
AL A A B (RIS BE,  T 23 In i
BEAR TR A TR BE I I, SR B 25 T 7% 2
Fii Be 5 AR B A AL . Hit, R T A RN A A i
WA, SRAFHER SR R B R ), AR P4 sh
i 7 2% S AT T g EH AR AR SRR B g XS Ty
TN ) F A SR U, AR TR 75 21
Wk Ol BOE R EBIKIOR . @AFRFifii Btk 4
[3ISTE7

WA W LRy, Eh ) Py B— Bk
LW

F;Jf = Kp,pRu ’ (22)

A P WIS T), Kop ABEARAEHIRR PR A 50
s g 22 5

5Nz A o S S E TR Y S i P % 54 o S2 [)
Fak (14 AN (22) A BRI AT JL B Ak 3k )
Port 4

_w & Lo
prl - Kp,p gs ru +TE ° (23)

RT3 I i e A, >4 i B e A 2k
SUKBIART, FORBOIHRA S (22) MFE; 41
T3 WA B A AR ORI I, AR v S U
Bl BB A I

Pr =Ky S ) (24)

p,p= ru



45 10

A, A TR AL SR IR R R B AR T SRR 1789

A, BRI fEs , rTHEN (14) THEARH.
gr by AR IR AT BE (1) AR ) N R e DR
XF BN, RR
Ry =mMingR..Rel (25)
P v S AR A LU A, 82 ORI %
WA M AR ST A B AT SR U

3 TIPS IES Lo

ARG SCHR[18], ] B e e 0 B A L b ) 7~9
m, BEE L AHEK BT RIE oy 4 25.85 kPa, HAiZR )
Cs N 15.75 kPa, WM o5 23° o LA K
RELUF I RSRELE A 16.9 kKN/m®, 7K A7 0.5 m, 7K
N 61.1%. RHWAMALG, WAPET R A
P2 e BEARTEATRI A BRI S op 9 38° 5 TEATHE
BEAE dy 2 500 mm, HEAEEATHE (de=1.058), HEIFIEHR
s 1.5m, LSRR AT HE A 431 kPa.
SCHR[18] VT3 T i 2 m i Z R i o 5
R EBERR R AR 2 ), 5 TR S AT Tl

LEAE SR A ST SRR 12 TR S EAT T
7 8701 = A S VT 11 7 o 1S 2K e PO B Y
FANAE D40.02, HRHEZL I T4 tn 250.35,
TR TRREZI (1~3) dolfKFEJE A 5 kA ik
BRI LA AT 70 b, T 43 B (E L SEDE R0
HenZR R

*1 LTEBAEEIORENBER
Table 1 Bearing capacities of ordinary stone columns

RS TR e 5 S AE AT
S5z b /m IkPa W} 1R 2%
1.0 0.50 328.01 -23.89
1.5 0.75 409.37 -5.02
2.0 1.00 467.78 8.53
2.5 1.25 512.24 18.85
3.0 1.50 547.40 -27.01

A WASCUH R VR R & TS A b, Hoh 5
REEAE (15~25) dy {uFE NEUERS, Frfgoh gl i
BN o X A 1 5 BRI S R
A A A B B K B T R AR 2dl, BT, DRI
NOREU SR 2,00, A ST VRS LA J LRI
AT BE AR T IR, DA 2B B UEAR 3L
JFiEA

A Il A RS, A R BRI
BIBEAT R Lo b, THE AR LR 2,

HHEE 2 A0, MR CAAERIF S A 0 A bk A 3
THEITE, RSO 5 SSME T, M T s
T AR SCHT BB B R B S M 2 IR o

R2 FTEWHEAZET LBEAMAE ST
Table 2 Bearing capacities of ordinary stone columns by different

methods
o I g ISR
SEME 431.00 — —
SCHR[6] 317.81 — -26.26
SCHR[B] 7 1 472.63 — 9.66
SCHR[S) v 2 474.66 — 10.13
HR[18] 507.76 — 17.81
AL 467.78 0.28 8.53

PO A il A A R AR BT AT XL A, T
BT AR S 2 m, A Behr I EE ) 50 KN/m,
AR L 3,

xR 3 TEMHEAZETHGEEAMARE ST
Table 3 Bearing capacities of encased stones by different methods

- I S
e R e ke
SCHR[6] 989.41 129.56 211.32
SCHR[S) v 1 755.79 50.91 75.36
SCHR[S) 7 v 2 761.40 60.41 76.66
HR[18] 778.00 53.22 80.51
AL 653.56 39.72 51.64

M3 3 TSN, HIASCOT iR v 5 Y AR Sl e A A 7
B, TP TSRS R AAR R S (A L
SCHR[S, 6] JLAR TS5 A5 AR, (HREAART &
SCHR[9~ 12] 3 P AR 35 36 A0 KA AR 6 P 13 L
(AR RANE ] KR AR TE 0 %518
T A DA TR AR B IS, EHE S IR
SR T AL SERR AR o T SCRE TGV SR AR A 1)
AR, L BEBBTIA B AL TR BRORAS K B SRR
ORI Jet B 2 ARARA TS, AT 3 ST A PEAS SO K

4 mMINERERT
ST A AT A AR ) 10 T S KA b R
A P R A1 R PR R A 25, I AR oL 407 %
E BSOS R WA (5, SR i e
FTWE S A LE A I LR -
LEIE IR | SR B 22 L, B
|

= (26)

P

R IREE LR AR AT 9=23° ANE, 43l HUhE
P RS 0o R 30° , 35° , 40° , FHIMRIEE I N
30, 40, 50, 60kN/m, HALSHIE S 3 i
BUAHIA, AR EE 2.3 19 IR I P R SRR T BT A3
THEAE RN, 1A AR ) Py AEAS FIREAAR A
JEE S RBES (0B 5 s,



1790 a5 oE L OB ¥ M

2017 4F

500 M _w— 7_20 kN/m

—— /=30 kN/m
480 - —a— /=40 kN/m
—¥— /=50 kN/m
460 - —e— /=60 kN/m

Pyt

420 -

620 -
—=8— /=20 kN/m

600 |- —e— /=30 kN/m

—+— =40 kN/m
580 F —»— /_50 kN/m
560 L —*—/=60 kN/m

_S40}
= 520 -
500
480
460 /
44()l 1 I 1 1 1 1
2 3 4 5 6 7 8
A
(b) 2,=35°

750  —=—J=20 kN/m
—e— /=30 kN/m
—4— /=40 kN/m
700 |. —F—/=50 kN/m
—+—J=60 kN/m

2650

600 -

550 L L

Bl 5 &E g, 1 I T Py - A KX FREZ
Fig. 5 Py - A relation curves under different values of ¢, and J
FRORFRHE (R A EERR ) 0p=38° ANAZ, 23 Jil U LA%
WA o5l 10° , 20° , 30° , WA J 4 30,
40, 50, 60kN/m, HREUEAAR, 137&# ) Py fEA

] LAk N R A N RES A AR (E WA 6.
M5, 6 A, i I Ny, B AR
AN BEAG N 7R PR S AT GG, 493 )0 0) 2 PR I ¢
JEERI K5k I 5 2R (R Be E IAR FE Aeo 1L 5 (@),
(b (o) XL BT mT 4, 75 HAB S A R 15 100
N AN FHIRIE Ac BEAAHTHLIIEE 3 AR RTRIHE K
LK 6 (a). (b (o) WIXFELAMHT T %N, 7EHARS
PERARIRIE BN s B IR FE Ac Bl 144 9 EEHE A1 0
RN SUCRINT,  BAIER R Ao SR A
JEVRS @p WARTCIG, HAEAR A BEBEA @p ML AK N

FEBES s IS I 247 AR AR AR BT Pt

370
| —a— /=20 kN/m

—&— /=30 kN/m
—4&— /=40 kN/m
| —¥—J/=50kN/m
350 [ —e— /=60 kN/m

360

<2340 |
330 -
320 -
310 L 1 I I | |
2 3 4 5 6 7 8
A
(a) #=10°
620
—8— =20 kN/m
600 - —e— /30 kN/m
580 | —*— /=40 kN/m
—— /=50 kN/m
560 —— /=60 kN/m
. 540
Ny
520
500
480
460
440 ! 1 ] ] ! )
2 3 4 5 6 7 3
A
(b) #,=20°
850 —a— J=00kN/m —¥— /=50 kN/m
——/=30kN/m ——.J=60kN/m
800 - —4— /=40 kN/m
750 |-
Ny
700 |-
3
650
600 1 1 1 1 1 |
2 3 4 5 6 7 3
A
(¢) ¢,=30°

B 6 R o f1IT Py - | XKFRLZ

Fig. 6 Py - | relation curves under different values of s and J

gi Ear g, MRS IR A A e, B
FCHUE 5 A HTh R B R LA 9 RS A AH O, PRI oK
FEHEAR e U AR FE I, 75 BEE55 25 FE A A4 P REAI BT
TG, AN BT R S B FEUE . [
I, BE S AP RS, BEAR SIS Fi A4 R Uk
N, TG AR ST AR A A AT PR e S THE
PATT LA, A A0 LR SE B BRI T 1) PR

5 &% &
ARSCAEFE ) 5 6 AL ELE DTS OM 5 W B R S
UG L, JET Vesic BIALY KIS, S T



45 10

A, A TR AL SR IR R R B AR T SRR 1791

PR AR T T, RS | TRESEGIRZ 5
JPEAT TIRAIE,  [RIIN B 0 HT 1 A e BRI
JEE 413 0 L A P BE A S 0T S D0 ISR E PR 52

AL LA IR ST e A B AR B VS5, A SO
ZWELE THIM R LR, DU TR L
XTI PG, R 5 B e SR 52 i~ A2 Ak 1Y
TR, A S R A O AR, AR
LMk 7RI IR FLAR I IR, IS 21 T 2
T ALY KBS T A S A A AR T T

LA BCRBEAT LU, WA 5347
AR 73 AT, FIA: ARV A AT RE R AR
W RS S HE L B UM AR TG« AR R IR
JERE DN ZOR A BT I Wi g EE NG BB N s el
IR BEANE — AN A, M0 A AT AR K PR e 2x
FYE, HBEHIM TN RS, AR
JEERE S (138 KT o

IR, ASOFEBAAEA L, IFETHH P BT %
RE LARYIAE N TR BEAR RS, 5 EEE A e IR
ARELANE

SE Ak

[1] VAN IMPE W F. Soil improvement techniques and their
evolution[M]. The Netherlands: Balkema, Rotterdam, 1989.

(2] JFEW sKiERR. T AR A BER R T[] At
TRE2A4R, 1997, 19(1): 58 - 62. (ZHOU Zhi-gang, ZHANG
Qi-sen, Andysis on the bearing capacity of geogrid
reinforced stone column[J]. Chinese Journa of Geotechnical
Engineering, 1997, 19(1): 58 - 62. (in Chinese))

[3] CASTRO J, SAGASETA C. Deformation and consolidation
around encased sone columngJl. Geotextiles and
Geomembranes, 2011, 29(3): 268 - 276.

[4] KADHIM S, PARSONS R L, HAN J. Sability analysis of
embankments supported by geosynthetic encased stone
columns[C]//
Equipment Expo. San Antonio, 2015.

[5] MREeE, RA . BT PP EL 00 e £ bk 2K 280
WHE . A TR, 2013, 35(7): 1253 - 1260.
(CHEN Chang-fu, WU Meng-ting. Computational method for
bearing capacity of upper geosynthetic-encased <tone

International  Foundations Congress and

columns based on block limit equilibrium method[J]. Chinese
Journal of Geotechnical Engineering, 2013, 35(7): 1253 -
1260. (in Chinese))

[6] FrmE~F. DAL BE SR AERR R ARSI, A, 2007,
20(6): 38 - 40. (QIAO Li-ping. Ultimate bearing capacity of

single reinforced gravel pile[J]. Soil Eng and Foundation,
2007, 20(6): 38 - 40. (in Chinese))

(7] w25, ROk, TR, A% g A U B on A A b
ARV FEITIE[). MR TBCZE B LR 24 SRR IR,
2011, 12(6): 649 - 653. (GAO Ming-jun, LIU Han-long,
DING Xuan-ming, et al. Caculation method of ultimate
bearing capacity of reinforced  with
tube-geogridg[J]. Journd of PLA University of Science and
Technology: Natural Science Edition, 2011, 12(6): 649 - 653.
(in Chinese))

(8] #& K, mWIZE, Taknd, & A O HIbIn 5 e £ BT ) 2k
B 4 BT[], - LARALE, 2012, 26(5): 54 - 57.
(HAN Jian-fei, GAO Mingjun, DING Xuan-ming, et al.

gravel  pile

Analysis of influencing factors the ultimate axial capacity of
the granular columns reinforced with geogrid tubes[J]. Soil
Eng and Foundation, 2012, 26(5): 54 - 57.(in Chinese))

[9] AWM, BISEH, 5k B2, A& W) b g Ao A
HRBARTE 5% RS B 9E[]. o R AR, 2014,
36(9): 1587 - 1593. (ZHAO Ming-hua, GU Mei-xiang,
ZHANG Ling, et a. Study of model tests on the influence of
vertical geosynthetic-encasement on the performance of stone
columns[J]. Chinese Journal of Geotechnical Engineering,
2014, 36(9): 1587 - 1593. (in Chinese))

[10] GNIEL J, BOUAZZA A. Improvement of soft soils using
geogrid encased stone columng[J]. Geotextiles and
Geomembranes, 2009, 27(3): 167 - 175.

[11] LO S R, ZHANG R, MAK J. Geosynthetic-encased stone
columns in soft clay: a numerical study[J]. Geotextiles and
Geomembranes, 2010, 28(3): 292 - 302.

[12] Fradtig, wHRIE, WIS, & B m A8~ A s
HHIERAE M) A L7, 2013, 34(HE T 2): 393 - 399.
(CHEN Jian-feng, TONG Zhen-mei, LIU Jun-xiu, et a.
Numericd analyses of composite foundation of
geosynthetic-encased stone columns subjected to vertical
loading[J]. Rock and Soil Mechanics, 2013, 34(S2): 393 -
399. (in Chinese))

[13] DEMS K, MROZ Z. Stability conditions for brittle-plagtic
structures with propagating damage surfaces[J]. Journal of
Structural Mechanics, 1985, 13(1): 95 - 122.

[14] #RZ 2. #rE )% (EADIM]. dbxnt: 5 40F e,
2006. (XU Zhi-lun. Elastic mechanics (1)[M]. Beijing: Higher
Education Press, 2006. (in Chinese))

[15] BB, VRBRIL. 2% AEHN AR BAL IR ALY ok 1) [ J).
2 TREAR, 1995, 17(4): 10 - 19. (JANG Mingjing,



1792 a5 oE L OB ¥ M

2017 4F

SHEN Zhu-jiang. Expansion of cylindrica cavity of materials
with grain-softening behaviour[J]. Chinese Journd of
Geotechnical Engineering, 1995, 17(4): 10 - 19. (in
Chinese))

[16] ZEerg. SR & TR H[M]. Jbnt: B E @5
Tk H R A, 2002: 91 - 95. (GONG Xiao-nan. Composite
foundation theory and engineering application[M]. Bejing:
China Architecture & Building Press, 2002: 91 - 95. (in
Chinese))

[17] HUGHES J M O, WITHERS N J. Reinforcing of soft
cohesive soils with stone columns[J]. Ground Engineering,
1974, 7(3): 42 - 49.

[18] & W4, Bk ER, 5k B2, A& ISR AR B U],
N AT R, 2011, 28(8): 7 - 12. (ZHAO Ming-hua,
CHEN Qing, ZHANG Ling, e d. Cdculation of bearing
capacity of geosynthetic-encased stone columns[J]. Journd of
Highway and Transportation Research and Development,
2011, 28(8): 7 - 12. (in Chinese))

FtRPEKMKEELNFEIEFATTS (1 SEXBEFD

EDBLL PEKF A B R R 4

ARAERGL: W R, v A AT e B e e
AT, KPBITRY:, IR, BRUKAREAET
Be, HEZKFIRREARTT S, TTRARE, AR A4

B ChETRAR) Gilis,  Catoiys) g
i, GHIFRZA 20D G S

AT ER] o PR e R M P BESREL 5 ) R, R /KA K
R A AR T R I IR, A8 “ a7 R
WS 110y St e R AR 7 R Rt A2 s 8 A T s P e AR
Lo T URZAVIRR AR B R HL TR BT A
FUIPHT KA L TR R A AR HOR W, 2B K
MKHCE T2 5 TR ARIE 27 2 T20184:8H b R U1k
WIH A KIP T EAT, LA 7B Al St R K KR
IR TR BT 5, AR AFARA K LS+ TR TR
AU BB BT T 2 R 2 RAZ Wi

SWONER: OF LAREEATER; @% + TR LS S
AR @KHFIK L TREE B PRI ; @miUsaa e TRE
Gk SN, ©fFrea 1 OF - TR
BREFAEL @FAE LTRSS @ “—ir Bt sk
it R AR KRR R R

WXIERE: 1A 30E T2018F1 31 H i, HHEE 4
F595 b 1547 hnugeo2018@163.com, i 27 45 HL44% T-20184E3 /1 30
HiEm. MRIEHERN, 1EE BN SCERE T20184:4

WXIRETILAN, W3k sH CAT TRYARY B
M4 hnugeo2018@163.com. AR & WALTH 0 SCIGHELETE (&
T ITREAARY « CaT %) o TR R S E T e
T RS PERGAIAE SR 5T g, wul TR
B ARG Wt A Ry fe . SO HI7E 6 LN . IEE
SCHEESR DL MR BRAS KA Rl PO AL A o AR 1 1 B AE &
JWIRHhE . E-mail A2 I & AT .

EEHH: 2017411H 15H: i EAR L 2018
FLA30H : i 3CA SRR 201843 30 : i S R4
FLH4N; 20184E4H30H : B AR # 1L 20184E8 AT
HEWAH T

BB RSN PR KPR, HIFK
S ARTREEBE: Wi%: 410082, E-mail: hnugeo2018@163.com:;
SPUEM) SR N B, 18392218715; JE 71k, 13677312005;
e, 18975180922; ikfEs, 13814068823,

CREVKAZR A L e D


mailto:hnugeo2018@163.com
mailto:hnugeo2018@163.com
mailto:hnugeo2018@163.com
mailto:hnugeo2018@163.com

$39% 108

B

"= + T B % Vol.39 No.10
2017 4 10 Chinese Journal of Geotechnical Engineering Oct. 2017
DOIl: 10.11779/CJGE201710006
\ s TA =S = :EI'
ETF RN D E A ENS]

~7¢q

124

SRRLEH
Fa b it R
x|

1, 2, 3 = 1, 2, 4 1, 2, 4 N >, 1, 2, 4
% 5 ﬁ—ﬁg 5 @ *‘ﬂ— PRV %?
(1. TGRSR T SR TR E W E ALK, VL FaT 210098; 2. VLHAA T TREAR TR0 GRS , L7 ML 210098;

3. TESEREIE S TRERFSEAT, TL6 M 210098; 4K - TRERFENTGUAT, YLU5 FEa 210098)

WO TN IR T, EEEER G BN T T UKYE S ARV A8 R SRR S R R L 0
A A i o A, L T RIIR SRR 2R Ak e 9 TR, T T ARMTR A R T A 1 e 2 E T A
Fifire WG RN: WISASE NN S B 55 B a0 bR R R 3 MRS, BN R
VRO IR I 55 5 i B AR D, B HHORE FEE B I S g P T B s T o7 7 s 45 SR vk (R0 407, i
hESES: TU525

NI ER S AT T 1R R R T ROIR S R PR i 418 73 a.
XEkFRIRAE: A
fEE =N

BRI 3R 0T L% 57 A i IR AN BUE S A s 57 T ARG B i L% 57 A5 a7 R, 3R IR 55 7 1 TR0 H0E s
KRR SURRGESU N ke, WEOERS s ST TTRE: A AR
18 Ir:

XEHS: 1000 - 4548(2017)10 - 1793 - 07
X #1984 - ), B, mlAEE, M, BEMNFE SR S BT . E-mail: liuxin100@hhu.edu.cn.

Experimental study on service life of foamed mixture lightweight soil
based on method of accelerated stress tests

LIU Xin"*® GAN Liang-gin*?*, SHENG Ke" ?* HONG Bao-ning" > *

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

2. Jiangsu Research Center for Geotechnical Engineering Technology, Hoha University, Nanjing 210098, China; 3. Tunnel and
Nanjing 210098, China)

Underground Engineering Ingtitute, Hohai University, Nanjing 210098, China; 4. Geotechnical Research Ingtitute, Hohai Universty,

Abstract: Based on the method of accelerated stress tests, the characteristics and distribution of fatigue life of foamed mixture

lightweight soil (FMLS) which consists of cement, water and bubble are analyzed with the help of probability and statistics
theory. The linear fatigue equation for FMLS is established based on a series of unbiased estimations. At the same time, the

0

service life of FMLS under normal traffic load is predicted. The research results indicate that the fatigue life of FMLS under

51

=

identical traffic load is considered to have small discreteness according to the three indices of average value, standard deviation
and variable coefficient, but the discrete degree increases with the increase of the accelerated stress. The results of linear

regression indicate that the fatigue life of FMLS obeys the lognormal distribution. The fatigue life equation for FMLS is
established, and the logarithm of fatigue life of FMLS proves to decrease with the increase of the accel erated stress according to

the fatigue equation. Finally, the average service life of FMLS under normal traffic load is predicted to be about 73 years.
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K ey wor ds: foamed mixture lightwei ght soil; accelerated stress test; lognormal distribution; fatigue eguation; service life
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BRI, 08 THE 90°CHRE FAIE
TG LSSk 7 R 244% ., Jongpradisti I 2 T /K
P B LRGBS, BT T R [H
ZAR% . ZRIAK, HERERAARULELIL S HER R R
AL R 2T 2P RE O A C & . Kikuchi 455
FTR AR Oy BYCs LR (SGMD 40 #t
T BB RN B, R v P LB B AR,
HUAR DX S8AN 5295078 28 20 5 ) 111 52 ARAR AR IR 50 o
Park 251812 FH N T 40425 160 2% 5L T 06 550 1 LA
AR A BT T R ORI . Kim TR AR
GBI N, T T PURE. B4
TR BIEUIRE AL, RS S T
R AT AR B sk 5 o0 AN ] Uk L 3B S e i
HE RO SE R (S o XA OR K e A 3R 54
YER AR &R G L, i TR IEER g
BRIV BB v VA B 6 L FERE MR I s i R . LA
ST CAUE Y, H AT E A AR A R T
BRI AEY I ) R . A AR PR EE T, TR
HRA B AR A 2 E D BT 2 i Ak
TS Al A TRE R bRt —, WAkl
B 3 I ST S B AR R B E R
i, LREEAAEERI e R, DIk
H i A AT B R N A R A A R R
Mo

TR 7R A IR FE R R LEEAAZ 1 454 H
TR g AR 5 v TR S0 ot 2R, 36 FHAH Y. 1
DRI Ak VR0 S AE IE W N ) R A (En] ¢
PR REAEAE o D Y 73R B AT BRI I () R, 1RG0
A%, WIS gs RS, B 20 4l 70 4F
RO E DK, ORI TR R Rk, =
e Ny D R e DU DU A SR XL 600 S R =Y = 3 o
BHERE 7R, B T RCERAR I R, (B H AT AR
2228 R s v R 56 5 BT U A T Al
73 o

VNS & D22 DI B S A RN A B B 1K (DA
T FEZE R AT A E R A ey, sk o S R
Ar B I g, A5 Eh T MER G 2 o0 M, BF
FANRA T A A, RHZPEIEBA, H#E
FIEHATEC N B 57 R T RE,  PUEAH N R 98 55 754 o

1 FHRfETEnER XS
1.1 RAREELLSH
WG T K Y ) A7 (742,50 R 33 Fik
TR ERIKIEAE A AP RL s RIEFHA o+ 5 A RUK e
KA, N O ICEWAR, PH A 7.5~9.0, Wik
KAy 140, FIEF|E TRESEFRARXTN, AR T
P AL, R 1o HIRERAAAHE (IR
AR A TR ML) (CUT 177—2012) 12,
c sl R 7K Y 2025 E A 1750 (£50) kg/m, i it 1000
mL S FEFIBEFF AT 2000 g F 2 K L PR RRIUS 5 ok
R o To PR 5 SR KA U A2 = 1
TITREREHL (CSS-44050) , INEE%E A 2 kN/s.
FIC A LER PSR K 7 PR R RS, A
IKVEHE P ASTE S AR IRORL, e HE K e 2% (1) [F] IS
PRSI ARG R 1 0 40 1 AR v ik v s /K e
RUSHURIML . ARG UK NI PELF IR K P R
AIERERE 5 min, MR AL AR RHE R
VAT T2 100 mmX 100 mmX 100 mm 37 44
BiE, YERMESHEBREET 20 (£2) CHyEE
AT FRY . oY 24 h G IREL, TR R A S0
= HRIEE 2 B . R0 R 3 HLR R, B
fit 541, B4 34, 454 R PRENLER 1 N T
T PR TR SR RS, PrRRAE LS 1 (£2) MPa
WA o RSBl 15 Mk, 13 MR MU %
JE{E 0.8~1MPa [i], 2 /MRS 1~1.2 MPa 2 [i],
1.2 REEHSMEREF
DR B LR A B A, BRIV 1) 201 (1 2240
O 2, WA B SO A, R A
—an = NQ
Q—gm'"a§° N
X g AR (kPa): gk LIIEEE (KN/M®);
ho A28 i LA BE (m)s N A ) 23 A0 IR 2205
L A AT S e iR K S (m)s Q N4 E
(kND; B ARAT /A 4ife a2 2 I ER B8 (m).
e o el A
B=Nb+(N-1d (2)
L, b ARG Z MR (m), d AAf
AP ZEAM 2 I P ()

* 1 SERERRLES LRI
Table 1 Mix proportion design of lightweight soil mixed with bubble

LR R B TR B

IKPEIEIPTT IR

28 d HiK e < WAL = - KU S i
IMPa Ale o L I(kgm®) Al o I(kgm™)
kgm®  I(kgm®) kgm®  ikgm®)

1.0 500 293.4 500 900 1109.2 650.9 1760.1
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XL (D ML (D PHREMRSEII (S
TR AFRE) (JTGBO1—2014) M3y A 26 T sk B {1 »
BN - 1 4%, L=13 m, Q=550 kN, £ 1% B=5.2m.
BAHE AN (L 7T 9=16.27 kPa, {HHU 44
TN )4 17 kPa. %) T B¢ &5t )=, A 7 &,
B A 1 m, far gk 7)ok 25 kPa. fRIGELA I (<
TR A BB TREORIRE CIIT177—2012),
B B B KL s R 15 my ARSCT IR (1
1 28 dWIAF I TERE K 7.8 KN/m®, PR T 545 B4 5
T HELE M B 3N 117 kPa. B IR ] %,
RGBT IE AT, 2RI Y )
A 159 kPa, AL, AR ER N ) SRy L 0.159
MPa.

ASCHUIIE R 1 R i . ) IR N 2t 3
U SE o A 280N g (R FBOR AR AR AR I 3 'y (i e i
W, F AR TdE N AR AN I 43 38 ke i 1) R 9l FH iR 4%
PER IR AT REHEL IE R N ) SRo, 11185z e IIIH Y. 7EAS
UL RN AT T A T AR IR s a5 R
RATEE R . 2% SCR[14) R4 B AR R A, T A
SCHPR PR AT RN )k 1 (£0.2) MPa, H KRB
BRI B B 1T 25 S5 4E 0.8~1 MPa 2 [, 1M i i g i
T PR AT 28 o IRIE, AR5 5 K i i g He
4 0.8 MPa, dge/ NI ) A5 B JE Al F A
TRIG R BEI THh A BRI o A0 e 24 % 3
NN 7, 4 SR=0.6, 0.7, 0.8 MPa, i (=1,
2, 3) Aikgwdl's, RInER a5k 3.77, 4.40,
5.03.

1.3 HniERz iR

WY 28 d G ML 5w LK. KR
Zwick-100HFP5100 9% 75 ik S AL, A1 6 H 1~150 Hz,
¥4 £ 100 kN, 7%+ 50 kN. HNER e A F 5%,
AT ABA T 5% 1T P 52 380 PR 2 ey 8T SE BRI T, SR PR
PUENE 7T, AR 1 Hz, gt Zean sl 1
o Hort: EG FRATEN s T BRI TS s
WU R IR S s L BN s s PR
Jrs T WP fs . SR KN T 5 dR NN T (1
SR N RS NS L, B L s, 2. R
55y 3 AT, PR N KR S350 SR=0.6
MPa, SR,=0.7 MPa, SR;=0.8 MPa, 4 T & ikH
RE, RRYs/NN STECR 0.07 MPa. b T i 46 ki i
i), R e, WREHHEIE 10 M, “F 9
AR B BRI R AT 45211

2 WMEHER
2.1 EFEHEBDH

DRI R R e g5 LR 2, M 2 mTE 1 E 0
TN (R ST B T IR0 5 A fw A3 A E— R [ X
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JITE 2. NER2WEH, 348 MR RER
/N, A 0.5%, 0.6%F1 12.4%, 3 —ZH % ds 148 ¢
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— IR )R AT A I PR 98 55 2 i i 25 PS4
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1 HiRIEE sk
Fig. 1 Curves of continuous constant load
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Fig. 2 Results of fatigue tests
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Table 2 Numerical characteristics under different accel erated |oads

F5 IEMjMPa CERIME O FRfEE BREK

1 0.6 289316 1471 0.005
2 0.7 153091 950 0.006
3 0.8 6199 769 0.124
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TR 7 A B R g Y. g 1 A9 57 A
FEAIREL, 0 T IENINEDT IR, AU NI 1k
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WU R 36 AR5 T AN S, TR 7 R
F(O)=P(X <0)
o 1 € 1ax
_Q e- 8
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FO=P(X<0)=q, (x)dx =0 - (4
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S [4]
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S %] 8 o %]
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SURI W
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HEE | oA .

I 57 Z i IR B8 IE A o Ak e WLIE 3~5, MK
~5 B PEA Ml E i, HHKERE R #B7E 0.95
LLE, N = Inx 5M =j Y(F(Inx;)) Z 2B HR L
ERPEICHR, R AULTRA 32001 1R85 57 3 i R0 2
MR IEZS 3 A, RIS 550 L 9% 57 75 1 i A XS
ﬁﬁﬁﬁﬁ%@&&ﬁo

=12L,) , (9

1.5F

& (5) 05
\/ S 28 S "plt -
= o Bl

t- p

=M=y, 18 s —ma%
s .
1 M=15837x-1991.6
Inx- u -10¢ R2=0.9612
P(Z<Inx)=—( e —
( ) N2n 2 ; -15 * . . . .
. 12.565 12.570 12.575 12.580 12.585
=j (Inx.) . (6) Inx,;
. [ 3 SRy=0.6 MPa B 55 75 A RO A EUES 2 a8
o, j ()= Q; / dt Jbr e TS R AL Fig. 3 Verification of lognormal distribution of fatigue life when
. I nX m 8:21:0.6 MPa
R 3 ErEEMNNRIESSHRE
Table 3 Verification of lognormal distribution of fatigue life
gty —c0OMPa SR-07MPa RE0BMPA gy ) j (F(nx)  CErj) Do)
InXy; INX;; INXs;

1 12.5687 11.9313 8.5200 0.1 -1.281667 0.3423 0.2101

2 12.5707 11.9317 8.5975 0.2 -0.841786 0.0937 0.1085

3 12.5715 11.9327 8.6341 0.3 -0.524412 0.0559 0.1060

4 12.5734 11.9363 8.7101 0.4 -0.253333 0.0215 0.1036

5 12.5736 11.9383 8.7645 0.5 0.000000 -0.0119 0.1011

6 12.5757 11.9415 8.7661 0.6 0.253333 -0.0465 0.0986

7 12.5791 11.9440 8.7855 0.7 0.524412 -0.0851 0.0957

8 12.5805 11.9452 8.8206 0.8 0.841786 -0.1334 0.0921

9 12.5841 11.9479 8.9296 0.9 1.281667 -0.2364 0.0843

e on A A S
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st s s s | Table 4 Unbiased estimationsof s, and m at different
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Fig. 4 Verification of lognormal distribution of fatigue life when
R,=0.7 MPa
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Fig. 6 Expanded lines of InX and SR

U, ASOHE s Y iR AG 5 TR A
AR B E N B 73 i 20 73 a ANFTRIA,
AT 7 i A RS A A B e AN R A T B 2
fir, ESFa AL TR 73 a i —ANX A, [F I,
R AR A RN R, R i 3
Gb, ARG SRR R, HESAE
AT Rk — 2T

4 % i

(L AR B Ay B 55 73 i BT S (EL A
AEZE AR S /K0 3 ANRBRFDN,  [R)—N) F R)Ai
ERTCL RIS AR i B UL, RO S B A i
NI E PNITE DN

(2) FE T I3 N IR 0 G5 R L P [ 4, kR
TR A TR o7 A o iR AR EOE s 90 A

(3) /L T ARIIR G B MR 07 A fr ke, R
WHARE 55 73 i R0 SR IS I ) 0 326 o B0 o

O TIEF MR PR &Rt
P I A i 73 a.

SE Ak

(1] TR, THRM, BN RS BT R A P fe
[J]. M F23 i) 5 LR R, 2009, 5(1): 18 - 22. (HE Guorie,
DING Zhen-zhou, ZHENG Ying-ren. Preparation of bubble
mixed light soil and its properties[J]. Journal of Underground
Space and Engineering, 2009, 5(1): 18 - 22. (in Chinese))

[2] BRKRE, FiNIAE, Bt A5 SRS o ik A
R IE[). A TR, 2011, 33(12): 1854 -

1862. (CHEN Y ong-hui, SHI Gang-chuan, CAO De-hong, et
al. Control of post-construction settlement by replacing
subgrade with foamed cement banking[J]. Chinese Journa of
Geotechnical Engineering, 2011, 33(12): 1854 - 1862. (in
Chinese))

[3] KAMEI T, TAKASHIMA J |, SHIBI T. Temperature effects
on unconfined compressive srength and microstructure of
foamed mixture flaked
polyethylene terephthaate (PET) [J]. Soils and Foundations,
2008, 48(6): 833 - 842.

[4] JONGPRADIST P. Effective void ratio for assessng the

lightweight soil containing

mechanical properties of cement-clay admixtures at high
water content[J]. Journal of Geotechnical and Geo-
environmental Engineering, 2011, 137: 621 - 627.

[5] KIKUCHI Y, NAGATOME T, MIZUTANI T A. The effect of
air foam inclusion on the permesbility and absorption
properties of light weight soil[J]. Soils and Foundations, 2011,
51(1): 151 - 165.

[6] PARK H I, KIM Y T. Prediction of strength of reinforced
lightweight soil using an artificial neura network[J].
Engineering Computations, 2011, 28(5): 600 - 615.

[71 KIM T H, KIM T H, KANG G C. Performance evaluation of
road embankment constructed using lightweight soils on an
unimproved soft soil layer[J]. Engineering Geology, 2013,
160(13): 34 - 43.

[8] FAlbk, /A, ARAKER, 45 AFEEE SRR
it AVERRFE[]. EEE TORAE 244, 2014, 36(8): 32 - 36.
(ZHANG Can-lin, HUANG Jian-cai, XIONG Yong-song, et
al. Durability of foamed cement banking with raw soil[J].
Journal of Wuhan University of Technology, 2014, 36(8): 32
- 36. (in Chinese))

(9 x| H, BR, M, A SRS R IERR
f B Ah i AR B W T[], 107, 2015, 36(HE T 1):
362 - 366. (LIU Kai, LI Ren-min, DU Yan-jun, et a. A
durability experimental study of lightweight soil subjected to
wetting-drying cycles and sodium sulfate soaking[J]. Rock
and Soil Mechanics, 2015, 36(S1): 362 - 366. (in Chinese))

[10] = 3, FRiE, & 55, & P95 80N B i R e
TR L RE R T[] B TR IR, 2012, 45(10):
118 - 124. (WU Jin, WANG Chen-xia, XU Ja, et d. Study
on flexura behavior of corroded reinforced concrete beams
under fatigue loads[J]. China Civil Engineering Journal, 2012,
45(10): 118 - 124. (in Chinese))

(11 77 &, w9, EOB AR ANET YRS RS R KR



45 10

X g%, A TN I T IR A BT A A T T 1799

B HUR T ERE L[], W Al (A RBEARR),
2011, 38(6): 6 - 12. (FANG Zhi, XIANG Yu, KUANG Zhen,
et al. Fatigue properties of reactive powder concrete with
different steel fiber ratios[J]. Journad of Hunan University
(Natural Sciences), 2011, 38(6): 6 - 12. (in Chinese))

[12] CIT 177—2012 IR &5 A TR R[S
bt P EESK T H A, 2012, (CIYT 177—2012
Technical specification for foamed mixture lightweight soil
filling engineering[S]. Beijing: China Architecture &
Building Press, 2012. (in Chinesg))

[13] JTGBO1—2014 A THEEAAFAELS]. bt ARACHH
R L, 2014. (JTGB01—2014 Technical standard of highway

engineering[S]. Beijing: China Communications Press, 2014.
(in Chinese))

[14] % YL, B, F S, SF REET R OY I A
WAL, Rk (BRFE#AR), 2009, 15(2): 205 -
210. (LIU Kai, LUO Ren-an, ZHENG Ping, et a. High
frequency fatigue accelerated life test of concrete[J]. Journa
of Shanghai University (Natura Science), 2009, 15(2): 205 -
210. (in Chinese))

[15] [ A EARbRAEA I T, AT ] & M. B
FE B ok HifiAL, 1987, (China Electronics Standardization
Ingtitute. Table for reiability test{M]. Beijing: Nationa
Defend Industry Press, 1987. (in Chinese))

FtREELHIAFZFARAZIN
(—S@ED

EhBAL P ERS LRt bR ns, PIE
M f o B TR IR 2= A2 o

MFERRAL PEEARTRYS LS E R TR
KRR 2 e iy PR s etk
Lol WEMGR S R TR ALy, PR SRR
TR R K 22 s s RS e LRIl 70 4% VT8 HURR

42,
BT, B LK
M. (R TR ¢ COIGRI TR
GO TRG TR 5 (O TR

FHmaE Ly EAR SIS 2018411 2H—4H
TR RETF. AR 4k19804E12 16 1 —12H 7E 2 & il
HIFI “ LMt RIS &7 Ja N 13l 12 5 i
e LRRMARH NGV ERRN R X — Ui ss, 2R R R HIRE
10J4FZ bR 2018FE AT “ S8 - T 3 2 e R il
g — A P SRS

SWERMERS: HlZe k"7 g, <@ BRIETR
R S T (N3 Sl 1 L M D B N W £ =0 1B 1]
LB, ARSI s AIF B AUk Rk TAE St “ A
WRFE . AR F BRI T ) S E TR
BRI YRR 5 ORBERR

BHARNESCE N - O -3 Skt S AR G R
Q@545 HE I EAER ;. @13 155U 5 Y
T @13 )5 E N T E SR GAL
TR S RAEEAR; O LM 5B @ik
R 5 I ARZE Y ;s @R RSN 5 MHAEA
@i TRERIRRER 130 )5 i K TR L3)
D155 R TR I O TR SRR 45 O PPA
HRFERE .

Ko P bt & N . JE g v 13584050564, & i %
13919182444, [4113770620150. #X 1113951863149, F &
4F15077865785. JH TH b B I b oK AR LM A X S50 B
400-1% AKX 1 1Lbi#%200%, 210009) o i SCHEACHBAH:
F #4Emyresort@126.com, #X Bl zhaokai @njtech.edu.cn.
18] 8304 30 1E20184E4 H 30H , & Sifm#1£20184:5H 30H ,
P 3R FH B 40201846 H 30H -

SWOSHESE: 2GR SN R AR L IE R R 5T R,
AR RGN LNL AR SCHAT A Y, R 1R ST
CHE TR LRIRE, HRWCHAE  (BRkmgK L
AR L (MR TTRES TRERED) A (b TR 2R 3Tk

(CRefiZs D


mailto:myresort@126.com
mailto:zhaokai@njtech.edu.cn

%39% 10 = L+ 1 B % # Vol.39 No.10
2017 4 10 Chinese Journal of Geotechnical Engineering Oct. 2017

DOI: 10.11779/CIGE201710007

ZRERTHENGOAEREEFRNERTIIE
Ha L RIEIEIRE

BRTS EMEMKS, EEET OB K, & RC
(. PEBAY GRIO TRSB, Wi RN 430074 2. MO TRHTICH: By 76 5 M TR B R M5 520, DU FRAS 610059
3. PR BRIUA LI 1 5 TR R TR, Wk X 430071)

8 . AR ORGSR, FEREWEE RN T, XSRS R Y. Xk
I /R R B AR (WA SRR AE AT VE Q0 /087, ANV S A A4 (R0 1) AR TERNAZEA S, 5 SR FH A B T ARk
PRIE AR AN IARAR I, I DAL R BB T AR Rk A, RETO R HOB I A A B A, PR ] i YT B
(1) AP TE RN AR TEAH BAE I RS20, M BRI ES o B AN B0 P A AR TR 2 . 5 O I B R LA
SBR[V AR N BRI . RSN, AT RAR B R NI S s/ s AELRE YR [ B g (P36, 231
DI s 462 A i o

KR AAEEs AGARE: E Y AR EAER

FESES: TU4s1 XHERFRINAD: A N EHE: 1000 - 4548(2017)10 - 1800 - 07

EZRIY: HEN1983- ), B, 2%, FTENIFAA TR T/E. E-mail: zctang@cug.edu.cn.

Theoretical closure model for rock joints considering interaction of
defor mations of substrate defor mation and asperity

TANG Zhi-cheng® 2, HUANG Run-giu?, JJAO Yu-yong', TAN Fei®, ZHU Xin?
(1. Faculty of Engineering, China University of Geosciences, Wuhan 430074, Ching; 2. State Key Laboratory of Geohazard Prevention and

Geoenvironment Protection, Chengdu University of Technol ogy, Chengdu 610059, Ching; 3. State Key Laboratory of Geomechanics and
Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: The closure behavior of rock joints remains a problem of interest with applications in many practical engineering
cases. Based on a comprehensive assessment of realistic closure behavior, a Hertz-based theoretical model is proposed to
predict the closure behavior of a rock joint under compressive loading. In the present study, specid atention is focused on the
role of mechanical interaction of asperities during the closure process. The vertical positions (perpendicular to the least square
plane) of asperities are adjusted by using the discrete methodology based on the Hertz solution of substrate deformation
outside the contact region. The factors influencing the closure behavior of rock joints can be considered by the model, namely
(1) the surface morphology component, (2) the contact state between the upper and lower blocks (or the composite topography),
and (3) the deformation due to asperity itself, the substrate deformation due to the deformed asperity and the deformation
caused by the mechanical interaction due to the adjacent deformed asperities. The validity is demonstrated by comparing the
experimental results with the curves predicted by Xia model, Tang model and the proposed model. The results show that the
closure behavior predicted by the proposed model is in good agreement with experimenta data, with smal discrepancies
between the predicted and the measured values. A preliminary explanation for the discrepancies of contact stiffness predicted
by Xia model, Tang model and the proposed model associated with different underlying principlesis also put forward.

K ey words: rock joint; closure deformation; contact mechanics; mechanical interaction
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Table 1 Main features of model materials

K T/ LK (FELD) TP 4 A s./ MPa s MPa  ju/(°) E/GPa n pl(kg-m)
HifE=25C
3:2:1 WBE =90% 275 154 35.0 6.1 0.16 2200
KH =28d
*2 HRSH
Table 2 Input parameters for validity of proposed model
TR F J
H/mm nimm2 plmm R & nlmm2 plmm R &
5 0.1666 6.3248 o0 1.36 0.0970 5.1626 141.8 2.18
10 0.1727 6.2276 o0 1.93 0.0950 5.4584 144.3 2.66
15 0.1738 6.4430 o0 2.24 0.0955 5.3642 143.2 3.02
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M odel tests on bearing characteristics of steel fiber-reinforced concrete
lining of weak surrounding rock tunnel

CUI Guang-yao', WANG Dao-yuan® 3, NI Song-zhi*, Y UAN Jin-xiu®, MA Jun-hui*, ZHU Chang-an®
e

(1. School of Civil Engineering, North China Universty of Technology, Beijing 100144, China; 2. School of Civil Engineering, Shijiazhuang
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5. Highway Planning, Survey, Design and Research Ingtitute, Sichuan Provincia Communi cations Department, Chengdu 610041, China)
Abstract: In order to meet the requirements of weak surrounding rock tunnel to close rock surface as soon as possible after
excavation, to adapt to a certain deformation and to provide sufficient supporting force, through the indoor model tests on the
mechanical behaviors of linings of plain concrete, reinforced concrete and steel fiber-reinforced concrete, the bearing
characteristics of sted fiber-reinforced concrete lining are studied. The results show that the initial cracking load of the steel
fiber-reinforced concrete lining increases by 20%, and the ultimate load is greatly improved. The toughness of lining structureis
enhanced after mixing steel fiber, the lining structure can ill resist certain deformation and reduce the deformation rate greatly
after initid cracking, and it can bear greater deformation as compared with the plain concrete and the reinforced concrete. The

bearing characteristic curve of stedl fiber-reinforced concrete lining rises slowly after the initia cracking, while that of the plain

—_

=

concrete has a rapid convergence, and that of the reinforced concrete exhibits rapid convergence after dow rise. Owing to the

weak surrounding rock, the initial support of stedl fiber-reinforced concrete can intersect with the characteristic curve of the
surrounding rock after a certain deformation so as to reach the stable state of surrounding rock and structure. The study results
are of important significance to the design and construction of weak surrounding rock tunnel.

Key words: tunnel engineering; weak surrounding rock; steel

fiber-reinforced concrete; bearing characteristic; model test
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Table 3 Physico-mechanical parameters of lining
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Effect of pH value on boundary water content of red clay in Guilin and
its mechanism

LI Shan-mei® % LIU Zhi-kui* 2, MENG Jian-ping" 2
(1. College of Civil Engineering and Architecture, Guilin University of Technology, Guilin 541004, China; 2. Guangxi Key Laboratory of

Mechanics and Geotechnical Engineering, Guilin 541004, China)

Abstract: The liquid and plastic limits are the important factors to reflect the penetration resistance, anti-erosion and anti-shear
of sails. The liquid ad plastic limits of the red clay in Guilin soaked in the acid and akali solutions are tested to study its
influencing factors and mechanism of boundary water content. The test results show that the plastic limit decreases and the
liquid limit or plastic index decreases and then increases with the decrease of pH value in the acid solution. The liquid limit or
plastic limit decreases and then increases, and the plagticity index exhibits change of fold line with the increase of pH value
when soaked in the alkdine solution. It is shown that the influencing factors of the traditional diffusion layer thickness and the
electric double layer theory are not gpplicable to the anaysis of the consistency limits of Guilin red clay with different pH
values. It is assumed that the liquid or plastic limit of the same soil has the determined potentid. The qualitative anaysis
method on the consistency of red clay is proposed based on the double layer model. The formula for calculating the diffusion
layer thickness of the red clay in Guilin soaked in the acid and alkali solutions is derived by considering the effects of various
components of solution based on the traditional double layer theory. The new formula can make up for the deficiency that the
conventional one is only applicable to the problem of the constant charge clay in the action of the symmetric electrolyte
solution.

Key words: liquid and plastic limit; electric double layer; thickness of diffusion layer; red clay; Guilin
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Fig. 2 Comparison of pH values of acid and alkali solutions before
and after being soaked by red clay
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Fig. 3Maisture contents and plagticity indices of red clay soaked
in solutions with different pH values
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Table 1 Oxide contents of red clay in Guilin

Al 203 CaO F9203 K,O M gO MnO Na,O P205 S 0O, Ti 0O,
mass% mass% mass% mass% mass% mass% mass% mass% mass% mass%
32.343 1.644 22.001 1.063 0.281 0.039 0.108 0.128 35.237 2.281

e WAL BRI TR RR G B B A T AR R, X GRS, 2016 ¢F 1 H.
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One-dimensional consolidation of fractional order derivative viscoelastic
saturated soilsunder arbitrary loading
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(1. Department of Civil Engineering, Shanghai Universty, Shanghai 200444, China; 2. School of Urban Railway Transportation, Shanghai

University of Engineering Science, Shanghai 201620, China; 3. School of Mechanical Engineering, Shanghai University of Engineering
Science, Shanghai 201620, China)

Abstract: The theory of fractional calculus is introduced into the Kelvin-Voigt constitutive model to describe the mechanical
behavior of viscoelastic saturated soils. Applying the Laplace transform upon one-dimensional consolidation equation of
saturated soils and the fractional order derivative Kevin-Voigt constitutive equation, the analytical solutions of the effective
stress and the settlement are derived in the Laplace domain. Then the semi-analytical solutions to one-dimensiona
consolidation problem under arbitrary loadings in physical space are obtained after implementing the Laplace numerical inverse
transform using the Crump’s method. As the case of viscoelasticity, the simplified semi-anaytical solutions under exponential
loading in this study are the same as the available analytical solutions in literatures. It is indicated that the proposed solutions
under arbitrary loading are reliable. Findly, parametric studies are conducted to analyze the effects of the related parameters on
the consolidation settlement. The results show that the process of one-dimensional consolidation of viscoelastic saturated soils
with fractional order derivative isreated to viscosity coefficient and fractional order. The larger the fractional order is, the more
quickly the consolidation settlement occurs; and the higher the viscosity coefficient is, the slower the consolidation settlement
takes place. The trend of loadings is consistent with the variation pattern of soil settlement caused by the change of the load
parameters, and the fina settlement is identical. The present study can be of help to further understand the consolidation
behavior of viscoelastic saturated soils.
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Creep-seepage coupling laws of quartzite under cyclic loading-unloading conditions

0

JANG Zong-bin', JJANG An-nan', LI Hong?, WANG Shan-yong®
(1. Highway and Bridge Ingtitute of Dalian Maritime Universty, Dalian 116026, China; 2. Center of Rock Instability and Seismicity

Research, Dalian University of Technology, Dalian 116026, China; 3. The University of Newcastle, NSW 2308, Australia)

Abstract: The quartzite of Dadongshan Tunnel is taken as the research object to carry out rock creep and seepage coupling
experiments under cyclic loading-unloading conditions. The cregp characteristics, permeability and seepage-creep coupling
mechanism are anadyzed. The development laws of volumetric strain in the phase of densification, crack propagation and crack
coalescence are acquired. The relationship between permesability and volumetric strain is summarized. It is indicated that the
axial loads between 0 and 50 MPa are in compression phase. If the loads increase, the unrecoverable deformation will be
generated. When the |oads reach up to 160 MPa, the creep curve enters into the accelerating period. With the increase of axial
load level, the general tendency of permeability first decreases and then increases, and the minimum val ue appears at the largest
densfication points. After the creep process enters into accel erating period, the permeability sharply increases. Using the Cvisc
model from FLAC® as the basis and by introducing the zone state index (ZSl) into the volumetric strain, the relationship
between ZSI and permeability is established. Numerical simulations are conducted to verify experimental results by adopting a
nonlinear creep Nishihara model based on the strain softening. The results show that the permeability along with the
devel opment of the time in the process of loading near the inlet side of the permeability changes quickly. The damaged area of
ZS| contours is coincided basically with the failure mode of the test samplesin the "V"-typed shear zone. The theoretical curves
arein good agreement with the numerical ones. The proposed model can reflect the creep-seepage coupling characteristics and
thelocal failure rules of rock under |oading-unloading conditions.

K ey words: cyclic loading-unloading; creep-seepage coupling; permeability; volumetric strain; ZSI
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Site-based resear ches on mechanical behavior of new large-diameter pipes
during pipejacking

ZHANG Yao"? YAN Zhi-guo®™? ZHU He-hua" 2
(1. State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China; 2. Department of

Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: The strain responses of each part of the jacking prestressed concrete cylinder pipe (JPCCP) as well as the pipe-soil
pressure under three-dimensional construction loads and water-soil pressure are measured in site. It is shown that the axia
compressive gtiffness of the JPCCP islarge enough to sustain jacking forces. Due to the effects of prestressing, it can bear large
tensile stress in the hoop. However, the axial tensile stiffness of the JPCCP is insufficient. Through the force analysis of
different pipesin axial direction, the friction force between pipe and sail is figured out, which shows that the shorter the jacking
intermittent, the less the average friction force. Otherwise, the pipe-soil pressure is sensitive to pipe motion, and the
instantaneous maximum vaue is 500 kPa. After construction, the distribution of contact stress along the tube is not symmetrical
or uniform but coincides with the measured strain of the pipejoint ring.

Key words: jacking prestressed concrete cylinder pipe; pipe-soil pressure; average friction force between pipe and soil; strain
response
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Table 1 Soil parameters
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Table 2 Material parameters of JPCCP

L B /M Pa JiE i 2 /M Pa

VR EE L 3.45x 10 32.4()%)/2.64(r)

B iy 2.06% 10° 270(J5)/270(Fr)
TN 740 22 2.06X 10° 410(J%)/1570(+7)

#R 3 PCCPES IPCCPEMESR
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Fig. 5 Instalation of sensors
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Table 4 Maximum values of axia strain during construction
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Fig. 6 Response of axial strain of exterior concrete coatingin T3
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Table 5 Average increments of axial strain under jacking force of
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Table 7 Maximum values of hoop strain during constructionin T1 and T3
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Table 8 Average strains of hoop of T1 pipe under jacking force of
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Fig. 10 Variation of average friction force with distance
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L ong-term stability of bank slope considering characteristics of
water-rock interaction

ZHANG Jing-yu', WAN Liang-peng?, PAN Hong-yue®, LI Jian-lin®, LUO Zuo-sen®, DENG Hua-feng®
(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China; 2. Wudongde

Engi neering Construction Department of China Three Gorges Congtruction Management Co., Ltd., Chengdu 610000, China; 3. Key
Laboratory of Geological Hazardsin Three Gorges Reservoir Area, China Three Gorges University, Ministry of Education, Yichang
443002, China)

Abstract: In large reservoirs, the bank dopes experience the effect of water level variaion for along time. This effect mainly
contains two aspects: 1) the influence of hydraulic pressure going up and down; 2) the water-rock degradation effect of rock
mass in hydro-fluctuation belt. Based on the above and the previous studies and considering the depth and time of water-rock
effect, the strength degradation model for rock mass is established and used to anadyze atypical bank dope. The study shows
that water level variation has distinct influence on the stability of bank slope. Especidly after a period of time, the safety factor
decreases dramatically and regains quickly during high water level operating period. It isindicated that the balance of sliding
force and anti-sliding force in the bank dope is broken and then comes to a new balance. With the increasing times of
water-rock effect, the dramatic decrease of safety factor appears forward during a cycle time of a year, and the frequency and
decrease amplitude both increase. Furthermore, the greater the degree of water-rock interaction is, the more easily the balance
of rock massis broken and the worse the stability of bank slopeis. The safety factor of bank slopein the new balance decreases
year by year. This phenomenon conforms to the damage accumulation process of gravity anticline type landdide during the
period of reservoir water fluctuation. This study is of a certain guiding significance to the stability calculation of bank slopesin
reservoirs.

K ey words: hydro-fluctuation belt; water-rock interaction; strength degradation model; safety factor
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Table 2 Satistical table of cohesion and interna friction angle of
samples under different hydrostatic pressures and
water-rock cycle numbers
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Wk TR o WG ﬁ‘f@ﬁé& WA fé‘gif
S R¥ IMPa 43H/% % 1) % H:/%

/MPa

¥idh 16.02 000 0.00 4561 0.00 0.00

1 15.62 2.50 250 4502 129 129
2 1527 468 222 4291 592 463
0 3 1435 1042 575 4123 960 3.68
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6 1156 2784 387 3711 1863 0.88
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H c 0 9 c 7 9
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Table 3 Mean values, standard deviations and variabl e coefficients

of experimental and fitted values
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B BT Ky O B, SR X O B I R, A K TR AR SR AR IS ) B 0 s e
KT IY G AR 28 d PURBRFESZ YU AR L, 52 mi R 25+ Fe I B PRI DU SREE sE ok, Uk
FABOK I LERUE KR, EWKIR N 28 d PRI B/ TUROKIREEFRY, R30Ik 3 MPa. £ TR it
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Experimental study and engineering application of anti-washout
properties of underwater karst grout

ZHANG Cong', YANG Jun-sheng', ZHANG Gui-jin?, Y E Xin-tian', ZHANG Zhi-bo®, LEI Jin-shan®
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. School of Hydraulic Engineering, Changsha
University of Science and Technology, Changsha 410114, China; 3. Tunnel Engineering Co., Ltd., China Railway 14th Bureau Group,
Jinan 250000, China)

Abstract: The test apparatus for underwater karst grouting materias, which be used to evaluate the anti-washout properties of
grout, is developed. Using this device, a series of anti-washout property tests on modified clay cement paste grout in underwater
karst fillings are conducted. The retention ratio index of grout is utilized for the quantitative evaluation of the anti-washout
properties of grout, and the tests on physical and mechanica properties of retained body are al'so carried out. The result shows
that the anti-washout properties of modified clay cement paste grout are greatly affected by the water cement ratio of grout,
karst fillings and velocity of water flow. The anti-washout properties of grout are relatively good when the velocity of karst
water flow is no more than 0.8 m/s. With the increasing water cement ratio of grout or the decreasing water flow velocity, the
retention ratio of grout tends to increase and can be significantly improved with the existence of karst filling materias. The
physical and mechanical performance tests on the retained body indicate that the density is greatly influenced by the filling
materials. When grouting under hydrodynamic environment, the downstream grout diffusion distance is greater than the
upstream one. The viscosity of grout has a great effect on the diffusion distance, and the velocity of karst water flow can bein
favour of the diffusion of grout aong the water flow direction and restrain the diffusion along the reverse water flow direction.
The 28-d compressive strength of retained body is deeply

influenced by filling materials. The 28-d compressive strength HATIE. [ E AR IS (51270010 (5 Jy BV AL 48

under karst water condition is significantly less than that under TR R (2011-036-WLDKIX s T 22 sk R s A
freshwater condition, but it is still up to 3 MPa. The engineering FHIFME 25 52 L 350% 30 H  (201622t075)

application of prototype tests indicates that the modified clay Hei B 8A: 20160704
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cement paste grout can be used for treatment of karst areas under certain velocities of karst water. The formula for grout in

underwater karst treatment derived by indoor tests is feasible and may provide theoretical guidance for underwater karst

grouting of shield tunnels.

Key words: shield tunndl; underwater karst; modified clay cement paste; anti-dispersion property; retention body
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Fig. 1 Schematic view of |aboratory grouting test device
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Fig. 2 Laboratory grouting test device
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Table 1 Formulation ingredients of karst water
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B (S0¥) (HCO;)» (Mg?)
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Table 2 Results of anti-washout property tests

Ry Bty KR v K [E B GRR
JP5 Byt (m-s?) wiC 1%
1 0.2 0.8 96.20
2 0.2 1.0 93.90
3 A 0.2 12 85.33
4 =3 0.5 0.8 90.93
5 7 0.5 1.0 85.37
6 iy 0.5 1.2 75.74
7 ) 0.8 0.8 77.60
8 0.8 1.0 76.87
9 0.8 12 62.62
10 0.2 0.8 95.53
11 0.2 1.0 95.25
12 0.2 1.2 93.19
13 & 0.5 0.8 01.19
14 4 0.5 1.0 86.35
15 ik 05 1.2 76.16
16 0.8 0.8 81.40
17 0.8 1.0 77.15
18 0.8 12 73.07
19 2y 0.2 0.8 94.63
20 B 0.2 1.0 93.98
21 o 0.2 1.2 88.19
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Table 3 Test results of density of retained body

R FEIY) TIE v /K B S
5 e I(ms? wic 1%
1 0.2 0.8 50.38
2 0.2 1.0 53.74
3 A 0.2 12 47.57
4 = 0.5 0.8 57.93
5 7 0.5 1.0 51.08
6 iy 0.5 1.2 50.53
7 ) 0.8 0.8 55.77
8 0.8 1.0 50.30
9 0.8 1.2 46.13
10 0.2 0.8 77.37
11 0.2 1.0 74.09
12 0.2 1.2 71.94
13 = 0.5 0.8 75.60
14 4 0.5 1.0 73.88
15 s 0.5 1.2 71.29
16 0.8 0.8 74.98
17 0.8 1.0 73.70
18 0.8 1.2 70.83
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Fig. 5 Test curves of dendity of retained body
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Table 4 Calculation of retained diffusion distance

WK v K WIAEE 8O B /m
5 imest)  WIC (pas®) K K
1 0.2 0.8 42.75 1.48 1.13
2 0.2 10 37.96 1.55 1.25
3 0.2 12 16.68 1.64 1.37
4 0.5 0.8 25.06 1.67 0.82
5 0.5 1.0 18.13 1.77 0.91
6 0.5 12 11.30 1.83 1.09
7 0.8 0.8 07.96 1.85 0.73
8 0.8 10 07.84 1.86 0.77
9 0.8 12 07.75 1.92 0.89
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Fig. 6 Maintenance of stone body
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Table 5 Compressive strengths of stone body

R AW Fkv KEE ASRAKFEP 28d
FY WRM [(ms?h wi/C PR E/MPa
1 0.2 0.8 3.96
2 0.2 1.0 3.91
3 A 0.2 12 3.79
4 o 05 0.8 3.71
5 7 0.5 1.0 3.64
6 1 0.5 1.2 3.55
7 Wy 0.8 0.8 351
8 0.8 1.0 3.35
9 0.8 1.2 3.13
10 0.2 0.8 6.01
11 0.2 1.0 5.92
12 0.2 1.2 5.75
13 ) 0.5 0.8 5.48
14 41 0.5 1.0 5.03
15 b 0.5 1.2 4.96
16 0.8 0.8 4.72
17 0.8 1.0 4.61
18 0.8 1.2 453
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Fig. 7 Engineering geological map
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New boundary treatment for seepage flow problem based on numerical
manifold method

LI Wei' 2, ZHENG Hong"??
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of Sciences,

Wuhan 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Architecture and Civil Engineering,
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Abstract: Since the shape functions derived from the partition of unity-based meshless method, such as the element-free
Galerkin method, are free of the Kronecker delta property, there are great troubles in the exact imposition of the essential
boundary condition and boundary continuity of materials. Nevertheless, if adopting the penaty method or the Lagrange
multiplier method, problems, like the selection of proper penalty factor and the satisfaction of the inf-sup condition, will occur.
This study utilizes the property of partition of unity that once the local solutions satisfy some condition, the global solution will
automatically satisfy the same condition. By constructing local approximations in physical patches of different types according
to the boundary condition, a new moving least square interpolation-based numerical manifold method (MLS-NMM) is
developed. Through the solution of some typical seepage flow problems, it is demongtrated that the proposed procedure is
capable to dea with the problems of the singular angular point precisely and may provide an dternative solution for the seepage
analysis in engineering.

K ey words: moving least square interpolation; numerical manifold method; partition of unity; heterogeneity; seepage anadysis
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M odel tests on negative pressure distribution in vacuum preloading

JAANG Yan-bin, HE Ning, XU Bin-hua, ZHOU Yan-zhang, ZHANG Zhong-liu
(Department of Geotechnical Engineering, Nanjing Hydraulic Research Ingtitute, Nanjing 210029, China)

Abstract: The rule of negative pressure distribution is an important subject in the studies on vacuum prel oading mechanism. By
discussing the spatid distribution characteristics of vacuum preloading and the associated concepts, the negative pressure is
defined in abroad sense, and the methods and influencing factors for the negative pressure measurement are anayzed. The tests
are carried out, with a well-designed large scale indoor model 15 min vertical height, to study the negative pressure distribution
in vacuum preloading. The test results show that there is hysteresis effect in vacuum measurement in saturated clay soil, and the
limit depth where vacuum exists is 8.9 m. The pore water pressure and vacuum degree in drain board exhibit a symmetrical
linear distribution above zero pressure plane at the vacuum stable stage, and the dope is similar to hydrostatic pressure gradient.
The negative pressure distribution along the depth is of piecewise linear type, due to the energy consumption in water lifting,
attenuation is found in the unsaturated soil above the underground water level, and the average attenuation value is 21.4 kPain
the stable period. The negative pressure is uniform with no attenuation under the average water level, and the corresponding
average negative pressure is -67.0 kPa within the depth scope of drainage board in the stable period. Based on the experimental
results and the flow pattern ditribution of gas-liquid two-phase flow in the equivalent drainage tube, the piecewise linear
negative pressure boundary of the vertical drainage board in the stable period of vacuum preloading is put forward.

Key words: vacuum preloading; negative pressure distribution; model test; vertical large scale; hysteresis effect; two-phase
flow
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Table 1 Physical and mechanical parameters of soil samples
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Deter mination of basic parameters of unimodal and bimodal soil water
characteristic curves

GAO You, SUN De-an
(Department of Civil Engineering, Shanghai University, Shanghai 200444, China)

Abstract: The determination of basic parameters (such as air-entry value, residua suction, slope a transition zone, etc.) of
soil-water characterigtic curve (SWCC) is the most fundamenta for predicting the strength, permeability and constitutive
relation of unsaturated soils. In this paper a method is proposed to determine the basic parameters of unimodal and bimodal
SWCCs based on the modified Fredlund and Xing’s fitting equation. Firstly, the parameters of the fitting equation can be
obtained by the optimd fitting of experimental data. For the bimodal SWCC, the piecewise fitting method is adopted based on
the pore size distribution characteristics of soils. Secondly, the slopes and equations of tangent lines are obtained in the
trangition and residua zones based on the geometric relationship of the fitting equation. Furthermore, the air-entry value and
residual suction of SWCCs are determined by the geometric relationship of tangent lines. Findly, the proposed method is
validated to be feasible by use of the experimental data of unimodal and bimodal SWCCs.

Key words. soil water characteristic curve; basic parameter; fitting; unimodal pore size digtribution; bimoda pore size
distribution
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Table 1 Fitting parameters of unimodal SWCCs

ZH wt il ik +
a/kPa 1.783 85.73 852.71
n 9.885 3.713 0.779
m 1112 0.766 0.872
plkPa 15.35 2462.7 1304.9

%2 BIETKFHER KR BEARSE
Table 2 Basic parameters of unimodal SWCCs

AR Wt it JEE K +

WS /KPa 1.53 63.5 149.3

Bk 4 1 {H/kPa 269 10146 37662

BE AR 1% 1.93 5.80 12.86
X R a R, -4012  -1.28 -0.363
KA 1 s/kPa 1.82 118.0 1910.9

Kl 8 KB 7 TR 3 Bl 1) L AR AE Hh 2R 4
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(5 THEARN . R %, Ao BN
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DIGRIZD oo BEAN, RS R IE s X (4) il
G2 a MEAAERRZER, WK 7 Pkt s,
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Fig. 10 Pore-size distribution of Guilin lateritic clay'®
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Table 3 Fitting parameters of bimodal SWCC

A ZH Smin~Su X s—10° B¢
alkPa 27.063 6349.3
n 3.807 2.513
m 0.087 1.150
plkPa — 6.24" 10’

F 4 RUETKIFEMEHIELSH
Table 4 Basic parameters of bimodal SWCCs

o sw/kPa  sa/kPa  Sa/% Awi w1
Smin™" S £X

" 196 1927 8177 -0.1837 -0.0150
s—1 0B SakPa  segl/kPa  Sel% Aws Kws

37214 21103.6 1297 -0.8882 -0.0772

0

-0.05L

=< _o.10}

%}g S

-0.15+

R R et
(394, -0.1837)

-0.20

0 100 200 300 400 500
% F1/kPa
(a) “'m.in"‘sd&



1890 s *

2017 4F

2 R b
(8827.1, -0.888)

0 20000 40000 60000 80000 100000
W% 11/kPa
(b) % ~10°8¢

13 X 7K HFE #h 2 B m B E
Fig. 13 Determination of inflection points for bimoda SWCCs

3 & &

ARSIy TS Frediund S840 25 U5 e Hh )5
R IIE pre IFARSEBR I5R A A 5 R LA
VUZHKH T IR e AR FLAR 20 A I S IR K
ik 1270 D IR RO TR AE I 2k S B /KRS
fibihige, HoEhaA (O FATRSHEGSE, R
B ST R LA 9GAR SR H I 8 DRI AR X 7R
I 2k R R S I TR, AN TS o B0 7R 1
ZEMIBEASHL . XX LR AL 2k, D) R AR e X
FLBR G 70 Al TR AL XU - 7K AR AIE A £ DA ) i
R SN I PALERBL JFAEC (DL (4
o BUAT RS HE LB BUI L& 24, i G 4L
B B 5 R IR LART G AR B 1 00 b /KA Ak i e i
AZH S, RRKEAR R AL T Ak w47,
B 7 W g ) R s AT R A i, FUH]
ARSLIA T3 758 A HE A M A S L AR E h 2RI S A 2
.

SE Ak

[1] FREDLUND D G RAHARDJO H. Soil mechanics for
unsaturated soilfM]. New York: John Wiley & Sons, Inc.,
1993.

[2] VANAPALLI S K, FREDLUND D G PUFAHL D E. The
influence of sail structure and stress history on the soil-water
characterigtics of a compacted till[J]. Géotechnique, 1999,
49(2): 143 - 159.

[3] ALONSO E E, PEREIRA J M, VAUNAT J, OLIVELLA S. A
microstructuraly based effective sress for unsaturated
soilg[J]. Géotechnique, 2010, 60(12): 913 - 925.

[4] LU N, GODT J W, WU D T. A closed-form equation for
effective stress in unsaturated soil[J]. Water Resources

Research, 2010, 46(5): W05515.

[5] ZHOU A N, SHENG D C, CARTER JP. Moddling the effect
of initid density on soil water characteristic curvesJ].
Géotechnique, 2012, 62(8): 669 - 680.

[6] MUALEM Y. A new model for predicting the hydraulic
conductivity of unsaturated porous mediglJ]. Water
Resources Research, 1976, 12(3): 513 - 522.

[71 AGUS S S, LEONG E C, SCHANZ T. Assessment of
statistical models for indirect determination of permeability
functions from soil-water characterigtic curveqJ]. Géotechnique,
2003, 53(2): 279 - 282.

(8] 7k A, XUZ4R, skET. LAESE KRR AR K &R
PRBIE R R REARL). & T RER, 2014, 36(11):
2069 - 2077. (ZHANG Zhao, LIU Feng-yin, ZHANG
Guo-ping. Models for water retention and unsaturated
permeability in full range of water content[J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(11): 2069 -
2077. (in Chinese))

[9] KIM W, BORDEN R H. Influence of soil type and stress state
on predicting shear strength of unsaturated soils using the
soil-water characteristic curve[J]. Canadian Geotechnical
Journal, 2011, 48(12): 1886 - 1900.

[10] SHENG D C, FREDLUND D G GENS A. A new modeling
approach for unsaturated soils using independent stress
variableg[J]. Canadian Geotechnical Journd, 2008, 45(4): 511
- 534

[11] FREDLUND D G XING A. Equation for the soil-water
characterigtic curve[J]. Canadian Geotechnical Journal, 1994,
31(4): 521 - 532.

[12] SIMMS P H, YANFUL E K. Measurement and estimation of
pore shrinkage and pore distribution in a clayey till during
soil-water characteristic curve testg[J]. Canadian Geo-
technical Journal, 2001, 38(4): 741 - 754.

[13] LI X, ZHANG L M. Characterization of dua-structure
pore-size distribution of soil[J]. Canadian Geotechnical
Journal, 2009, 46(2): 129 - 141.

[14] BURTON G J, SHENG D, Campbell C. Bimodal pore size
digribution of a high-plagticity compacted clay[J].
Geotechnique Letters, 2014, 4: 88 - 93.

[15] MIGUEL M G BONDER B H. Soil-water characterigtic
curves obtained for a colluvial and lateritic soil profile
considering the macro and micro porosity[J]. Geotechnical &
Geological Engineering, 2012, 30(30): 1405 - 1420.

[16] FMEZz, U, XISCHE, A% ZLRG R KA AL



55 10 3 U, A SRR T RHIE IR A SR e 1891

BRI A[). &+ TRE2AR, 2015, 37(2): 351 - 356. (SUN
De-an, GAO You, LIU Wen-jie, WEI Chang-fu, ZHANG
Sheng. Soil-water characteristics and pore-size distribution of
lateritic clay[J]. Chinese Journal of Geotechnical Engineering,
2015, 37(2): 351 - 356. (in Chinese))

[17] VAN GENUCHTEN T M. A closed-form predicting the
hydraulic conductivity of unsaturated soil[J]. Soil Science
Society of America Journal, 1980, 44(44): 892 - 898.

[18] KOSUGI K. Three-parameter lognormal distribution model
for soil water retention[J]. Water Resources Research, 1994,
30(30): 891 - 901.

[19] LI X, LI JH, ZHANG L M. Predicting bimoda soil-water
characteristic curves and permeability functions using
physically based parametergJ]. Computers and Geotechnics,
2014, 57(4): 85 - 96.

[20] SATYANAGA A, RAHARDJO H, LEONG E C, et a. Water
characteristic curve of soil with bimodal grain-size
digtribution[J]. Computers and Geotechnics, 2013, 48(4): 51
- 61

[21] THU T M, RAHARDJO H, LEONG E C. Soil-water
characteristic curve and consolidation behavior for a
compacted silt[J]. Canadian Geotechnical Journa, 2007,
44(3): 266 - 275.

[22] VANAPALLI SK, SILLERS W S, FREDLUND M D. The
meaning and relevance of residual water content to
unsaturated  soilg[C]//  Proceedings of 51t Canadian
Geotechnical Conference. Edmonton, 1998: 101 - 108.

[23] Jafss, L4, B A6, 55 AT IIKE £ - AR el
s (G IR R IE AR IEE ST N sV SIS e
244, 2010, 29(5): 1052 - 1059. (ZHOU Bao-chun, KONG
Ling-wei, CHEN Wei, et a. Analysis of characterigic
parameters of soil- water characteristic curve(SWCC) and
unsaturated shear strength prediction of Jingmen expansive
sail[J]. Chinese Journal of Rock Mechanics and Engineering,
2010, 29(5): 1052 - 1059. (in Chinese))

[24] ZHAI Q, RAHARDJO H. Determination of soil-water
characterigtic curve variables[J]. Computers and Geotechnics,
2012, 42(42): 37 - 43.

[25] LINS Y, SCHANZ T. Determination of hydro-mechanical
properties of sand[J]. Information Sciences, 2005, 181(17):
3570 - 3580.

[26] ROMERO E, GENS A, LLORET A. Water permeability,
water retention and microstructure of unsaturated compacted
Boom clay[J]. Engineering Geology, 1999, 54(1/2): 117 -
127.

CNKI # i (FESHSIEPER)

HEr, HHE%EIR (CNKD o ERFESCHER oF PP T 5T
OHER T & (P E GG E R, 2R 5T b Ok
A DLk R 422 T3 RAE g 3 T, . &
BORSCI G AR, 32k 43 I Bk skl 5 155 22 AR B
TLURAG . PRI AE, A4 T 2013 4F—2015
AR E 2 AR 813 J7 AR v AR 24 A7 18 SC 101 JT ARG
TSR 39 IR, BTG 30A 1451 T gk . ISR
TS, 422 T ARE 20851 LIRIEIIE 72 J7A . EHT5
R4 P a2k, o 72 JTARE RIS A 105 AR
43 1949-2009 4F-F1 2010-2014 “EPRAN (A1 B, 43 B 4t 51 5
11 TOPLO%PE 13, JLilikh 70010 AR5 Pl N (b e
PESIERAERD. Gorl i R, X 7 TR FHE A R
R A Y 1.68%, HI3RkAT 67.4%0F ST I, T,
XUl R e, fERIZREH POREE T MR ENEN . %
AL RRATE2ERE “2ERE h $850” HE4 AT 20 (1t RRERA
VAN FRRR, ST EMPPANT AR (KA 23 85— A AR
TR kL AT R S E .

AR B BT A B, PR A K 2 AR S
J15 kAN T LU B A AR AR TG VARG VT 2 R B S R R
P&, Bl BHOEN TR AR LR AN 52
FHR R TR -

Cr A PR P A ) s R AR H o Pl 5 A A AT
M0 B [ P 1), AT 2PN B AR e i T,
BN T H AT ARACE VP 125 1, 7 B R ik
PR AR R R SS 7K - 5 B H R B0 ] T A R
FRAIBAR « 5 B RN U RS B 45 Bl e I SR ) i 45
7, WHABGRM SN, AR RS H Aol St
PRI HERI 2 RHE B I M B

(P E Eg s BB e CPEZERIT] Geao)
HLF 2B A AT IR A A AR 177 IR XA B T H AR
O NER, TR R BEAED NSCREERIRE SR 6 N0 45,
BEALIE L, WO, T8, & FE: 010-82710850,
82895056 %% 8599, email: aspt@cnki.net.


mailto:aspt@cnki.net

$39% 108
2017 4F 10 H

= + T B ¥ i Vol.39 No.10
Chinese Journal of Geotechnical Engineering Oct. 2017

DOIl: 10.11779/CIGE201710018

BEXKIGBETNIRGEH R IR E

oY, TRE, M’

L RBH R ET S 2 TR, IR 5 266590; 2. fFFHIIVE A BilAE K TR, WR /5P 464000)

B B e RSN A ERE, W ENE TR B IR TR S5 A R I AS B T 8 SR P A TR 10 45 #
R, BN T AT MRRAY s SR TR gAY, 25 G I W IR AR AU R SESG , MEE T R 20 2 EER S8
AETHRR . G5AL AR, N R ) SRR T T SR B RIE I, IR EAT T S SR e . SRR, AT
W&ok “I8ay 7, BUIRES P ARay . J9IREG R Ssns . B A th Rt FAETIR R EER N EnT, SOHRE
FARTIR N P, RISEARERIX (A BRI RERIX (BIX) 5 N FTHE S S 2By Rk 2 AT T 5Bl 55,
VLA RAG BT B SR B W D H R 560

KRR SR PRI TR MR AR R

hESES: TU4L, TD323 CHERERIRAD: A XEHS: 1000 - 4548(2017)10 - 1892 - 09

fEEEIAY: DICm(1989- ), T3, Wik, TR SRS, E-mail: mawengiang0328@163.com.

Sructure of regenerated roof and deter mination of support load in re-mining stope

MA Wen-giang™ >, WANG Tong-xu', MA Zi-yang"
(1. College of Mining and Safety Engineering of Shandong University of Science and Technology, Qingdao 266590, China; 2. College of
Architecture and Civil Engineering of Xinyang Normal University, Xinyang 464000, China)

Abstract: To determine the reasonable support load in re-mining stope, the zoning characteristics of the structure of regenerated
roof are obtained through theoretical calculation, field observation and roof structure detection, and a structural model for the
regenerated roof is established. Based on this model, the structural mechanical model for the support and the regenerated roof is
devel oped in combining with the field observation and similar materia simulation experiments. The expression for support load
is derived by using the mechanical model. The calculaion of a field example and site verification are performed. The results
indicate that the structure of the regenerated roof can be divided into four zones, namely, cemented regeneration zone, weak
cemented compaction zone, fissure zone and bending zone. The rock mass born by the support can be classified into two
regions, namely, fully bearing region (region A) and partly bearing region (region B). The monitoring data of field support load
show good agreement with the calculated results of a practical example using the formulas derived from the mechanical model
for the support and regenerated roof.

K ey words: re-mining; regenerated roof; roof structure detection; support load
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Tablel Physical and mechanic parameters of rock strata
I o, o PR BIUIEE  bubam BRSO WEREE BabERR L
R AL ik kN iGPa  H/GPa  [EMPa  MPa  fu(C )  Jopa  TIAH
JERAR ERliNEES 22.0 0.93 0.46 1.2 15 28 118 0.300
7] % T 21.4 1.53 0.76 1.6 1.2 22 1.96 0.300
. Fres 22.0 0.93 0.46 12 15 28 1.96 0.300
>l
AT Ve 23.6 0.88 0.42 0.8 1.0 32 1.09 0.294
1 ME1RKE 23.6 1.36 0.64 1.22 11 32 1.66 0.297
Al 2 kEKELZE 24.2 1.86 0.86 1.73 15 30 2.23 0.300
A2 3 HLoWwkes 23.6 1.62 0.82 2.08 18 30 2.10 0.283
4 Y 23.6 2.36 1.24 2.44 2.2 32 3.16 0.276
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Fig. 1 Regenerated roof revealed by mining face
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Fig. 2 Histogram of rock strata
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W T Ul A
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B IR TEE AR, B4 JE IR TR E % B
10.0 m, TR 2 2 v i IR A A e 5 R
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V)
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WA R, BETE RS 12 UL
LRIE FEEHraEEA 3 )2, W n=4. 4521
JELE DLATAR B 2, F R RS WA 1, 4 e % =
(133 TG T2 A AT TH . GRS, s 1
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Table 2 Periodic fracture lengths of stratain fissure zone
Z TN B = A I RP EE/m

FE] HH b 221 Y H
PRI H1E %2, 3HLE
1 6.00 7.40
2 9.90 12.60
3 9.10 11.50
4 9.27 11.77
5 9.23 11.71
6 9.24 11.73
7 9.24 11.72
8 9.24 11.72
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Fig. 3 Layout of boreholesin roof of mining face
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Table 3 Digital images of borehole No. 1
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Table 4 Digital images of borehole No. 2
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Table 5 Digital images of borehole No. 3
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Table 6 Grade indexes and description of completion degree of surrounding rock in borehole
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Fig. 5 Structural model for regenerated roof
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Hydraulic and mechanical characteristics of ecological slopes:
experimental study

CHENG Peng"?, LI Jin-hui', SONG Lei*
(1. Shenzhen Graduate Schooal, Harbin Ingtitute of Technology, Shenzhen 518055, China; 2. Shenzhen City Construction Comprehensive

Survey and Design Ingtitute Co., Ltd., Shenzhen 518055, China)

Abstract: The biotechnica dope protection is a new method to protect dopes, which helps to prevent and control landslide.
However, the vegetation roots can increase the permeability and pore water pressure of soils, which in turn decrease the shear
strength of soils under rainfall conditions. On the other hand, the roots can be viewed as fibers in the soils and may increase the
strength of soils. The controversia effect of roots on the soils remains unclear. The hydraulic and mechanical characterigtics are
analyzed through field monitoring combined with triaxial compression tests. Firstly, three soil regions (with Vetiver grass, with
Bermuda grass and bare soil) are prepared in the field. The monitoring of volumetric water content and matric suction begins
after these regions experience natural drying-wetting cycles for one year and a half. The unsaturated permeability functions for
the three soils are cal culated using the monitored data. Secondly, the soils are sampled from the field and used to conduct trixia
testsin lab. The stress-strain curves for the soils with Vetiver roots, the soils with Bermuda, the bare soils and the compacted
soils are investigated. The cohesions and friction angles of soils are obtained. The results may provide necessary data in the
stability analysis of ecological dopes.
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Table 1 Basic parameters of test soils

RRTHEE  mREKE R el

25 4
/(g:em™) 1% 1% 1%
1 1.702 185 42.25 19.70
100 -
§
8] 80
3
g 60
8
.H
o 40
%=
]
H:» 20+
0 | | 1 |
0.001 0.01 0.1 1 10
kB A2/ mm

Bl +HehiRE sk
Fig. 1 Distribution of grain sizes
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Fig. 5 Permeability function of four unsaturated soil samples

2 BRAELTIKH N FERE
2.1 Rt

% N =BT DRRE 1 R A UK E T . R
R A EURE IS [R] A 2016 4F 1 ] 27 H—20164F 3 J1 8 H,
23 T 204N H A B HIRARER U JECIR S 20T
N ZEEIDRAL, W AR R AR 2R, =
BT vNRIe A 4R TOL, Wk 2 Prom. R 1ol 1 BT
RFM LU ZAIMEL, AFRAE Y HE D T 24T
WA RS T 2 AR T R A IR E IR 2 IR
A I Ak W56 Tl 3T 2 P o M S
DR IR S5 1 Ak W5 T8 4 1 AR =
1, BER AR ARWBEE DTG, AR T RIKITE &
AR o SR [ 5 AN HEZK BY ) 1) 7 AT il
WFERSF W EAE 101 mm, 75 200 mm, B8 4
SYBIET R N AR 0.1%. RS it N i) L FEAEL 43 3 4 50,
100, 150 kPa.

2 ZHENRBE TR
Table 2 Test conditions of triaxia shear tests

W TOL YRR AWML TR EAER

1 7 7 q Bz R+
2 TG ERAR 1 Pz R+
3 TR AURAR q Pz sk +
4 i x x HENER T

2.2 EWEidEE

FH T 75 226 I3 Uk - B a] =5 Py A= il 85 D)4k
5, P LA O AR AR LA R A ST T () — A
Mo AL, ASCRERIBEE] T HBORERS . IUFERR A — A
WAk 101 mm, 4MzEh 160 mm, =ik 200 mm [ 5]
FEGr B, IRHREEAR], TR R 5 U0 0 JAl S5 1R P8 4
— BB, MBI, AR A
HAFERIEE.

IR BURE: 1R s A A R T e/ ox T AR I 3)
AR 6 BP0 3o R G P51 %) 3 38 0 5 b AT
e BHEFLLT 4D | oemE BURE K. T
Wb AR RS B, WORESRARME RN LAk, LA
TN AT LIERR . O T ORUE AT AR 20 em R AR
TRE, BHFESS R AN 10 om 5 I3 R X e A EL
FEX IR, Wk RAL, WE 6 (). m TR R
SR, AT RN TR SE T, KR TTEEAT
W, WE 6 (b # N KRB k. BEIRHE
a MRS 3P ER, (R SEpr R e b A —
WRRFATIN AE N R AT 75 2K RS BRI — 2
Mok, H RN T e v SR A B Ak 2
(PRI EEEE T, O s s Rt A& LS, WLIE 6
(©o iU AR N SERUE IR N 7
ARG KT FH2E TR AT DT 22 5 R 38 S~
5 Jaia [l SE g AT B VA, WK 6 (d).

2.3 R

h TG AR AR ARG, fEE ARG i,
SEIEBTY) RO, R B IR, SRS
h 24 cmX 24 cmX 20 em [F R AR . 6 JEOR R
AT /NP BEFFRATI 1520 T LAEh AR R AR
Bt MASMEA PhERERR GG ®%5S
£, Wk 3PR. K 3T MR R PUh o R
AP 2R T SR, BRSO R I P
SRFF 500 )42y 20 36 - AR

F 3 BIRA T HEPIR REFERIER
Table 3 Description of properties of roots in vegetated soils
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Fig. 6 Process of in-situ soil sampling
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Table 4 Comparison of shear strength parameters
TN A3 R T HRFR
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i) 1% & J1lkPa 1%
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EHMREE 18.75 3.19 742  -17.83

TR FWE 4R 19.25 5.94 11.23 24.36
SERE AR 2665 46.67 19.73 118.49
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Optimum support time of brittle underground caver n based on
time-dependent deformation

ZHANG Jian-hai', WANG Ren-kun?, ZHOU Zhong?, ZHENG Lu®, ZHANG Ru', WANG Lu', XIE He-ping*
(1. State Key Laboratory of Hydraulics and Mountain River and Protection, College of Water Resources & Hydropower, Sichuan

University, Chengdu 610065, China; 2. China Hydropower Engineering Consulting Group Chengdu Design & Research Ingtitute, Chengdu

610072, China; 3. Ingtitute for Disaster Management and Recongtruction, Sichuan University, Chengdu 610065, China)
Abstract: As the basic principle used in modern underground engineering, the New Austrian Tunneling Method focuses on
providing timely and optimized safe support to develop the maximum self-supporting capacity of the rock or soil itself for the
stability of the underground opening. But up to now, no reliable formula and theoretical guidance for timely support have been
established. The support time can only be empirically determined based on the in-situ monitoring measurements. The timely
and optimized support which uses adequate self-bearing capability of surrounding rock means that the rock stressisin the fina
stage of elastic deformation, but before brittle failure occurs when reaching the critica elagtic strain limit. Based on this idea
and the characteristics of time-dependent deformation of underground engineering, an approximation formula to calculate the
optimum support time is proposed. The study shows that the optimum support time is related to the deformation convergence
time, ratio of rock strength to geo-stress, stress after excavation and anchorage pressure. The optimum support time for top arch
and side walls can be determined according to the stresses of surrounding rock from point to point. This study may provide a
theoretical method to determine the optimum support time which is a critical problem of underground engineering for a long
time.

K ey words: optimum support time; New Austrian Tunneling Method; underground engineering; time-dependent deformation
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Fig. 6 Relationship among optimum support time T, (day), k,
and T,
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x2 BEMT BEEHFSH
Table 2 Mechanical parameters of Jinping-I underground power
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Fig. 7 Distribution of 1% principal stress after excavation of power
house No. 5
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i il:
M easurement of hydraulic conductivity and diffusion coefficient of backfill for
soil-bentonite cutoff wall under low consolidation pressure

ZHANG Wen-jie, GU Chen, LOU Xiao-hong
(Department of Civil Engineering, Shanghai University, Shanghai 200072, China)
Abstract: Advection and diffusion are important mechanisms of contaminant transport through barriers. Whether flexible-wall

permeameter and consolidated specimen must be used in the permeation or diffusion tests on soil-bentonite backfill under low
consolidation pressure is till controversial. The soil-bentonite backfill is prepared according to the common construction

procedure of cutoff walls. The hydraulic conductivity of the backfill is measured by a flexible-wall permeameter under effective

consolidation pressures of 30, 50 and 100 kPa, respectively. The hydraulic conductivity and diffusion coefficient are dso
measured by rigid-wall column tests. Based on the theory of dynamic leaching tests, a diaysis method is proposed for quick
measurement of the effective diffusion coefficient of the backfill. The results of flexible-wall tests show that the hydraulic

conductivity of the backfill increases with the hydraulic gradient. There areinitial hydraulic gradients ranging from 6.82 to 8 in
cutoff walls.

the flexible-wal tests. The hydraulic conductivity decreases from 5.21x10°to 3.78x10° cm/s as the consolidation pressure

0 3l

-8 -8
increases from 30 to 100 kPa. Under the consolidation pressure of 10 kPa, the rigid-wall column tests give an initial hydraulic
gradient of 5.67, a hydraulic conductivity of 7.14x10® cm/s, and an effective diffusion coefficient of 3.12x10°® cm?/s. The

—_

=

backfill in the diaysis tests is not consolidated and the effective diffusion coefficient is 4.45x10° cm?s. With a bentonite
content of 6.02%, the hydraulic conductivity of the backfill decreases by 4 orders of magnitude, while the effective diffusion

coefficient only decreases by about 50%, so diffusion will be the dominant contaminant transport process in soil-bentonite
Jiti TR 3 RS B

K ey wor ds: soil-bentonite cutoff wall; high-slump backfill; hydraulic conductivity; effective diffusion coefficient

AR KT BB

E€WEH: EBXARFEREENH (51178260, 51478256)
Wi HEA: 2016 - 06 - 22
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Fig. 1 Perticle-size distributions for constituent soils
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Table 1 Results of flexible wall permeameter test
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Table 2 Test data and fitting results by analytic solution
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Table 3 Calculated effective diffusion coefficients and

corresponding relative errors
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3d 0.079 4.42
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Experimental investigation on flow defor mation of liquefiable soil
reinforced with geogrids

CHEN Yu-min"?, ZHOU Xiao-zhi"?, XU Jun®
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China;

2. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China; 3. Shanghai Shen Yuan Geotechnical
Engineering Co., Ltd., Shanghai 200040, China)
Abstract: The main causes for damage of buildings during earthquake are large deformation and latera displacement of the soil
induced by liquefaction. Using the geogrids as the main reinforcement materias, a series of shaking table tests are conducted on
the liquefiable soil under the load of buildings in order to study the effects of different reinforcement schemes on the flow
deformation of the soil. Three different reinforcement schemes are considered, including horizontal layered geogrids, package
of geogrids, geogrids together with non-woven fabrics. The dvelopment of excess pore water pressure, the settlement of
buildings and the strain properties of geogrids are obtained from the shaking table tests. The results show that the liquefaction
behaviors of foundation soil can not be changed by the geogrids since the peaks of excess pore water pressure are equal at the
same depth, but the excess pore water pressure dissipates more quickly for the reinforcement scheme with geogrids +
non-woven fabrics. Compared with that of the other two kinds of reinforcement schemes, the settlement of buildings of the
reinforcement scheme with geogrids together with non-woven fabrics is the smallest, which decreases by 24% of the settlement
without reinforcement. Besides, the strain crest a the central position of the geogrids is less than that at their edge position.
Using the geogrids + non-woven fabrics reinforcement scheme, the non-woven fabrics has better restriction on the liquefiable
sail in coverage area because of its large surface, which limits the vertical movement of sand particles. In addition, the force

between sand particles and non-woven fabrics will transfer to

the geogrlds, which will be beneficid to the friction between HEWHE: HXARB2EMEAN EWE (51379067, 51679072); A4
soil and geogrids. Findly, the friction can further restrict the b5 fEWF 50 00 H (5141001028 5 £ E #6417 B BA & J& i %I

(IRT_15R17); Jiifg K2 v g A AR IR 45 9% 13 H (2015B17314)
WisHHEA: 2016 - 06 - 22

flow deformation of liquefiable soil.
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Fig. 1 Grain-size distribution for test sand
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Fig. 3 Reinforcement materials of geogrids + non-woven fabrics

15

30

bs L . -

50 }
RPN em

B4 RTRWMHETEE
Fig. 4 Diagram of arrangement of strain gauges

(3.4)] 13 )
FLEH

30

50
(a) HOLE

40

[
@1 o3 fLET
3 @2 @4
$

| ° |
(b) FHHE RAFH4E: em

5 FLIEREENAETRER
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Numerical simulation of freeze-thaw in short period of secondary lining at
tunnel transition section in seasonal frozen area

WU Yi-min', LI Wen-bo" %, FU He-lin', LIU Min-jie!
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. School of Civil Engineering and Architecture, Wuyi
Universty, Jiangmen 529020, China)

Abstract: Repeated freeze-thaw in the lining and surrounding rock is aways accompanied by weathering process such as
cracking and spalling. The conventional frost-preventing theory will underestimate the freeze-thaw frequency because of the
assumption that the ambient yearly temperature changes as sinusoidal function. A kind of autometic temperature recorder
adapting to the low temperature environment is developed, through which the long-term and high frequency monitoring of
lining surface temperature at tunnel trangition section in seasona frozen areais carried out. The difference equation for transient
heat conduction of multilayer cylinder in one-dimension is aso derived, whose calculation accuracy is verified by an example.
The freeze-thaw process of lining surface temperature at tunnel transition section in seasonal frozen areais smulated after the
monitored data are chosen as the boundary condition in the difference equation, and the impact of position of insulation layer on
the freeze-thaw is discussed. The result shows that the temperature of the region fluctuates acutely, whereit is shorter than 5 cm
from the lining surface. A seasonal freezing and severa freeze-thaw cycles in a short period appear in secondary lining insde
every year. When the position of insulation layer is located between the secondary lining and the initia lining, the frequency of
freeze-thaw cycle in a short period and the start and stop time of seasonal freezing change little, but the influence depth of
freeze-thaw cycle in a short period is extended. When the position of insulation layer islocated at the secondary lining surface,
theinner temperatureis aways greater than 0°C, which is beneficial to the for frost-prevention of tunnels.

K ey words: seasona frozen area; tunnel; long-term monitoring; difference equation; freeze-thaw cycle; insulation layer
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M odified generalized plasticity model for rockfill materials
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Abstract: Within the framework of generaized plagticity theory, the plastic modulus is modified by adding two correction
factors to enhance the adaptability of model under high confining stress, thus the generalized plagticity model for sand is
successfully transformed into the modd for rockfill materials. The modified P-Z modd has fewer parameters, all of which can
be easily determined, and it is relatively practica and can be extended into a state-dependent constitutive model. The expression
for plastic modulus is smple and can be degenerated to that for isotropic compression tests. The modified model can well
simulate the stress-strain behaviours of rockfill materias of triaxial tests and can aslo capture the stress-strain features under

other stress paths.
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Table 2 Parameters of modified generalized plasticity model

G, m n a M M

p./kPa n b g H,

g
655 0.455 0.3 -0.37 1.94 1.70
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Fig. 1 Comparison between test results and two model predictions
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Table 3 Parameters of state-dependent generalized plasticity model
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Fig. 7Model simulations of rockfillsin triaxia tests under
differentinitial void ratios
RELE —ERERE ERR AR, Bk, e IS
J7 SRR R AT DL B R KL L FRPR S AH S

4 HFRSRE

COBRXE SCRPERRAE e B s T 38 N AL 22 11
W, AT SCEPERORNEZL T, SINBIEREH,
AH W AR EAT T 1E, RS iy Bl R 3 Y
PERCZZ (R L) SCER ARSI 5 Jl A ) OB
Mo SR AVE IR SCEPEB SR D, B E
ER PR AT DR F S5 1) s 4 2 R A

(2Pt () SCERPEARE IR mT LA DAy 1A 3t FOU0
AR =R B OL CCHOE s E ) RN ) W ARES
Ph, TR BT A p AR SRR ) LR AR B AT—E 1
BRPIVA

(AR ) SCBVERRIAS 5 N B D1
IEIPERCE, BRI AR, SRR ME, T
LA SRS oL, BAT — e N e, F—
A AR AR S ] T A S s o0 e

SE K-

[1] DUNCAN J M, CHANG C Y. Nonlinear andysis of stress and
strain in soilg[J]. Asce Soil Mechanics & Foundation Division
Journal, 1970, 96(5): 1629 - 1653.

(2] VRERIL. AR AR 34T ) — R B B[ 5 1m0
F RIER TR ARITE 2018 S8, JEat, 1990: 101 - 105.
(SHEN Zhu-jiang. A new constitutive model for soilg[C]//
Proceedings of the 5th Chinese Conference on Soil
Mechanics and Foundation Engineering. Beijing, 1990: 101

- 105. (in Chinese))

[3] HARDIN B O, DRNEVICH V P. Shear modulus and damping
in soil: measurement and parameter effects[J]. Journal of the
Soil Mechanics and Foundations, ASCE, 1972(7): 667 - 692.

[4] HARDIN B O, DRNEVICH V P. Shear modulus and damping
in soil: design equation and curves[J]. Journa of the Sail
Mechanics and Foundations Division, ASCE, 1972, 6: 603 -
624.

(5] YREKIL, 1% W HEACEHKIE) A TR, K RIKIEFR
“HJF5Y, 1996, 6(2): 143 - 150. (SHEN Zhu-jiang, XU Gang.
Deformation behavior of rock material under cyclicloading[J].
Hydro-Science and Engineering, 1996, 6(2): 143 - 150. (in
Chinese))

[6] XU B, ZOU D, LIU H. Three-dimensional smulation of the
construction process of the Zipingpu concrete face rockfill
dam based on a generalized plagticity model[J]. Computers &
Geotechnics, 2012, 43(6): 143 - 154.

[7] zOU De-gao, XU Bin, Kong Xian-jing, et a. Numerical
simulation of the seismic response of the Zipingpu concrete
face rockfill dam during the Wenchuan earthquake based on a
generdized plasticity model[J]. Computers & Geotechnics,
2013, 49(4): 111 - 122.

[8] ZIENKIEWICZ O C, MROZ Z. Generdized plasticity

and applications to geomechanicgC]//
Mechanics of Engineering Materials. New Y ork, 1984: 655 -
679.

[9] PASTOR M., ZIENKIEWICZ O C, CHAN A H C.
Generalized plasticity and the modeling of soil behavior[J].
International Journal for Numerical and Analytical Methods
in Geomechanics, 1990, 14: 151 - 190.

[10] iy, EE, BER, 55 AR R BT
[J. 7= THE2AR, 2017, 39(6): 996 - 1003. (BIAN Shi-hai,
LI Guo-ying, WEI Kuang-min, et a. Study on generalized
plasticity model of rockfill materials[J]. Chinese Journd of
Geotechnical Engineering, 2017, 39(6): 996 - 1003. (in
Chinese))

[11] WEI K M, ZHU S. A generalized plagticity model to predict

formulation

behaviors of the concrete-faced rock-fill dam under complex
loading conditions[J]. European Journal of Environmenta
and Civil Engineering, 2013, 17(7): 579 - 597.



1942 a5 oE L OB ¥ M

2017 4

[12] & &, BER, M@, J AR g — kA
ML), &+ TFE2%4R, 2014, 36(8): 1394 - 1399. (ZHU
Sheng, WEI LIN Daotong. Generalized
plasticity model for soil and coarse-grained dam materialg[J].
Chinese Journal of Geotechnical Engineering, 2014, 36(8):
1394 - 1399. (in Chinese))

[13] BRAEK, ffepak, shesm. — N2 IR UKL R (1) HE A kLot
WPEARIR[. A+ TR, 2011, 33(10): 1489 -
1495. (CHEN Sheng-shui, FU Zhong-zhi, HAN Hua-giang.
An elastoplastic model for rockfill materiads considering
particle breakage[J]. Chinese Journd of Geotechnical
Engineering, 2011, 33(10): 1489 - 1495. (in Chinese))

[14] YAO Y P, YAMAMOTO H, WANG N D. Conditutive

Kuang-min,

model considering sand crushing[J]. Soils and Foundations,
2008, 48(4): 603 - 608.

[15] Alfd, A4 M, XUHU%, 55 HURDRH ™ SO AN
() 2 7y it 4% 38 N PRI ST [T). ORI B TR 4R, 2013,
53(5): 702 - 709. (ZOU De-gao, FU Meng, LIU Jing-mao, et
a. Study of adaptability of generalized plastic model of
coarse grained soil under various stress paths[J]. Journal of
Dalian University of Technology, 2013, 53(5): 702 - 709. (in
Chinese))

[16] LING H I, YANG S. Unified sand model based on the critical

state and generalized plasticity[J]. J Eng Mech, 2006, 132(12):

1380 - 1391.

[17] X2, BRAEK, FEZE, & ARG AeRES S % 18
TURLRE R A FIRE AL ]). # F %, 201, 32(4411 2): 148
- 154. (LIU En-long, CHEN Sheng-shui, LI Guo-ying, et a.
Critical state of rockfill materials and a constitutive model
considering grain crushing[J]. Rock and Soil Mechanics,
2011, 32(S2): 148 - 154. (in Chinese))

[18] ¥ o, #h b, TR, & AREN R AR T RRDE)
SEEVER IR, & %, 2010, 31(4): 1118 - 1122,
(YANG Guang, SUN Xun, YU Yu-zhen, et al. Experimental
study of mechanical behavior of a coarse-grained materid
under various stress pathg[J]. Rock and Soil Mechanics, 2010,
31(4): 1118 - 1122. (in Chinese))

[19] & &, /KA, SAARRE. Sussist & BELE T oA WIBTHUH

ROREA R 2K s s b 1 R IR 9], 5 %%, 2010,
31(3): 961 - 966. (ZHU Sheng, WANG Yong-ming, HU
Xiang-qun. Application of immune genetic a gorithm to back
analysis for parametersin model of rockfill dam coarse grain
materials[J]. Rock and Soil Mechanics, 2010, 31(3): 961 -
966. (in Chinese))

[20] kRt XUZEON, WHBENE. 555 ) R R4 fF T HEA RHE
JS 3 AREELD). I 5 £ T, 2001, 25(4): 46 -
49. (ZHANG Lin-hong, LIU Rong-pei, XIE Wan-li.
Properties of stress and strain of rockfill under the path of
equd stress ratio[J]. Dam Observation and Geotechnical
Tests, 2001, 25(4): 46 - 49. (in Chinese))

[21] SRAnAR. RTINS RN g % A% T HE A7 AR O FR AT
9¥[D]. Ki%: KIEPET K%, 2008. (ZHANG Ru-lin. Study
on constitutive relationship of rockfill under simulating actua
stress path of dam[D]. Ddian: Daian Universty of
Technology, 2008. (in Chinese))

[22] AH . SUHEATELN ) R AR AL G R IFSE[D]. KiE: K
EFL T K%, 2009. (XIANG Biao. Study on constitutive
relations of dam rockfill considering the effect of stress[D].
Dalian: Dalian University of Technology, 2009. (in Chinese))

[23] KA K R TERE. = AZ TR 1 T A A U
FRAR R [R]. dbnt: A EZKFIK B B2 6F 5T B, 2002,
(China Ingtitute of Water Resources and Hydropower
Research. The test report on the material of the CFRD in
Sanbanxi [R]. Beijing: China Institute of Water Resources
and Hydropower Research, 2002. (in Chinese))

[24] XIAQ Y, LIU H, CHEN Y, et a. State-dependent constitutive
model for rockfill materials[J]. Int J Geomech, 2015:
04014075

[25] LI X S, DAFALIAS Y F. Dilatancy for cohesionless soilg[J].
Géotechnique, 2000, 50(4): 449 - 60.

[26] 51 . HURL A N2 o] s sl S XS F A8 i ] MEATT
5Y[D]. AL KA, 2009. (JA Hua. Study of loading
and unloading properties of coarse-grained soils and
adaptability of Duncan-Chang model[D]. Nanjing: Hohai
University, 2009. (in Chinese))



%39% 108 = L+ 1 B % # Vol.39 No.10
2017 4 10 Chinese Journal of Geotechnical Engineering Oct. 2017
DOIl: 10.11779/CIGE201710025

R MR R B R RS

RAET? BRAEARDS, (K@ RW"°, BEE
(. TS A ARDRIE TR S50 %, K 400074 2. FISUKAIRIEBIGB S + TRBFIAT, T M3 210029;
8. RIS U B S 5 PR TS 0%, 1195 % 210029)

. ETMZERENYURIRRCIN L, FIREEE . =M 3 Flta Ik Y 2, TR T ZE NS T
TR RIGRIE T o 0BT AN [ B G b v 28 ooy HEE S I P AT e s R DA M ke B LA T LA RS 1) S i R
HE IEMOKEN A A B, RHZ IR AR AR AN R AL AR KRR AR REAT TRIFST . X R, A2 it il
AMLAEYIIRACE . R/, T HIR B IARUE, B F KRR, MR “RIEA” IR,
AT S KRR () IR HE FE WAL, ]I RE A6 RS e DR M ZE AL 45 e T T B I gk s g R — PN 22
EoNEIES (R SN0 (N WIRr

KR WA EOBTRK, R N ERES

hESZES: TV69S; TV13 XHERFRINAD: A NEHHE: 1000 - 4548(2017)10 - 1943 - 06
EZBIN: BRWA986- ), T, WL, FENF - AHGRIUT ST T/E. E-mal: Neo 3303@163.com.

Centrifugal model tests on section for m of drainage channel of barrier dams

ZHAO Tian-long" 2, CHEN Sheng-shui® ®, FU Chang-jing" %, ZHONG Qi-ming? *, HOU Ying-wei*
(1. Key Laboratory for Hydraulic and Waterway Engineering of Ministry of Education, Chongging Jiaotong University, Chongging 400074,
China; 2. Geotechnical Engineering Deportment, Nanjing Hydraulic Research Ingtitute, Nanjing 210029, China; 3. Key Laboratory of
Earth-Rock Dam Failure Mechanism and Safety Control Techniques, Ministry of Water Resources, Nanjing 210029, China)

Abstract: The centrifugal model tests on barrier dams overtopping are carried out based on the grain composition of
Tangjiashan landdide dam, and the influence laws on the discharge process, released water and the size of the residual dam
section of the drainage channd with trapezoid, triangle and compound forms are acquired. The characteristics of the flow in
different parts of the channel during the discharge process are analyzed from the point of view of water dynamics. The results
show that the compound section form has the characteritics of higher initial discharge efficiency, lower peak flow, higher
resdual dam and larger released weter, in which the flow curve is "chunky-type". It can decrease effectively the pressure of
flood protection caused by barrier dam discharge and reduce the water level greatly in a shorter time. It is an effective and safe
method for the emergency handling of barrier dams.

Key words: barrier dam; centrifugal model test; section form of drainage channdl; emergency treatment
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Table 2 Contents of model dam materids
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Table 3 Parameters of model dam materials
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Fig. 4 Initial breach of three section forms
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