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Experimental study on gob-side entry formed by roof cut of broken roof at
shallow depth of Hecaogou No. 2 Coalmine

HE Man-chao” % GUO Peng-fei* % 3 WANG Jiong" 2, WANG Hao" 2
(1. School of Mechanicsand Civil Engineering, China University of Mining and Technology, Beijing 100083, China; 2. State Key

Laboratory for GeoM echanics and Deep Underground Engineering, China University of Mining & Technology, Beijing 100083, China;
3. School of Civil Engineering, Shaoxing University, Shaoxing 312000, China)

Abstract: For the key problem that the broken roof in caving zone of gob is not easy to fall and dynamic pressure of the
gob-side entry is violent for the shalow depth and thin coal layer under broken roof, the technology of automatic gob-side entry
formed by roof cut of shallow buried depth, thin coal layer, and broken roof is investigated through theoretical analysis,
numerical simulation and engineering geological andysis. Through the numerical simulation, the distribution of stresses and the
displacements of the surrounding rock are analyzed and compared when the roof cut is deficient or enough. The result shows
that when the roof cut is enough, the effect of the roof of the goaf on the dynamic pressure of roadway roof is greatly weakened,
and the deformation of the surrounding rock is small, which can guarantee the effects of the gob-side entry. And it is applied in
the ar-return way of 1105 working face of Hecaogou No.2 Coalmine. According to its motion patterns and behaviora
characteristics of mine pressure, key parameters angle of seam and such as support of constant resistance cable are determined,
and it lays a foundation for the successful application of the proposed technology of automatic gob-side entry formed by roof
cut of shallow buried and broken roof. The relevant design pre-splitting blasting parameters and pressure relief are put forward.
Through the analysis of engineering geological conditions of air return way of 1105 working face of Hecaogou No.2 Coal Mine,
the key parameters are designed according to the technical principles of the gob-side entry formed by roof cut. The proposed
technology is applied in practice, and good results are achieved.

K ey words: shalow depth; thin coal seam; broken roof; numerical simulation; key parameter; engineering application
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Process analysis of split grouting based on foundation bed coefficient method
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Abstract: In order to reveal the dynamic process and change rules of slurry diffusion in split grouting, the foundation bed
coefficient method is employed to study the influence of size effect on deformation of different soils in the process of split
grouting. The width equation of split crack of different soilsis established. The form of durry diffusion is supposed to be the
horizontal radiation circle. The process of split grouting is analyzed based on the stress coupling effect of slurry and soil and the
conservation of mass of slurry. Based on the above analysis, the equations for variations of slurry diffusion radius, temporal and
spatial variations of slurry pressure and split crack width are obtained. The rules and influence factors of slurry diffusion are
investigated. The analysis results show that the durry diffusion radius continues to grow aong with time, but the growth rate
continues to reduce. The durry diffusion radius is positively related to the standard value of foundation bed coefficient and
negatively related to the slurry viscosity. The slurry diffusion radius of cohesive soil is smaller than that of sandy soil. The
slurry pressureis positively related to the time and the standard value of foundation bed coefficient. At most positions, thereisa
positive correlation between the slurry pressure and the viscosity. The durry pressure of cohesive soil is smaller than that of
sandy soil. The split crack width continues to grow along with time. At most positions, the split crack width is negatively
related to the standard val ue of foundation bed coefficient and positively related to the slurry viscosity, and the split crack width
of cohesive soil islarger than that of sandy soil. Finaly the comparative analysis of the calculated and field test values indicates
that the difference of calculated and measured resultsis acceptable. Obviously, the proposed method is of high rationdity.

Key words: split grouting; foundation bed coefficient method; stress coupling effect of slurry and sail; process anadysis
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Fig. 7 Rock core of tests
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Table 4 Comparison between measured and cal cul ated results
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t !
ﬁ 2001 . —+— =40 L/mim
C —4— =70 Limim
1004 =W - = - SIHE
" 1 1 1 1 1 1 1 J
0 4 8 12 16 20 24 28 32

BB E] /min

8 SKMEITHE p-t fLkxtLL
Fig. 8 Comparison between measured and cal culated p-t curves
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Numerical upper bound limit analysis based on topology optimization
considering soil-structure interaction

JA Cang-gin', HUANG Qi-wu" 2, WANG Gui-he'
(1. School of Engineering and Technol ogy, China University of Geosciences, Beijing 100083, Ching; 2. Beijing MTR Congtruction
Administration Corporation, Beijing 100068, China)

Abstract: The discontinuity topology optimization (DTO) is an upper bound limit analysis technique for modeling the stability
of geotechnical problems involving soil-structure interaction. The dip-lines or discontinuities used for DTO are typically
generated by interconnecting a set of nodes located at regular grid points within a domain under consideration. A key feature of
this implementation is that the soil reinforcement is simulated by the soil model such that alows the soil to flow past the
reinforcement as might occur for soil nailing and propped wall. And aso the procedure is extended to enable rotations at the
boundaries of prescribed regions to be considered as well as translation failure mechanisms to be modelled. The resulting
procedure is solved by the interior point method with linear programming formulation, which alows identification of a wide
variety of failure modes, including translation and /or rigid body rotation, and rigid-plastic bending of the structure due to the
formation of plastic hinge. The effectiveness of this procedure is demonstrated by analyzing the stability of masonry arch bridge,
anchored sheet pile wall and propped wal. The DTO output is provided, which clearly illustrates the clarity and detail of the
discontinuity collapse mechanism solutions.

Key words: upper bound method; soil-structure interaction; translation and rotation; discontinuity topology optimization;
interior point method
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Fig. 1 Compatibility at anode for cohesive-frictional soils
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Table 6 Satistic results of stability analysis of propped wall
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Propagation and response laws of mine seism

1,2
DU Tao-tao™
(1.Coa Mining & Desgning Department, Tiandi Science & Technology Co., Ltd., Beijing 100013, China; 2. Coal Mining Branch, China

Coal Research Ingtitute, Beijing 100013, China)

Abstract: In order to analyze the response degree problem that seismic waves of surrounding rock are different at places with
different distances from mine seism source, the ARAMIS M/E microseismic monitoring system, PASAT-M portable
microseismic system and rockburst multi-parameter process monitoring system are employed to study the propagation and
response laws of mine seism. The results show that: (1) The rockburst multi-parameter process monitoring system can capture
variations of single-parameter (coal stress) and multi-parameter (coal stress, displacement of roadway and anchored bolt force)
at the moment of mine seism; (2) For the single parameter laws of mine seism, the response time is short (368 ms), the mine
seism-induced increase of the maximum coal stress reaches 0.9 MPa, which is 75 m from seism source, the find increase value
of coal stress is 0.5 MPa, and not all the response of mine seism is multi-parameter simultaneous response; (3) For the
multi-parameter laws of mine seism, the response time is not synchronized and varies from a few hundred milliseconds to a few
minutes. At the place 150 m from the seism source, the coal stress decreases by 0.7~0.8 MPa, the anchored bolt force
decreases by 7~8 kN, and the top-coal displacement increases by 4 mm. The displacement data of strata within 10 hours before
the mine seism is captured with the duration time of 1000 ms and the maximum displacement of 24 mm, and they can be used
as the prediction information for mine seism; (4) The attenuation of seismic energy propagation in the surrounding rock of the
mine is exponentia, that is E=E,e’®. The energy attenuation is fast, within 200 m range of seism source. The attenuation of
main frequency in the surrounding rock is exponential' f=fg®®. —

The response of mini ng fiedld and roadway within 200 m-range HEEIMH.: Hx 3REER 400 H (51704155, 51574149, 51304116);
FE SRR H (2017YFC0804209, 2017YFC0804204,
2016YFC0801401, 2016YFC0801403); K M A&l IF K B v = b
consistent with that of rockburst induced by mine seism. The SAEQIE AT H (KJ2015-TDKC-11)

Wi HHEA: 2016 - 03 - 23

of the seism source is quite obvious, and the area is quite
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guantitative study on the process of the propagation attenuation of mine seism to the response is important to the further

improvement of the monitoring, early warning, prevention and control technology of rockbursts.

K ey wor ds: mine seism; rockburst; mine seism response process; attenuation law
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Abstract: The results from creep tests on reconstituted clay are presented and used to develop a preliminary framework of

undrained creep behavior of overconsolidated clay. Based on the results of undrained creep tests on the samples with different

OCRs under the same stress ratio close to the slope of CSL, as the creep time increases, the pore pressure decreases to the end
of creep, from a positive value to a negative one. The stress paths of the specimens with different OCRs al reach the critical
stete line. However, the highly overconsolidated specimens do not fail. At the beginning of creep, there are pardlé lines for the
relationship between the axial strain rate and the creep time for different OCRs. The specimens with higher OCRs are all in the
state of stress dilatancy during the undrained creep. The higher the value of OCR is, the much more creep time the specimen
reaching the greatest dilatancy state needs. Under the same stress reatio, the OCR is the important factor influencing the

specimensto fail or not.

Key words: clay; overconsolidation; creep; critica state; triaxia test
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Experimental study on wetting water per meability of unsaturated intact
loess under isotropic stress

ZHANG Deng-fei”?, CHEN Cun-li* % ZHANG Ji€®, JIA Yajun™*
(1. Ingtitute of Geotechnical Engineering, Xi'an University of Technology, Xi'an710048, China; 2. Shaanxi Provincial Key Laboratory of

Loess Mechanics and Engineering, Xi'an University of Technology, Xi‘an 710048, China; 3. Beijing Leading Software Co., Ltd., Beijing
100044, China; 4. Gansu Forestry Technological College, Tianshui 741020, China)
Abstract: The unsaturated water permeability is one of the key parameters in performing consolidation anaysis for unsaturated
soil systems. A series of unsaturated infiltration tests are performed on the intact loess with various void retios at null stress and
with the same void ratio at different isotropic stresses using the independently developed triaxial equipment for shearing and
permeability measurement of unsaturated soils, whereby the suction is reduced incrementally by the direct addition of small
amount of water to the sample a a constant isotropic stress. The influences of void ratio, stress, degree of saturation and suction
on the water permeability are analyzed. The water permeability at null stress is compared with that at applied stress. The
permeability functions to describe the relationships of water permeability versus degree of saturation and suction are
respectively proposed for the intact loess at applied stress. The results show that the void ratio and stress have the effect on the
relationships of the water permeability versus degree of saturation and suction, and little influences are found on the latter as the
suction value is higher than certain threshold suction. The water permeability as functions of both degree of saturation and
suction isthe same aslong as the void ratio is the same at both null stress and different stresses. The relative water permeability
versus suction can not be normalized, and the relative water permesability increases with the decreasing void ratio or increasing
stress for the same suction. Interestingly, there are all unique relationships of relative water permeability as functions of both
degree of saturation and suction ratio (defined as suction to air-occlusion suction ratio). The wetting water permeability for the

intact loess is not described by the vG-M model & agivenvoid ————
E&WE: ExARRFIETH (50878183); Bii&#H /T HHE

- ) ) ) PSR H SR (1439063)5 74 B TR 2 A HT 4 0
permeability for the intact loess with both the increase of (310-252071509)

ratio. The proposed permeability functions can predict the water

degree of saturation and the decrease of suction during wetting Wis HHR: 2016 - 11 - 09
*EIE# (E-mail: chencl @xaut.edu.cn)
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at a constant isotropic stress. The predicted results are in good agreement with the test ones.

Key words: intact |oess; wetting; void ratio; isotropic stress; degree of saturation; suction; water permeability

0 3l =

SIS o0 A S B A 48 O YNGR Y %
ToVE BB, B A LR 1 VB K B B
VKRB BKRES LR, WA, Stk
TN IR A TR AT e 8K AR ISR R 7R,
B kB K (B BV R B, SRR (095 K R ¥ L
F B R S o B R T2 AW 771,
ST 5 R P R 2 PR, HORS JE T 4 4k
Wi . R I A VB K R B E A AR
AR,

ToIE 4R, — B KA 45 FAR 7 T R (T
J1, MURIFE) ST BK BB, W R
i o BRI e 7 0 L3k R 1 S AR (1
FerE CBLRRALIR AR k) Y BRI T 14 I ) R g

KR BAR PR T, B BB,
b AT, SEALRA AL, TS RS K
PEASI . 5T RSB AR O R, I F 4
IR BB,

HoL TR TR MK O UTRY, R
AR L. TR HAMET, O O ERR T3
5 B O AR 9 8 3K RO B,k
e YR R T R RS B KA . R
SRS H b N R IR, LR R
PGSR F K ONVBIN 37K AV FE 8k e A A
HETT B A B KA P IAS k. DRE, WFS0R ) fEF R
LI SR B 1 P03 /A A e LA T 0 2 B
o BRI, AR R A 1R R TS
T i I8 0 T B KA PR, AT R )
SR 98 /KR B0 [ S B A 10

VBB BRUR TN A3 LI AR 2 HE
J1 AR 35K B S0 3 P 732 — . Huang
w02 3y T 2 ) BB LB B B . %
TRl LR, KRS ARt TR -5k e 2
fEes ARl eeit i e G

SET LSRN, ARSI SR R = )
VB, FETCIN A RIS i 1 9 5 SRR [ TR
[ LB L 5 B AT S G KB R, AL
BELG L N 5 R R A P kB K R S
Iy A I A TIB KWL, % L AT IR — AL
BRLE R AR VR B2 F IO, 3R T L%
HE I 75 VR P B S (- RN SR % - 3995
IKHEBE BT, ot ST ARULAL 198 2548 & A A

R AR BUE A o

1 HBEMERRETR
1.1 REMFESEKRERE

TR A0 Ay T S AR K IS BB 13 PV g
JSU B T3 EATOERI =R B DR K2 B A, el 1
Fis e AZAXES REREAT AN N 264 B KR, AN
I Ay A =BT, G R B 2 Pk, Bk
(L REVE WL SCHR[26] -

=Y

loa

;I

i - |

(7Y

& 1 JEiafn+ =BT iEIEN
Fig. 1 Triaxial equipment for shearing and permesability

measurement of unsaturated soils

R S I T, AR Gl K
5l bl )R K B AR CMaRE b siise K IN D
s 5 R AR )N AR AR R ek
I, BRSC PT CIRE FLRE /K Hs Ty I, =38 22 T) B AN D o
T A 2 I I T, R R S e S —
AN S K RERDIETE GO LR K s 1y I by B 1A
NIRRT K D, B T E A GO E K
ISf b K A<D BRG] COE FLIBRZK S I, =3
ZIAEAE . "3 W T IF RN, FLBRAE
Dy R A IR B B ARSI TE 2 FLBUH
i, AR AT A P A R AR R g I e &
AESLBR T ) Up ST IR AE N SR /K R
He

BEATB AR, R (FF) K EE A R
b oy G K IAT IS, B K HARIRFEILR,
IKBHRT 6, LIRRZE /KA R Aw= 2% 51N
K LEINE SR KRR R, 73 IR T TAh A& A T I FECR
A, RN BN AL TR ) ua (usso)
TRAFAAR, KPR R BRI E W g GO LK s
I3 Uy W) smUmUy D, AR I LB U A B



3 FRER, L SN AE T AR R BRUIR B 4 IR i K R IR B AT 433
R MA R
= ? { —
e s & :
».i@ﬁrﬂfl_ SRR I_ D‘"ﬁg
. | o I .I?
. o ! MR
— ! | : | oaemn I3 TE T | R
RS e '
| . [ " 1 & () kg
- SESE n W%
HM@ kB AL A ferkin
:ﬂ],ﬁﬁgﬁ%& @iﬁﬁf'f‘ﬂ:ﬁg?[ﬂ‘ W — — |
w3 4
'" 3'*’%” - al 5 M= |
=] ;ijﬁ%@%sﬂ [ id
CL--1J AR B

2 FEIEFN T = HETIS BRI E
Fig. 2 Schemeatic diagram of triaxia equipment for shearing and permeability measurement of unsaturated soil

TN KE QU JE, HIKMGIERT, K&
Wi L RVBE,  BANE S DEAREEAAAR L Al AR R
FUBRAK ) uy BB K, ) s (S=UarUy) B HTIRDN,
HERWE TRE. Q= SRR bR, WA
BKIERIRGE, BUKEIEEBES), gk
ARSI AR T LEFLBROK IS ) (W) B2 5 ik
FIFE, HAC R AR EW ik Bk E (BKiEs)
200 [T AE A BB TNt BEE Bk Lk,
B Sk Ze w, HURTEE S K FLBRIK IR 77 uy 32 T 19K
W) s BTN . BRIZK RHIFI, uy~=Up 50

BEAREB/K R, W ItaR e, T2 iR
NERE TR e, (] LU Kk 1 KR A
AR B W e e G HRERE s K B k(B Y.
RGO KT S BB R E R ) 51 55 s, Gl
MR KRG LB E W ALK ) Ungs Unr T
S SI=UarUpts S5=UgrUnp) 275 AS THEZK JIBAE s
Hikh

i, =(s-8)/r,oL D)
A LRI Cem)s r, UK (glem®);
g AE IR (B 10 misD. RRHATE e,
RAKER QL (em®) R PIB /K R EL k. (&L
k - QL - QLngL

LOtA (5 SIA
A, AR (emP).

R Z 7 22 1B K R B, T EB KR, X
T E NIRRT QU NBIENIN t KW 915 s, 5
FGSTEMEL, BEIIE T IREERE, SRR T D EBK
YA O ) DR e
1.2 REWEHEREAR

(1) W5 FF

(2

I ] A VG 2 JE AR BT BE (1 J0IR Qs 3 1,
WCLUREE 3~4 m, Wik Fidabs Wk 1. A& 1T
FEAR 4 HARZ0 3.91 cm, =00 4 om (1) = AR Ch
THRKIRBETIN, WA 4cm).

F1 B QELAMIRER
Table 1 Physical properties of intact Qs loess

AR K kL %
T WL BERR
wBE R . >0.075 0.075~0.005 <0.005
paol(gem®) W /%  wWe/%
Gs W/% mm mm mm
270 152 1.23~1.35 309 198 4 73 23

(2) I E KTk

h T WFFUALBREL, S5 1) I g 5 A R A 5% Jit
R BKEE R M, HEE Rl — LB L T K 4k
BRI, KRB EERES (F7KE w,=15.2%,
WIUEW ) =175 kPa) i FEREAT TCR. 77 - 87K (NSW)
WK LN ) - 57K ACW) k5.

BT PR RS, P ASFRRFE K
HMEAT 22 5 AFILHIUR A 5E 2255 T 175 kPa, i§#
TS REATIR -, DA ) B8 BAH A (R W AA e
Y RRKIN, P2 I ICHT, T3 IO, AL
BUE ST U NS, SEC ML =l ], i s AR K
PRI 2 K AT AL LB E ST Uges U AT A 2952 7K
BT s PR SR IR B AR (HE /K it n
FRT U B G, WOF L = mi], 5 G K
EHRKE BAER, KRN i, 15
K QUILEN HFR A AER NI KR, X" =
T IWERLRIKTFAARD, I AN )R 1 1
A AR R ALBRKE S (W) 178k, ELEIRR
5N I



434 EZ R S N S

2018 4F

a NT) -BIK (NSW) 5

NSW {86 2 7 TG ) I 0 A FFLBREE e ARt
AT 3 K BB KRS, AFFALBR RS K
FRPERISENT . G 2 NRIRSLBEEL e, 3 AMTRAY ) 4E
MG FLBLE e ke, BARRISFLEILL e LK 2,

F 2 NFRKEER IR EFRRARERE
Table 2 Volume-mass properties of specimens for infiltration
testsin stages

Jp AR m s

& SJ% [kPa e S/% & /kPa
1.115 36.8 0 1.115 36.8 1115 3

wa WA
G

1.002 40.9 0 1.002 40.8 1.002 5
NSW 1.115 36.8 0 0.945 425 0945

1.115 36.8 0 0.815 47.8 0.815 10

1.115 36.8 0 0.710 542 0.710 14

1.115 36.8 60 1.102 37.2 1.060

1.115 36.8 100 1.094 37.3 0.999
oW 1.115 36.8 178 1.074 376 0914 7

1.115 36.8 200 1.054 38.0 0.898 10

1.115 36.8 300 0.967 409 0.827 12

1.115 36.8 400 0.875 436 0.761 14

TR 31 FH 5 AN TR FL B EL AR RE 2 3 e R AR IR 2
(ep=1.115) RFEHATH WL ) (5=175 kPa) &[] 4
S I B S EN R IR R ot 0 ) P[] 45 994 1)
NV 3 #4300 kPa, il 343 124 150, 275, 350 kPa.
GRS F e Y SR W S NN NG = S UTINAL (RN =R7N
FEMIFLBRLE o

NSW X545 = ZALFEI )~ FHET, R 55 ) R 4 5
BT R R G RARFURR ELIRFE TR B, TR
T2k 3A B FERTHIANE B, P1 = 3E T
FIMNIRFE P HEAK T 1. EW P B, 4Rk
Jihn 5 kPa (&5 N ) (R FLIR SRR ) F154]
WE ) s (80=175 kPa) FHEEIIFLERAET) U FFHE
AR BIFEE I, RIS )P o 785 W 45 ) R4,
CRIBY D R B, SE i — s R A I N ), T
I—sE N Ty, FRRFERAAR . Bl AR T S HEKER
IR EE, BB H B AR e 1. L
N )3 53 iz KB B, B R AR FE iR N — s TIRK,
A S RIS L Bl AR TR ALK ) (W)
RBIRE, RBKIBRIRE RS, T %K, |
TP LA o

b) ZERM ) - BK ACW) REK:

ICW 55 A RS N ) pAERTR, S RARR
IR (=175 kPO JEAT 7 it /K R ARSI,
DABIT SN I 5B KRR 520 o 45 IR S ) Y ) p (55

T Es ) 434 60, 100, 178, 200, 300, 400 kPa,
TR I, RSO R N p IR ) pe

|CW 56 = BEEFR IR ) 14T, 1 )45 1) s 4 %
W 15 Gk 3N BE. AERT 2 M B, F1 il i
IR0 N = oo e ol P o S D
B, N A N ), AR AR L Al e AR
T HKEEE M 1le FER N ) 73 G KB, PR FREE
N ) p AR, iRk, BRI ERTA.

7ENSW 2 ICW B i Fe i, b 7 $ il (i
IR S ALK s DN R, AE N8 N R B K
FE Ja, PRI FE AT TR R K TR, AR
MBI 2 WOCHR[16] o LAURE 14448 B K AR FAR 4K,
5N T 0.01 o™ (2 h) VR g 778 S HEZK iR s ke,
DU A8 JE 4 /T 0,005 mmvh, WY OB RN T 1
kPal (2 h) J3 Ak kil i) A2 T S ALK s ) (0D
ARG E AR o

2 [FIRELRISKEFHE

XFT NSW K ICW 5, AR 8 380 48 &% 55 ) s
ke JE AR RS R HE K, VS TN 4R &
i) IR 4 e R FLBR L e /KR we IR S
(S=Gwie); MRIEFHIIZ/K T QU A A
A, VPR KRS VER R B KRR AR RE (1 K
2w 5B e, FEMIRE H KRG 1R R R R RS
So AFETN I B S m R4 5 (RIEKHETD 1 e
S KRK BRI GBI M e IR 2. IR
G /KIS (13 7K B Qu, ¥B/K IR A E I IR ) 2%
As JBiE It ik (2) #iE KSR T B
KRBk, DPRKEBAIT, ke B HRANS K R 5
Keo
2.1 BKRESWMEXR

HE 3 FTRIICN ) RANRIN )46 T, BKF&
ok SAE S T LUE

(L LN VERE, AFEFLERE e T, k- Sl
2B RAER N TR (B 3 (@), HArkbxt
Wi S A B A 0.8, X5 F AW &R A
o ZRHRAE I R ) i T TS 45 A
—8., kb e MUk IR, AREH—, B
Bt LERE IR 1 k. - S ORI W 5.

(2) ANFENJ pEHT, k- SHiZ&kmiA 5T
N 2 AR, B ke B5BE S A3 TR B 5T BE AR S 2%
A E TR (B3 (b)) N k. - S A1
(PIsEm, HhZEREA p 30 R R, BOXFAH R MR
B K Z B Y I3 KMo/ o 1% TR Y 3
Ko SRS AVER SR FLBR L (WA 2), AT



% 34

ALK VS BB AL 7525 a0/, SRR B 1
K, FEIBHL TS X5 Ng 0] I S g
(KRR RS AR I S5 AR — 5L, T 52k 2t
SO BT KR AR A A P S B e R i ek R s
LIRS KRR 4 R SO ) k- § 06
AR S R, S L,

(3) TR SE R Gk ZE R, SR
KRN, BRI AR (eme, W# 2), MR
FfLEEtL e F ke -S (3 (@) Mk -s (R, K
5 (a)) HEnd W AR EG ko 8 5 04 F R4 4%
BOK B, SRR A 1ERI B EILE IR (e<e,
W#E2), WARRM AP Fk -SKkk -s (E5 (b))
7 o % PRI AL B EL I A s 18

Ix107'r o115

—e—¢=1.002
——e=0.945
——e=0.815

—— 00.710//(‘_‘_“
1x10°%

02 03 04 05 %.6 07 08 09 10

r
(a) NSWE
——P=60 kPa
—&— =100 kPa
1% 105 —=—p=175kPa
—a—p=200 kPa

1x107°|

- 1x10°

m-s-!)

ki (e

1x107

1x 1041

——p=300 kPa

X 10°F —o—p=400 kPy SEE
1x 107} //;/
P 05 04 035 06 07 08 09 10
(b) Iés%vﬁx“sﬁ

B 3NSW 5 ICW iR BErYIZ KRB S IBFIE X R
Fig. 3 Relationship between water permeability and degree of

saturation from NSW and ICW tests

HIE 3 22 A E K R AL ke (=kifks) SHINIE
SHIRAWE 4 Pron. WA, ARLEREE (JER i)
DN ) B N s o o 1 50 = 0 e P
EAUH—: BEEWME SHR, ke - SRABE LR
ARG AR A . R WIFLBRE EE S ) st 3 - AR
IVEK R B WA SRR, FTHIA R
IKERHA . 1X 15 Lobbezoo &ML TR R JR 2
TG IR AR M, ARV Lakeland 711"
FBARRALEREL Touchet K -1 ks Kk i 46 Gl aga
133 ke - S KR BA RAFH—VERIRIFFUES RAH— 2.
2.2 BKREBERNXAR

ol g AR 568N, BKRE ke 5T s
& i 5 frs, LA -

(L NS EAFRN T p R 9EIKE, W) s
BN, ke - s M E Rt 5 g2 1g BTN

i/ (em-s1)

TR, A5 AR AT AR JFOIR B 3B KRR RS T 5T 435
1r
1107 3% (30) HIAR. %40 = /
—’6" D-ﬁ (6a) BIALR /
& (3a) FIWILL,
L1310 (BB (4) )
= .
=100 kPa . 5 p=178 kPa
1x103¢ B xP=200kPa xP=300kPy o p=400 kPa
" ap=1115 *P=1.002 4 P=0.945
+7=0815 ©=0.710
1x10 ! ' '

1 1 1 1 ]
02 03 04 05 06 07 08 09 10
S,

E 4 NSW 5 ICW {38 RIHEXEK RESIBFE X R
Fig. 4 Relationship between relative water permeability and
degree of saturation from NSW and ICW tests
B, HEEAT AL W A B AL B L R sl N g 3K
MK o AN F3 7R R /KEEPE S Huang 20236+
I ERIES VNI U W BT Sriam e vk SN L = N O ]
Bt (3T K IS4 R — 86 i Ng 20
X S SR 1 kot S SR 07 TR 0 s (1) B A A
W 3 Bt I ) R3S KT B A AN BRI T 45 R A — 2, 36

W I} ke - s KA 5 2R %

(2) FLBREE A Jyo0f ke - s SR FR 52 MR RE 55
71 s KR, AEfE— MR BIE s (5¢=50
kPa) o 1 s>s; I, ki - s &R A o0 Al AE R R
WA, EAE - Y sSse I, ke - s IZRRFLBR L
e J/NE Y Ty p MK NS, BIVB/K R EREA fLRR EE
N TR o X A Huang 45
53 iR e S 8 KIS D it 15 17
S5 R —B XAT R T RIRIRA IR B+ AR 2R
A 1) LB R A 2 AR 9 LR IR UL BR S5 i LR (&1 6
(a), fLBUARE, B A0, N IEN (K6
(b)) 5HKMEER (B 6 (o ) JHESLBRELK
A A B IR AR AR ) 2 M AL BRI kS, HE TR AR O
LB LT BATRITE. >se I, RKFELRER
A FLB IR B K B 50, Y ) s AL L R 5 i
IR/, BABIF A1 s<so I, SRR N ROUAL
BB K ST AL T RRAS, IRK 25 R AR SR A )
PRUEINS YIS 6 UM N R (N A IVPIE SR PN
RIS o

o
1x10 —— e=1.115
. 1075' —— ¢=1.002

~ X —&— ¢=0.945

T 4 —— ¢=0.815

@ —6

g Ix10 —— ¢=0.710

Q

T 1x107
1x10°8 , L ,

1 0 o % 100 1000
(a) NSWikK:



436 Fe)

+ T OB R

2018 4F

1x104T

_.
x
-
=)
b

1x 10761

K/ (em-s1)

1x107

1><10781
s/kPa
(b) ICWiRH
E5 NSW 5 ICW iR IGHTISK RS IRIK R

Fig. 5 Relationship between water permesability suction from NSW
and ICW tests

(c) k& (p=100kPa) fEHZEMAG

6 FREIN H&MHEREHELAMBREEEER (X 1000 &)
Fig. 6 Microscope pictures of loess under different applied stresses
(magnification of 1000 times)

1181 5 2 AR B K R B ke 5T SIS R I

7%moum,ﬁﬁﬁﬁﬁﬂﬁﬁpTﬁ%kmﬁ
BEHEWL I IR, ke - s R ML B OEBEAS 5 2248

%4Lﬂ%&o%%eﬁ¢ﬁpﬁk,hﬁﬁﬂﬁﬁ
AL, AT ERE R, ~FBUEEE I,
2 i Az, BIE-IRR, ARRE K R A LB L
WIS R KT K. 35 Laliberte 500 AN 2%
M4} Huang SE 334 dhie RS IR 45 A
— 2 ULHIFLEEE SR JI% ke — S KA BRI o

1
1x10°1F
F1x1072F s e=1115 "~
—o— ¢=1.002
—— ¢=0.945
1x10-3L —— e=0.815
+L—0 10
- (3b) ﬁ?ﬂJi*;'E ( c-‘LllS)
1x 104 )
1 10 100 1000
s/kPa

(a) NSWikHy

1x107!
—2— p=60 kPa

—
A —— p=100 kPa
1x102} —=— p=175kPa
—a— p=200 kPa
—o— p=300 kPa
—e— p=400 kP
1x 103 ’ i s |
1 10 100 1000
S/kPa
(b) ICWiRE:

B 7 NSW 5 ICW iR IG BT EK RE SR AR KX H
Fig. 7 Relationship between relative water permeability and
suction from NSW and ICW tests
ol g BANFIN ) p 4645, LAERIE S 5 )
S KARMEMF/KITZ I 8 frox. AT, I S -s
2k B 2R REAR 2 R AN BT B, e A s
mWﬁﬁ%mﬁ&(ﬁﬁﬂ%m FLBREL e &N J) p

1.0¢
09
0.8

=07 + i
06 - —o—¢=1.002
——¢=0.945
05 ——e=0815
04 L ——e=0.710

03

1 10 100 1000
s/kPa
(a) NSWikHy

=07

06 —4&— p=100kPa

- —=— p=175kPa

0.5 —a— p=200 kPa

0.4 —o— p=300kPa

) —e— p=400 kPa
03 L L ]
10 100 1000

S/kPa
(b) ICWiER

& 8 NSW 5 ICW i 56 89 + /K4 #h 2%
Fig. 8 Water retention curves from NSW andICW tests



% 34

HREGK, SR SE N AAE R AR ORI MR B KRR BT 437

X BERBORE A AR S, B s MR, H
B e /ol p IR, BEUE s8R, FEEBURE
HIIC, S - s AR5,

HE 7 f3R 2 BB E KR ke BT EE
sl (W) s HliAUH se 2t ISR 9 s, Al
W TR CARLEREL) BAFN 4400, 5%
ROMARAE R B A (e L, AT ELE A B
I Sl BRI ke - SIS IR AR B SR S0 BEAZ SR G222 1)
RS o W SRS B R N 5 RS K R B W T L
RAMFEMAR, T HIAHE 95 7K A I -

1

P=60 kPa
P=100 kPa
p=175 kPa
p=200 kPa
p=300 kPa
p=400 kPa
e=1.115
¢=1.002
¢=0.945
¢=0.815
¢=0.710

1x107!
-2
NE:‘IXIO

1x10-3L

® + > ¢ HO X XD OO

1x 104 K (6b) WALR
0.1 01 1 10 100

sIse
9 NSW 5 ICW iR I BIMEXHE KRB S| A X &
Fig. 9 Relationship between relative water permeability and
suction ratio from NSW and ICW tests
2.3 KAERABREZEMEKFENFIN
HiE 3, 5A3RIAHFESLEILE T ke - S, ke - s L
thkdn &l 10, WL, [Rl—SLBLE T, oM KW IR
PR b O A s B A AEAR AR RE L Y, BRI
FLBRECAH A, — s MR B i ) 2 A1 R iB7K SR A
FAIRD, AT [F) 320 pR A o IX W] R
LB AR (k- S k- FESLREA L,
15 TGN FJE K NSW 6 PR F ] 45 . —7KAF Y it
1, W IIRIK ICW 56 1) -1 AR AR T R A T
SR AL LR R TR ARTE G, FLBRH 2 B
SRR, PR MR ZR N ) S T LA
1K R EAE 5 RS AR FL B LE AR AR el

3 [RARE LB KEFHERIHEIA K Tl
AN FLBREE R, @ H van Genuchten-M ualem
(VG-M) #i 2 P51 parkervan-Genuchten-Mualem
(P-vG-M) KR POUEA AT L K S ek, 1
FIE Ak

ke =(S)7@- @- S (3a)

. :{1- @s)™ [1+(ai)”]'m} 30)
[1+@9)"]"

krG =(1' Ser)g(l' S;/m)Zm . (4)

X Sy NERUBRIE; ke (=ko/ke Ker kg 70914
B IKE L RTARE T B AREO WIS ARG
a, n, mARRFKEER V-G R (X (5)
ZH, H mel-Un; g 8RB FLA LB AR E 52
2%, — gt EA 05 X (3a il (4
Iz %m, g AlH.

Se,:gl+(as)”f3|'rn . (5)

0 NSWikH—e=1.002

R A ICWIAH; —e=1.002
et ® NSWit%—c=0.945
Py A ICWiAE —=0.945

04 05 0.6 0.7 0.8 0.9 1.0

0

g

S o NSWit#—¢=1.002 \3\
= & ICWiAH: —e=1.002 'S
® NSWikH—e=0.945

A ICWIRE —e=0.945

1x10-% . ,
1 10 100 1000
S/kPa

(b) k-
10 F—FLBELE AR A NERBE T k -SSk -sX&
Fig. 10 k. -S and k_-s curves at same given void ratio but with
different hydro-mechanical paths

RN STE R (3a). (4. (B) MHEAE
i, WA RERE -, 238 me0.15, JET ke
- SEARMEHX (3. (3b) 15:4g=2.944, 4
KA (O MFEPSE, ha (B T ke -
SKARML (LK 4 HRIL) SR04 R 2R,
5 Xu PR (3a). (4) Bl I T bt 1
TRARRBIEERII R RAF, wTEe& il T vG-M
RS B TR R, 4 (Ba) ik
MANFEFLBR LR ke - SRR RS AT IS I
BN T IERASE B H me1287, g =2.563, &
ek 4 LR, mTH, 4 S=0551, &
ROREF, 4 S<0.55 i, UAMBIRZE. LHidxme
HvG-M B (X (3a)) ANHE FH TR o R 7 i 4L
BRLE T IR B L ARGHB K RECSRAE R,

M vG-M B (X (b)) MLARMIFIEE S AE
A V-G B (3 (5)) 19S5 P i FLER Ee
ARRZK RECSG W T ORI, T S AR 2=
TRK o W T RIS, e=1.115 I, Z4a =0.15,
m=0.15, n=1.18", I ke -sKRWME 7 (20
ML, AT “0” FonPRRE S e ik 2 1.
KA LB T, JBUREE LA Bk /50



438 a5 oE L OB ¥ M

2018 4F

W1 REBARH vG-M B (0 (3b), Z%ilH V-G
B (X (5)) kT, X 548 Pas P vG-M
RRER A A AR R FLBR LR AN [R) 2R L (R AR B K
REGW I R RN RAR.

ANRFLERLE N 1) BASR R 7 R IEAE 1)
ki-S (B4 Kk - s (B9 KRIRK minT 451
Ml (6a), X (6b) HUFHPIS, 4505 LK 4,
9 hsigk, HRIEAN

o={irfae- ST} . @

k, =[1+a.(s/s)™]" . (6b)
A, a, nn mo oo NS E (6 W
A& S=1 5 s=0 W, ky=1 FIES&AM. W T AT
sk 1, S %a, =123, n=3.12, m=16.83,
a,=0.025, ng=2.76.

H 1CW IR 50 45 AT B K LRI 1128 7K R4
ks 5N ) p RAWIE 11 FroR. AF L, L6024k bR 2R
H, MRS K R EL K BEINY. ) p BRSO T e sl 3L
FikXH

k =koexp(-C.p) )
K, koo CooNEHESHL 0055 T 0 Bk bR R
ke p KARBELMBEEARE, H &AM
X5 ke R TG A FH I R B R B K R4, Cy
LIS 7K 28 500 N, ) 38R T ek S (T8 2 o X AR SC
IR T ER BT 1, ko=3.02X 10° cm/s, C,=0.01
kPa .

1x10* [ 720

1x10° [

ks/ (em-s-1)

1x10°6}

1x107
0

11 ICWiRBE R ks - p, s - p Hi%E
Fig. 11 ks-p and s-p curves from ICW tests
M 2 ] LB U s SN p R R (s - p)
thedn s 10 fros, WL, s - p KA HEAE,
HAk Ul

& =%tCp ()
L, s CAIMHSE, 5T s-p KRHEZK
AR ANARER, H B AT SR, so NN )
YEFIN AR 1 § - s SRR M Z NI I <E, Cool
It S i S g SR SR R 2 o T AR SRS 5
MR+, se=3 kPa, C,=0.028.

R (7D RARK (6, (7). (8) RN
X (6b) 1, wfR
k =koexp(-Cpf{1+[a - S} " . (9
- kso EXp(- C1 p) . (9b)
l+aR[S/(Soo+C2p)]nR
X (9@, (90) MANFEIRN S NGRS, Hfid Sk &
YER SRR TR IS K R AL ke SHRIEE S B ) s G &R
(PRI R, BT LA g N ) 55 R B S
AR AR SR B B K R B e, T SERR T
FENH
1E ke - S5 ke - s KARMREEMEE () W
9a), KX (9 1, Z¥a , n, m, az, 5
Ny (ALBREED Took, gk TNy 454 B RERER AR
AR LI R KRE A 24 C, CEMN )
G, AR AN F N R BRI EAT 7 G KR
I (2R e
ANF N IIVER g Kes, a8 (9 2 5%
AN[FVAU TN K T UIR B 1 R W2 K R 0T T
W, S k- Sy k- s RFR LT Rkl 12 pr
N (B SE  P2h 5. ml WL, TR o
BH 3 328 1 R B ] R b YOO A [ 45 ) 1 7 4 P
R S K B g ek SR B B K R A

1x107%7

St
(a) k- SeRA

1x 1076

ki (em-s-1)

A p=60kPa
o p=200 kPa
o p=400 kPa
— 3 (9b) TRIMLEHE
10 100 1000
$/kPa
(b) k- s %E
12 BRI SRR LRI L
Fig. 12 Comparison between predicted val ues and results of ICW
tests
g T WoAE AR SCHRE U B 95 5 M o RO S
P, AN AR M R p VE T R HIAR e RS K
b RIS AR B0 45 S AT TN . MR A SCR[12]
RIS 45 AT BB K R EL ks SO UE < SN J) p
e B2 (7). (8) Hik, 2% C,=0.01 kPa™,
kg=2.34X 10" cm/s, C,=0.03, s=6 kPa; i k_-sX*

1x107 |

1x10°®
1



% 34 HREGK, SR SE N AAE R AR ORI MR B KRR BT 439

RIS - sFIKMEABIAFN T N ke - S Kk - 95
WEA RFME—M, BranH (6a) &L (6b)
P4, B%a, =123, n=2.03, m =16.83, a,=0.025,
NrR=3.42, MHEiXLes%r, M (9 WIAFRN I T
WILRVE SR AR T B K R 5, T 5 (5K
& Rorn) HICER[12] A 45 R e an ] 13 Pros. 7]
W, TR EE R SR 25 LR A . R WA SCHEH )
B KA AN BB b T 45 1) B g 24 T ROk 1
(PBIK RECGWIRE ST FR, 11 HRER A T 4]
AUe SRR IR 2 K R 2 R mT A ANm) -+
PBK R, BB .

1x10] o P=10kPa
x P=25LkPa

~ I -100 kPa
Taxw AP
o DIV R (9a) TN -
g A
S 1x10¥f -
~
T x109l o &

1% 10710

04 05 06 07 08 09 10
Sy
(a) k- S;RFR

o P=10kPa
x P=25kPa
A P=100 kPa
—3 (9b) TILER

1x1070 . . . . )
0 20 40 60 80 100
S/kPa
(b) k- sKFR

13 HEE TN 5 3 AK[ 121 38 45 SR % Eb
Fig. 13 Comparison between cal culated results and measured ones
from tests of Reference [12]

4 & it

TENE 7355 55 i) N2 ) 2R 53 Sl R AN ) AR ] FLERE
LR EOIR 3 34T T 0 GaRAKIBIE RS, WHFT T FLER
oy NEJsy MURNRE KR Sy RB KRS, R0 T
il LB EE T K LB AR I 52, 13 5) T LU 4 5
4510

CDFLBRLE KN I3 08 7K 5 MU 5k 2R 5
BOK, AHTRM AL B /K AR Bt FLIS Lo/ 500
BER M o B K RECE W R AR MR- 5 )
KAMAR, BAAE—MHFEKE I BE s 2 s=s
ISP/, ATEAUA —; 4 s<sy INSEMECR, AHIH]
W 3 R B K F AT £ IS N ) 385 KT 9] o

(2) HEALBEAHR, AR AR e
T NN K AR, WNTT N TR G AR T
BIK R B MANE S 3 R A AR o FLBR L2 R
UEIES PN P TR 3PS S A DVEE DAY § - RE R (A TN

(1AL EE AR AR S RIS 7 PR S o

(3) AN, FIRBK RIS WK R
ABEVA R B T0S B AR RS K R BB LB LE
ol N BN 7 (R R HE R AHVE K AR B S AT e
Wt (W) SR AEZ D 22 00 B 5 R A R H— AL
KZ, HLal oy 5] FAH R e& 20 »

(4) VG-M HEIYANTE F] T3 LB EE R JsUR o
TRNBIKRE PEH 05 R8N ) L R B ) AR AL
gt L, SRS EE =Nl mE, AT
S e M TN 25 1) 23 1 S SR st i R A
BE R B I3 98N B K B8 A5 br TREN ] o

SE Ak

(1] e X, AREA L1 24, SR EUE HRAL, 2015, (XIE
Ding-yi. Soil mechanics for unsaturated soil[M]. Bejing:
Higher Education Press, 2015. (in Chinese))

[2] LI X, ZHANGL M, FREDLUND D G Wetting front
advancing column test for measuring unsaturated hydraulic
conductivity[J]. Canadian Geotechnical Journal, 2009, 46(12):
1431 - 1445.

[3] MM, BREvaE, R S, AF MRUIRAS N e M sk s i 11
LA E R T []). TR, 2009,
31(1): 105 - 108. (YE Wei-min, QIAN Li-xin, CHEN Bao, et
al. Laboratory test on unsaturated hydraulic conductivity of
densely compacted Gaomiaozi bentonite under confined
conditions[J]. Chinese Journal of Geotechnical Engineering,
2009, 31(1): 105 - 108.(in Chinese))

[4 £ 5B, LMW, WEE, & %2R LI AARRE &
ARV ZEIM[). 5+ J12%, 2010, 32(7): 1945 - 1950.
(WANG Yong, KONG Ling-wei, GUO Ai-guo, et 4.
Occurrence characterigtics and unsaturated parameters
prediction of shalow gassy sand[J. Rock and Sail
Mechanics, 2010, 32(7): 1945 - 1950. (in Chinese)).

[5] @hite, BRIEDL, soaiug, &5 ARMIREURAE Y Qp 3+
BKFEERTSL[). 5 TR, 2012, 34(6): 1020 - 1027.
(YAO Zhi-hua, CHEN Zheng-han, HUANG Xue-feng, et al.
Hydraulic conductivity of unsaturated undisturbed and
remolded Qs loesg[J]. Chinese Journal of Geotechnical
Engineering, 2012, 34(6): 1020 - 1027. (in Chinese))

[6] LALIBERTE G E. Properties of unsaturated porous media[D].
Fort Callins: Colorado State University, 1966.

[7] 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.

[8] WRIEWL, it X, FKME. ARMA 4Rk <z 3 A S



440 EZ R S N S

2018 4F

TREPEFTURF S A b TR A%, 1993, 15(3): 9 - 20.
(CHEN Zheng-han, XIE Dingyi, WANG Yong-sheng.
Experimenta studies of laws of fluid motion, suction and
pore pressures in unsaturated soil[J]. Chinese Journa of
Geotechnical Engineering, 1993, 15(3): 9 - 20. (in Chinese))

(9] XZ=4, 5k ME, A & WA R AT AR
MR BB PR AU [J]. ZKARI244)k, 2010, 41(9): 1054 - 1060.

ZHANG Zhao, ZHOU
Saturation-density dependent permeability function for
unsaturated loess[J]. Journal of Hydraulic Engineering, 2010,
41(9): 1054 - 1060. (in Chinese))

[10] B0, 5kigoc, HAElE, & B AR ANSE R
W[, A+ %%, 2010, 31(6): 1809 - 1902. (ZHAO

ZHANG Hu-yuan, LU Qingfeng, et al.
Experimental study of unsaturated permeability coefficient of
compacted loess[J]. Rock and Soil Mechanics, 2010, 31(6):
1809 - 1902. (in Chinese))

[11] GALLAGE C, KODIKARAA J, UCHIMURA T. Laboratory

(LIU  Feng-yin, Dong.

Yan-xu,

measurement of hydraulic conductivity functions of two
unsaturated sandy soils during drying and  wetting
processes]J]. Soils and Foundations, 2013, 53(3): 417 - 430.

[12] HUANG S Y, BARBOUR S L, FREDLUND D G
Development and verification of a coefficient of permeability
function for a deformable unsaturated soil[J]. Canadian
Geotechnical Journa, 1998, 35(3): 411 - 425.

[13] 2K 5, XUZRER, e T, 5. AREAN L2 Rt ulis
WAL A A 25 TR, 2004, 23(22): 3861 - 3865.
(LI Yong-le, LIU Cui-ran, LIU Hai-ning, et a. Testing study
on permeability characteristics of unsaturated soil[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004, 23(22):
3861 - 3865. (in Chinese))

[14] # 3, 25, ARSI 2@ R g T
[J. &+ 712, 2011, 32(7): 2007 - 2012. (CUI Ying, MIAO
Lin-chang. Testing study of permeability characteristics of
unsaturatedcompacted expansve soilg[J]. Rock and Soail
Mechanics, 2011, 32(7): 2007 - 2012. (in Chinese))

[15] NG C W W, LEUNGA K. Measurements of drying and
wetting permeability functions using a new gress-
controllable soil column[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2012, 138(1): 58 - 68.

[16] MRArAL, sk& &, 5k 3, & SRR R AR

A5 SR AL TR R E[I). A ) A S TR A, 2017,
36(7): 1731 - 1747. (CHEN Cun-li, ZHANG Deng-fei,
ZHANG Jie, et a. Research on the compression and wetting
deformation behavior of intact |oess under isotropic stress[J].
Journal of Rock Mechanics and Engineering, 2017, 36(7):
1731 - 1747. (in Chinese))

[17] LOBBEZOO J P, VANAPALLI S K. A simple technique for
estimating the coefficient of permeability of unsaturated
soilg[C]// Proceedings of 55th Canadian Geotechnical
Conference. Canada, 2002: 1277 - 1284.

[18] ELZEFTAWY A, CARTWRIGHT K. Evaluating thesaturated
and unsaurated insoilg[C]//
Permesability and Groundwater Contaminant Transport,
ASTM, International, 1981: 168 - 181

[19] VAN GENUCHTEN M T. A closed-form equation for
predicting the hydraulic conductivity of unsaturated soils[J].
Soil Science Society of America, 1980, 44(5): 892 - 898.

[20] PARKER J C, LENHARD J C, KUPPUSAMY T. A

parametric model for constitutive properties governing

hydraulic  conductivity

multiphase flow in porous medialJ]. Water Resources
Research, 1987, 23(4): 618 - 624.

[21] 5Kk V. R AR TR ORI 4 AR TR - KRFAE
KBIBREIERFFTID]. P P B K2, 2015, (ZHANG
Jie. Deformation and soil water characteristics as well as
permeability properties of unsaturated intact loess during
wetting under triaxial stresg[D]. Xi'an: Xi'an University of
Technology, 2015. (in Chinese))

[22] CHEN C L, ZHANG D F, ZHANG J. Influence of stress and
water content on air permeability of intact loess[J]. Canadian
Geotechnical Journad, 2017, 54(19): 1221 - 1230.

[23] XU X B, ZHAN L T, CHEN Y M, et d. Intrinsic and relative
permeabilities of shredded municipa solid wastes from the
Qizishan landfill, Ching[J]. Canadian Geotechnical Journal,
2014, 51(4): 1243 - 1252.

[24] AGUS S S, LEONG E C, SCHANZ T. Assessment of
statistical models for indirect determination of permeability

from  soil-water  characterigtic  curves]J).
Géotechnique, 2003, 53(2): 279 - 282.

[25] CAI G Q, ZHOU A N, SHENG D C. Permeability function
for unsaturated soils with differentinitiadl densties]J).
Canadian Geotechnical Journa, 2014, 51: 1456 - 1467.

functions



$40% 53] = U DU - S 4 Vol.40 No.3
2018 4F 3H Chinese Journal of Geotechnical Engineering Mar. 2018
DOI: 10.11779/CJGE201803007

“12:20” FINEHE Sh 7SR

BE#SL R
(L EHERZE AT L 25 ABF WE MK E, Jbat 100084; 2. hadR TRAMAR, Jbat 100084)

B F: KU BOEE LI RO AL, G e RN, e U i A B R BN [ e MRS,
Y 4 B HE T ) ph TR N R i - R R ALK S 0 201, [N AR A T SURTR RS2 2 AR B 45 25 0o i
FI LB I D A5 o LIS S T R A s T R o 28R 9 455 e PR R P LIS/ s ) =8 20 1T, AT E i )
PRV 1 IR AT RN Sy, HETT FRAT 20 P9 R A A9 BILBT DI . PRRE PRI H R RE AR A AR A T IBEE,
A R R SRR ANHE KR RE SR AT LU ROSHUUEE AR TR i TR 40 00 s PR DN S ) A il R AT 1 3h A, Jf
WFTC T IO SRR AR T o BES SRAR W2 R L AR IR Y ¢ mh i s AR e gt R s AL o

KR WYL S TR YR, T

FESES: TU443 XHERFRINAD: A N EHE: 1000 - 4548(2018)03 - 0441 - 08
EZfEIY: L1988~ ), B, 4, FTEMNIFEE T EETHE . E-mail: sunyj08@163.com.

Dynamic simulation of “12-:20” Shenzhen landslide

SUN Yu-jin*?, SONG Er-xiang"
(1. Key Laboratory of Civil Engineering Safety and Durability of Ministry of Education, Tsinghua University, Beijing 100084, China;
2. CRRC Congtruction Engineering Co., Ltd., Beijing 100084, China)
Abstract: The filled soil of Shenzhen landdide istreated as saturated porous media. The excess pore pressure due to fast filling
process is derived using the classical one-dimensional consolidation theory by assuming the thickness of the filled soil to
increase linearly. Meanwhile, another part of the excess pore pressure induced by the soil contraction under shear deformation
is derived by using the modified Cam-clay model. Then the effective stressis obtained by subtracting the pore pressure, i.e., the
static pore pressure and the two parts of the excess pore pressure, from the total stress. The undrained shear strength can be
expressed by the effective friction angle and the effective gtress. Findly, the landdide is simulated using the material point
method by assuming an undrained run-out process in which the soil strength keeps constant. The destructive effect of the diding
soil on the buildings is aso anayzed. The proposed theory can be used to explain the extraordinary flow ability of the sail

satisfactorily.

K ey words: Shenzhen landdide; sttic liquefaction; long-distance landdide; material point method; run-out analysis
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Influences of structural variation of host rock induced by engineering
activities on water inrush of tunnels
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Abstract: Water inrush disasters have become a serious problem resulting from the current trend that numerous traffic roads
and hydropower tunnels are constructed, and minerals are mined in deep underground. The variation of rock structures induced
by engineering activities has great influences on the mechanical and hydraulic properties of the host rock, and the seepage fields
around tunnels. The theoretical analysis method is employed to investigate the influences of the structure variation of rock on
the groundwater inflow rate and pore water distribution based on the damage and permeability evolutions of host rock induced
by engineering disturbance. The results show that the influences of the thickness of the damage zone on the pore water
digtribution and the groundwater inflow rate are significant. Therisk of water inrush increases with the increase of the thickness
of the damage zone. The influences of the hydraulic conductivity on the pore water distribution and the groundwater inflow rate
are weak if more than two orders of magnitude increase in hydraulic conductivity of damaged zone. The inflow rate decreases
with the increase of the thickness of grouting circle and the decrease of its hydraulic conductivity. However, there is a best
design value for the thickness and permeability of the grouting circle, rather than the effect of greater thickness and lower
permeability of the grouting circle.
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Frost heaving pressure and char acteristics of frost crackingin elliptical
cavity (crack) of rock mass under coupled ther mal-mechanical condition at
low temperature

HUANG Shi-bing" 2, LIU Quan-sheng®, LIU Yan-zhang', CHENG Ai-ping*
(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology, Wuhan 430081, China; 2. Hubei
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Abstract: The frost heaving pressure is induced by water-ice phase transition in water-bearing cracks in addition to thermal
stress at low temperature in rock engineering in cold regions. The freeze-thaw damage and cracking are caused by the combined
action of frost heaving pressure with therma stress. Considering the influence of therma stress on éliptical cavity (crack), an
analytical equation for the frost heaving pressure is deducted. Based on the maximum tensile-stress criterion, the maximum
tensile stress and frost cracking angle on the éliptical cavity (crack) are derived. Besides, the critical condition for simplifying
elliptical cavity to crack is dso established under coupled thermo-mechanical condition a low temperature. Finally, the
developed method for the equivalent therma expansion coefficient is adopted to smulate the frost heaving pressure in crack
and stress field at crack tip. The research results show that: (1) The maximum frost heaving pressure in the elliptical cavity is
affected by the thermal expansion of rock, dip angle of crack, retio of crack length to width y and so on; (2) When y=10, the
flat elliptical cavity can be smplified as the crack, and the frost cracking appears a the crack tip with obvious stress
concentration; (3) The frost heaving pressure and stress field at crack tip can be well smulated by the devel oped method for the
equivalent thermal expansion coefficient.
Key words: elliptical cavity (crack); frost heaving pressure;, ——
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Development and preliminary application of a new temper ature-controlled
triaxial test system for unsaturated soils

LI Jian™ 2, WANG Yong?, KONG Ling-wei®, WANG Ming-yuan®, CHENG Peng"? MA Yong-zheng"

(1. School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, China; 2. State Key
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430071, China; 3. Power China Huadong Engineering Corporation Ltd., Hangzhou 310012, China; 4. Ningbo University of Technology,

Ningbo 315016, China)

Abstract: In order to study the influence of temperature on the hydraulic, mechanical and acoustic properties of unsaturated
soils, a temperature-controlled triaxia apparatus with the bender element system (BES) and precison volume change
measurement is developed. The instrument can accurately control and measure temperatures by adding a temperature-controlled
inner pressure chamber into the stress path unsaturated triaxid testing system of geotechnicd digital systems. A differential
pressure sensor and the temperature-controlled inner pressure chamber are combined to achieve the precision measurement of
volume change of specimens under different temperatures, whilst the BES is equipped to perform the red-time wave velocity
tests. A series of experiments are carried out on the sand in Hangzhou Bay, including the triaxia shear tests under four
temperature levels and the wave velocity tests under the same temperature level. The results show that the new instrument can
control the temperature stably and accurately measure the volume change and the real-time wave velocity of the specimens
under different temperatures. The performance of the instrument is satisfactory. Additionally, the instrument has the advantages
of simple integra structure, convenient assembly and disassembly, and the function to perform fregly the switching tests
between the conventiond and the temperature-controlled for unsaturated (saturated) soils without mutual interference. The
successful development of the instrument will provide a convenient and effective testing device for the study on the

hydro-hydrauli c-mechani cal-acoustic coupling characteristics of unsaturated (saturated) soils.
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Experimental investigation on liquefaction resistance of fine-coar se-grained
soil mixtures based on theory of intergrain contact state
1
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Abstract: In order to investigate the liquefaction resstance CRR of fine-coarse-grained soil mixtures, a series of undrained

cyclic triaxid tests are performed on the fine-coarse-grained soil mixtures with different values of fines content FC and relative
density D,. According to the theory of intergrain contact state, the mixtures are categorized as coarse-like soil, intermediate

behavior soil and fines-like soil. The skeleton void ratio ey is used as the grain contact density index to describe the intergrain

contact state which composes the skeleton of mixtures, and the parameters b and m are used to characterize the contribution of

CRR of mixtures with different values of FC and D, decreases with the increase of ey. Moreover, the test data obtained in this
decrease in CRR and an increase in ey isthen obtained
0 35l
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=

the fines and the coarse grains to the transition between coarse-like and fines-like behaviors in mixtures. The test results show
that as FC increases, the CRR of mixtures with the same D, decreases first, and thereafter it remaines constant. In addition, the

study reveal that ey can be used as the index to uniquely evaluate the CRR of mixtures, and a power relationship between a
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Table 1 Physical properties of fines and coarse grains of

fine-coarse-grained soil mixtures
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ARk dy/mm 0.567 0.014
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Fig. 3 Grain-size distribution of fine-coarse-grained soil mixtures
with different fines contents
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Fig. 4 Intergrain contact state and void ratio of specimens
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Table 2 Cases of undrained cyclic triaxial tests on fine-coarse-grained soil mixtures

WA giRiSE AR LB Bml EMNOI WU RS E EWEE SRR A AR
4i%  FC/%  DJ% e & CSR is FC/% D% e W& CSR
S1 0 30 0.77 1 0.245,0.261,0.290 S22 35 50 0.34 3 0.190,0.193,0.205
2 0 50 0.70 1 0.292,0.301,0.325 S23 35 70 0.30 3 0.233,0.240,0.256
S3 0 70 0.64 1 0.334,0.3450375 S24 40 30 0.41 3 0.160,0.175,0.210
A 10 30 0.59 1 0.242,0.255,0.270 S25 40 50 0.37 3 0.200,0.213,0.240
S5 10 50 0.54 1 0.285,0.291,0.315 S26 40 70 0.33 3 0.244,0.256,0.275
S6 10 70 0.48 1 0.320,0.331,0.360 S27 50 30 0.50 3 0.160,0.175,0.198
S7 20 30 0.43 1 0.223,0.241,0.265 S28 50 50 0.45 3 0.200,0.208,0.218
S8 20 50 0.38 1 0.268,0.282,0.302 S29 50 70 0.40 3 0.235,0.245,0.256
9 20 70 0.33 1 0.312,0.335,0.380 S30 60 30 0.60 3 0.160,0.165,0.185
S10 25 15 0.41 2 0.260,0.312,0.350 S31 60 50 0.54 3 0.190,0.195,0.205
S11 25 22 0.40 2 0.241,0.280,0.302 S32 60 70 0.47 3 0.250,0.265,0.285
S12 25 30 0.38 1 0.220,0.232,0.253 S33 70 30 0.69 4  0.160,0.166,0.178
S13 25 50 0.34 1 0.238,0.255,0.280 S34 70 50 0.62 4 0.197,0.213,0.241
S14 25 70 0.30 1 0.260,0.265,0.290 S35 70 70 0.55 4 0.243,0.256,0.273
S15 30 15 0.39 2 0.241,0.285,0.303 S36 85 30 0.84 4 0.160,0.163,0.180
S16 30 22 0.38 2 0.210,0.236,0.275 S37 85 50 0.75 4 0.197,0.206,0.228
S17 30 30 0.36 2 0.198,0.205,0.225 S38 85 70 0.66 4 0.241,0.251,0.261
S18 30 50 0.32 3 0.190,0.196,0.205 S39 100 30 0.98 4  0.157,0.160,0.170
S19 30 70 0.28 3 0.235,0.243,0.251 $40 100 50 0.88 4 0.186,0.191,0.208
S20 35 15 0.41 2 0.170,0.185,0.208 #A41 100 70 0.78 4 0.243,0.260,0.295
S21 35 30 0.38 3 0.160,0.170,0.185
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Fig. 5 Undrained cyclic triaxial test results of fine-coarse-grained soil mixtures with different intergrain contact states
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Fig. 6 Relationship between cyclic stress ratio and number of
cyclesto liquefaction failure of fine-coarse-grained soil
mixtures with different fines contents
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Fig. 7 Cyclic resistances of fine-coarse-grained soil mixtures with
different fines contents
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Fig. 9 Liquefaction resistance of fine-coarse-grained soil mixtures

versus skeleton void ratio determined by different values of b
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On principle of effective stress and effective stress

DU Xiu-li, ZHANG Pei, XU Cheng-shun, LU De-chun
(Key Lab of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: The principle of effective stress is the key stone of soil mechanics, which becomes the fundamental difference
between soil mechanics and solid mechanics. As it is put forward, the principle of effective stress is always in the debate, and
the discussion focus is its approximation. From the analysis of the assignment of the principle of effective stress, the
connotation of the principle of effective stress is illustrated as the genera rule between the measurable effects and external
loads. The effective stress establishes a connecting bond on the externa loads and the measurable effects such as strength or
deformation, which is defined as the stress that can influence the measurable effects such as strength or deformation directly.
Therefore, the effective stress is not unique, which is the nomina term of real stress and can be given according to the
equilibrium of forces and the interaction of soil particles. The different formulas correspond to different definitions of the
effective stress, which explains the approximation of Terzaghi principle of effective stress. Then, the physical meanings of the
effective stress related to the strength and the deformation are given respectively, indicating the genera law of effective
stress-strength or effective stress-deformation. Based on the Mohr-Coulomb strength theory, the relationship between the
effective stress related to strength and the shear strength is established.

Key words: principle of effective stress; effective dress; effective stress related to strength; effective stress related to
deformation; Terzaghi effective stress
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part,u, acts in the water and in the solid in every
direction with egual intensity. It is called the neutral
stress  (or the pore water pressure). The
balance s¢=s,-u , s¢=s,-u, and sf=s,-u
represents an excess over the neutral stress u, and it has
its seat exclusively in the solid phase of the sail.”

“The fraction of the total principal stresses will be
called the effective principal stresses...... A changeinthe
neutral stress u produces practically no volume change
and has practically no influence on the stress conditions
for failure...Porous materials (such as sand, clay, and
concrete) react to a change of u as if they were
incompressible and as if their internal friction were equal
to zero. All the measurable effects of a change of stress,
such as compression, distortion and a change of shearing
resistance are exclusively due to changes in the effective
stresses s 8, s¢ and s §. Hence every investigation of
the stability of a saturated body of soil requires the
knowledge of both the total and the neutral stresses. ”
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Abstract: There are two methods to decide the interfacial shear strength of pile-soil in ocean engineering design nowadays.
One is taking the advices of engineering experience and codes, the other is calculation using the strength parameters of soils
derived from geological exploration. As for the pile foundation in ocean, it is very important to reasonably estimate the
interfacid shear strength of soil-structure, which will make a great difference to the pile bearing capacity. Both overestimation
and underestimation of the pile bearing capacity may lead to severe engineering accidents. To study the characteristics of
interface between piles and soils during pile driving, alarge-scale direct shear apparatus is devel oped to perform the direct shear
tests on soil samples with varied particle diameters. The shear-resistant coarseness between the soils and the surface of
structures is introduced, and the relationships among internal friction angle, relative density and shear-resistant coarseness of
sand samples are studied as well as the relationships between the shear-resistant coarseness and the undrained shear strength of
cohesive soil samples. According to the results of the tests, the shear-resistant coarseness is variable, and the shear-resistant
coarseness of sand changes more regularly while that of soft clay changes more greatly owing to the influences of consolidation,
digturbance and strength of soils. Moreover, some advices are offered to the application of shear-resistant coarseness in
practical engineering.
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Table 1 Basic physical properties of sand samples
Ay R EF
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B TR /mm 2 2 /(grem™)
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>2mm dso dio dszo Cy Cc
mm mm mm mm
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R 2.25% 23 60 13.25 1.05 04 015 025 16 1.042 175 148
FLRE 10% 80.1 8.7 1 0.2 1.02 051 071 1.92 1.009 185 132

R 2 Bt T HMERYIBMLR

Table 2 Basic physical properties of cohesive soil samples
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Fig. 4 Test results of fine sand samples
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Fig. 6 Test results of coarse sand samples
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Fig. 7 Relationship between undrained shear strength of soils and

shear-resistant coarseness
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Experimental study on lateral pile-soil pressure on passive part of pile
groups in innovative sheet-pile whar f
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Abstract: The pile group of vertica cast-in-place piles with relief platform has been successfully introduced into innovative
sheet-pile wharfs to withhold lateral 1oad due to horizontal soil movement along with its front wall. The work mechanism of the
pilesis similar to that of stabilizing piles, but their pile-soil interaction degree is far below the limit state. In order to study the
distribution of the laterd pile-soil pressure aong pile for the formation of its design method, geotechnical centrifuge model tests

of two schemes are conducted to simulate 200,000-tonnage sheet-pile wharfs with relief platform in fine sand. The pile-soil

pressure distribution is obtained by measuring the earth pressures at its two sides. The characterigtic is that the latera pile-soil

pressure is positive for the upper part, meaning the same direction to soil movement, and negative for the lower part. And the
position of zero value of pile-soil pressure is below the mud line of harbor basin by about four times the pile diameter. By using
the position of zero pile-soil pressure as the demarcation line, each pile can thus be divided into the upper passive part and the
lower active part, asis done in stabilizing piles. In order to estimate the pile-soil pressure of pile's passive part, it is correlated
with the Rankine active pressure by introducing an average breadth ratio on the passive part of pile. It is found that the breadth
ratio of pile's passive part is about 3.0 for seaside piles, much bigger than that for the middle and landside piles. Therefore, the
pile-soil pressure of pile's passive part can be taken to be 3 times the Rankine active pressure in the design of pile groups with

relief platform.
Key words: pile group with relief platform; cast-in-place pile; lateral pile-soil pressure; breadth ratio of pile; passive part
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pile-sail pressure with depth
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Fig. 2Model setup (front wall of T-shaped digphragm)
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Abstract: At present, the internal force and displacement of anti-slide piles are calculated on the basis of two sections: the
loaded segment and the embedded segment (called "Two-section method"). However, this method does not adapt to the

situation when the contact surface of the loaded segment and the embedded segment is not a horizontal plane or the bottom of
the loaded segment and the top of the embedded segment are not at the same height. The loaded segment is divided into the

primary loaded segment and the secondary loaded segment according to the difference of load type and intensity. The
cantilevered anti-dide pile is taken as an example, and because the surrounding rock mass of the embedded segment is

"Two-section method".

subjected to the E. Winkler’s assumption, the genera formula for caculating the interna force and displacement is derived
specific engineering examples, the calculated bending moment and shear force on the whole pile by the “T-section method” are

considering the secondary loaded segment suffering no force or suffering latera rock-soil pressure (cdled "Three-section
method"). It is demonstrated that the "Two-section method” is just the specia case of the "Three-section method". Based on

of anti-dide pile. Therefore, it will bring adverse effect to the engineering safety to design the anti-slide piles according to the
force; deformation

0 3l =

mostly smaller than those by the "Three section method" and the deviation is dso larger, especidly for the embedded segment
Key words: cantilevered anti-dide pile; three-section method; secondary loaded segment; primary loaded segment; interna
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Table 1 Physical and mechanical parameters of rock and soil mass
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Shaking table tests on acceleration response of ground fissure site

XIONG Zhong-ming, ZHANG Chao, HUO Xiao-peng, CHEN Xuan
(College of Civil Engineering, Xi'an University Of Architecture and Technol ogy, Xi‘an 710055, China)

Abstract: The ground fissure has brought severe damages to the engineering structures. In the area of high seismic intensity, if
the spatia avoidance principleis gill adopted, it will be bound to waste the land resources and restrict the urban construction. In
order to study the dynamic response of ground fissure sites, taking the ground fissure of f4 in Xi'an city as an example, the
model test for the ground fissure site is carried out by means of the shaking table based on the laminar shear box. The test
results show that the acceleration amplification factor is related to the type and intensity of input seismic waves, the properties
and thickness of soil layers and the location of measuring points. Furthermore, the ground fissure site has hanging-wall/footwall
effect. All the peak ground accelerations of the hanging-wall and footwall reach the maximum at the site of the fissure, they
decrease from the fissure to the sides, and the rate of the hanging-wall peak acceleration attenuation is dower than that of the
footwall. At the same time, the peak ground accel eration of the fissure at both sides has the time difference, and the accel eration
change frequency of hanging-wall is faster than that of the footwall. The results may provide references for the engineering
application of ground fissure sites.

K ey words: ground fissure site; shaking table test; accel eration response
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Table 1 Physical and mechanical properties of soils

ak WA PR NIETRGE S

EH-SE S ., Befn BURBUR
/(KN-m™)

% 1% /kPa /(° ) /MPa /MPa

W+ 235 67 16.8 640 276 1.07 39.48
W+ 229 75 178 653 273 090 49.83
WEEt 252 o1 190 6.00 266 094 5837

e JHfA N =0.34.

3 BIREYIRE T 55
Fig. 3 Soil box of test model
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Table 2 Similarity ratios of model parameters

LUBLIE 2 AHALLEE LUBLIE 2 AHALLEE
KRS 0.0667 WS S, 1
WS 1 (DREASY 0.0667

PR S 0.1667 IERE S, 2
NS 0.1333 P S, 0.3652

WENLS 0.1333 NN 0.1826

PiAE S 1 U 5.4772

1.3 REN=HE

AU AE VY 2 RO 22 G HT R S = ok
17, WA & R L E MTS 2 7] 2B (1 4 mX 4
m =N A RSN S AR R . BT ST A P )
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Table 3 Test conditions

THFs R T M2 ZUE THFs R T HEZIE
s1 [ 75 0.05g S16 L9 0.4g 8 JEFHEAFUE
S2 YLy 0.1g 6 JEFEAFUE S17 [l 7 0.05g
I5¢] El-Centro % 0.1g 6 JEFEAFIE S18 YLy 0.6g 8 IS
4 F9% 0.1g 6 JEFEAFUE S19 El-Centro % 0.6g 8 IS
S5 45 7 0.05g S20 FA 069 8 JEF B E
S6 YLy 0.2g 7 REFEARFUE s21 11 7 0.05g
S7 El-Centro % 0.2g 7 REFEARFUE S22 YLy 0.8g 9 JEFEAFUNE
S8 e 0.29 7 EREARL S23 El-Centro % 0.8g 9 JEFEAFUNE
9 9 75 0.05g S24 7% 0.8g 9 JEFEAFUNE
S10 VLMY 0.3g 7 BB S25 11 7 0.05g
S11 El-Centro % 0.3g 7 BB S26 YL 1.2g O FF A
S12 FA9 0.3g 7 BB S27 El-Centro % 1.2g O FEF A
S13 11 75 0.05g S28 Fe i 1.29 O FEF A
S14 YLy 0.4g 8 JEFEAFUNE S29 11 7 0.05g
S15 El-Centro % 0.4g 8 JEFEAFUNE
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(2) El-Centro J%: & 1940 4£ 5 F 18 H
M Imperial V Alley 1R ic sk ra b5 7 43 12, VAR INIE
[k 3.42 /s, FFINf 53.73's, £ HIIk 0.2 s 1 0.52s,
BTy 1.79 Hz,

(3) HEAP: 1992 4F 4 H 25 HAE M AL 5
HOIX R ARG 6.9 iR, SRR A Tl sk —
SHEE W, WEEINEE R 1.65 mVs?, FEIN 59.96's,
B Ry 4.55 Hzo 3 Bl HIFR I K 11 Mg 7 T T 52 N R A
MR 5 FR.

FERGG Y, i N R IR V(R A FEAR G R
W3 CRPPURE BTG PO 5% v 2 i ik i
(EHATIEE . B N Hb TR RV ECR FH 2 OB 33N
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4 ATRUE W, InEcET LRI B RS0 1141
Hz, FHJE LA 4.8%, KA iy At ik (I {15 K, A5
PR, AR, BB LK,
%4 ERIEIRIER AR bt

Table 4 Frequencies and damping ratios of soils

T f/Hz E 1%
S1 11.41 4.8
S5 10.94 5.6
9 10.23 6.4

S13 10.23 7.4

S17 9.61 7.4

21 9.38 7.8

S25 8.75 8.1

S29 8.05 9.1
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Fig. 6 Curves of positive and negative PGASs of ground fissures
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Fig. 7 Time-history curves of acceleration a measuring points
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Table 5 Maximum amplification factors of different input ground motions

S Lk a El-Centro J}; a g a
R + R + R

0.1g 6.323 5.094 4.872 3.368 3.489 2.881
0.2g 4.080 4.698 3.582 3.153 3.177 2.497
0.3g 3.904 4.176 3.063 3.294 3.101 2.488
0.4g 3.611 3.360 2.801 3.476 2.814 2.570
0.69 3.142 2.368 2.254 2.991 2.036 1.991
0.8g9 2.190 2.299 2.161 2.549 1.606 1.714
1.29 1.556 1.691 1.499 1.469 1.239 1.612

L 4,064 3.012 3.250 2.293 2.816 1.787




3 REATE, A%, MhZMA% 17N B m N R 8)) SR IR 5T 525

TR PETEON R BAM G T hoL S48 V 7 B0 Al

26 Tﬁ J:ﬁ .
241 —e—S3
——S54
3 221 —¥—S6
Py ——57
W 2.0 —<S8
N —»—S14
& 1.8F —e—S15
i —*—S16
1.6+ —+—S18
tgg —*—519
E 4L % ——820
*——3——)
1.2F  de—h—
1.0 1—1“'\’_1\#/7'\!-%—1' ]
A34 A33 A32 A31 A30 B30 B31 B32 B33 B34

WA
(a) TR BB AR

09+ /
| | | | | | | | | ]
A25 A24 A23 A22 A21 A20 B20 B21 B22 B2

WA
(b) i BEZIE KR

151
T & —a-82

141 ¢ . -S4
1.3F \ ——S7
12} g —»—S14

1.1

s BE R # o

‘\4, —\‘A
‘ ;'A< = -:: e
1.0 A

7¥ N

| | | | | |
Al15 A14 A13 A12 A11 A10 B11 B12 B13 B14

WA
(c) BEH L ZMEEBRARE

8 AR EMIEE MK ZE thk

Fig. 8 Amplification factors of acceleration of soil layers
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Por osity evolution of sandstone dissolution under wetting and drying cycles

LIU Xin-rong™? YUAN Wen', FU Yan®, WANG Zi-juan', MIAO Lou-li*, XIE Wen-bo'
(1. College of Civil Engineering, Chongging University, Chongging 400045, China; 2 Key Laboratory of New Technology for

Congruction of Citiesin Mountain Area of Minigtry of Education, Chongging University, Chongging 400045, Ching; 3. Faculty of

Congtruction Management and Real Estate, Chongging Universty, Chongging 400045, China)
Abstract: The deterioration mechanism of rock under wetting and drying cycles is complex. Taking sandstone as the research
object, based on the ion concentration in immersion solution, the dissolution of sandstone mineras is quantitatively analyzed,
and the evolution laws of sandstone porosity are obtained. Finally, the deterioration mechanism of sandstone under the effect of
wetting and drying cycles is analyzed. The results show that the formation rate of Ca®" is one order higher than that of K*, Na*
and SiO,, and the formation rate of Fe®* is the lowest. After each cycle phase, the volume reduction of calcite is the most,
followed by that of potash feldspar and soda fel dspar, while the volume reduction of black mica and quartz isthe smdlest. After
wetting and drying cycles, the micro porosity changes, which will lead to a significant reduction in compressive strength, and
the porosity change rate is positively correlated with the deterioration degree in each stage. After erosion of wetting and drying
cycles, various minerals are dissolved in sandstone, leading to the decrease of cements and the increase of porosity, producing a
variety of voids and micro cracks, and ultimately reflected in the decrease of the strength, which is the main cause of
deterioration of sandstone after wetting and drying cycles.

K ey words: wetting and drying cycle; porosity; mineral; ion concentration; deterioration degree
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Table 1 Minerd contentsin sandstone %
A% KA wE TIEA B EERY AEWHTY)
40 31 15 6 3 5 2

1 Rock 600 HT PLUS B & Th a5 A = il R4
Fig. 1 Rock 600 HT PLUS multi-function rock triaxial test system
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Table 2 UCSs of sandstone
K& (FERVe:s TR 55 /M Pa
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1 71.59

T 3 67.91
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Table 3 Equations for mineral dissol ution reaction of sandstone
i LK JifEak
e S0, +2H,0=H,S0,
AT KAI.Si,O, +5.5H,0=0.5A1,Si,0,(0OH), + K" +OH +2H,SIO,
ok TR CaCO, =Ca** +COy
WA NaAISi,O, +5.5H,0 = 0.5A1,Si,0,(0OH),+Na" + OH™ +2H,SiO,
L KFe,AlSi 0,,(OH), +10H,0 = Al(OH), +3Fe(OH), + 3H,SIO, + K" + OH
R4 BTRE M 5 ATLAE L, Ca %L KY. Na'.
Table 4 Concentrations of ion SO, AR, FEIN A O R . S 1
TEW BTk (gL B, BB RBGE R R, S sasmiE s, 3
BH K CF Na FF SO mumapm s i RORR AL, SR
1 006026 0.2464 0.0492 0.00322 0.02930 (18] 16 19 -
3 015224 0586 012035 0.00650 0.08562 Feo XGFoREES L ME R, RBHE TN, K
6 023212 0911 01654 0.00959 0.11609 A E Ly ¢ e
10 033210 1212 021415 001305 0.15381 I/Eﬁg}ﬁ; @%@&%B‘iﬁ%{ﬁfﬁ’ fqﬂlga\ MRANZ, £
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Table 5 Formation rates of ion
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MrEe = K* ca® Na* Fe? SO,
1 006026 024640 0.04920 0.00322 0.02930
2 004599 0.17110 0.03558 0.00164  0.02816
3  0.02663 010747 0.01502 0.00103 0.01016
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Table 6 Molar volumes of minerals
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Table 7 Volume reduction of mineralsin each stage

(RS W AR tom®

BB HKn i KA BRRE i
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Sressesinduced by vertical rectangular uniform loads within
ground based on Mindlin solution

HE Chun-bao, WANG Lin-bin, L1 Gao-yang
(College of Water Conservancy and Civil Engineering, South ChinaAgricultural University, Guangzhou 510642, China)

Abstract: The calculation of foundation settlement is usually based on the Boussinesg’s solution or Mindlin’s solution, which is
suitable for considering the embedding depth to calculate the additiond stress coefficient. In order to simplify the integration
process, in the existing literatures the coordinate origin is often placed a the corner of rectangle in calculating the additional
stress coefficient of vertica rectangular uniform loads acting on a semi-infinite elastic body, and the coefficients at a point
under the corner of rectangule are calculaed, so the relevant solutions have obvious limitations. In order to make the solution
more general, on the basis of Mindlin’s solution of concentrated load, the anaytic expressions for stress digtribution at any
point in a semi-infinite body suffering vertical rectanglar uniform loads on horizontal area and the analytic expression for
s, with vertical rectanglar uniform loads on vertical area are deduced. Their correctness is verified by comparing with the
existing literature, and the change laws of stress coefficient at different positions under different Poisson's ratios are analysed.
The conclusions can be applied in engineering cal culation.

K ey wor ds: Mindlin solution; vertical 1oad; stress solution
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Perfor mances of cement-stabilised/solidified contaminated site soils

WANG Fei* 2, SHEN Zheng-tao®, WANG Hai-ling®
(1. Ingtitute of Geotechnical Engineering, School of Transportation, Southeast University, Nanjing 210096, China; 2. Department of

Engineering, Universty of Cambridge, Trumpington Street, Cambridge, CB2 1PZ, UK; 3. College of Environment, Nanjing University of
Technology, Nanjing 211800, China)

Abstract: The effectiveness of cement-fly ash-treated contaminated soils in two remediation case studies in the UK is studied
by comparing their time-reated performances (e.g., strength, pH and |eachate concentration of heavy metas). This is because
the long-term performances of in-situ stabilisation/solidification technology and the effects of this technology on different
contaminated Sites are uncertain. The sites involved in this research are the West Drayton in Middlesex and the Castleford,
Yorkshire, each with a different range of organic and inorganic contaminants (Cu, Ni, etc.). Field trial samples are subjected to
unconfined compressive strength (UCS) and two batch leaching tests (TCLP and BSEN 12457) at different time points. The
results detail the strength and pH relationship of similar mixes under different site conditions and different time scales, so asto
validate the effectiveness of this remediation technique. The immobilization degrees of these two metals in different mixes
under different time points (0.08~17 years) are caculated, the values of which are >99.4%. The 17 years’ effectiveness of
cement-fly ash-stabilised/solidified contaminated soils in these two case studies is confirmed by comparing their strengths and
leachabilities at different curing time points.

Key words: red industriad contaminated site; cement-fly ash; in-situ stabilization/solidification; unconfined compressive
strength, leachability; long-term performance
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il 1015 G A 3 B AN s 2 o 24 T /B
AR5 & R R TR A, DRl 5 [ A
AR A I ) E A AN A M T SR I TR AR A 0 TG UE
ZAERHARMREACR AT A EE R . EHN
AN TP 2 K Y AL s TE Y LI BRI L iR
JE MG A7 T O T — S8R9, BRI oY T K
VB AR E S5 e T RS R E s 22 2 t
ARV I Ak B G e 1 PRI B BR AR P JE M PR BT it
JERARTER AR . pH R, DL HLEEEAT T A
n 25 B A O G e B TR TB A B

V5 et (R AR T 00T Jing ST T ORI
HR S R AL v5 g P A R Hale 258 ]
KV A K A A R g e s RS T Y
Fee kA B AT . DL ERIFFURIN, [0S e fhd AR
ERE I AT DA RO R . e AR,
MR IR T .

HAT, ST RMTE 4 4 Kt s R BT
SRR, FEIEL SR EINEE O, ik 1
WRF L YL te i BB GBI S P 8114 D N AV o
EFRE 7 SORVPAL TR APER, (R o ] A/ e A
FRAE S Br TR N 5 37 b 16K 03 A %2
W, Jing 2R T AR KR LTS Y E K Ak 28 d
Fl 2 a J5 It R s Antemir 2605 sk 2 Fhog Rk 56
WL T Z L /KPR R SR A A8 e A I — A4 Al
ZRBIRVG YN it 11 a fl 14 a Ja ke EaE
IR Y5 G - BAT 5 W 3 AT AN 5 %&
BT SRR, S K e S [ A AR e
%m o LA BRUR . IXEERIFATSE AR, WFSUAN ]
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A ) L L E West Drayton fil SMiRT #§/
T H w1975 G A8 200 KPR FUR S AR [ £ 751) Js A7 [ 4
IRGEMNEE 2 )5, T AN Bl e 1) AR 4k R 15 B
IOUFE TZH AR KIS 17 a AR, $2 T AN 120 b
Jiiks AARKRIIZALME S 0 H $2 4t T D ZE ) b 7
RS TR S, WO EASKRAR DG ST H 1) TREsE
BRI IR T 5% .

1 ;5%
1.1 West Drayton Iii B

West Drayton 5 H - 1994 4£ 1 5. Z3Hbfr 3%
] 725 JEL 2L 3 B 3 2 A X o 25 8 R AR AL T
] BARms G tE (LR gk, 1R KA B DL
S AIEIGEAKHESE) WSR3, 13, 15]. 1% H 1
T HbEE i 40% )RR AT RL . 15%IF VPR LA & 45%
PIRRA AL BRI H A g e (L 1) 5K

BUKYE S BrER N 721k L MR e wk SRS IARE
ﬂaﬂﬁﬁmizlﬁﬁﬁgngf““ KAETAE
HZME R R 28 KT, KA Y, HER
100 mm, K5 1 m [F A AR AR T & X 13 2 14k
FlH T 1.2 mRAL BN O H 2 1] S5 S AR
@ﬁFﬂFMﬁmw% SARAT T AR k) 50%(1)1H
HESEEEd (20C£2°C), HTFBEE 24 H. 1.2a
ﬁ24az¢ﬁmﬁﬁmﬁﬁm%ﬁﬁﬁﬁﬁﬁﬁ%
WRKs BRI 45 4, T/ENREREE M,

[Fi) Fof %of 7 2 X AR 8 X N IR FEAE 1.3~2.3 mIX 3 Py
e 5 )5 LTI R (8 2), SRS AT E AU 1 m
FAEAR A, ds[m]se0 2 IR, Fol 4 IFE Sl gt A7
FESEG ' CHIXHE &y 50%, R4 20°C+2°C), 1
17a)5, FEEEFRICHE FEIER,

[ 1 West Drayton 51 H EFEFE E’Jﬁi?ﬁﬁ%ﬁ[ﬁ]
Fig. 1 Auger used in West Draytonfield trials™®

24 m

B 2 XBEEREESHEHE
Fig. 2 Plan of S/S-treated columns and coring locationg™

1.2 SMIRTIRE

SMIRT Jii H {7 T 9% [F Castleford, Yorkshire Hi[X .
ZI0H IR T 2007 4 10 H o SFHPIANE §n i A T
JEL b R v 3 (R ORE 3A1, T DUR I ZE R,
SMIRT Tl H A 8 L 38 iy 5% ki Ak RL,  BA R
95%[HIVb kAL I o FEA AR S A8 538 40 R ] =2
JEET ZR g CILE 3D ¥A BRI ORVES k.
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PR EAEEE) . KRS g 1, 54 28d G,
TERF—ARAE AL RO B AR5 50 85, 75, 65
155 mm (1) 1 m AR ERE, BRI 4me iZIH T
RS S T A P L, X R R R R R
S B MOIEAT A OGN, A b S 8T (R 23 e
AR 20°C AHXEE B0%IMSEi =, 7B
15alh, fAEAESEIRERES, B R K.

3 SMIRT I B # £ f B =42 1Esh R4
Fig. 3Auger used in SMiRTfidd trids
1.3 EH%H
A7 11 A [R5 N T West Drayton IiiH, 24
RN T SMIRT 350 H , ASCHE R i H]
ANTRIHC EG IR K DS MR SR AR TR 4 Al Ak 7], DAEEREAT A
[7i) 7 i [0 7K Y N0 IR AR Il e 70458 FH 205 R RS EEATE ST o
PRANIGLH o 3B 0 5T Al FH PR AR B HG R 23 B
WA 1o BUR TR 220 80K, AR 1Al LUK,
FE B RS SSA A 358 KR Ak R C EE AR 12
i, B, BAHIE RS B FIFE S SSA4 451 i L
B E R AN, AT S LR AR AN ARG B
(R 7K e FRy AR BEAT [ AL IS E AL FE S A FIRE
SS12 R I WAL FEAEN o
F 1 WA TR T IEE S FE L FIE b
Table 1 Soils and binder characteristics of S/S-treated site soils

v n + 7K AL (Wi%)
i} ) B

| Fedh KK EG I(Wt%)  /(Wt%) PE
A 0.42 83.1 5.0 2.8 9.5

WestDrayton 5 040 831 50 32 86
. sS4 1 850 75 25 50
SMIRT o0 1 700 15 50 100

TG YR R AR BATIRR R . 3R 2
XELE T AN Gzt S 13 e e SR . West
Drayton ity 44 1 s RIEE IR FE 2 3% = T SMIRT
Yy, {H SMIRT S A7 5 2 AT HLIR 54 -

2 WIEAE
P 1 EL AR5 B L SCHR[3, 16]. MG e
S U 1 KB AR e T i i

(5250 5, 5SS = AR VLY R 5 AR LA
2 (A 435 ASTM D4219-08 Ml HE S w1 5
(K] 3AN B REATAT R AT TG0 BRI 58 32 IR
Bia. b, RS E M TCLP A1 BSEN 12457-2
PG SR BT, b, RS TR IE S
It 1K 4 mm (19, S FRE 50 g HARTE 1~4 mm
(AR Sl N R % 3 e, FRAEIMAP N 500 mL Ak
/K (pH 5.4). 3k 24 h [1)$i3) fa e, #=H 500 mL
| JZIHEWITH 0.45 pm (R85 L 38 , MK 8 ) pH,
FEH ICP-OES ALl H S8 & B IR i, fe)a
SREH 2 A PATREI I E H Lo st ie
F2 TESEYRERER
Table 2 Concentrations of contaminantsin made ground in site

soils

TOtEy 15 AR/ (mgkg )

TR West Drayton SR

Pb 2801 95~175
Zn 1589 150~220
As 13.8 130~140
Cu 1264 1075~1600
Ni 105 1170~2200
Cr <5 700~1150

MANY) 566 7185~9230

3 RWEER
3.1 FLMPRINEEE 1%

IR TN T LA B 155 G A 1 el 24 R A R o) (]
Ay e o B % AR KB, AT TR 2 T
[l ] A Ak AN [ b A v G L 8 S R I R
B, AEABRFTH,  AH R CUEAS [ EAZ) R 7K e R0k i K
[i] £ 1 AE AN [R] 5 G 37 ML (1) 5 PS8 o o T £ 722 4 0t ke
TE— AT LI T PRSI E A A S AEAN [
IS 1) A PR 45 T UL I 4o [ 4 JEoR T RESE A R B A£E
BEIEE 28 K. 2. 144, 28 M ALK 54
S AN]SR [FI, 25 H T FES SS4 Fil SS12
TEAB S5 5 28 KA 18 A H IXPIAN I ) i E R B
M 4 TTLUE 2, B I T AN I, BT AT R & 1)
PR RIS RS, o, FESL A BT B 5
JEWI KR B, HR ARG 1.2 a e ilmE
(IG5

e 28 dJa, AKle—R AT AR 4k s 2 1
TE 8 1) 5 P 3R T 0 L A 28 R Py S S 7 2
SRR 1 MPa, SRR, MR R BRI
LKA S5 I3k e 4 5 AT At i T A ARk, Tk e
FiRPS 2 e DAk, West Drayton Jiit H (175 44 1
BEAARRE mIRE R (LR 2) MRZHIE R
BES P LMK YE KRS, ATk — P BAR T K
Ve R (LR g o R 22 IR 4 FTLUR L,
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N IREL) 15%0) K Pe—kn AT AR [ AL e 1 2

A KR KA B IS ) AN WK Ak, T A v G

LSRR T LA RIS = I 5 (>1.2 MPa),
10000 ¢ I 1];

—— S84
—o— SS12

L

0 1 2z 3 4 5
B} E]/a
B4 ¥& A. B, S4F1 SS12 7EA<[E Bt 8] &5 89 oM PR $L/E
mE

Fig. 4 UCSvalues of mixesA, B, SS4 and SS12 &t different time

1000 F
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FEdh AL BEBE 1.2 a)5fl SSAEEHE 1.5a)5
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FW, EAEFHARE R FB KT, RRETS
BIRZAIE T S B PN T E 1R [ A 280 5 )
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T B (R R PR 34 75 B8 22 (1 00 H S i ofe HAk
PTG YIRS SR G R 734, WK 4 el LA
H, 7E 15 alfa) i, SS12 (5L T 1 MPa ik
THES A FI B AEER G 24 HIN5RE, XLl gL,
PSSR S22 PP IR 25 m, EL s A LRI
TSR A RN . KA LG L R I [ A PR 55 45
3.2 BHE pH BT

K 5250 T RS AL B. SS4 I SSI12 AN #5EE
RIS TR I pH BRI TR ARG 2k . K] 5 H
FH|, TCLPEME IR TR A B HRIT
pH {EMZ) 6.5 L F+% 9.5, TAHMN (IFE S B 12 HER T
pH M2 7.6 LT3 10.1, 52 RS K]
KA DA R i — i IR 5 T i) Ba
IFIEEL, KRG A RT B BRI pH EA KT F R, X2
R A 7K 575 Gt T R AR SN s LR S A o A
g, [l AR 2 e N B A T 4R 32 ML R
MR 2 17 45 A A1 B ] TCLP F1 BSEN 12457-2
RIS FI ¥ pH {E C.ZE Wang 25 (858 vt L 2
Ji4h, ik BSEN 12457-2 #piEi s 43 21 1) Hcks
R G SS4 Ml SS12 fEEHE 1.5 a fq i i pH
FEFESD A FTB 7125 5 a fai I pH iM%, HEHT
A, X2 T SMIRT It H A FH 7K K LU s, T
A A I SR B A NS ) 5 BUR G 14

pH 1 T West Drayton 51 F 1L 4744 -5 pH {177 i
ST IS RN R L

13 - —#—554-BS EN 124572
—e—S8512-BS EN 124572
12l —=— A-BS EN 124572
—4—B-BS EN 12457-2
1t —+— A-TCLP
% 10+
9
8
Tk
6

H—;I;n ll() 1|2 1I4 TG—DIIS
F 8] /a
5 ¥ A. B. S4 FA SS12 ZEAS[EI A (8] = 9% ik B9 pH &
Fig. 5 Leachate pH values of mixesA, B, S$4 and SS12 at
different time pointsin two sites
3.3 2% Cu. Ni BYEH4E

HAREK 2 R Ti5 5 6 Fh 48 ik FE 4]
URYalE, K6, 7 K T BSEN 12457-2 #i#
ARG TS 21 Cu A Ni 5, X2 B {EH BSEN
FEEE R I H Y As. Cd AT Pb )3 HY M B I

(<0.001 mg/L), 1fiy Zn 7EPE NI H H 15 H A B e ik
TIHAKFAbRHE (3 mg/lL) B9, e LAt T s
IR B ARAE TCIEREAT LB AT, IRIEANTEAR SR %%
e A, 3R 3 K TRES T Cu Fil NI ZEAS A ]
REIPIAE ] e R %

Kl 6 451 T FE ALB.SS4 il SS12 [t BS 12457-2
TS T CufE 0.08, 1.5, 5, 17 a¥4 /NFfLET
) Bk EE . A 6 T LA, T AE S (e
() b Cu [P35 R BE A T AR B A 7K bt 2
mo/L, EAREE S A B AL I ) . SS4 Fit SS12
KARZ, (H/EFR TR B 75 5 AR IR BEAH X 3R
, HAhEAA B =R . PR B ES S ER RN
WA RS Y5 4t Cu B A A SR . S54b,
M 6 1] UF R, Cu i RS IR 5 41T
FARTEOLIIAH R PEASK, Bk T DT Rl sh 245 P4l
TP 2 B TR R ) pH . X5 fatta 5570
VRS AR R RIF 5 i o B — E 2

1 1 1 1
0 2 4 6

- 301 W2 0.08 a
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= K AR HE
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Fig. 6 Cu concentrations of mixesA, B, S and SS12 &t different

time pointsin two sites
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K7 450 T REG ALVBLSSA T SS12 [ BS 12457-2
BEPER R NI 72 4 AN BRI T
W, BES A ERLG 5 R IR E T NI ik
Rk bRdE (0.02mg/L) P01 mg/L, i EEEE 17
a i B T s o e . #edh B ZEML)G 5a
17 a #R T AR I Kb, SS4 Fl SS12 Ff
A CE LIS TA] b NP2 A P v HoAH I A A K
RS, S B AR K YR ] - N f3
FEAERESD B HIARR, A IR R 7R AT 75 el
PRI DR 3. BRIGLAAR, BEAR AL B Fil SHA 1 Ni
(19 H R P52 AR Bt I [ T FAEG, SS12 H Ni [R5 %
7E L5a s 0.08 44 0.01 mg/L. iZAHIHRIE K 4 m
FE b & B TIME, R BEREIR B A AR AN v] g &
SS12 H Ni [P R AE L5a st 0.08 a gl

0.20
—.: 0.181
o 0.16
£ 014t
g 012F
= 0101
Z 0.08f
0.06
?5 0.04F
™ 0.02
0
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Fig. 7 Ni concentrations of mixesA, B, S$4 and SS12 at different

time pointsin two sites

] 2880 % 20 e 45 R < Ak e ok DAL g v
TS A ZE G RN BT A . A 3T AT LR
B, A PIANTIH g g I 5 ) NI R RS 25 e
IR, FEFTA RS NI R e SR AL T 99.9%.
o M E AR - BRFRIE R 17 aa, XRYIKE-
o B 1 A7) RE B AR i PR 1 5 A Y« Cun PR 52
P13 EEAE AT Rl i AR e, AT Ni 34h,
I 5 283 B I TR PR AR AR A AN T il o AT A 3 2
0.08 a FF4fi, FiAFEdH Cufl Ni R[] 2 2 s 2
TAREIKF (=99.4%).
%3 MM A, B. SS4 70 SS12 FEARE R iE S A EE LR

Table 3 Percentages of BSEN leachate concentrations to their total

metal concentration for two sites

v o EEIY%
S 0.08a 15a 5a 17a
A 99.9899.49
B 99.3799.79
QU gy 99.64~99.99  99.95~99.99
Ss12 99.90~99.99  99.87~99.99
A 99.91 99.9
\i B 99.90 99.91
Ss4 99.91~99.99  99.96~99.99
SS12 99.97~99.99  99.96~99.99

MR 2 TATLLER], FEf A FTB 1 Ni (R4 H
% 105 mg/L 1f] SS4 1 SS12 1 Ni HI#Iaak E7E
1170~2200 mg/L HIVEHEIN. 4ia K 7 g5k, "Il
RIMAEA TN, V5GP T A6 FEE X v % L 11 [
R A K o

4 RS

AR SCE i TR T B e s 5 R A g v
K (TCLP M1 BSEN 12457) HF9% 7 TS o Jifr [
AR e A0 T 4 v G o 11 [l e 233 SR i T 1) A% 4 1 R
DL RAN )Y Gy o) [ A0S 2 A0 AR BRI IR 5200
WL 4510 5

373 P D[4 75 G 1 1R TG I PR e He 5 52 #40 Bifd
FEIN ) R B R TG R, AR B i o 98 K3 1 e A8 52
1.2 a5 U1 9215

(2) A AR R E AT AL 2K, AN RS G
WIRZIIE 5T P Je 20 S 300 (1) [ A4 235 SR 5% 6 bl
[l 4 70) 7] 6 LR S MR AN 2

(3) ] TCLP gt Hialae I v e H )
pH {FL BE A ][] R S B 5 BRI, 24 pH B3 1
RS SE M pH I, JLRE S ) AN 2

(4) B pH AH5 [ 475 e 1 o 4 s
H DA

(5) PIATIH A BSEN 7P HUIR 560
(1) As. Cd. Zn il Pb [ & # ik T IR FH 7K bRt
[i] I AS ] BF 1) 5 Cu A1 N7 BT 7K =y K [ 4,
T 1 ] AR AR L TS AR 99.4%0 L.
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Dynamic response of XCC pile-geogrid composite foundation of expressways
influenced by vehicles with different speeds
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Abstract: Based on the large-scale model test system, dynamic model tests on geogrid-reinforced XCC piles-supported
embankment of expressways under traffic |oads are carried out. The dynamic parameters under the vehicles different speeds are
monitored. The variations of dynamic stress distribution, dynamic stress diffusion, geogrid dynamic strain, geogrid cumulative
strain and differential settlement are studied. The results show that the amplitude of dynamic stress above soils fluctuates near
the geogrid in the case of high and low speeds. Thereis alittle difference in the additional load of the vehicle with high speed.
The dynamic strain of geogrid remains stable in the case of high speed. The stress transfer coefficient of the cushion located in
the center of subgrade is larger than that near the shoulder. The relaionship between the dynamic strain and the cumulative
strain of geogrid can be described by the linear function, and the cumuletive deformation of geogrid is mainly produced under
low speed. The amplitude of dynamic stress of a XCC pile increases with the increasing speed, and its axia force is smaller
than that of the circular pile.

Key words: column-net structure subgrade; X CC pile; traffic load; dynamic response; model test
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3. WA L TRERREDINT, TL9R Ma{ 210098)

O MOOE SRR NRD ) A P B AR, SR - Bl A, RA RS T A LR R A, T
SEIRR S S /NUBEE A PSRN 3 S IR RT3 . 0 (R 8/ S i R AL L 3 o B IE (KA B K de /N T 4t
AR, E F AT 20 T T7 o0 IR 45 R I 50, 2 T RRL S RO IR SE R . B . R
Wb 3 FbAE, WEAT T T EE BRI I E T AN R RIS R TP R EBOR . /LI . WTSTSE SRR R
S R D - de /N T RO A B SRR S AT A DI E e KT I, AR SR A4 250 mL i 5k
faf, . RAEPRA 1000 mL S BABRL, RSP REK B FLBT B BER RIS . (<30%) Sk, HPy
HLNAFAE IR R R AR RRALBR LR KL BB RSN o), 100 B e A5 1 n S 2218 19 K

KR Wb mNILBREL: BORTURREL: TR MEREEE AR E R PR
FESES: TU43 XHERFRINAD: A N EHE: 1000 - 4548(2018)03 - 0554 - 08
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Deter mination of maximum and minimum void ratios of sands and their
influence factors

LI Shan-shan, LI Da-yong®*, GAO Yu-feng®

(1. College of Civil Engineering and Architecture, Shandong Universty of Science and Technol ogy, Qingdao 266590, Ching; 2. Coallege of Civil
Engineering, Fuzhou University, Fuzhou 350116, China; 3. Geotechnical Research Ingtitute, Hohai University, Nanjing 210098, China)
Abstract: The mechanica behaviors of sand are heavily dependent on its relative dendty: the dense sand exhibits softening
strength; on the contrary, the loose one displays hardening strength. Furthermore, the relative density is determined based on the
maximum and minimum void ratios. The maximum and minimum void ratios are commonly obtained by using the maximum
and minimum densities, ignoring the effects of test methods and clay contentsin sand. The maximum and minimum void ratios
are tested by considering three different sized groups of sands with various clay contents. It is shown that the minimum dry
density can be attained in a measuring cylinder with low rotation speed. In addition, it is suggested that the maximum dry
density of fine sands should be measured with the 250 mL compaction cylinder combining vibration with hit, while the 1000
mL compaction cylinder is suitable for medium and coarse sands. The results also show that the void ratio decreases with the
increase in clay contents (less than 30%), while there is a linear relationship between the clay contents and the void retio of
sands. However, the maximum void ratio of sand decreases with increasing content of silty clay and clay, and increases with
increasing content of kaolin clay.

K ey words: sand; minimum void ratio; maximum void ratio; dry density; relative density; fine particle content; influence factor
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Fig. 1 Test methods for determining minimum sand dry density
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Table 1 Mass of sand samples
LR LT-a LTb LTc LTd
A AR/mL 100 250 500 1000
30 150 450 700
50 200 500 750
X B A i g 70 250 550 800

90 300 600 850
100 350 650 900

(2) bR K23 FE M

G 70 W < 13 9 = B W o S 2 o 0
We Jik, R BER YRS IR0 PR
AT SERRSN, AT A3 AR ) de KT8 P N s S 3%
R0 RO MRS L RIURDRLAR B 56 1 o5 RS X Je KT
FEMFEm, I RS 3 FRPAE, e AN
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1R B PFE I e RALBR LG 5 e /NFLBR LG, R 9T 7%
XS HEFLBE L )5

(3) Mrhi Fkr st L FLBREL 5 i

TR T 5C A K PERD (22 BREPAE IR Fob )« At
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(a) Bhr+>
2 20%hi. AR S TEE RRIRH
Fig. 2 Sand samples with silt and clay particles and Kaolin soils at
20%
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Fig. 4 Minimum dry density vs. mass for sand samples
R2ILBT AMAFBERERAET, 8RR
D T RALBR LA . PTAI, QOAN R AR 1) R fR 0
Wb e KALBR LG E AT — s 5o, RIVBE A & i AR 4
I, 4 R RCRAD R e KL HE S B W ek
Horp, BEEAR<250mL I, BFEE AN,
Wb - JORL S 5 JZoIRHE S, A L de LB L ARl K5
@RS T MME B S b b PR LB B e, (Rl
AAE e 2, 5B s D R ORI AN 2 R
(RIERCIR, L P4 AT 5 41 pl O G B bor S I B OR 45 44
HALBREE 5 BRI AT IR KR &R
2 R KTLRALL
Table 2 Maximum void ratios of sand samples

Lo R i i
100 250 500 1000

4l rb 0.92 0.92 0.87 0.86

b 1.10 1.02 0.99 0.95 0.911

it 1.12 1.08 1.05 0.98
2.3 RRAENWEIHEXTEERNZI

® 3, A0 HNER T d A 250, 1000 mL
I, SR SRBN AT EN T A AR KT
BRE Rt/ MUBREE . I AEAHFRRIE A1 T, 4l
b PR FIA I ) 5 R H3 FEAR IR R, 0] Y. ) e 7y
FLBRLLAEAR sl s 0 T[]l — R, 7EAAA 250
mL SN EAT RS, WIS AP s /N LR L B 2
f - 2000 mL o S R 0 s R
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%3 250mL FRTHABERATEERR/NILIRLL
Table 3 Maximum dry densities and minimum void ratios under volume of 250 mL
LORB HERRE MR M BRE RATERE N Fomac @un  BNILBRLL
O _3 e MLBREE .
/mL /g /g /g /g /(grem™) PIE I FHIR{E

16051 4189 1.676 0.602

b 16117 4255 1.702 0.578 1691 0518
1609.8  423.6 1.694 0.585
16225 436.3 1.754 0.538

Hhid 250 140 1186.2 16193 4331 1732 0.550 1.740 0.543 0.352
1621.9 4357 1.743 0.540
16383 452.1 1.808 0.485

FHRb 1640.1 4539 1.816 0.479 1.810 0.484
1637.8  451.6 1.806 0.487

F 4 1000 mL FRTRABERXTEERE/NFLELEL
Table 4 Maximum dry densities and minimum void ratios under volume of 1000 mL
ppe P BEEE RE A DR nzjﬂwir; iy Teme S ﬁ'zj;%ﬁ:@ £
/mL /g /g /g /g /(grem™) PIH I FHIR{E

43265 1662.1 1.662 0.616

b 600 43269 16625 1.662 0.616 1661 0.616
43247  1660.3 1.660 0.617
43885 17241 1.724 0.557

hi 1000 700 2664.4 43757 17113 1711 0.569 1717 0.564 0.911
4380.1 17157 1.716 0.565
44332 1768.8 1.769 0.518

FHRD 700 44376 17732 1.773 0.514 1.773 0.514
44413 17769 1777 0.511

AV S 1 (TR 245 1 P 5, .
6 . HILARE], RFFABY 250 mL ey, 01 i 2

TRWRRSN, SEaEE 55, MR 5 i
W, BUER LI T3 R, SN ALB L R
SERERIRAR X A AIORE R FEM 2 2, x4
WOSEMELSS . ARy AT A AR 1000 mL
(Ve S8 N e e s o, JEABORE G b 22 AR K

GEC RTR
o7 W A
@ - I
£ oor o e
ﬁ 80
70r
W | P o
= 60
& 50t gk
E 0r
© 301
ﬁ 20
10
) %0 i 0.1 0.01

1j:ﬁﬁfé/mm
5 $hELRIZAFACA 1000 mL B RS + A B 2R B th 2
Fig. 5 Grain-size distribution curves of sands for 1000 mL
measuring steel cylinder

INTRERAR I R BT R 8%
3

% 1 0.1 0.01

ROBAR /mm
6 HILEATAN 250 mL BFRS + B BRIk B th 2%
Fig. 6 Grain-size distribution curves of sands for 250 mL
measuring steel cylinder
Bl X T Rah AN e L R KT,
WA BRI A 250 mL (i sefay, . e
KHIAAN 1000 mL i sSEf . sbabh, b LA
ANFLBREEAREL 150 45 SRR AR R d /N FLIRAE L
HEWEAR, X2 H TR R v S AT i 2
BOE Y L RORE R G — I B BRAATEAR 10 52 B b A R0k
PRI, 21T AN



% 34

I, S5 R s R N LI E IS K 2R ) B 559

2.4 WEEXFLRIESHNFLBRILRIXZR

R 56 HT T4« AT 23550 55 A R 3T M
IR LTSS, WE T 20 A FRRBRACHI I
£, BB A0 P Ak S <15%. L, X
20 AW LI AR bR AT &L 7 B

8_
7F » RESRHC,
6 o HERHC, "
5r . ]
o4t "
&=
B2 3rs .
u [ ] n®
ﬁz_ o n =™ HE gm L u
1le® o.'ol.lo.' e®e ©
ok

o2 4 6 8 1012 1416 18 20 22
AR
7 BRI R BCE R
Fig. 7 Grading indexes of sands
1% 20 41D 143 BT T 85k S M LB LI 52
5, 53 T KALER AR N LB EEAE, I
TIT T W0 Lt RALBR EE R N LR 2 [ R R R e BT
TR ML LR R b2 8 P il 8
R, W0 R B ML L S A R AR R,
{ES - d5 /N FLBR P E 2076 0.45~0.60 Ji [l I, iR K
FLB A AT O B A L R K S LB
RO 2 oG M99, 1T BB dee/INFL B LRV B
Wt i K S e MU M S R BRI . X
Cubrinovski 251 Muszynakil®. Y il maz™ 5t 45 S —3.
13
121
L1}k

1.0}

gmax

09

08 n Wt
—eu=0.418+1.01e
0.7} R2=0.91

0.6 1 1 1 1 1 ]
0.3 04 05 0.6 0.7 0.8 0.9

€

‘min

8 Mt mAR-H/FLBREL R Rk

Fig. 8 Relationship between e, and ein
2.5 M. FREEXNR L RRFLBR LA FIE

Ak s D LB — N BB R, R

TR, AN CAT LR, i Mo i b
et MR EIA Z . ] 9 I T R Ak
SR /MU e m 2, R A
B BRI, b K. e /NLBR EEE SE 8N Je 12
B, Hor B AIE 30%40 RS AL .

NERMNT RS SMTEREREAE T (BE<
30%), ARixtab Lok, fm/NLBRLL IS, 80
SHARFEFRIB AN . FRPFARS S5, BT T K,
IR FLBR LG I iR 5, W5 Ty v 5 HAAOD BRAK 3
22, 23 e,

1.8
1.6

Sand-silt mixtures
—a—Max(Yang, 2006)
—e—Max(Dash, 2010)
—A—Max(Anthi, 2008)
—¥—Min(Yang, 2006)
—4—Min(Dash, 2010)
—»—Min(Anthi, 2008

0 10 20 30 40 50 60 70 80 90 100110
M EE/%
9 MR EXTHRCFLEH ELA 20

Fig. 9 Void ratios of sand-silt mixtures with various fine particle

contents

10 {2k Sk T ANAIRLIS , 0K /L
Bt LBt BRI RRL A5 = AR A R, Hor, &b Cy,
Cov Co MM KL, mle LARRL: S S S0
AR PR . I

(1) 3 SR R d /N FLIE L BE A 2 0K 12 8 48
IR A FAEARARL, BN FLREE B B 2 8 484 i 1T a2
o, HPTE A€ I EE R R, 7T I -
LHBEEUMY, BrRLAEDRL A E 584 s i AUk
Z IR EISLRRE, A REARAE SRR o S BT, LR
B, MBERYRL S RS RO, Ak AL R
s, AARLERLEIRAN . TAh, BBRL S RN,
Wi BN LB BB A 70 kRIS AL b
RS i 1 dp /N FLIB LG S B AT AR ALK 1 T

(2) {EWP P B OBRL S RRE, Hods K FLBR HE B
BRI AV N, B AE LS, 3 K
(Rt K ALB EE RS S M s g i i o, &) wk
bR w4 = cia A0 L 5/ NP = £ I T o e Ly R A
o A AN, s Bk, X AR BTEE  AT A ED
Rila] BRI T “FEHE” 7R .

141
(1 +53)max
12¢ 2 1+
2= A (C2+53)max
10t e Q ¥ (C2+53)min
) ‘\0\.\‘\._._._. 8 (G453 )max
Z08 et T (G345 min
|
= E
0.6 NN‘-’.{::: ®
-
0.4} <
¥

0-2 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35

1%
(a) B, BWS L RERSHPBE




560 a5 oE L OB ¥ M

2018 4F

141
-(C1+52)max
121 ~(C1+S2)nin
4 (C2+52)max
1.0} K ¥ (Cr+82)min
e, +Eg3+:g2;max
-
- 0.8 —(L3+92)min
T
0.6 =
et
L <
04 ]
0-2 1 1 1 1 1 1 J
4] 5 10 15 20 25 30 35
BB E%
(b) ¥k, SRR SHHBE
121
- (C1+53)max
1.0 R (C1+53)min
£ A (C2453)max
i ¥ (C2453)min
2 08T IE ——(C3+53)max
= ~(C3+53)min
B 0.6F "It 0 -
&
04 N >
<
g
0.2 1 1 1 1 J

0 5 10 15 20 25 30 35
BB E%
(o) BYBL, PRI+ RER SHIBE
10 FLBREL - MR R RIS 8 X R ihsk
Fig. 10 Void ratio vs. st and clay particle contents
T IR e NLBR L R L RORi 5 500 & i 2k
PLA, BRI (G 5. 2T 40: 78 328101 (4l
AR B kR SRR S, s ML - 5
HEMLRR Y, HSBEEARR T,
5 mFLRILEZEEXRER
Table 5 Relationship between minimum void ratios and contents

Wt Bk A A5 R
LA g, =-0.0053x +0.656 0.9953
i AN A —
Rk e, =- 0.0051x + 0.649 0.997
LA ., =-0.0043x +0.532 0.868
i Eg e, =-0.005x +0.563 0.916
Ep A e, =-0.0045x +0.515 0.843
LA e, =-0.0029x +0.432 0.983
Ry gt AN A —
Ep A e, =-0.003x +0.426 0.99%

Ve 2 x B LR

3 #Hit5EW

(D Wtk FLBR L e B R H e ik,
TR A FE SR 5y k. Ak 150 g, i
200 g FiUkHAY 350 g5 4l HRACHHLAD 1B LB LR 5
TR I SIS/ . R PR B i o2 s
Wt i NLBREEE, A0 ECR A8 250 mL [fit
SEfA, T RS ECR 2000 mL (1) SEF

(2) By RUARIPRL S50 i iDL iDL RHRD R8O
I/NLB AT . BRAGT 30%I, SRR
FORL (BRI 1) 5, BORE R R/ FLIB L3 B R AT
FORLB RN, Hi/ LB EE S kL. Bikiis
BRI R: S5k, LR anE
ANHIRES RRE IR BOFEI SR FLIR LS B 0 T 52
24N N SEPTIE. VN i PR R e SN
e U - B T I SIALURL 2 R TR T K

SE K-

[1] TAVENAS F, ROCHELLE P. Accuracy of relative density
measurements[J]. Géotechnique, 1972, 22(4): 549 - 562.

[2] DAS B, SOBHAN K. Principles of geotechnical engineering
[M]. 7th ed. New York: Cengage Learning, 2010: 51 - 72.

[3] GB/T 50123— 1999 + T ik 4 J7 v #x #fE [S]. 1999.
(GB/T50123—1999 Standard for soil test method[S]. 1999.
(in Chinese))

[4] HUMPRHES H W. A method for controlling compaction of
granular materialg[J]. Highway Research Board Bulletin,
1957, 159: 41 - 57.

(5] FWPSIE, X yide, e KRR R b K% B IR 4Bl Jy ik
[J. vHdb/K¥¥8 5K TFE, 1992, 3(1): 12 - 21. (GUO
Qing-guo, LIU Zhen-cao. Approximation of maximum
density of coarse-grained soilg[J]. Water Resources & Water
Engineering, 1992, 3(1): 12 - 21. (in Chinese))

[6] Z=di =k, JETHot BG4 1 s S EEA I 7 A 7T (D). v
2 Kz K2, 2013. (LI Xi-rong. Research on detection
method of compaction degree based on laser image of soil[D].
Xi'an: Chang'an University, 2013. (in Chinese))

[7] 4w, LR EHR AR BEEOR I 3% BEVEA 5T [D).
HEYT: VL9RH K%, 2015. (ZOU Feng. Based on digita
image processing technology of sandy soil compactness
appraisal  research[D]. Zhenjiang: Jiangsu University of
Science and Technology, 2015. (in Chinese))

[8] CUBRINOVSKI M, ISHIHARA K. Maximum and minimum
void ratio characterigtics of sand[J]. Japanese Geotechnical
Society, 2002, 42(6): 65 - 78.

[9] MUSZYNSKI M R. Determination of maximum and minimum
density of poorly graded sands using a simplified method[J].
Geotechnical Testing Journal, 2006, 29(3): 263 - 272.

[10] Vadate, ABIEAR. SOt ab (f AR 5 B g T i X [J].
P TR, 2007(5): 67 - 68. (FAN Meng-hua, ZOU
Zheng-wei. Suggestions on improving testing method for
relative density of sand[J]. Subgrade Engineering, 2007(5):



% 34 I, S5 R s R N LI E IS K 2R ) B 561

67 - 68. (in Chinese))

[11] Jadfe, FLAEE. BORDN % BE e T v itk ().
ik, 2007, 26(5): 428 - 430. ( FAN Meng-hua, KONG De-zhi.
Improvement on method for relative density of sand
experiments[J]. Rock & Minerd Analysis, 2007, 26(5): 67 -
68. (in Chinese))

[12] DAS B, SOBHAN K. Principles of geotechnical engineering
[M]. 8th ed. New York: Cengage Learning, 2014.

[13] SAMARASINGHE M, HUANG Y, DRENEVICH P
Permeability and consolidation of normally consolidated
soilg[J]. Journa of the Geotechnica Engineering Division,
ASCE, 1982, 108(6): 835 - 850.

[14] YILMAZ Y. A study on the limit void ratio characteristics of
medium to fine mixed graded sandg[J]. Engineering Geol ogy,
2009, 104(3): 290 - 294.

[15] LADE PV, YANAMURO J A, LIGGIO G D. Effects of fines

content on void ratio, compressibility, and stetic liquefaction

of silty sand[J]. Geomechanics and Engineering, 2009, 1(1):
1-15

[16] CHANGA C S, WANGB J Y, GEB L. Modeling of minimum
void ratio for sand-silt mixtures[J]. Engineering Geology,
2015, 196: 293 - 304.

[17] CHANGA C S, WANGB J Y, GEB L. Maximum and
minimum void ratios for sand-silt mixtures[J]. Engineering
Geology, 2016, 211: 7 - 18.

[18] YANG S, LACASSE S R. Determination of the transitional
fines content of mixtures of sand and non-plastic fineg[J].
Geotechnical Testing Journal, 2006, 29(2): 102 - 107.

[19] DASH H K, SSTHARAM T G BAUDET B A. Influence of
non-plastic fines on the response of a silty sand to cyclic
loading[J]. Soils and Foundations, 2010, 50(5): 695 - 704.

[20] ANTHI P, THEODORA T. The effect of fines on critica state
and liquefaction resistance characteristics of non-plagtic sty
sands[J]. Soils and Foundations, 2008, 48(5): 713 - 725.

FTREELNNFEASYU-SEH
2018%1182H ~4H

bl

FhEBA. PERS) TRES T S
HRE s L TR K e Sy WROEHRE TR 2
CHED .

AL F UL,

F el g F RSB 20185911 H 2H ~4H
FENT R AT e AR WUE4k19804E12 16~ 12 H 775
AEATE “ LIS IR 2E AR &7 a4 1T DY 47 77 S (K58
FUREEAR S, RS KRS 1084 2 BRIF2018 4E 44 1 “ 56
AR ENERRTIPIE =2y ) G 0V E RS Y/IL & - L7 N
B,

SWEBERS: B w87 B “ERIRETR
[ 7 R0 “PURCTRAR” s o 1 F K TR 3 AT Ty o 2t
By, AR R RS B KR IKROK TAE A IREE, —=A
AR B S B B W HVR R O R ), BARESC
BUNR: QMRS AN KGR @545 5) ) AR
M @130 12U S YT @ 180 )2 % RS T7
BHEAR; @A 1S RIS AR O LA 505
i @R SN S AR RN Ui ARk T30 )

i

i) {5 @FMEARE) IR s @ F K LA 130 ) 2 0 s
@ LR MM FEHURVPAL 5 K FOREY . QOBERES) yIaHe AR .

AL BERAN: EifFVE13584050564, 5kl
13919182444, W)1IJ13770620150, #X113951863149, T 4%
4F15077865785, JE M hl: R TV K ZE MR X S 40 bk
400-1%, B ILAER(200 5, MB4i: 210009, i3CHAT
IS4 : T4 myresort@126.com, & 1. zhaokai @njtech.edu.cn.

EERE: e il 201845/130H , B ekRaRLL:
20187 H30H, B3k HE%N: 201848 30H .

SUWARSCAEEE : 2 BRSO R AR IE 2R AR (R 558 A
R, HRZ AR AR L ZRAIR SCHAT A, I A Y
WICKAE CHbRE TRE2ERDY TPl (BRI TR A (i
LR TR RS IETIRER, eSChms 3 8.

S ERTHEA: UGN R ERRE S UGN, H
Bk TSR S VPVLVEETOS (R ERRIRRIBESS ) , HLiE:
025-86538888, K24t fHEME, oA H L

SWER: 1IEARFR16007T/ N, EHEARES00 T/
B 5160070/ N CAATZHFEIERRIN) ©

(RefiZs D


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

$40% 53] = U DU - S 4 Vol.40 No.3
2018 4F 3H Chinese Journal of Geotechnical Engineering Mar. 2018
DOI: 10.11779/CJGE201803022

0

B BRI E T EEARA L RER R HR

2Rt x| g, AeARC, BT, ERE]
(L. WL KA 5+ TR, WT AU 310058; 2. JRMIKZEITTHUEASE 5%, Y095 5 215131,
3. E L AR BB TS, WL BUMN 3100145 4. WL KB K TREWFSTHT, Wil BiJH 310058)

1§ . EMREEE TSRS R R SRR . R ERBEIE, SR R BRI % JE )
TR E BT o 08 I 4 RIS 3P BRSSP T R A T AR, 0] S8 I A 278 JE AT I
RINT A AR AT R IEN) 3 MrBre HULFEIRT, SRABIS G EAN FAG A A S, IR ROk R BR
X EHEAT AL BRAR B JAG TR B I . SR, A E I ARG 5 S AR AR TE 1 3 Mo B
I

KRR EMRRE; JFISTRRE: KICREEGAE; PIV HR; #ZARIE; fiBiEY

PESES: TU4T XHERFRINAD: A N EHE: 1000 - 4548(2018)03 - 0562 - 06

EEBN: ZRA@A990 - ), 5, 8RN, i, B3 TR, FEMNIYR AR T, Emal:
ljy_void@163.com.

L arge-scale model tests on face instability of shallow shield tunnelsin sand

LI Jiao-yang', LIU Wei**, ZOU Jin-jie’, ZHAO Yu*, GONG Xiao-nan*
(1. Research Center of Coastal and Urban Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China; 2. School of Urban

Rail Trangportation, Soochow University, Suzhou 215131, China; 3. Power China Huadong Engineering Corporation, Hangzhou 310014,
China; 4. Ingtitute of Disaster Prevention Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: Thefailure of tunnel face will occur if the support pressure isinsufficient in tunneling. Large-scale model tests on the
face stability are conducted for shallow shield tunnels. The collapse of the tunnel face is studied under different velocities of the
pand. At the same time, the support pressure and surface deformation are monitored, and the three development stages of the
support pressure and surface deformation are discovered. Meanwhile, the digita image correlation is used for the red-time
observation and the technology of particle image velocity is further used to deal with the images, thus deriving the incremental
displacements of instability soils. It is found that the variation rules of increment displacements are in correspondence with the
three devel opment stages of the support pressure and surface deformation.

Key words: shield tunndl; face instability; large-scale model test; PIV method; soil deformation; incremental displacement
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Photoelastic experiments on failure char acteristics of fractured rock with
different sizes

XIE Can, LI Shu-chen, YAN Qin, LI Jing-long, ZHAO Shi-seng
(Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China)

Abstract: In order to fully study the effect of specimen size and crack dip angle on the failure mechanism of fractured rock,
uniaxial compression tests on rocks with different specimen sizes and crack dip angles are performed. The whole stress and
strain of specimen surface is cal culated based on the optical-stress law. The effect of sizes and crack dip angles on rock strength
and failure modes is analyzed, and the extension mechanism of fissures in the fractured rock is studied. The test results show
that the uniaxial compression stress-strain curve of fractured rock can be divided into the elastic stage, plagtic stage and
post-peak softening stage, however, the residua stage is not obvious. The elastic modulus of fractured rock during pre-peak
stage increases with the increase of height-width ratio of specimens and decreases with the increase of crack dip angles. The
uniaxial compressive strength decreases with the increase of height-width ratio of specimens. The post-pesk softening
characteristics of fractured rock are influenced by crack dip angles and specimen sizes. The greater the crack dip angle and
height-width ratio, the more sudden the failure, the more obvious the brittleness. The maximum strain and stress distribution is
in the center of the pre-crack, and damage firstly occurs in the pre-crack. With the increase of stress level, the position of the
maximum strain and stress propagates to the ends of the crack and extends to the direction of crack paralle to the axid load.
The results may provide a theoretical basis for the establishment of constitutive model for fractured rock and the stability
analysis of joint rock mass.

Key words: fractured rock; photoel asticity; size effect; damage and fracture
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New method of joint surface morphology for calculating JRC

ZHAO Zhi-peng', MA Ming', WANG Gang" %, WANG Ke'
(1. Shandong Provincial Key Laboratory of Civil Engineering Disaster Prevention and Mitigation, Shandong University of Science and

Technology, Qingdao 266590, China; 2. State Key Laboratory of Mining Disaster Prevention and Control Co-founded by Shandong
Province and the Ministry of Science and Technology, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In order to explore the expression that well describes the fluctuations of the section line of joints, ten typical JRC
curves proposed by Barton are discretized by using the interval sampling, and then the discrete data points are fitted by different
functions. The expression obtained from the fitting of the data is used to calculate the joint parameters of the standard JRC
curve. Comparison between the results of the fitting and the cal culated values of the joint parameters shows that the section line
of the joint conforms to the trigonometric function. The approximate function obtained by the sine function approximation can
well characterize the fluctuation of the joint. The values of JRC calculated by the approximate joint curve replaced by the sine
approximate function are more accurate than those obtained by using the discrete points. This also makes it possible to
accurately estimate the joint shear strength by using the JRC-JCS model.
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Table 1 Coefficients of determination of different numbers of
different fitting methods (Curve No. 6)
LW EN

WEC fREC MEeMg mi 2IEL R
1 0.0286 0.9260 0.0143 0.0142
2 0.7492 0.9436 0.9582  0.7870 0.9364
3 0.9826 0.9736  0.8425 0.9834
4 0.9842 0.9594  0.9436 0.9927
5 0.9931 0.9704  0.9436 0.9929
6 0.9949 0.9790  0.9603 0.9949
7 0.9954 0.9744  0.9679 0.9962
8 0.9957 0.9962  0.9760 0.9966
9 0.9769

F2 ZUEFRTEARHARERE (&8
Table 2 Coefficients of determination of different numbers of
different fitting methods (Curve No. 8)

AT
WA dREC MR w2 E%IE

1 0.0590 0.6186 0.0590  0.0488 0.0486
2 0.4083 0.9346 0.5573  0.2118 0.4286
3 0.9572 0.9658  0.4395 0.9423
4 0.9676 0.6172  0.6050 0.9653
5 0.9814 09792  0.7249 0.9834
6 0.9833 0.9803  0.8619 0.9858
7 0.9836 0.9799  0.9161 0.9860
8 0.9841 0.9735 0.9351 0.9883
9 0.9657
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Fig. 6 Fitting curves of sum of sine function
R TTVEI A 2 R BEAT 08T, HooE RER I
*® 3



% 34

ARG, 5 B ST IRC (KT BRI AR A R AE ik

579

*3 BREANRERK
Table 3 Coefficients of determination by different fitting methods

WA T B YuE R R
T fEHC mHEE & 2oL EZ
1 0088 08616 0687 07286  0.8%5
2 07332 09394 09555 0.8902  0.9486
3 02062 09126 07921 07273  0.9281
4 0620 09197 08603 0.8080  0.9420
5 06608 0987 09806 09464  0.9866
6 07492 0997 0992 09769  0.996
7 06649 09892 09274 09321  0.9953
8 04083 09841 09735 09657  0.9883
9 07003 09814 09465 09000  0.9847
10 02892 09227 09538  0.6866  0.9470
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Table 4 Fitting results of typical JRC profiles by sum of sine function

2K FrifE JRC Hi 2k 4i =
1 2 3 4 5 6 7 8 9 10
R? 0.8945 0.9486  0.9281 0.9420  0.9866 0.9966 0.9953 0.9883 0.9847 0.9470
a 1.08380 2.8650 1.2920 1.9080  3.6360  4.2340 4.9170 5.3630 9.3070 6.7400
b 0.0411 0.0467  0.0335 0.0242  0.0329 0.0266 0.0276 0.0363 0.0396 0.0415
c -0.4813  -0.9842 -0.0675 05666 -0.2963 -0.0453 -0.2404 -0.4908 -0.8047  -0.6765
a, 0.6285 22820  0.3249 0.8042  0.9758 3.4780 3.7550 4.0660 6.6660 3.9710
b, 0.0757 0.0859  0.1347 0.0508  0.1418 0.0611 0.1038 0.0727 0.0689 0.0665
c, 0.8015 02481 05786 2.0180  0.9948 1.4640 0.1570 0.9654  0.8798 1.3140
a, 0.1319 1.8280  0.2650 03911 07804  0.9519 2.5210 3.2130 3.9520 3.0580
b, 0.2090 01313  0.0610 01312  0.2963 0.0958 0.1168 0.1133 0.0920 0.2268
C, 0.4137 1.0430 23700 -0.0935  2.3360 1.1340 2.2770 1.6510 2.5630 0.1755
a, 0.0761 0.9801  0.8955 0.2070  0.4451 0.9297 2.1980 0.6982 0.8146 9.4340
b, 0.2123 0.1550  0.4315 03543  0.1801 0.1603 0.3107 0.2271 0.2475 0.3808
c, 1.7630 2.8140  -0.9315 -1.4800 27680  0.4856 2.1180 11940 05084  -4.4990
a 0.1997 0.0428  2.9580 0.1132  0.5892 1.7440 0.2100 0.3022 0.6722 2.6060
o} 0.1420 0.2651  0.4602 0.2594  0.2874  0.2931 0.4248 0.3067 0.3269 0.2456
C -0.3340  -1.1130  3.9960 03899  -0.7550 2.6730  -2.3840  1.9840  0.5709 2.1430
a 0.0359 05424 35500 0.0749  0.1157 1.9660 2.0940 0.1154 19.970 9.5730
o} 0.3220 04709  0.4546 0.4422  0.5023 0.2895 0.3024 0.8346 0.5091 0.3835
Cs -0.7865  3.4340 11050  -1.6940 1.1800 -0.1731 -0.4163 04047  -45930  -1.4940
a, 0.0458 0.0404  0.0555 0.0990  0.1922 0.3689 0.1972 0.3562 0.3981 0.3246
b, 0.6351 03713  0.2849 09294  0.3942 0.4559 0.6237 0.2542 0.4082 0.6410
c, -3.0840 -25330 -2.4110 15440 -1.7400 -3.8800 32920  -3.1790 0.7404  -2.5300
a 0.0591 05048  0.1538 0.1115 0.1117 0.3150 0.1728 0.1111  20.0400  0.1723
b, 0.5141 04640  0.2215 05354  0.7889 0.4668 0.4832 0.7556 0.5096 0.4775
G 12460  -57020 -0.4923  1.0070  -0.4432 -1.0970 -25670 -0.8375 -14770  1.7460
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Table 5 Formulae for JRC based on root mean square of first

deviation
NG AEN R
D) JRC =64.28tan(Z,) - 5.06 0.969
(2) JRC=64.22Z, - 2.31 0.983
(3 JRC =66.86tan(Z,) - 2.57 0.983
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Table 6 Calculated results of JRC based on scattered data points

ek s IRC A (D A (2D AKX (3D Pk
Elke] 1 WA WA WA Bl
1 0.4 6.72 5.87 5.99 5.79
2 2.8 8.32 7.44 7.66 5.01
3 5.8 8.45 7.56 7.79 213
4 6.7 13.36 12.29 12.89 6.15
5 9.5 13.43 12.36 12.97 3.42
6 10.8 14.25 13.13 13.83 204
7 12.8 16.77 15.49 16.45 3.44
8 145 22.02 20.22 21.90 6.88
9 16.7 29.33 26.42 29.51 11.72
10 18.7 33.64 29.83 33.99 13.79

F7 ETHIESREH RCITEE
Table 7 Calculated results of JRC based on fitting function

e s Al O 2@ A0 G P
Sic  JRCAA  IEE MEME UMSEME R
1 0.4 158 0.78 0.65 0.60
2 2.8 2.10 1.29 1.18 1.28
3 5.8 3.48 2.67 2.62 2.88
4 6.7 5.56 4.73 4.79 1.67
5 9.5 7.48 6.62 6.78 2.54
6 108  10.10 9.17 9.51 121
7 128 1275 1171 1226 0.56
8 145 1460 1346  14.18 0.42
9 167 1747 1613 1717 0.22
10 187 1968 1814 1948 0.40
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Fig. 7 Fitting relationship between JRC and root mean square of

first deviation
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