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Field tests on improvement of collapsible loess by vibratory probe
compaction method

LIU Song-yu" 2, DU Guang-yin"? MAO Zhong-liang®, GAO Chang-hui* ?, ZENG Biao"?, YANG Yong",
ZHANG Ding-wen" 2
(1. School of Transportation, Southeast Universty, Nanjing 210096, China; 2. Jiangsu Key Laboratory of Urban Underground Engineering

and Environmental Safety, Nanjing 210096, China; 3. China Railway Fifth Survey and Design Ingtitute Group Co., Ltd., Beijing 102600,
China; 4. Jiangsu Shengtai Congtruction Engineering Co., Ltd., Lianyungang 222000, China)

Abstract: The improvement of collapsible loess is one of the technical problems in the development and construction of
western China. The collapsible loess covers alarge area, and there are many ground treatment projects under construction. The
vibratory probe compaction method is first proposed to treat collapsible loess. During the project of Zhongwei-Lanzhou high
speed railway, the technology of pneumatic vibratory probe compaction method to treat collapsible loess is proposed by using
the self-developed vibratory probe compaction equipment, and the treatment effect is evaluated. The results of the in-situ and
laboratory tests show that the collapsibility of subsoil is eiminated after treatment, with an average collapsibility coefficient of
0.003. The cone resistance, deeve friction and SPT blow counts in the treated soil are significantly higher than those before
treatment. Moreover, the surface wave velocity of subsoil increases by 15% and its physical and mechanical properties are aso
significantly improved. The vibratory probe compaction method is effective for the treatment of collapsible loess. The new
construction technique is energy-efficient, environment-friendly, fast in construction and low-cost, and it can be applied in loess
aress.

Key words: vibratory probe compaction method; collapsible oess; laboratory test; in-situ test; collapsibility; vibration effect
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Table 1 Laboratory test results of subsoil before treatment
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Vibration-isolation effectiveness of in-filled trench on ground vibration
induced by subway operation
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Abstract: In order to analyze the isolation effectiveness of in-filled trench to the ground vibration caused by subway operation,
a coupling model, which is divided into five parts including moving train, track structure, lining, ground and in-filled trench, is
established. Thetrain load is simulated by a set of constant |oads consistent with the spatial distribution of train axles. The rails
and floating plates are smplified as the infinite Euler beams. The lining and ground are simulated as the homogeneous elastic
media. The theoretical model is coupled by the continuous conditions for the stresses and displacements between the rail and
the lining invert and those between the lining and the ground. The concrete in-filled trench is modelled as the heterogeneous
medium in the ground. The interface between the in-filled trench and the ground is treated by the common node method and
solved in the wave number domain. Finally, the three-dimensional dynamic response in the time-space domain is obtained by
the fast inverse Fourier transform (IFFT). The vibration-isol ation effectiveness of the filled trench under different train speeds,
in-filled trench depths, trench widths and tunnel depthsis calculated and analyzed. The results show that its vibration-isolation
effectiveness is improved with the increase of the in-filled trench depth, but when the depth of the in-filled trench exceeds a
certain depth, the improvement rate of the vibration-isolation effectiveness sows down. With the increase of the distance
between the in-filled trench and the subway, the isolation effectiveness decreases in the area before the in-filled trench and
increasesin the area after thein-filled trench. Withtheincreaseof —
train speed, the vibrati on-isol ati on effecti veness becomes better. ESTE. HRESHETH (2016YFC0800200) : %5 [4RE}
Key words: in-filled trench; subway load; 2.5D finite element; SFE4TIH (51778571, 51708503) ; 4@ AT AR S 915 H
(BHE3$) RF-A2019014

Wi HEA: 2019 - 09 - 26
*W5E% (E-mail: caozhigang2011@zju.edu.cn)

vibration isolation effectiveness; moving load


mailto:caiyq@zju.edu.cn
mailto:caozhigang2011@zju.edu.cn




% 84

i, S5 BSOS E 5 RS B AR T 1385

0 3l =

SRR, MEkE R, HkIZAT I R 3R
B AR 1 ] 257 . HRIE AT o R IR R B
£ R IR 2 5 AR R R AT, e M 2
SO TR S TP, Mk R B B e S o
F oty N0 (B B  F

MBI 2 L B % T AR 9 M 91 235 4T
S I IR B, O TR A AT AR e
JE IR R B B TR BRI, 22 010 T
KRR TAE. RIFIRIL, BOSHRIRAR S
ITRERTE . SEREN AT R, I AR R R A i
BRI 220, AL RS IO T, O T HHRTA
(ORI % . ) 3 e = e 41 R IE
VR R CIERIA T W MU R IRACR, R0 T 3
BELAR 1 R~ 2 5 DR PR R 50 . SCIR[4~T7)R
Fi) = A R TG o BRI (O R AR AR AT T — 251
FIFSY, AH = 4 BE 738 e IR Vs ek B 1
W IR . Beskos Bz ] = 4 47 B 7T 7 v xd AV A
TR A I B IR AT T WF OO T Va5
R URIESES RO, = A PR TR L T 4
A R TCA TR B SR A BB R MR 0055 S, (EL 4
LIS R SRS BRI, LB kE s AR
KRG, T SR A BRI — e, 2]
T4 ) ) 2,54 47 IR TG BP0 P 2 91143247 5 R
(IR 0 00 . 2.5 A R 7 (B S 48 M 7
YIIF)_EEATRPRLR LTS RS, S — 4
0 BT T 2 p AP TN 4, 35 5 = ey
R o E T S o R 4544 (1 T T RARR T AT 5 A
KRV T A, BIME R AR5 T 12 MR .
Y ang 9 VORI A 2,544 G- E R TGRS B At T
o e S [ 7 R 3 T B R AR A
B AR, FEIAE T A, B S 100
K 25445 BT 7 HE A W7 T A 2R B AR L A
W LB FE AR R AR I . LR BFoT e,
M A0 17 28 7 Y M L 5 2 B o b 2 L o
TTHERR, WV R B B R I — e L i, T3k
T I R R

Hb k32 7 S IR B4R 30 5 M AT T 4 A
RBTHR AN A AR e 10 S AL AR BRI, £
PR R TERR D (T R AT HE 4, UL 45
BRI B [ AR R AT BB BG IR WL, H AT E T
BRIZAT B R R BN 10 BEBR BT ST R 52/ . Balendra

At TSNt i ok S SRR T T T — ST, R LA
Iy B ARE R IR 2 e T30 B I e (A, T
PR FE WA 2 3K IR EEARGE 21 T AT A 9 1
HI o EHVBEHERERR IR 77 1, Zhang25M03E b ik ik
TR FH VR e AR R B Tt I, 7 Bk 10 L 3890
#.30~80 Hziiz [l N, n] LA 29> 4.1~8.5 dB I [ i
. HH AT T IS AR A E 5 i R RS
PRI TR, TEFRVA ) MR AR 2 1R B A L v
AN, AT DI ILTF RIS, Dhdg Sk A
5 bt B bR (1) TR o

R E G AV % R b RIS AT 51 R 3 B 1 I B R4
B, OARSCHES TESRME N T L AR A A
NI2.54E A7 FRoCHEEI G FE, AN IBLL - PR A ], g
ST Aot )b AR, SRAS AR BN AL RS
AR MR B AE FORBERL R SERE |, Wi gk
()7 AR R0 A T R 551 1 Euler 52 9 2 37 Hb 2k
TFEMGNIE RGE; 17 ERE . A I A
(RIS 25 )2 R S AT M e AL DL R A ) 5 b 3
Ab IS B R (PS5 A TREE T IE ARV B R Hi 5L
Hh R TR, TH 7RV AT B e P Y AR AR B
5 JE BT A TR B AT - AR IH VR A
BEAY, WL T AR VA 32 B AN R 4 A 6] 1
BRYVIEIEAT 5| AR BN BRI i o

1 HEREB KR
1.1 FERIE

B Lo AP Gy, 85 i B ARIE &R
g (B, S8 Ak in] Ak (B A wr g
D (K2 o ERERPUERS T, R CEMPT
ERE] YA g 5 BHLJE 4 T VR B RN PR G PR 5
PEEUler AL . ML AR AR (E2) R 2T
SR BRI 1R 2. 545 A B T RARAEL, SR ARG S 1 FE 5
THRI B, WA IG5 8 (1 52 A

T

[~
]

L~ ™~
L ™~

|
|t
|

(a) IEEHE



1386 ER SO D = 4 2020 £
W o~ RN ) .
i B (D), (2) $22C (3) AR A A Fd v«
I . (EIK - mw? +k 6w, - ( +ciwd, = F )
° fleyzn)
y-ﬁ l (E,I,k* - mZW2+k1+CliW)l&ly2— (k, +CliW)l&ly1+|$:0 o
Eyhyy my =— WEL
= =.=1 ®
Pl = R 1.3 SaMfihE 2.5 4EH IRITEL
: e (1) ikt 25 4E4 T
e XTSI, ) R N R A 2
(b) R W R KR
1 BB S h =1 U (7)
Fig. 1 Floating-slab track structure R AR A IS
gy, *wer =0 (8
e N . I W SUBI DL, PR R A I ) S0 e 1
% ol " nfl , +(1 S +nf)d, +rw’ =0,  (9)
< w " » A, 19 =(@+2ib)l . nf =(@+2ib)m, bl , m%
' 4 2 Lame ¥4, s, BEARRITN S, u AfiRs, w ok
v i B, ERBU, SRR BRI, b LAk
Je ZHL.
3 (9) HsEat LR HGalerkingk, FR&54 Al
‘ Fit A TR MDA, [FIRE LR R INIEAT B 8L, 55
) FH 0 403 22, 49 BIAEATUS I 208 (1) B T B O
2 25 B RTTIREL i
Fig. 2 2.5D FEM model (K - w*M )lﬁ =¢ (10)
1.2 FEWPEEH /A2 X, F{fU M K 533 A AR 5T AR R RN
W g B URT 7 4 ol g e« FERERE, Bkl r:
4 2 K=& ¢§{B N)" DBN |J|dedh ,
Eh% %-Fkl(uyl - U)Q) +C1§T;ltyl - ﬂ;l_fg: ’ ae. m ) | | ©
) M :ée r )N N|Jldedn ,
Tu,, Tu,, 0 apiT
E,l, ﬂzz +m, ﬂt; B kl(uyl' uyz)' I‘)&] :aé. o\ %|J|dh
LI TP @ Uh FOwRTiE O hRtiais, ek
it it G, & ARITISY R BAr <7 HKoR,

A RO HEABE 5 4o 10145 4 2 18] AR BLAE
J1s TR ST 3 o, ko 23R S RBE e A
NIREs Eali, Eala 23550 A AN RV B AR P P02 W
My, Mg 73 0 A ARV AR B TS B s Uyas Uy
I3 A AN B AR AL S

ST iR 23 ) ) Fourier A8 4o 4% 4 5 X

dxy.kw) = O, O, U y.ztye ez , (3)

U(xy,zt) =4—7112§ c‘fli%(x, y, k,w) > e “awdk , (4)

Ak CBRH WORRBIIR,  ERRe 7 Ros I

IO AT E R BN E TR KL, FINER; e h A
JRi AR AR (A s IR AR RT LU AR B o FLAAR DGR S L
RIEA W R

N=[IN, IN, IN, IN,],

ac+ont  |° | © 0 0 06
¢ 1° lc+nf 1° 0 0 OX
¢ I° le  1°+2nf O O OF
D:g -,
¢ 0 0 0O nf 0 0=
¢ o0 0 0 0 nf 07
§ 0 0 0 0 0 nfg



% 84 i, S5 BSOS E 5 RS B AR T 1387

gel o o9
X -
¢ ;
o -~ o0
S P PR TR
0 0 -ik+ @A—x a-—vg
BZQT[ q - J:éizl X iz X G
G— — 0+ 7 &4 N 4IN 0O°
cly 9 + éa—hX a—hyi;;:
c 0 iz Tl iz Tl ]
GO -ik =+
g ﬂy:
g-ik 0o J=
xg

STl SR N - T PR TSR, £

SRR 7 AR KR o 92,5 45 IR T 7 R
KlﬁT = %T , (12)

Ah, KRR, 20 AR O 200t 41
R R R O, BT R B 2t
S R e

R FREE T 1 12,5457 R TC IR iR .

(2) 254 R0 N TihF

R F 2 L T WU A I 1 2.5 47 B T8 B
BN TS, SEbE LA R (PEOSHE L
FSFN ), R TR NS . €, s,
TPRAER T LA SIS s €, S 2k I 1
YIRSt hSU R T R S, B
DeeksZ M GRIT ST, AT AR b rfr s A7 SR - P T |
S 7 W P R

U, (1) lfgeL
rév,

—

1, eer
U (rit) =fe—-t
UL e
&
U, (r,t) lfQL_
r eVs

=~
=
°

QIO Q0 .l O

a
.I.
.I.
i
?/ (12)
[
.I.
b

K (12), ARk SN

W, 1, 1t u

qIr r' oV, 1t ’-:-

1y, 1 199, f§

M 2y - =e

qr rofov, Tt Y (13)
i

U, 'EUZ' 1199, i

qr r Vg it 3

S - BN AR AR ek AT LR 7S

j :anﬂ—L%'+l°aqM£'+ig :J
' qIr éﬂr r+’:::

&m:zm@m:nfﬁﬁg-ﬁiﬁ,i (14)
éﬂr "o !
W
b

8, = 2nfd, = nf
qr

K (13) AHEBIR AR A (14)
i

c s i
Jﬂr :-?m: +iWI +2m:c+)l%r 1
el Vo o )
a2 iwb?
Jﬂrq =- rrf(;?"'v_—qu ’ (15)
e s @

I

|

y

.I.

L |

L)/Urz:_rri:(i.{\a-;-'-ﬂgl%z ° I

& Vsg b

P (15) 2 NI S5 oo e i AT S AE
2547 BT P HIE I

f=vd
ep, V=8 ON'TVIN3jdh |

~
=
NS

éonf . | °+2nf u
e— +iw 0 0 u
er P u
e L u
A X & iwo /
v=¢ 0 nfe—+—= 0 u,
? efl Vsﬂ lil
é u
é a iwd
é er Vsg

BT B SORAEAARAR R 58 UK R 3 N T 5L 1)
g, 7 BRI AR A B TR b e 4 3 A AR
AR

AT IR RIFE N Tl 4, J14562.5
YA IROCEe, e g A AR, T A
BRI ) ) Wi [

1.4 P EREEL

WP R R B AR DB AR — R A

&,
f(x,V,21t) :g F (z- ct)d”™™ (17)

n=1

n-1
F.(z- ct)=PR[d(z- ct+3 L, +L,) +d(z- ct+w, +

s=0
n-1 n-1
AL +Ly)+d(z- ct+w +w, +q L +L)+d(z- ct+
s=0 s=0
rs 1
2w, +w, +g Li+L)] (18)
s=0

AP MBI B ATIRSE s f, o A IR
Ny D F0 7R R K s 4077 I i T PR 30 7 4 T 4
PRSI 4RI P, s H 4 4T B LA 5l
RN SELES MO SIS L AR P ALRR X 2 1]
FRT PR NS5 21 g 5 2 R0 2 TR PR B 0 531 kg wiaHT
W, Lo A W5 sl 51 4 i 43 s Z [ PR S

A () B AN g RIS (17) A2 e 2] ik



1388 HoOoE TR ¥R 2020 4F
FB AT 3]« Uy, (XY, z,t) =

Fow) = 2nd (- 2af, - ke (k) - | (19 4}12 oo w b ek . (30
c (k) :g P [1+ €% +durmk 4 é<2wa+w.,)k]ék(é brto) Us(Xy,zt) =

(20)
1.5 FBEEHR - EHHETER
e AN AT 555 R 2 19 A A P 7T
HTH
- adu,, fu, 6
R_kz(uyz uy3)+(‘28 it it E °
Y4 (21) HHAT Fourier 285 BRI, KOs
R=( +eim@, - 6y - (22)
$30 (22) Tl b (o B 12 W 7 6 B T 45
B AR T [
éﬁ:Hﬁ : (23)
S, AL A S S B O H 2R, ke
BUMMEI R [0 ) (R=1, B 2) G HRSIR R
W, O MBI RS o 76 L 2.5 44 BT
BB ORERN [, LSBT LT 75 b i
BN S FEATHEAR Ad, SRAETRE (10) f3
46 AN SRR AT, AT A5 BB 2 ) L
TR BB (R 0 1 B 5 6 R (5), (6),
(22), (23) H
) _AQrAH)+A ]

(21)

y A ) (29
@:&azémg | -
&w:AZ::H % , (26)
b2 -
A,
A =ELK - mw* +k +ciw, U
A =k +ciw, :::
A =ELk*- mw? +k +cjiw, ;/ (28)
A, =k, +ciw , :

A =(AA- A)A+AH)+AA Io
X (23) ~ (25) HE4T Fourier WiAsd, 15
u,(%y,zt)=

47112 58 &(1+§;SH)+A4 e wdk | (20)

1 ¢ ¥ H Wt - ik
4—712@ @%ﬁé e “dwdk (31)

TR (19) #7%0 F i & BATER, BIER
(29) ~ (31) e stAT it — TR EEAL y— TRy,
2 R Fourier WAEH: (IFFT) #5178 AT
P R RS . L (27) SRAFASH P A
WS BRI IS, 4 DR
RS A B MO0 5t (31) 54l AT Ak
T A R RS

2 1REVIGIE

T SIE 2.5 AT BT 2 N Tl AR e b,
218 20 m R i e L2 FEAENIMEIES B,
FERMEH LA 70 /s T L RS 80 i far 4. HuJE 1 AABT 1)
P 100 mis, ZFEh 2.0 g/lem®, BHJE & 0.05,
THFALE R 0.25,

I EREIATHE A S S N L m AR
o N 2 2k il 3 s, AR SR A — 4k %
R (2ar V2P, FRKLERS Eason a4
RATREL, RIE T ES R & REE, UL T A
SRR (AP

........
.
.t

— A3 545 BT

« Eason!!®!

0 0.02 0.04 0.06 0.08 0.10

[ 3 AL RS SCHR[18] 3T bt
Fig. 3 Comparison between proposed results and Reference [18]

3 HEHh

EARG BT B b 549 2 ¥ 45 R e 1 48 L
YA G 1 I RN A TN S RSB ARALERG J5E W 75 223
BOE NAR B, HIMORI P KTl ZEAE PR
RV, PRI PR, — 7T 2R



% 84

i, S5 BSOS E 5 RS B AR T 1389

x 1 WM FIHERSE
Table 1 Parameters of elastic ground and tunnel structure

It 2 1 pl (kgm3) B R u/Pa AN FHLJE R 51p
A 1.9x10° 2.0X 107 0.30 0.01
LR T | 25X 10° 1.4X10% 0.25 0.02
2 I ETHSH
Table 2 Parameters of train load
PUEME  FERAaE —. ZdlihkmE L AR EE PR FERKE JIFfE W8S
Pe/kN Pc/kN wy/m Wy/m Le/m Lo/m Nt Lp/m
162 120 2.9 14.8 22.2 24.4 4 0
F 3 FEWMNEEHRSH
Table 3 Parameters of floating-slab tracks
At U2 K El/(Pam®) B K Y (kg m) H P SR L KIPa B B2 e/ (N-Sm?)
L 1.00x 107 100 4%107 6.30x 10°
TFHER 1.43%10° 35X10° 5X 10’ 4.18x10*

4 REIRSH
Table 4 Size parameters of model

B 3 0 2 R BE B ho/m BUEHMEE Wm

Bi7e A 3 Ebim BOEE B Pl LK BLE dim

16 8

2 6
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K H] B 2 0.02 M, Fourier 3348 36 5 % 4 N=1024,
B SEE h-10.24~10.24 mit. WFRILE RIS
B AHIBERBN AT RS B S 4 W% Hung 2509,
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Behaviour of embankment on composite foundation with geosynthetic-encased
stone columns under freeze-thaw condition

CHEN Jian-feng', GU Zi-ang', WANG Xin-tao', NIU Fu-jun?, Y E Guan-bao', FENG Shou-zhong®
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. State Key Laboratory of Frozen Soil
Engineering, Northwest Ingtitute of Eco-Environmental Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 3. Wuhan

Guangyi Transportation Science and Technology Co., Ltd., Wuhan 430074, China)

Abstract: A set of freezing test system for composite foundation with geosynthetic-encased stone columns (GESCs) is
developed. The centrifugal model tests are conducted on an embankment on composite foundation with GESCs under
freeze-thaw condition, and the comparative tests under non-freezing condition are aso conducted. The behavior of embankment
built on composite foundation with GESCs subjected to seasonal freezing is studied under freeze-thaw condition. The results
show that under freeze-thaw condition, the consistent settlement is found on the top of the columns and on the soil when the sail
and the columns are in the frozen state, while that on the soil increases significantly after complete melting. The embankment
slope remains the origind slope angle and has relatively uniform settlement under freeze-thaw condition, while the significant
decrease in slope angle and differentid settlement are observed under non-freezing condition. When the soil and the columns
are in the frozen gtate, the stresses on the top of the columns and on the soil between the columns are consistent. However,
columns melt before the sail, the stress on the top of the columns decreases while that on the soil increases. After the soil melts
completely, the stress on the soil decreases rapidly while that on the top of the columnsincreases rapidly. Under the freeze-thaw
condition, the stress concentration ratio isrelatively small, which is about 2/3 of that under non-freezing condition. Because the
soil around the top of the columnsisin afrozen state during the embankment |oading, the lateral displacement of the top of the
columns is restricted. However, the soil below the frozen soil layer pushes the lower part of the columns outward that makesthe
columns under the embankment dope bend inward, but smal ——

bending deformation is observed. Inversely, the columns bend E&WME: EXRARRFILETH (41572266, 41772289); i+ L
[ 5 S B 3 PO U H . (SKLFSE201908)

outward under non-freezing condition, and the bending "
leis HER: 2019 - 08 - 12
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deformation is obvious. The GESCs are suitable for the soft soil foundation treatment of wetlands in the seasonal frozen soil

areas, and the overdl performance of embankment built on the composite foundation with GESCs subjected to seasona

freezing is satisfactory.

K ey wor ds: embankment; geosynthetic-encased stone column; composite foundation; freezing-thawing; centrifugal model test;

settlement; stress concentration ratio
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Advancesin resear ches on buffer/backfilling materials—bentonite
pellets and pellet mixtures

LIU Zhang-rong', CUI Yu-jun® 3, Y E Wei-min" 2, WANG Qiong" ¢, ZHANG Zhao', CHEN Yong-gui* 2
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and
Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China; 3. Laboratoire Navier, Ecole des Ponts
ParisTech, Paris 77455, France; 4. Ingtitute for Advanced Study, Tongji University, Shanghai 200092, China)
Abstract: The bentonite pellet is considered as an dternative buffer/backfilling material to fill technological voids and empty
space in high-level radioactive waste (HLW) repository. The previous studies on the bentonite pellets are carefully reviewed
and summarized, including their manufacturing methods, emplacement techniques, thermal conductivity, hydraulic behavior,
structural change and mechanical behavior. Correspondingly, the research subjects worth further investigation are put forward.
The results in the literatures indicate that the pellets can be manufactured and emplaced using several techniques, which

together with size gradation and packing protocol can influence the packing dry density and homogeneity. For the pellet
mixtures, the thermal conductivity is mainly governed by dry density, water content and temperature, and the hydro-mechanical

behavior is related to size gradation, dry density and temperature. Upon liquid or suction controlled hydration, the initial
loose-structured pellet mixtures will gradually transfer to the cemented state and finally present a homogeneous appearance at

the investigations on the hydro-mechanical behavior and structural change under the coupled thermo-hydro-chemo-mechanical
Key words: geological disposa; buffer/backfilling materid;
bentonite pellet; pellet mixture

5

saturation. However, much longer duration is required before getting a completely homogeneous state. Considering the
complexity of the operation conditions in a HLW repository, the improvements on emplacement techniques of the pellets and
conditions should be further conducted.
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Fig. 1 The application of bentonite pelletsin HLW repository
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Table 1 Overview of manufacture techniques for bentonite pellets
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Post-earthquake evolution of small-strain shear stiffness at liquefiable
deposit in Christchurch

ZHOU Yan-guo®?, SHEN Tao"? WANG Yue" 2, DING Hai-jun®
(1. Key Laboratory of Soft Soilsand Geoenvironmental Engineering of Ministry of Education, Hangzhou 310058, Ching; 2. Ingtitute of

Geotechnical Engineering, Zhejiang Universty, Hangzhou 310058, China; 3. Zhejiang Communications Construction Group Co., Ltd.,
Hangzhou 310051, China)

Abstract: The shear stiffness of saturated sand deposit will drop significantly under the disturbance of strong earthquake
shaking (e.g., liquefaction) and then recover gradually with time. The difference between the post-earthquake field testing index
and the pre-earthquake value will cause systematic error in the simplified method of liquefaction evaluation based on the field
case histories. In order to eval uate this difference and propose the correction approach, the HV SR method is used to anayze the
accel eration records at REHS strong motion station in Christchurch from 2010 to 2011, and to observe the time variation of the
small-strain shear giffness of the liquefiable sandy soil deposit after each strong earthquake event. It is found that the average
shear stiffness of the deposit drops suddenly after earthquake and then increases logarithmicdly, and it will take one to two
weeks to approach a relatively stable state but cannot totaly recover the pre-earthquake value. By considering the combined
effects of the primary consolidation and the secondary consolidation, a computational modd for post-earthquake small-strain
shear modulus of saturated sandy soils is proposed. The modd predicts the general trend of the time-dependent devel opment of
site stiffness after the occurrence of earthquake, and can be regarded as a feasible way to correct the post-earthquake field
testing index to the corresponding pre-earthquake value and help to improve the reliability of the existing smplified methods
for liquefaction eval uation based on the field case histories.

K ey words: soil liquefaction; shear stiffness; time effect; HV SR method; strong motion station; Christchurch earthquake
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Seismic response of undersea lining tunnels under incident plane P waves

ZHU Sai-nan', LI Wei-hua', Vincent W Lee?, ZHAO Cheng-gang*
(1. School of Civil Engineering and Architecture, Beijing Jiaotong University, Beijing 100044, China; 2. Universty of Southern California,
LosAngeles CA 90089-2531, USA)

Abstract: Based on the wave theory of fluid-saturated porous media by Biot and the ideal wave theory of fluid media,
considering the conditions of fluid-solid coupling of undersea saturated soil and seawater-saturated soil-structure dynamic
interaction, usng the Hankel function integral transformation method (HFITM), an analytical solution is obtained for the
scattering problem of incident P waves for an undersea lining tunnel. The Hankel function integra transformation method can
better deal with the surface boundary conditions of half space, avoiding the "big arc assumption” in the traditional researches.
Based on the analytical solution, the effects of incident angle and incident frequency of P waves, depth of seawater and buried
depth of tunnel on site displacement and stress are cal culated and analyzed. The results show that the incident angle of P waves,
incident infrequency, depth of seawater and buried depth of tunnel have obvious influences on site displacement and tunnel
stress. The horizonta displacement of the site and hydrodynamic pressure of the tunnel increase with the increment of incident
angle, and the vertical displacement and total tunnel stress decrease with the increment of incident angle. The tunnel stress
decreases significantly with the increase of the incident frequency. The site displacement and tunnel stress are the largest when
the water depth is 10 times the tunnel radius. The site displacement and tunnel stress decrease with the increasing buried depth.

Key words: undersea lining tunnel; plane P wave; scattering problem; seismic response; analytical solution
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Analytical solution for design parameters of model box to simulate seismic
gpatial variability effect using double-array shaking tables
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Abstract: Based on the multi-point shaking table tests on underground structures, the simulation of the seismic spatial
variahility effect can be realized by the design of model box, that is, the model container can be used to realize the equivdent
transformation from the discrete multi-point shaking of the table into a continuous non-uniform seismic excitation. However,
neither analytical solutions nor experimenta data are available in the current literatures to obtain the design parameters of the
model box. The smplified analysis model and boundary conditions of the model box are established for the typical
double-array shaking table test system. According to the integra transformation and residue theorem, the anaytical solution for
dynamic response of the model box on the double-array shaking tables is derived, and thus the anaytical relationship between
the dynamic response and the parameters of the mode box can be directly expressed from the proposed solution. By taking the
continuous non-uniform seismic input as benchmark, the analytical expression for the design parameters of the model box is
obtained. Findly, the proposed solution is verified by a series of shaking table tests. The anaytical solution can be used for the
design of the model box to smulate the seismic spatial variability effect based on double-array shaking tables.

Key words: seismic input; spatid variability effect; shaking table; model box; analytical solution
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Spatial influence scope of end wall of metro station structures

WANG Guo-bo" 2 HAO Peng-fei', SUN Fu-xue®
(1. Hubei Key Laboratory of Roadway, Bridge & Structure Engineering, Wuhan University of Technology, Wuhan 430070, China;

2. College of Civil Engineering and Architecture, Wenzhou University, Wenzhou 325000, China)

Abstract: The conventional seismic design of metro stationsis to select the mid-span section for cal culation analysis and design
based on plane problem. However, the spatia effect of end walls must be considered because the area close to the front and rear
end walls will inevitably be affected by the end walls and running tunnds. This effect is aso called the end wall effect. The
rationality of the numerical model is verified based on the numerical smulation of shaking table tests on metro stations and
running tunnels firgtly. Then a series of parameter andysis is performed on the spatid influence scope of the end wall of the
metro station structures, which mainly includes the influences of the number of spans and layers of the metro station structures,
soil parameters, seismic wave types and amplitudes, and the number of running tunnels. The caculaion and anaysis results
show that the number of spans, the number of layers and the number of tunnels of the station structures will have certain effect
on end walls influence scope. The largest influence area of end wall is the station with 2 layers and 3 spans, and the influence
range is 1.6B (B is the structure width). The influence range of end wall effect is related to their own structural characteristics,
but they are less affected by the soil parameters and seismic wave types and amplitudes. At the same time, the comparative
analysis shows that it is more reasonable to use column end bending moment as eval uation indexes for end wall influence range
analysis.

K ey words: metro gtation; running tunnel; end wall effect; seismic response
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Dissipation characteristics of excess pore-water pressure around tunnelsin
viscoel astic foundation using a fractional-der ivative model

HUANG Ming-hua" 2, HU Ke-xin"* 2, ZHAO Ming-hua®
(1. MOE Key Laboratory of Building Safety and Energy Efficiency, Hunan Universty, Changsha 410082, Ching; 2. College of Civil

Engineering, Hunan University, Changsha 410082, China)
Abstract: The disspation characteristics of the excess pore-water pressure around tunnels in viscoelastic foundation are
investigated by using a fractional-derivative model. Firstly, the fractional-derivative Merchant model is introduced to describe
the rheological behavior of the saturated soft foundation around tunnels, and its compliance function is deduced by means of the
Laplace transform and its inverse transform. Secondly, using the methods of conformal mapping and variable separating, two
independent equations only including the variable of time and only including the variable of space are derived from the partial
differential equation governing the dissipation of the excess pore-water pressure during two-dimensiona consolidation process,
and the anaytical solution of the excess pore-water pressure is aso formulated in the Laplace domain. Thirdly, the numerical
method for the excess pore-water pressure in the time domain is presented based on the Crump method. The devel oped sol ution
issimplified into two specia cases for the e astic foundation and viscoel astic foundation of integer order, and its correctness is
validated against the existing solutions of these two special cases. Findly, using the developed solution, the disspation
characteristics of the excess pore-water pressure around tunnels are investigated, and the influences of fractional order, modulus
ratio, viscosity coefficient and boundary condition are discussed. The results show that the influences of the fractiona order and
viscosity coefficient on the dissipation of the excess pore-water pressure have two distinct stages. In the early stage, larger
fractional order and larger viscosity coefficient bring about faster dissipation of the excess pore-water pressure; while at the
later stage, they lead to slower dissipation of the excess pore-water pressure. Larger modulus ratio means softer foundation, and
it also results in dower dissipation of the excess pore-water pressure. In addition, a the middle stage, the modulus ratio has a
much greater influence. In the early stage, the effect of the inner boundary condition on the excess pore-water pressure mainly

emerges on the regions close to the tunnels, and then this effect ————

is spread far away. EemA: ZK W sUAT vk R BH ( 2019YFC1511100
2016YFC0800200); im4 HARIAIEGIH (20193350055)
ks HHEA: 2019 - 09 - 02
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Simplified reliability-based design method for geotechnical structures
—modified quantile value method

YANG Zhi-yong', TANG Dong?, ZHANG Lei®, QI Xiao-hui*
(1. Department of Civil Engineering, Taiwan University, Taipei China; 2. School of Hydraulic Engineering, Changsha University of

Science & Technology, Changsha 410114, China; 3. College of Hydro Science and Engineering, Taiyuan University of Technology,

Taiyuan 030024, China; 4. School of Civil and Environmental Engineering, Nanyang Technological Universty, Singapore)
Abstract: Currently, the partia factor design method is recommended by most international design codes as a semi-probability
design method. This popularity might be partly because the partid factor design method shares a smilar design procedure as
that of the conventional allowable-stress-design method and therefore is likely to be accepted by practical geotechnical
engineers. However, the partia factor design method might produce significantly biased design schemes especialy when the
design condition (e.g., statistical and probabilistic distributions of soil properties) is different from that used in the code for
partial factor calibrations. The quantile value method (i.e., effective random dimension-quantile value method, ERD-QVM)
shares asimilar design procedure as the partia factor design method. But it needs to calibrate the relationship between ERD and
design parameters, which is tedious and computationaly expensive. Consequently, it is not feasible to apply this method when
the time schedule of the engineering is tight. This study proposes a smplified reliability-based design method for geotechnical
structures, namely modified quantile value method (MQVM). The original ERD-QVM and the quantile first-order
second-moment method (QFOSM) are reviewed. Bassdon

the QFOSM, the MQVM is developed. A pile foundation E®WE: GWREEEEE TR H (107040000 WiF 4 HR
Fh 2 5 & 0 H (20193050642 ) ;1 76 4 N H] il WF 5T 5 H

example and a pad footing example are employed to NN o o
(201801D221046); 7K ¥PRE 55 K K Bs v i i 44 T S =3 FF T hk

illustrate the performance of the proposed method. It is S (2019S04); WG4 HE RS H - (18C0191)
shown that the proposed method can provide an effective ks HHEA: 2019 - 06 - 22

tool for rapid reliability-based designs. The proposed {5 fE#& (E-mail: tangdong@csugt.edu.cn)
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MQVM can avoid the calibration procedure of the relationship between ERD and design parameters and yield rational design
schemes. The origind ERD-QVM might produce an unsafe design scheme, which poses an enormous threat to geotechnica

structures. By contrast, the design scheme of MQVM isrelatively conservative. Moreover, the MQVM has arobustness similar

to that of ERD-QVM.

Key words. geotechnical structure; reliability-based design; partial factor design method; modified quantile value method;

quantile first-order second-moment method
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Soil defor mation and excess pore water pressure caused by excavation of
twin-bored tunnelsin soft soil

DING Zhi* 2, HONG Zhe-hao', FENG Cong-lie*, WEI Xin-jiang, XU Tao’, WANG Tao®
(1. Department of Civil Engineering, Zhejiang University City College, Hangzhou 310015, Ching; 2. Department of Civil and Environmental

Engineering, Universty of Macau, Macao 999078, China; 3. China Design Group Corporation Limited, Nanjing 210014, China)

Abstract: The theoretical solutions for the soil deformation and excess pore water pressure caused by excavation of twin-bored
tunnels in saturated soft soil are given. The data from a project of twin-bored tunnels of the Hangzhou Metro Line 2 is used to
validate these solutions. The effects of additiona thrugt, friction between the shield and the soil and tail void grouting on the
vertical deformation of the soil are investigated. It is shown that when the shidld is close to the reference section, the influence
of such parameters on the soil deformation is great. After the shield passing the reference section for a certain distance, the
lateral displacement of the ground surface and the excess pore water pressure tend to be stable. The influence of the friction
between the shield and the soil on the excess pore water pressure is limited within half the length that the shield has passed.
When the shield leaves the reference section, the excess pore water pressure generated by the tail void grouting approaches 0.
The research may provide guidance for future tunnel projectsin similar soft soil asin Hangzhou.

K ey words: soft soil; twin-bored tunnel; shield tunneling; soil deformation; pore pressure change
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A dual-mesh multiscale finite element method for simulating nodal Darcy
velocitiesin aquifers
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Abstract: A dual-mesh multiscale finite e ement method (D-MSFEM) is developed to simulate nodal Darcy velocities in
aquifers. It is a combination of the multiscae finite ement method (MSFEM) and the dud-mesh finite element method
(D-FEM). D-MSFEM can obtain continuous first-order head derivatives and solve the head and nodal Darcy velocities directly
on the coarse grid without the necessity for solving Darcy equation specifically. Therefore, it breaks through the limitations of
the traditional finite element basic framework and improves the computational efficiency extremely in comparison to the
traditional methods for nodal Darcy velocities. D-MSFEM can aso directly obtain the fine-scale nodal Darcy velocities by
using the coarse-scale nodal Darcy velocities and the multiscale base functions, which can save a lot of computationa cost.
D-MSFEM is compared with some traditiona methods for noda Darcy velocitiesin the Smulation of groundwater steady flow
and transient flow. The results show that D-MSFEM achieves higher simulation efficiency and accuracy. This study may
provide a new approach to smulate nodal Darcy velocitiesin aquifers efficiently.

K ey words: dua-mesh technique; multiscal e finite element method; Darcy velocity; groundwater flow; numerical smulation

0 3l =] I RN, 5 75 S S A A Y T % 5 3 FRAIE T 5% 86
Emymhhmmiﬁﬁ B R A L W NS IE R BT U HAG DAORERAE TSR L
S KRG8 PE V3 1% U RE B8 32 S ok O R 1) —_—

*;%Uif*f“ M, R, SRBUR R A TR IE TR RS (05 0 RIS TSI (417022430 [0 (1 RRI 22

g o o2 o A C Yo e g 2 A 2% 9 R
AL ARSI 2 P9, i, B I s SRR R
FE 44 BR TR IIA VU155 i is 5152 2 PR G IEREAE WFSE#R: 2019 - 07 - 07

SRR, (R R . AR RS T (T S (Emals yixie@hueduan)


mailto:MF1729038@smail.nju.edu.cn
mailto:yfxie@hhu.edu.cn

% 84

AASCR, S UL 8 PGB LA U P i 22 RUEAT IR0 1475

RSN 43 H1 88 b RO S TR S S e, 5
FO SRR BARS . R A S R 22 R A B BT i
(MSFEM) Bl (L 485k P9 BB 50k, 2 R
JE bR BT DL B B AE A R bR A K S FIA VB I T
W, BEAE GRIETHSORE FE IO R IR TF A ERCR, IR
PAT BROCHEZR IBR ) ZEEAERT I LA, C&uEW]
T MSFEM itk = R4 H R TR i i R
MSFEM 53k Yeh (RTS8 7 70 ke i 0281 g 5 2
.

55 Ho At A5 B8R V918 3B O S A LG, VedatBatu
(K)o e RSB S 0. P, R ST
B, HHADVEARR, ZEAN T EN AR G
DR K TRERI T, R LT IRMETE 7R, Hif
AEH o TR BRI St . 125509210 32 22 AR
S AEJEAT IR RS SERE L, K BT TR — B
Pe/NIIRE RS, JRRE TR S 1 A JRUYT s, TP R
G ARG ZE RIS 22, TF45 6 v e AR R m] SR A
ZRUE VB IE R o T VR H IR i3 I R
HATESNE, i AR E v SRR . AR0T0, Wi
SCHTR, A2 BT BRICHEZE A PR, TSR
K. HUF/K SR A, B X S A%
KB o DRI, 7 Al L3 U P R R A AE A R 46
K PGIBE T VR T5 EORE AN RS B, FREK
IR FE.

DRI, AN SR U 9 s 1 AR 5 22 AT B B Gk
AHLE G, T EM K 2 A R vk
(D-MSFEM)., D-MSFEM [ =% AR : Slifot
X532 JUEE WA, 38 FH 22 RO AT BB s vk i R A
F KA TR X A T BT SR IA T BB I
T ) (AR T A — BN B, IRE TR R I
¥ Lis 2 ROEA BR PGk ok ik L, M3
] — PR BT G K S ZE MR RS 22, f a5 B R M
REEA KA LMK S — P S48, AT SRT 4L
FEHf AT IERE . ASCIIEUEREH D-MSFEM
5 VedatBatu ) D-FEM™ L KRS 1 58 w1 Yeh AL
S PR T R PV g Ty VR AT T AR, 4R OR
D-MSFEM  fg A 3 A% 5 7 VA AR F B[] BT AT 3
FERG A 0 23 AR IR BT AT A AR ANIA P9I U 14
IR MR BT R

1 JRIBFOEE
1.1 D-MSFEM RYM1&#41E

Bl 1 s T XE A% 2 RO B B ek 2 —
Wk A, BP0, 00, HAFFEIX | 7
BN NS PR T, AP SEZ RN . REASKL A%

FIGHRH 70 8 NS o, AL k. K 1
S 7 gt BTl sy, IR e s, R
Heome Hd ijk A — BRI RS T

g | |
T T N T T
N
RN 1 N | 1 1
N | N \, N N NI
___________ N SR EP S S 2 RN
= R ST NN SRS
[N 1 N | N | |
N N
\J N \‘I N N N \! N \! N
A N [ N H AN N [IN N [
Nod \\ N | \\ \\ \\ \\ | \\ \\I \\
N N
— R TR TR TR S S N
SN ~ N SRS SER
O Lksdn i N
T T *
AY AY
NN [N I N
N 1 N \\| \\ \| \|
N\
D e e e o R N N
~ | | [N (RS
(BN 1 1 1
i S A N 1 N
0 x

B 1 NEMEEZREBRITE (D-MSFEM) BIFFRXE—E
(B Mig
Fig. 1 Original study region mesh of D-M SFEM
TR b, D-MSFEM 3 XU P F2 R EAT
SRR A . LSRR x 7 [n) Fak P B I I K
1B (B 2), SR LA 2 i A SR R AL 5T
FHRELART - 2 S5 (P I I 5, 40 ke 2 AR T
B2 G (PR ARG A 350 43 18 2 v, PRS2 iR FH Y
ETT K 2P JEAR R j&e . TR,
TRAFRIF T L I AAFANAL, PN A [ RO R P9 A S A
ARBRA x T i) ) AR — B NERES Dx o fE S A A5
FAARIIRTR T, PG5 TS — 5T
IS REES K D, VB8 2 5 S A il S i s e — 31
TCHIZRP RZ A/ D, PR TR AN, JR A
WA TR T Dx o PR A T FEIX A R A% CHELRE
4D FIWTFTIX AL S EFT R T — 20 N N PRI A%
FATT, FRREERE LA 23 B 8 A A% BT

! |
I T T ~ ™~ ~ T N N
[N NN | I N 1N N
S LA U S AR AN
————— PR=—"x=C - N I ik Al I St N
N R < N N N~
RIS
\\n\ M N AN N \L N N
NN AN ! I e s NS
NI | 1 | | | 1\
— Ly I N N__] AN N A VAN VAREN S
— TR UROS I B L
ANEIN ER RN AN AN NN
|V JHESHDN NI NI SR
T T ~ 1§ ¥ ~
7\\ | \/\‘ ‘I%\\ ANEN AN AN [ANENEN
| | | 1 | | | 1N
N N N
- — - Fh - - N e — N — Sk - - K-
NN AN SN [N
oo Moo 1 [ I TN 1N
i ) NV N N N| s NN
° H H H H *
Ax Ax Ax Ax

B2 WEMES REFRTE (D-MSFEM) MFRXFE_E
4%
Fig. 2 Second study region mesh of D-M SFEM
1.2 HEEERE
D-MSFEM 3 ik K figf 17 44 1R AR 152 075 P 40 3 ik v
5, REW A ARG RIERIE R . WARbRAT M 518



1476 s + T

EARBORER D718 BRI R K
T OB I B 20 0 0 0, o ko 1 AR RO
BRETINAY 5 Y Yoo Yo DOIESRERR ALY 1)L
FEN B, AR RS BT ik b Ae (KA 1Y
2

-NXKNY )=0 (x,y)1 ik , (1)

« 0
R, K=g * C GHBSBREGKE, K, K %
60 Ky

AR x J7 1),y D7 EE R U . TR
DUR IR B0 ZENE . R RS R 4.

12 FAE S AR vk, 32— po p s
4.

Iy, = @KN¥) AN, dxdy =0 (¢ =1,2,%%p)

)

b Ny 8 M SRR R B

FEAL A T8 ijk AT 540 B9 A% 5T Dabe
W, HRIE 2 R BRCIE SRR, v TR
7 (xy) =% (@N, +¥ (DN, +¥7 ()N,
B, ¥, %%, AR
(% y) =7, (@N, +¥,ON, +¥7, (9N,

(xy)T Dabc).. (3)

((x )1 Dabc) ,

X 4
7 (xy) =, @N, + 7 ON, +ZON, ((xy)T Dabc), (5)
¥ (%) =¥, @N, +# 0N, + 7 ©N, ((xy)1 Dabe) . (6)
X (3 ~ 6 H, N, N, N.hfEa b crilLk
T 55 PR 2K

Fa (3 AKX (2), BRI TIRREY, A
METRRALY Yo Y TR BLAIR B VAT
B LKA LS [ T REAL, o oA B SRR ALY
Y Yo Y FERIRRS BIT R T R
1.3 A D-MSFEM K fi#7k %k

FiA%L G X E WA AT BT iEA ], D-MSFEM K H
MSFEM 47Kk A#, fete W 3T HaeE. L
TR SO B, FERMES (B D BB
JTHE:

15 Mo Tm Mo, 0
TXE X WE YTy ;, .
H|pw=9 (x, )1 Wo'b

A K K7 mloh AR x J7 18],y J7 8] (58 &
ooyt g A SGAF Rk W ORI WO
FUXI, BEWHEH N Ny, Hf g AN TR M
He TG e -

B (7)) PILTLIFEREY . I8 FAL &
REVE, 133

o2 R 2020 4F
Q’?( H oY, IH oY, u dx
‘ITXra‘ITX g ﬂYﬂﬂy@(dy a@NY -
(8)

WA 22 R A B B T 6, ZERT A
AERCH AR TT ijK N IIZK Sk bk T BARIR N

H(xy) =HY (xy)+H ¥ (xy)+HZ (xy)+

HY (xy) €)

A, Hy Hp He H OJGRBARIT K T,
ko | bR RAE

¥ (9 AN (8 i, ERF—HH MK IT ijK
<)

ﬂH oﬂ‘P H o1Y, u
ik ﬂXﬂﬂX gyﬂyﬂﬂyll:lddy

=BH,+BH, +BH, +BH, . (10

FE, R (7 BLRLIEREY Y, Y,
AL SR &, 53

eﬁ% TH o1, &g THOI¥ U,

o T "y PV

=B,H, +B,H, +B,H, +B,H, , (12)

H 61%,
o X
% ™ g Ix 8 yﬂygﬂyubpldy

:BkiHi+|3<jH.+I3<kH +B,H, . (12

TH 61%, TH 61%, U
D o § gy PV
=BH, +BH;, +B,H, +BH, - (13

1 (100 ~ (13) itk
B,H +B,H,+B,H +BH =F @=i j, k I).
(14
Ah o HLH G HGH SRR ST TR 4 AN TR K
Il AT 2q =i I, #%(B,» B, B, B,
ekl

H 6%, U

B=@gj<“ﬂYX ﬂ;X" K“ﬂYy“; gdxdy (16)
B, = %ﬁ “%(i ﬂ‘l;(' +Kyﬂ1;; '”1?' Odxdy . (18)

X (3 ~ (6) fAAX (15) ~ (18) Rinff4
#B, Bj B, B MHEMAMLZENX. Hig=j k |
i, HaREHWMFRIAL S (15) ~ (18) Kl 4



% 810 BRI,

S PR RO VU B T XU R A% 22 RS Rk 1477

A=[B], H=gH, H H HE
M= (14) AT5 K
AH=F . (19)
BT A — AN R A% 500 ijk #R A RAAG 3] — A
FARLC19) (LM T R, BR L IX e FE R R — N T H
R Ze T R IESR MR, BRI 43 BRI TTX I35 RURIK
SKAEH .
1.4 [ZF D-MSFEM K ##i&iSiE iR
7613 i, &N T H D-MSFEM 5K fi#
W RUACKE R, AR R RS K SR K A
R IA VB IE TR
DUFHL A% B0 ijkl mP A K 7E x O ) ik Ve 838
SR AR ], il 1R, N E RS 2 R
HRRCIEM S —EW AR L, W2 1.3 i
D-MSFEM J7 KA k mUASKE A H, o SREFIFIT
DAL FREEATANAL, P ST v (18 HE DR A% Y AR Al 77 ] <
— BN R 2 DX, A8 SRR I A% 22 ROBEAT B TTIE 1)
5 T HE MR (B 2), KRS SR TT R 2 5 AL .
mE 2 g, MHMERIT KPR 2 G AL
ijK , SSKCPR AR T ke, FRKGE A 1.3 i
D-MSFEM J5 i3k il P4 2 5 s KCIR K SKAE A H,
MM AF 2 5k TR A 7KL ZE Dh o

F=gr F, Fo R

M T
v=KxJ (20)
b, vUBTIBE R, K 4B ANk
SK 0y éJ,
:25 KH,JﬁmﬁﬁfJ Jﬂ 76T f A b
é vQ eyl

Ao, WLy, R xR0 A VS B )
UEES
M

v, = KX‘JX =- Kxﬂ_ (21)
X
L K AR X 7 S8 R 5y 3, AR KR
™

B x5 1K B Sy i D, = ﬂ—,THHH R

2 R MUK 11T A HE DcH, TR
R SO B, 0K B, AT
BB LI,

BB (200 TT4 KA 7E X7 L (A T
BB R v, (K) A
v () =- K, N

Dx

FIEE, v, () B S v () el I8 TAT

.

2 HEKR
ASCRIIM TSI AS Forbid: v, &

L, (22)

,\Iﬁ

7N X7 ) B RA PSS UEE, D-FEM %78 VedatBatu
EE P kAT B T 78 D-FEM-F 28 75 K 4l 1) 43 1
VedatBatu XU f % 47 FR 70 757 Yeh %7 Gour - Tsyh
Yeh il & RIc ks Yeh-F Rk 455 1
Gour - Tsyh Yeh [l 447 FR It J57%; D-MSFEM %
TR A% 2 RS R CYE; D-MSFEM (a, b)
o~ H D-MSFEM J7 VB 7T X 50 43 Fg a ASHH A
JG: BEASR RS BT b AN A R T
D-MSFEM-L . D-MSFEM-O 43337~ D-MSFEM A H
FERR S ML T A PG 5T

AATKEFIH D-MSFEM K515 R 5035 ) — 4k
e i ) L 5355 2R B R Y TR % 1) — 4R A e i in)
A S 3B375 22 50T 1) — 2 AR A TR In) v i 7K Sk
PiBiER#E. Jt5 D-FEM. D-FEM-F. Yeh. YehF
JIEEEE . T SUE B R CHén's, BN
RIHAT IR AR, IF HAER—FEN ST,

A FEREEE Y2 —, VedatBatu XU H P k12 7E 3
BR[19] h L& 4 UF B 1% 5 V4 Re s 18 T 4% 1) Stk A
JIT o ST £ 1) [ 1 45 2% v e 1 AR o B R B A — 3
It HA ST AAE T 22 ROBERS A% 7 TR R Y F R O
I3 KT, E&E;%’EWJ B3 T 25 v ) PR AR
2.1 %E ?ﬁﬁi’]ﬁﬁ Eﬁ—zﬁﬁ' I:EI)IL

f@?ﬂ(:?ﬁﬁlﬂ:bwﬁﬁfﬁ

1 He 1 fHO -
‘ITXE?( X & ﬂy?(y‘ﬂ_y_ Wt (23
Ao, WKWy [01] [0, BIBERHK, =
K, =1, EFifERH =xy@d- )A- y), SKZEEN
1, VEICIRW SR v 7R 3 S A B g AT 45
Afgld, D-MSFEM. D-FEM F1 Yeh J5 v 4 0F
FEX I N X N4y, N=10, 20, 30, 40 Itf, KM
¥ FR G N5k 0.4, 0.05, 0.03, 0.025. f] D-FEM
HYeh TS, RIS X 38053 0035 43 B 200, 800,
1800, 3200 ™ —AHIEHIMAEF. (N X N X2), 52
SRS, FH D-MSFEM J5 ikt 5, HEF 5T X 84
#1143 B 100, 400, 900, 1600 /i 7 FEHHL A% oG (N
X N, FRERE— AN IR 20 8 A = MR
JC (2X2X2). [AFE, H Yeh-F kit s, Kot
(X 45543 591 #4143 B 800, 3200, 7200, 12800 4™ —ffii i
JG, L3RG D-MSFEM A [A] (#5401 9 # B e 4 H o
D-FEM F1 D-MSFEM J5 271 4 Ff RUEEXS W [F3 48 1] - 4%
#H 25 Dx 437 HX 0.001, 0.0002, 0.000053, 0.000016.
Bl 3 JIR T 7KK IR A ) 158 22 FORH I A B R
JEZTMRER, SRR, B R RS 570 JORE R
ANy KSKKEBET e R AR B RO AR R, %55
E 727K SR FE M =y BURAK A Yeh-F. D-FEM-F.



1478 a5 oE L OB ¥ M

2020 4F

D-MSFEM. Yeh. D-FEM, ' Yeh-F. D-FEM-F.
D-MSFEM —=F ks AR, H.B WL Yeh, D-FEM
KSR . T Yeh 1 D-FEM (Yeh-F 1 D-FEM-F)
AL AEAT B Te A E 5, BT DL 20 S 1R
KkRZEWAMIE . WNIX—Z5 /AT LLEH, D-MSFEM
RE SRATF VRS 4135 3 (0 AL G5 7 iR AR 7K Sk 45

N
n

1 ® D-FEM L2

2 M Yeh

3 m D-MSFEM
47 D-FEM-F
5 M Yhe-F

== N
o L o
T T

AR IR IR 2%
(=]
&

(=}

0.025 0.030 0.050 0.100
HPIRE BT RE

3 BEES LT EMKLFIEMNRESHEMGEAT
REX%
Fig. 3 Relationship between coarse e ement scale and relative error
of H
Bl 4 JE7R T ANRPRE A JROBE T % Bl 7 VA vk
VUV U T 75 I TR CRL S T K Sk v B ) o 244
Wk BT ROBEARIRIIN 0B 72 IR T AR s ) A g 21
it} Yeh-F. D-FEM-F. D-MSFEM. Yeh. D-FEM,
H:rf D-MSFEM. Yeh.D-FEM W] it Yeh-F.D-FEM-F
JRAEIS T /b 2 A% RUEE R 0.025 11, Yeh-F Al
D-FEM-F PR 4t 5 43 732 5 - s Tl de ke, 40 0ok
287, 246s; D-MSFEM. Yeh. D-FEM JH s 464 ik
10, 10, 8s.

300 -

250} 1 ® D-FEM
a 2 M Yeh
20T 3m D-MSFEM
Ei150+ 41 D-FEM-F
5 M Yhe-F
=100
45
501
123 123 12343 12345
0.025 0.030 0.050 0.100
A A BT R

4 BEEFEREITENESHEMEATREXR

Fig. 4 Relationship between coarse € ement scale and computation
time

K 5 R TIAPEIBIE I v, 111 7 A5 2 o
WIS BT REZ IR FR, AR WoR, A A WA B
TCRBERIRN, v, XS BETE o S HUE TR v, KR
M E RS K Yeh-F. D-FEM-F. D-MSFEM. Yeh,
D-FEM. JLrf, A R &N 0.025 B, YehF.
D-MSFEM F1 D-FEM 5% v, [ F-34 A% 1 22 533l
>4 0.054%, 0.086%, 0.356%. H#iKl 3, FH MM N
& 0.025 Itf, Yeh-F. D-MSFEM #1 D-FEM J7 27K
SLOP-BIAR G 5 2243 590 4 0.087%, 0.042%, 0.149%. K

5310 Yeh F 25 LG HAR T, o TR
ZE FESEHACKIRZE A1) . D-MSFEM  [H17K K 5
1 Yeh-F 438k, Pl D-MSFEM #LtT D-FEM
FUYeh, BEWETH RN ARSI K KA, AT B sl 5

K

—e— D-FEM
5L —&— Yeh

—e— Yhe-F

B PHFERT IR %
T

/

0 o ®
0.025 0.030 0.050 0.100
AR BT RE

5 BEXEAEMITER v, THEMRESHAMERETRE
K&
Fig. 5 Relationship between coarse e ement scale and relative error

of v,
ity FIRGE R, KL D-MSFEM BN ] Fl4%
G877 1EAH I (R IR 1) R RT S84SR 48 51 43 A 10 A7 7K
SAE AR P BE RS, AR &R
A, D-MSFEM ik fig R340 R IA PH 23 il
. £ 1 ExRTHMKRIGTRER 0025 1, H
D-MSFEM (1600,50) 5[5 —HL A% o6 ijk H
I ROEE Y RO P v, SRR TR, IR R E . P
HOH MRS BT ijK T AR bR (0.8, 0.6), [ (0.825,
0.6), k (0.825, 0.625), | (0.8, 0.625),
F 1 D-MSFEM (1600,50) i+ H AR ETI S x A EHIER
BIE R
Table 1 Fine-scale nodal Darcy velocitiesin x direction cal culated
by D-MSFEM (1600,50)

T AR b D-MSFEM  HIX[iR72/%
(0.805,0.605> 0.149241 0.145775 2.38
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Seismic performance evaluation of underground structures using
endurance time analysis

ZHONG Zi-lan, ZHEN Li-bin, SHEN Yi-yao, ZHAO Mi, DU Xiu-li
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: The endurance time andysis (ETA) is an efficient seismic performance evaluation method characterized by
developing series of seismic response compatible accel eration time histories whose amplitudes increase with the duration. The
artificia endurance acceleration time histories are used as the input for engineering structures to perform nonlinear dynamic
analyses. ETA can effectively capture the entire dynamic response of the structure from elastic to plastic till finally collapse,
and can be used as an dternative approach to evaluate the seismic performance of structures. In order to study the applicability
of this method in the seismic performance evaluation of underground structures, the Daka subway station is taken as the
prototype, and a two-dimensiond finite element model considering soil-structure interaction is established. Three endurance
time acceleration functions (ETAFS) are generated based on the design response spectra of Chinese seismic design code. The
seismic response characteristics of the Dakai subway station subjected to three ETAFs and 15 red ground motions are
compared in this study. The numerical results show that the responses of ETA generally fall between the envelopes of
incrementa dynamic analyses (IDA) using the real ground motions. The average response of the subway station using ETA is
also in good agreement with the average results using IDA. Therefore, ETA provides a new computationaly efficient
aternative for seismic performance evaluation of the underground structures other than the traditional nonlinear IDA. Besides,
the response spectrum corresponding to the fundamental period of the soil-structure interaction system is more preferable than
the peak ground accel eration as the seismic intensity measure for the performance eval uation of the underground structures.

Key words: endurance time anadysis; seismic performance evaluation; underground structure; incremental dynamic analysis,

intensity measure
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Table 1 Physical properties of soils
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Table 2 Material parameters of steel rebar and concrete
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Fig. 3 Cross-sectional details of Daikai subway station
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Time-domain constitutive model based on logarithmic skeleton curve and
its application

DONG Qing, SU Jie', ZHOU Zheng-hua', L1 Xiao-jun®
(1. College of Transportation Science & Engineering, Nanjing Tech Universty, Nanjing 210009, Ching; 2. College of Architecture and

Civil Engineering, Beijing University of Technology, Beijing 100124, China)
Abstract: The equivalent linearization method for seismic nonlinear response of soils will overestimate its high-and
low-frequency nonlinear effects, and the plagtic deformation of soils can not be reflected, especialy for soft soil layer sites and
thin overburden sites. The functional expression for logarithmic skeleton curves is proposed based on the test curves to andyze
the time-domain nonlinear seismic responses, and the characteristic of the new skeleton curveis that the asymptote rises slowly.
Based on the Mashing criterion, a logarithmic dynamic skeleton constitutive model is established with 1oading-unloading
turning points as reference points. On this basis, a 1D time-domain seismic response method for soil by using the overlapping
difference scheme is proposed. The corresponding program SoilresplD is developed taking Microsoft Visua C++ 6.0 as the
platform, and it is used to analyze the nonlinear seismic response of soft-soil layer sites and thin overburden sites and Eureka
Canyon Road site. By comparing with the results of time-domain analysis based on the hyperbolic dynamic skeleton
constitutive model, the equivalent linearization analysis and the actual seismic response observation, the feasbility and
rationality of the proposed logarithmic dynamic skeleton curve are verified. The results show that the nonlinear seismic
response method based on the logarithmic dynamic skeleton constitutive model can be applied to the seismic response anadysis
of different soil-layer sites. It is especially shown that the area of the hysteresis loop of the logarithmic dynamic skeleton curve
and the damping degradation coefficient are larger, thus the damping effect and the plastic property of soils are better reflected.
Key words: logarithmic skeleton curve; dynamic skeleton constitutive model; time-domain nonlinearity; damping degradation
coefficient; stress-strain curve
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Experimental study on shear dilatancy characteristics of thinly-infilled rock joints

XIAO Wei-min*? YU Huan" 2, ZHU Zhan-yuan®?, LI Rui® 2, LIU Wei-chao" 2
(1. School of Civil Engineering, Sichuan Agricultura University, Dujiangyan 611830, Ching; 2. Sichuan Higher Education Engineering

Research Center for Disaster Prevention and Mitigation of Village Construction, Sichuan Agricultura Universty, Dujiangyan 611830, China)
Abstract: The shear dilatancy has a significant effect on the seepage properties of rock joints, which is influenced by the
roughness and normal stress acting on the rock joint surface. However, except for joint the surface roughness and normal stress,
the infills dso have an important effect on the shear dilatancy of infilled rock joints. So, in order to investigate the shear
dilatancy of thinly-infilled rock joints, three groups of specimens which have the same surface roughness as Barton's standard
profiles and different infill thicknesses are prepared firstly. Then the direct shear tests are performed on these specimens under
three levels of normal stress, and the normal displacement vs. shear displacement curves and failure characteristics of
thinly-infilled rock joints are obtained. The results show that the shear dilatancy is influenced by both the surface roughness and
the infill thickness under low normal stress condition, whereas the surface roughness is the key factor influencing the shear
dilatancy under middle and high levels of the normal stress. Furthermore, the failure modes of specimens include the shear and
crush of infill particles and the shear of surface asperities, and the former failure mode becomes dominant with the increase of
infill thickness. Then an empirical exponential expression is proposed to describe the peak shear dilatancy angle of
thinly-infilled rock joints quantitatively by considering the weakening effect of infills on joint surface roughness, which is
validated preliminarily by the direct shear test results and published dataiin literatures.

K ey words: rock mechanics; thinly-infilled rock joint; direct hear test; shear dilatancy; infill ratio
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Table 5 Results of peak dilation angle of thinly-infilled rock joints

o/kPa A Ohfilted
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0.12 3.92

0.30 -1.53

100 0.42 2.44
0.69 -3.33

111 -5.27
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Table 6 Mechanical parameters of infilled rock joint specimens
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Shear strength parameters of jointed rock mass based on single test sample method

0

MAE S G Ry, LA i AR TR E R4 32
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DENG Hua-feng, XIONG Yu, XIAO Yao, QI Yu, LI Tao, XU Xiao-liang
(Key Laboratory of Geological Hazards on T hree Gorges Reservoir Area (China Three Gorges University), Ministry of Education, Yichang

443002, China)

Abstract: The difference between the samples affects the discreteness of the direct shear test results and more importantly the
rationality of the anaysis results of the shear strength parameters of the multiple test sample method of jointed rock mass. For
this reason, the single-joint sandstone samples are prepared by using the splitting method, and the joint surface morphology
scanning anaysis and direct shear tests are carried out. The results indicate that: (1) Due to the limitation of the sample
preparation conditions, the difference between the samples is unavoidable. The non-uniformity of the samples leads to the
discreteness of the test results, so that the order of use of the samples directly affects the distribution of the test results. (2)
Based on the empirical formula for the shear strength of joint surfaces established by Barton, a single test sample method is
proposed to determine the JRC and shear strength parameters of the joint surface of the samples through the scanning analysis
of topography of single samplejoint surface or single direct shear test, so as to provide a better idea for quantitative anaysis of
the difference in shear strength parameters between the same sample. (3) A comprehensive analysis method for the shear
strength of jointed rock mass based on the single sample method is proposed. The shear strength test values and calculated
values of the same set of samples under different normal stresses are fitted together, so that the shear mechanical properties of the
samples under different normal stresses are reflected. It can more accurately reflect the distribution of shear mechanical properties of
the joint surface of the samples, and can diminate the influences of the order of use of the samples on the test results.

K ey words: jointed rock mass; joint surface; topography; difference; test sequence; fractal dimension; single test sample method
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Table 1 Fractal dimensions of section lines of joint surface typical

samples
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Dy 1.041.091.161.201.021.221.461.021.081.021.10 1.13 0.13
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Table 2 Mean values of fractal dimension in x and y directions of

joint surface of samples
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Sio1 1.08 1.13 1.05
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Fig. 7 Fitting results of shear strength of joint surface
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Table 3 Test and cal culated val ues of shear strength of joint
surface
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Sio1 1.05 1.08 918 103 -163
S, 10 115 1.08 918 102 -1119
Sios 1.23 120 1400 137 1101
Sis1 1.36 1.03 585 121 -10.98
S5, 15 1.56 115 1226 171 936
Sisa 161 1.06 805 136 -15.37
S0t 1.76 1.07 864 181 258
Sys 20 1.88 1.08 918 18 -1.36
S0 231 112 1107 203 -11.98
Sps1 2.56 119 1367 276 765
S5, 25 2.88 124 1522 296 274
Srss 271 112 1107 245 -967
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Fig. 8 Fitting analysis of shear strength parameters of joint surface
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Fractional per meability model for deep coal considering creep effect
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Abstract: In order to consider the effect of creep of deep coal on the permeability, the three-dimensional constitutive equation
for nonlinear creep of deep coa considering volumetric creep, the Kozeny-Carman equation and the equation for permeability
of fractured coal are combined to establish a fractional permeability model based on the creep effect. The creep-seepage
experimental data of gas-containing coal is used to fit the permeability model and determine the physical parameters, and the
permeability evolution is smulated under different experimenta conditions. The results show that the permeability model
decreases gradually in the elastic and viscoelastic creep stages, which is consistent with the physical process that the initial
pores are gradually reduced during the creep process of deep coal in the low stress stage. In the viscoplastic creep stage, the
permeability model can characterize the evolution of the accel erated creep stage, that is, the rapid increase stage of permeability.
In addition, the sengitivity analysis of the key parametersin the fractiond permeability model is carried out. It isfound that with
the increase of the parameter a, of deep coal, the rapid increase stage of the permeability is more likely to occur. The higher the
fractiona derivative order, the faster the rate of permeability decline in the elastic and viscoel astic creep stages, and the dower
the tendency of permeability increase in the viscoplastic creep stage.
Key words: deep coal; volumetric creep; fractional derivative;
permeability model
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Experimental study on effects of different cations on stability of slurry
within slurry shield
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Abstract: In view of the problem that the high-salinity stratum intrusion during construction of submarine tunnels by the durry
shield will lead to the decrease of the stability of slurry, this sudy aims to investigate the effects of different salt solutions on
the stability of slurry via colloida flocculation mechanism by adding sat solutions into durry and testing change of the
parameters such as bleeding rate, zeta potential, characteristic particle sizes and seepage discharge of the slurry. The results
show that compared with that by adding fresh water, the slurry by adding 1% sat solution in which the qudity of water is 15
timesthat of bentonite, the zeta potentid of slurry decreases, and its characteristic particle sizes and seepage discharge increase.
The sdt solution affects the stability of slurry mainly by decreasing its zeta potentid, which promotes durry particles to
flocculate and to dilute the durry. When the mixing ratio is more than 5% and keepsto increase, if the salt solution is NaCl, the
zeta potentia changes a little and then keeps steady, and the characteristic particle size dyg of the durry continues to increase,
while dspand dgs remain basically the same. The particles of slurry coagulate, and the durry remains stable and does not bleed.
If the sdlt solution is CaCl, or MgCl,, the zeta potentid decreases continuously, the characteristic particle sizes dyg, dsp and dgs
remain basically unchanged, resulting in flocculation and bleeding. Ca?* and Mg?* have a greater influence on the stability of
slurry than Na'. Therefore, when using the surry shield to excavate the subsea tunnels in different sea areas, the effects of
groundwater on the stability of slurry should be considered in accordance with the chemicd type of groundwater.

Key words: slurry shield; bleeding rate of durry; zeta potential ; salty solution; flocculation; slurry seepage discharge
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Table 1 Chemical compositions of test seawater

&35 % Sl A7 H /%
NaCl 24.53 70.1
MgCl, 5.20 14.9
Na,SO, 4.09 117
CaCl, 1.16 3.3
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Fig. 1 Grading curves of initia slurry
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Fig. 2 Schematic illustration of experimental apparatus
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Table 2 Specific gravities of durry after adding different solutions

(gem’)

BAW% K K 1%NaCl 1%MgCl, 1%CaCl,
0 1031 1031 1031 1031 1031
5 1029 1029 1030 1026  1.026

15 1020  1.028 1.025 1.024 1.024
30 1025 1.028 1.022 1.023 1.024
50 1.022  1.028 1.019 1.021 1.020
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Fig. 7 Curves of characteristic particle size dyg of slurry under
intrusion of different solutions
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I nfluences of friction fatigue effects of conductor-soil interface on penetration
resistance of conductor of wellhead in deep water

WANG Teng', HE Jia-long", LIU Jin-kun?
(1. Department of Offshore Engineering, China University of Petroleum, Qingdao 266580, China; 2. Sinopec Petroleum Engineering

Corporation, Dongying 257026, China)

Abstract: The penetration resistance of deep-water conductor in clay is closely related to the friction fatigue a the
conductor-soil interface. The shear stress at the conductor-soil interface decreases because of the friction fatigue caused by the
ingdlation of conductor. The penetration process of the conductor is simulated by using the arbitrary Lagrange-Euler method
(ALE) in ABAQUS. The friction fatigue effects of the adhesive contact interface between the conductor and the soil is
simulated by using the VUSDFLD and VFRIC subroutines. The influences of friction fatigue on penetration resistance of the
conductor and the fundamental principles of reciprocation in homogeneous clay and heterogeneous clay are studied. The results
show that the cohesion coefficient at the conductor-soil interface gradually decreases with the penetration and approaches the
inverse of the soil sensitivity due to the friction fatigue effects, resulting in a reduction in the unit shaft resistance. The tota
penetration resistance of the conductor in homogeneous clay and heterogeneous clay decreases by 42.60% and 28.48%,
respectively at the end of penetration. The reciprocation of the conductor increases the “cumulative shear displacement” of soil,
which inflicts significant fatigue damage to the soil a the conductor-soil interface, and the penetration resistance of the
conductor decreases, so that the "stuck” conduction can continue to penetrate into the design depth.

K ey wor ds: conductor; penetration resistance; adhesive contact interface; friction fatigue; reciprocation
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Fig. 1 Schematic diagram of jetting conductor
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Fig. 10 Effects of friction fatigue on conductor penetration

resistance (heterogeneous soil)
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Fig. 11 Variation of unit shaft resistance at conductor-soil interface
with penetration depth (homogeneous soil)
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with penetration depth (heterogeneous soil)
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I nfluence of meso-structure heter ogeneity on granite strength and
defor mation with particle flow code
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Tianxia Congtruction Co., Ltd., Wuhan 430000, China)

Abstract: By reconstructing the meso-structure of granite using the particle flow software PFC? based on the grain-based
model, a series of conventional triaxial compression tests on granite under different confining pressures are carried out. The
relationship between the heterogeneity of the meso-structure caused by crystal size distribution and the parameters of
Mohr-Coulomb strength criterion and Hoek-Brown strength criterion as well as the brittleness of rock is reveaed. The
heterogeneity has a significant effect on the stress-strain curve of rock specimens under pressure loading. As the heterogeneity
factor increases, the rock changes from homogeneous to heterogeneous, the e astic modulus decreases, and the Poisson's ratio
increases. As the heterogeneity factor increases, the compressive strength of the rock decreases, the cohesive force increases,
and the internd friction angle decreases. For the same type of granite, the values of the Mohr-Coulomb strength criterion and
the Hoek-Brown strength criterion are not congtant, but depend to some extent on the internal meso-structure. When the
meso-structure of the rock changes, the parameters in the two strength criteria dso change. The heterogeneity of the meso-structure
has a great influence on the brittlenessindex of rock. With the increase of heterogeneity factor, the brittleness index decreases.
K ey words: heterogeneity; strength; deformation; granite; particle flow code; grain-based model
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Table 1 Meso-scopic parameters of GBM model
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Fig. 1 Schematic diagram of GBM mode! "
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Table 2 Comparison of macroscopic mechanical parameters
between experimental datal™ and numerical simulation results
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Fig. 3 Comparison between experimental data™ and numerical
simulation results
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Fig. 5 Stress-strain curves of various models under different
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Table 3 Fitting parameters of strength criterion

- R4 M-C #E] H-B #E
> HF H Q/MPa K R S ./MPa m R
A 0.11 269.9 116 0.98 233.0 45.6 0.98
B 0.29 263.7 10.6 0.98 230.2 39.5 0.98
Cc 0.35 2423 8.2 0.98 219.1 25.8 0.98
D 0.53 234.2 7.9 0.99 21655 24.3 0.98
E 0.65 234.0 7.3 0.99 216.6 21.9 0.99
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M ulti-fracture propagation and deflection laws of horizontal wellsin
tight sandstone

XIA Bin-wel, LIU Lang, PENG Zi-ye, GAO Yu-gang
(state Key Laboratory of Coal Mine Disaster Dynamics and Control, Chonging University, Chongging 400044, China)

Abstract: In order to study the multi-fracture dotted propagation and deflection laws of horizontal wells in tight sandstone, the
influences of crack spacing, main stress difference and discharge capacity on the propagation geometry of multi-fractures are
studied by using physical experiments and numerical smulations with FLAC® based on four-dimensional water jet ditting
device and large-scale true triaxia hydraulic fracturing simulation system. A stress filed theoretical model of opening single and
multi-fracture with water pressure and a set of indoor slotting-fracturing physical test method are established. The analysis of
the characteristics of the sample splitting and the pressure curve reveals. (1) The typical fluctuation peak of the subsequent
pressure curve after the initiation cracking is an obvious feature of the fracture mutual stress interference. The short spacing
makes the adjacent fracture in the high induced stress zone, leading to strengthening the stress mutual interference and the
degree of fracture deflection. (2) The angle and extent of the multi-fracture deflection increase greatly due to the high-volume
pump increasing the internal water pressure of the fracture and short spacing, which forms the longitudinal hydraulic fracture.
The middle fracture restrained nearly propagates in the direction perpendicular to the maximum principa stress and tends to
stop propagating, while the extending distance between the middle fracture at both sides is longer. (3) The deflection angle
declines because the induced stress is too difficult to change the original the stress field under the high stress difference. The
subsequent propagation fluctuation is relatively stable, and the fracture is more likely to form a transverse hydraulic fracture
pardld to the direction of the maximum principa stress. The research results can be used to optimize the design parameters of
slotting multi-fracture and provide technical reference for oil and gas exploitation of sandstone reservoirs under different
geological conditions and hydraulic fracturing of hard roof in coal minesto control the strong mine pressure.

Key words: horizontal well; dotted fracturing; fracture mutual

stressinterference; crack deflection E—
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Development and application of physical simulation test system for small and
medium-sized tunnels based on biaxial motor loading

LI Yuan-hai®?, LIU De-zhu®, YANG Shuo'
(1. State Key Laboratory for Geomechanics & Deep Underground Engineering, Xuzhou 221116, China; 2. School of Mechanics& Civil

Engineering, China University of Mining and Technol ogy, Xuzhou 221116, China)

Abstract: To study the failure process of deformation and evol ution mechanism of the surrounding rock in deep tunnels, as well
as to solve the key problems of the current tunneling test system, a new motor biaxiad loading system with compact structure,
moderate size and stabilized loading is developed for simulating physical tunnels. The system consists mainly of a frame-type
reaction frame, a servo-controlled motor testing system, a self-developed digital photographic deformation measurement system
and auxiliary devices for excavation. It can be used for the physical smulation tests on smal and medium-sized tunnels and the
uniaxial and biaxial compression tests on standard or non-standard specimens made of the common similar materials. Finaly,
the uniaxial and biaxial compression tests on the rock-like specimens and the simulation experiments to study the deformation
evolution of the surrounding rock in mixed strata are performed to verify the feasibility of the test system. Partial experimental
results are basically consistent with those of the similar studies, which indicates that the poposed test system meets the needs of
studying the stability of the surrounding rock and other issues. Furthermore, the results may also provide reference for the
related researches.

Key words: tunnd; biaxia loading; similar smulation; model test; digital photogrammetry
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Table 2 Analysis of surrounding rock in mix strata
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Size effects of large penetrable bedding fault zone

ZHANG Chun-sheng’, SHEN Jun-liang" %, CHU Wei-jiang" %, LIU Ning"?, SHI An-chi®
(1. PowerChina Huadong Engineering Corporation Limited, Hangzhou 310014, China; 2. HydroChina-Itasca R&D Center, Hangzhou
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Abstract: The bedding fault zone in the dam site of Baihetan Hydropower Station is characterized by large scale, strong
penetrability and complex geological conditions, which can control the underground caverns.Due to the large scale, the effects
of wavelength fluctuation of the bedding fault zone cannot be considered accurately by normal fied tests, and the size effect
analysis needs to be introduced. A systematic sudy on the mechanical parameters of the bedding fault zone is carried out.
Combining with the mechanical strength parameters obtained by the field tests, and the size effects of the bedding fault zone are
analyzed by introducing the digita close-range photogrammetry technology and the particle flow numerical method. The
mapping laws of the mechanica parameters of the bedding fault zone with joint roughness coefficient, soft filling thickness and
size effects are revealed. In the engineering application, taking the advantages of the research results of bedding fault zone, the
dome shape of tailrace surge chamber of Baihetan Hydropower Station is optimized. The method can provide a reference for
other projects.

K ey wor ds: bedding fault zone; Baihetan; roughness coefficient; in-situ test; size effect; particle flow
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Fig. 1 Distribution of bedding fault zone in Baihetan Hydropower Station
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Fig. 6 Influences of strength parametersin bedding fault zone
with different roughness coefficients

BEXT RS Bl R E, 4355 10, 15, 20 cm
() JEFE T JREAE 34 TAE, 3 FOARRRRS BE4&HF TS
EF %) JRC=8~10, 10~12, 18~20 iX 3 FiHkE i K,
TP Rk 0.6, 0.9, 1.2, 1.5 MPa &/ N H
BRI o RE V. ) A8 UK A A i SRR A 7
PR o

F 1 AN AR 28 50 B AN 7] 70 JE R E I 0] . 1)
RSB S5t AR S ) I AR 55 R SRR R
I 10 em 5, BEAE AREIE RIS, PR i
FRARES, TR IARA K. DL Ry TR RS FE R 2
JRC=10~12 WHUERI & R AW, )= A58 4h



1568 w t T

o2 R 2020 4F

RT3 I 10, 15, 20 cmiNf, JZ 4 Bha 45 f
TSR 2 )y 20.32° , 18.34° , 15.21° , ()2
B )iy 4 TR EE SR 7143 94 0.051, 0.052, 0.056 MPa.
XIT CA X e S B R RS B R v, B R
FEMIBE I, PR R ORI R, AR 1z B,
{(EESP aliap- A IREX

THEHEHNI T I

(a) T=10cm (b) T=15cm (e) T=20 cm
B 7 FREREEH T EENHERE (JRC=10~12)
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Table 1 Calculated results of strength parametersin numerical

tests with different filling thicknesses
RS AR H 2 S8 5 5 fom BRI AR

) FEJiIMPa

10 19.29 0.054
8~10 15 17.74 0.060
20 14.80 0.062
10 20.32 0.051
10~12 15 18.34 0.052
20 15.21 0.056
10 22.08 0.050
18~20 15 20.42 0.052
20 16.84 0.054
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Fig. 8 Numerical shear test models with different geometrical sizes
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Table 2 Summary of excavation response characteristics of No. 7 tailrace surge chamber with different dome shapes
SE T ARAR FBA. HE)iZ L4 B i 54 72
AT X 16~18 13~15 11~14
. E/W ] 3 14~21 13~22 13~21
B AR Y -
mﬁ%ﬁiﬁ C4 L&t N/S il 3 2530 16~28 15~28
ca T E/W ] 3 40~83 40~75 41~81
N/S fii 3% 33~76 34~121 39~159
1 H1 49 A ﬁm&ﬁ%$fJ*A@ 34.1 36.4 36.8
. E/W il 425 18.7 15.7 15.5
s,/MPa ity
! C4 T4t N/S ) A 7t 15.8 12.6 10.3
S, /MPa C4 T RN ) +0.17 +0.19 +0.26
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Fig. 11 Comparison of dome shapes of No.7 tailrace surge

chamber
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Empirical formulafor permeability coefficient of coarse grained soil based on
gradation equation and its verification

BAO Meng-die"?, ZHU Jun-gao™ %, WU Er-lu*?, WANG Long" ?, CHEN Ge"*
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China;

2. Jiangsu Research Center for Geotechnical Engineering Technology, Hohai University, Nanjing 210024, China)

Abstract: The coarse-grained soil is widely used in earth-rock dams and road projects. Its seepage characterigtics are related to
the stability and safety of the projects. The permeability coefficient is the basic parameter of seepage characteristics, and the
gradation is the key factor affecting seepage. In order to study the effect of gradation on the permeability coefficient of the
coarse-grained soil, based on the results of permeability testsin the existing literatures, a continuous gradation equation is used
to describe the gradation of quantitatively graded coarse-grained soil, the relationship between the gradation and the
permeability coefficient is studied, and an empirical formula for the permeability coefficient considering the area of gradation
curve is established, and other literatures are used to study the relationship between the gradation and the permeability
coefficient. The results show that the gradation curve of graded continuous coarse-grained soil can be quantitatively described
by the continuous gradation equation, and the empirica formula for the permeability coefficient based on gradation area can be
applied to the coarse-grained soil with different maximum particle sizes and gradations.

K ey words: coarse-grained soil; gradation equation; permeability coefficient; area of gradation curve; applicability
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Table 1 Basic physical parameters of soil-rock mixture
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Fig. 1 Fitting and test gradation curves with different Ps contents
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Table 2 Gradation parameters and test permeability coefficients

B AT i HISH BER
1% m b K/(cmrs™)
10 1.296 0.958 0.0014
20 1.136 0.915 0.0032
30 1.020 0.850 0.0081
40 0.880 0.715 0.0194
50 0.828 0.546 0.0494
60 0.841 0.403 0.1114
70 0.780 0.001 0.2844
80 1.370 0.520 0.6966
90 3.152 0.895 1.6028
100 7.225 0.993 3.5377
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