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Critical state and constitutive model for coral sand considering particle breakage

CAI Zheng-yin', HOU He-ying', ZHANG Jin-xun®, ZHANG Lei?>, GUAN Yun-fei', CAO Yong-yong"
(1. Department of Geotechnical Engineering, Nanjing Hydraulic Research Ingitute, Nanjing 210024, China; 2. Beijing Urban Congtruction

Group Company Limited, Beijing 100088, China)
Abstract: The critical stateis a very important concept in soil mechanics, and it is the foundation of many constitutive models
for soils. As for the coral sand, due to significant particle breakage, its deformation characteristics and critical state are worthy
of further study. To study the effect of particle breakage on the deformation characteristics and critical state of soils, a series of
triaxia tests with different densities and confining pressures are carried out. A mathematica expression for the critical state of
the coral sand considering particle breakage is proposed, and introduced into the state-dependent dilatancy equation for the
coral sand. The state-dependent dilatancy equation and constitutive model of the coral sand considering particle breakage are
proposed. The stress and deformation characteristics of the coral sand with different densities and confining pressures can be
well reflected by using only one set of model parameters, and the particle breakage characterigtics of the coral sand can be

considered.

Key words: coral sand; critical state; particle breakage; state dependence; constitutive model
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Fig. 1 Distribution curve of particles of coral sand
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axid strain (D,=0.75)

2500 -
—- 100kPa —= 200 kPa

2000 - —a-300kPa - 400 kPa

1500 -
g
=
1000
500
1 1 J
0 10 20 30
&al%
(a) q-éa
8 —
6 —— 100kPa —= 200 kPa
4 —4— 300 kPa -+ 400 kPa

&%

(b)ev-&
3 WA BRI T SHE N TR KRR ML (D=0.85)
Fig. 3 Curves of deviatoric stress and volumetric strain versus
axid gtrain (D,=0.85)

2500
—— 100kPa  -% 200 kPa
2000 300kPa - 400 kPa
1500 [ Mot
]
Ay
=
o
1000 [
500
1 1 ]
0 10 20 30
&al%
(a)(]—é‘a
8 ~
——100kPa  —% 200 kPa
6 -
——300kPa —» 400 kPa
4 -
2 (-
B\E 0 1 |
& 20 30
2+ &al%
4 L
-6
g L

(b)&v-&

4 WA REREZESHENTRRABL% (D=0.95)
Fig. 4 Curves of deviatoric stress and volumetric strain versus
axid strain (D,=0.95)

3 MEIRAYIE FIRTS
3.1 IREARDAYIE FKTSIRIT

RIS 25 R, 4l ARk B 25%I00
BYRNY Jy FIARFR AR R B A A TAdE , i AT LB
DARFEIS B FORAS o WA LA ) B AR 1K $1) 25968
(IR 56 50 A Ay s IR AU

MR HIAE g - pCF iR e - (p¥ p,)* I
W O ARFZREGIE 21 SRS I R FLBR L A7 805 Y.
JIFU N AT /30T, AR R I (11l FORAS .

(1) q- ptF

Bl 5 B IREAFEIN g - p@ P A I POk
2, TTLURBZY T P IS i s SRS — 4 %
HARFRIS S E L, HARXER N g=Mpt. XFFA
SCHFFCHI D, JLIE SRR N I HE M = 1.68,

(2) e~ (p¥ p,) Vi

Li PR, X TR SR, Him RS
Zitre - Igpt PN A EZ, Hite - (p¥ p) °F
MW AT — & H&EMRR, HRIAH

aeptd
ec :eG 09£ ’ (2)
eP.g

Arh, e Wi FUIRAFLBEEL, e 4 pd=0 XAl 5



992 a5 oE L OB ¥ M

2019 4F

RESFLBRLL, | AR FRRELIRIR, x AMEISEL

BT ABER—fZEL 0.6~0.8. LRI, X T

AP = HK BT DI T, XA A ME— 1.
2000

1600 |- AR A

1200 -

4/kPa

800 -

400 |-

0 200 400 600 800 1000
P'IkPa
5 q - ptFEAIGFIRTSL

Fig. 5 Critica statelinein g - p¢ plane
WA XA, A SCRER A 2 i S AL B EE AN
i SFAT R R S 4 R T e - (W p,)* Pl Y, 1K 6
JroR e M R] LA IO AH R PRI 4G AH ) 35 SEFE
I SRS LA L T RE (2, A—4&HZ%. B 3
FHEL, IR 3 MR B L, N ER T
GEAFNS 3 S By, 10 H. 3 4% LR BEACTAT , (A e
AL, XBRE AR I FOREA . Ao
AR TR 2 B 22 0 T Yl 25 R ROk A
Rk, XA e IO 2200 2 TRl F v
R S A o
tor e D=075

A )=0.85
& =095

1.05

1.00

» 095

0.90 -

0.85

0.80 : [ ! .
1.0 2.0 30 40 5.0
(P'Ipy
6 ARIEMEXET e - (p¥ p,)" FHE LAIEFIKTSLE
Fig. 6 Critical statelinein e - (p# p,)* plane under different
relative densities

3.2 BEFURLAK RS R AR IR SRS
RO RIORL 25 Sy R RSORERA R 52 ) s 185 B 1)
SN, AT DU R B0 RIS (KA 0 e 2 ok s A ik
TR FT e ARURL 7 AT R D o
B =Dt , 3)
P
L, BOAHXT IR, By AWIaa s, nl LLHWILG
Wy 2k 5 k42 0.074 mm B2k Bt L e T AR R o
By A SRR, ) AR RS 25 o fe A4y th 22 54146

W5y ZR FTRLAZ 0.074 mim 825 fiT [ Bl (1 T BOR o
® 1R DI AT T IRKH B s AR B, R0
NG

F 1 ZHEIEHT oo F1 B BIXT MK R
Table 1 Relationship between o, and B, under triaxial compression

Dy & oJkPa B,
100 0.10440
200 0.12750
0.95 0.931 300 0.14420
400 0.16300
100 0.04278
200 0.07654
0.85 0.972 300 0.09810
400 0.12050
100 0.01883
200 0.05479
0.75 1.000 300 0.06908
400 0.09030

SIRTER LT LUREL, AR R R L ki K
KZR, HBYIAFLBR LG K/, mreAH 23k
A

B =a-be+l(s./p) - (4)
L, a, b, | MBS AT REdEA .
S FA ST IR, a =1.22, b =1.23, | =0.023,
HAUA P RP=0.984.

A —HRIG TR AL, 73 b AR AN kA
W, MRACFON IR SRS L, WK 7 Fon. %4k
ISP

g=q-1, 2% ©)
c C(; 0 ’
eP.g

A, € AN AR AE N ) s SRS AL L . €
AANRAEIRLE AR pe=0 f . [ 11 SR AL,
s MBI B 24

B

ThRb I FOR LR

(P'1p.Y

7 IR RIRTE L
Fig. 7 Critical satelines
H_E3R TR A0, ANIRIRIAR S LN Bt
RS L Ak AN ) A2 b TR AR 5 DS, B e T
R T = A2 (R FLBR LG S De”, WIS IR0 1 1l SRS
LBttt e A
e=¢-De . (6)



% 6 4] BIEM, 5%

FEFURLRBRE 520 TR IR 1 SR 9 AR BRI T 993

¥k (5) AR () AT

X
& :eg_ Icé%E:B - Deb ° (7)
epaﬂ
B (7)) A
X
€D =+l o000 ®)
epaﬂ

2 (8) F 5 A5 ] by S B I I IR A FLBR EAH ¢
B AT VIS, LA € AL,  De” AR i
B K. 4iil(e +1 (p¥ p,)) - B xF& Mk, w8
fim. —FAERUH HLRER, W)
- D" =g+l (p¥p,) =a-bB , (9
L, a, b AMEIZSE, HASEE R Fo X
A SCHIESE RS a=1.15, b=0.16, x =0.70, | _=0.05.
¥ (9 AKX (7)) 7

WX
&pto
g=a-bB-l,c—+ o (10)
eP.g
120 -
LIS =t
2 o
-~ [ ]
S0
<
%
Y
1.05
1.00 1 I 1 )
0 0.05 0.10 0.15 0.20

By
B8 e+l (p¥p.) 5B #IXFH
Fig. 8 Relationship between e+ (p¥ p,)* and B
e (4. (100, WG Te -
(p¥ p,)* Vil Ll SRR TT
e =a-bB -1 (p¥p) .
B.=a- be +I(s./p.) %
KR, I FOIRASFLBR AT LOE ) 4a FLBR L €, A1
AR ERN T ptkfd

(12)

4 B FURLRKRE RO AR X A5 4E X BY

Ak7TiE

T S e B R P 7 A R R S
S I T IC R L, B S SR AR B A T
ek, SURSHHIRD 5 W0, 050% HEIURL R 1B
BRI . A SO TS L RSB kg,
TSI D 1 BT KR D 3 HOARAS AR B B 5 7

ARAS B I B 15 L 5P 8 otk
ARSI RAR I ik, By

, (12)

X, doABIIK, dy, mABRIZE, n AN . y
N LRPIRE S,
y =e-e o (13)
XTIEIRD, e TR (1) SkFoR. ifgi,
BRI (12 B LS A —FE, (A% 8T
LA ()50 o

5 ZIEBURLEK R IR IR S XA

RALEEES

o9 Fr BRI S ORI RO R BT DI AR A PE KB
ST T S B RIRAS AR S B R N Li A g
RS T ARGSAR AR o, )
1dqu_ag3G Oy
tdp¢) &&o Kl

h(L) €9G* -3KGhuoi de, i

K, +3G- Khd @KGd -Khd{gde, )
Aob G, KRl Sk By D) B A vE AU R L
HIEPE NN, h(L) b Heaviside 75 f%, 24 L >0,
h(L)=1, HL<O0MI, h(L)=0, K, hMpim, H
AT AT

SEPERT DI G W LURY Richard 250942 104
W A AR, B

(14)

_~ [(2.973- ¢
= @ , 1
G =Gy === x/pb, (15
)
K=G 2(1+n) ’ (16)
3@+n)

A, Go M EHHEEL, e Jikke [ 45 5¢ i i FLBR EE
n AL
RPEAR B R KPR 6
K, :heg'hi- & g : (17)
£, h, n oW BRI
BRI 15N SH, o A4, T IR
ZHHAT DA — RS 45 R AT 0 o R T AR
FMI, BRSHIE K 2,
%2 M#RRSKILS %R
Table 2 Model parameters of coral sand

PSS BRI S InSPRES LIRSS

M=1.68 d=2.15

G=160 a=122 a=1.15 m=1.05
n =0.30 b =1.23 b=0.16 h=1.71
| =0.023 | .=0.05 h,=0.96

&=0.70 n=0.80




994 = S R

i 2019 4F

4

6 HEEN

KM Fortran #8545 ESCHOIMEIIAR S R ANY
RO Re,  LASEINT = it 45 HE K BT D)X 50 A5
o FIHIZE KBS H AR B IR S A ATV
IS RE AR b, R S DL LIS 9~ 11,

1P 9~ 11 W1, ANSC R AORL AR A S i ) IR 2
FHRA KRGS BEAT Ly My Fh S 0 0 (T BT ARy o 2R
BTG —BE SR W DU At SR BRI AE AN ] 35 L
AN BB s 26 AF R IR R ) AR R IR RE B It s 4
A B 45 B T3 LT IS A AR N A AL ISR
SR S BT AR A Xt S B R A8 TR R FR) S0

2500 -
--- HE{H-100 kPa ——IXK{EH—100 kPa
2000 |~ IHHE-200 kPa —o- LB 200 kPa
— HE{H-300 kPa —— I {H-300 kPa
1500 |

q/kPa

&al%
(a) q-&(D=075)

ST W10 kPa —a— BXBH—-100 kPa

4 | —— HHEE{H-200 kPa —o—RB{H 200 kPa
— HHAH-300 kPa —— X E{EH-300 kPa

&al%
(b) & - &a(D;=0.75)

B9 RWHERSITE LR LLE(D=0.75)
Fig. 9 Comparison between test and cd cul ated results (D,=0.75)

2500 -
-~ HE{H-100 kPa ——XE{EH—-100 kPa
—— HEAE-200 kPa —o— KB {H-200 kPa
2000 i 300 kPa —o— BLBR{E-300 kPa
1500
£
s

&al%
(a)¢-&(D=085)

ST o HEH-100 kPa —a BE{E-100 kPa

3 | —— HEE-200 kPa —o—KB{E-200 kPa
— HE{H-300 kPa —— B {EH-300 kPa

&al%
(b) & - &a(D;=085)

& 10 R LER 51t H 4R 3} L [E(D,=0.85)
Fig. 10 Comparison between test and cal cul ated results (D,=0.85)

2500

--- HEHE-100 kPa —— IKEH—-100 kPa
2000 ‘H‘%ﬁ—ﬂ)ﬂ kPa —e—iﬁgﬁﬁ—ﬂm kPa
— 42 {H-300 kPa —— BEE 300 kPa

1500

e

>
1000 - 7

500 &

&al%
(a)g-&(1=095)

[ o JFEE1H-100 kPa —a— PAH{H—100 kPa
3 | —— HEEfE-200 kPa —o— A{E 200 kPa
— HEE-300 kPa —o—iAH{H 300 kPa

&1/%
(b) &y - &a(D;=0.95)

B 11 L5 R 51t E 4R %) L [E(D,=0.95)
Fig. 11 Comparison between test and cal culated results (D,=0.95)

7% it

ASCE RS 3 TR F LA 4R A G R — &
B =B HE K BTG, FST T ISR 10 RORL AR AN
ISR . BUIKARIE, BT T UKL
FPARSHHRAMGBY, F L5 UT

(1) RS (AR TSP 5 FEANRY ) 7K~ A5 5K
WP, N TR A S ) B A A S 2
BTNV, BT AR B IL 2 Tl SRS

(2) fEq - p®VIiN, IS A7 AEME— I S



% 6 4]

IR, A 2 RS IBURLRERE S (K SRR I SRS 19 AR BRI T 995

Jitk. e - (pW p) P, BT BB, 3
i SRS EAME—, TG TR LIEATAT . IS
ARASFLBR LG5 B IR 4R 2 5 SRR A7 G, T LA
WL FLERE @ AT RO I N ) pesk .

(3) FE T MRS I SRS LS, JEr T RESA
KBRS, JPR LB NS IR 2 AH AR A5
R, T AP R A AR B

(4) AL Fortran i 5 VL g FE S B0 T X6 RS b
A 25 HEK BT DRG] LA TR R R S
RIS RN, I CR ] — B8 S B0 B T
by S B LEAN [R]85 B« A [R) R 4 11 1 1 v ) A%
FEREPE, I AT LA R8I0 1 ROk AR R R 1

SE AL

[1] ROSCOE K H, SCHOFIELD A N, WROTH C P. On the
yielding of soilg[J]. Géotechnique, 1958, 8(1): 22 - 53.

[2] LI X S, DAFALIAS Y F. Dilatancy for cohesionless soilg[J].
Géotechnique, 2000, 50(4): 449 - 460.

[38] #&KIEM, AR, 0 LA TR S IR SRS, A
&2, 2004, 26(5): 697 - 701. (CAl Zheng-yin, LI
Xiang-song. Deformation characteristics and critical stete of
sand[J]. Chinese Journal of Geotechnical Engineering, 2004,
26(5): 697 - 701. (in English))

[4 & 5, ZEML 2 E N AR I EER. A

TRE2AHR, 2008, 30(1): 133 - 137. (CAO Pei, CAl Zheng-yin.

Numerica smulation of stress path tests on sand[J]. Chinese
Journal of Geotechnical Engineering, 2008, 30(1): 133 - 137.
(in Chinese))

[5] BANDINI V, COOP M R. The influence of particle breakage
on the location of the critical state line of sands [J]. Soils &
Foundations, 2011, 51(4): 591 - 600.

[6] 7, v Fe. PHBURD RS G AL 5 A KRS

[J. AA 205 TREER, 2002, 21(8): 1263 - 1266. (SUN
Ji-zhu, WANG Ren. Study on coupling deformation
mechanism and constitutive relation for calcareous sand[J].
Chinese Journa of Rock Mechanics and Engineering, 2002,
21(8): 1263 - 1266. (in Chinese))

(70 8 B =AREAE NS ST RORL AR R ) 27 M o A R AR
WFFEID]. i R Bl B 01 AW 5UIT, 2008,
(HU Bo. Research on the particle breakage mechanical
characteristics and constitutive model of calcareous sand
under triaxial conditions[D]. Wuhan: Institute of Rock and
Soil Mechanics, Chinese Academy of Sciences, 2008. (in
Chinese))

[8] DAOUADJI A, HICHER P Y, RAHMA A. An elagtoplagtic
model for granular materids taking into account grain
breakage[J]. European Journal of Mechanics — A/Solids, 2001,
20(1): 113 - 137.

[9] e E, PHSC. R8BI 5 AR A G 8% S5 X e
TR, A 125 TRE2E4), 2006, 25(10): 2145
- 2149. (SUN Ji-zhu, LUO Xin-wen. Study on two-yield
surface model with consideration of state-dependent dilatancy
for calcareous sand[J]. Chinese Journd of Rock Mechanics
and Engineering, 2006, 25(10): 2145 - 2149. (in Chinese))

[10] GB/T 50123—1999 + T A5 J7ikArifE[S]. 1999. (GB/T
50123—1999 Standard for soil test method[S]. 1999. (in
Chinese))

[11] BEEN K, JEFFERIES M G HACHEY J. The critical state of
sandgs[J]. Geotechnique, 1991, 41(3): 365 - 381.

[12] HARDIN B O. Crushing of soil particles[J]. Journa of
Geotechnical Engineering, 1985, 111(10): 1177 - 1192.

[13] RICHARD F E JR, HALL J R, WOODS R D. Vibration of
soils and foundations|M]. Upper Saddle River: Prentice-Hall,
1970.



%41% el = + T B % Vol.41 No.6
2019 4 6 H Chinese Journal of Geotechnical Engineering June 2019

0

TS K RSN R FE A E RN, W 1967

DOI: 10.11779/CIGE201906002

REAL it S S I E AR M
FHE: BUSRM )

WREL M, 2T, &k &RUY A4 R
. BERTNRES L TREUIE, 1008 Bat 210009; 2. VL9548 HAR TR AT O, TLJF 5T 210009,
3. LR EAR TS f2g2be, V5 0T 212013; 4. {LHEMER, 195 Ml 210014)

B B RTXEMERESITMEHME, SN RRET b g . g o R RT3 KR S R . AR
5 250 m FEN LG B 111 ADMANRERREE JFUR TAE 3 =46 45 5, R & IE Matasovic AR R 1 1) 3 85 Yk
rg AP e LR M G B IR 26T 393 AMENFLINBY DIBOE T KL, LABTU)3 OR/INT- 700 mi's (R8T 2 B BeA
KA AR B AR L 1 o Tl A T L AT R RN A, SR T s BRI SRR TS, 45 T B e
HHANHO T E IR S (PGA) [WZF AARAGIFAIE: O o E . gz iR Flig i KRR AR5 59 s e T,
b ek S SRSk P10 7 ) S AR ABL, (H PGA TR R B (A 4R P 1) 23 ) AR e P 5 B MU B R MR B DA DG . @2
FHEMEINTE /DT 0.1g I, PGA [R/N TR RTINS s Rz, H R St 1 52 m A i 200 .
KR KR A SRR PGA UK S LA

FESES: TU43 XHERFRINAD: A N EHE: 1000 - 4548(2019)06 - 0996 - 09

EERI v BREM963— ), W, it #d%, BENELI %55 T TRVST. E-mail: gxc6307@163.00m.

Spatial variation of predominant periods of site and amplifications of peak
ground accelerationsfor deep sediment layers. case study of Suzhou City

CHEN Guo-xing" 2, LIU Xue-ning" 2, ZHU Jiao"?, JIN Dan-dan®, XU Han-gang® *
(1. Ingtitute of Geotechnical Engineering, Nanjing Tech Universty, Nanjing 210009, Ching; 2. Civil Engineering and Earthquake Disaster

Prevention Center of Jiangsu Province, Nanjing 210009, China; 3. Faculty of Civil Engineering and Mechanics, Jiangsu University,
Zhenjiang 212013, China; 4. Earthquake Administration of Jiangsu Province, Nanjing 210014, China)

Abstract: Based on the regiona tectonic environment, the urban region of Suzhou City may be subjected to the effects of
near-field mid-strong earthquakes, middle-field strong earthquakes and far-field large earthquakes. According to the cyclic
triaxial test results of 111 undisturbed soil samples from a 250 m-deep borehole, the modified Matasovic model can be used to
well characterize the tendency of reduction of shear modulus and increase of damping ratio. Based on the 393 sets of borehole
shear wave velocity data, and by identifying the weathered rock layer with shear-wave velocity larger than 700 nvs as the
seismic bedrock, the nonlinear 1D site response analysis is performed using a discretized lumped mass model. A method for
evaluating the site predominant period using the weak motion records is proposed. The spatid variation of the predominant
periods and the amplifications of peak ground accelerations (PGAS) in the urban region of Suzhou City are given: (1) Using the
seismograms during the near-field mid-strong earthquakes, the middle-field strong earthquakes and the far-field large
earthquakes as the bedrock motions, the contour maps of the predominant periods of site are quite similar, but the spatia
variation of the amplification of PGAs is closdly related to the characteristics of bedrock motions. (2) The PGAs are mainly
related to bedrock motion intensities less than 0.10g, otherwise, the effects of frequency characteristics of bedrock motions on
the PGA amplifications are significant.

Key words: deep site; predominant period; weak-motion site period; PGA amplification; contour map
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region of Suzhou City obtained using weak seismograms
PS> 5N 2.41 F1 2.46, PYILS )AL 2.8 LL
s RN IR LRSS 04 5 R7E CHYO016
Bl AT 2 PGA UK RECTFEIME A 2.26, Th

Jeff)mpnris 24 LB W9 (d) B H T —KHhiE
IESVERH R PGA TN REOIEEE L, Sk
ey K PG AR ER B P X SR PGA TR
INATE R

N T B PRURE A O RE B in s 5 %I R
Bt PGA JEUK FREM W, U R R A R
190~240 m (1) 50 MEFL, Kk 2 Ty 5 A Il
%%WﬁMEﬁﬁﬁ%omQ%nm [F] k% 0.01g, #k
AT M = S N3 AT, VLSS R 10 s A
%ﬁMﬁEﬁamQﬁﬁw%MMM%Aﬁﬁ@ﬁa
*h1 0.0019g; 1M} 24 5 W1 I i 38 K 2] 0.159 I, PGA
PrifEZE A 0.0191g, H9K T 105 LA Lo X T Ak 1
ZE BRI 5 AN SR RSN R, A HRES)
VA AEL g5 /N T 0.1g B, THELER H IR I AN IX 2R3 3%
HK) PGA BB/, 5 B i N Hh R Sl AR R 1 11 96
CPEFEATEY) ;s 10 2450 N\ Fh 5 1 75 S W AR Nk FE KT
0.1g W, THELZ5 I 5 JHIRIX A< 3837 Hh ) PGA B U
K FLBH A Y N WA sk TR 3 K @oin o i, 36
B DRE HT N S M R S VAR s ek, Ak
(R A2 B 25 AT R 5 2 I M ) R 2 M b 72 2L
R BREN, G PGA TR /IN 5 i A\ MRS 51 (1) ek 52

WA 55 AT R PR AT B V)R AR

0301 o ChristchurchifZ 4

o HEAE CHYO16 a

025L " HERE, CHY044 =i

O EI Mayor-Cncapah 7% ~g

A PR B

020 — kiR A

o0 i
g 0.15+

-9

0.10+
0.05+

1 1 ]

0 0.05 0.10 0.15

TR E B g

10 7N ZRER A Y B I E TN B 5 i3k PGA BYLLEL
Fig. 10 Comparison between peak accel erations of bedrock
motions and peak ground accel erations

4 g it

BE T DX I 78 AL 3 5 0 Bl PR AR 5 N 3 XK
EEFLII BT OE S R, TR R AR & 250 m YA
BhALECIR L RE B By D) S B e LR g 5 51, @i
393 Ml FL I T AR L 1 b R S N AT, TR IR R

(D $EH T I T 597E 5 mi (1) 3 Hh 78 s N5y
A3 E 118 e 8 T P58 A G {0 P i 0 0 Y00 37 B, =
FJE BT v AN TR S R R I 1) 58 7 S S 4
(14137 M =0 ) ML 1) — SOV IE T VR A B

(2) 25 T3 omsE | bz 7 g Fi 37 KR8



1004 EZ R S N S

2019 4F

S IR P X 7 1 58 7 ] ) A5 e P S
AL, ARSI RSN R IR NI X R it
T 302 ) 3 A AR AR AL, SRR DL A
P PRI D SO LG, 29 1.2~14's; Mk
FAC S B DX A W, 2945 0.8~1.0s; Lk
DX P S 300 93 FR 22 SR AR BOK

(3) 4yl 7 iEy sz PIE s KREAE S K
RSN IR NGRS PGA TEOK R B Ze ¥ S L i
L RIATER I LN T 0.1g I, ¥RE
Hi PGA 1R/ T B g T M R sl e s 2 11
KA, SRR S A ] A (R AR S 7R
SN LR T 0.1g I, A AT U RE Bl 1) 5t BE A
BTSRRI R L PGA BYTBOR AT 25 R 500

SE K-

[1] SEED H B, IDRISS | M, DZEFULIAN H. Relationships
between soil conditions and building damage in the Caracas
Earthquake of July 29, 1967[R]. California. College of
Engineering University of California, Berkeley,1970.

[2] CASTRO R R, PEREZ-CAMPOS X, HUSKER A, et d. A
review on advances in seismology in Mexico after 30 years
from the 1985 earthquake[J]. Journd of South American
Earth Sciences, 2016, 70: 49 - 54.

[3] SINGH SK, MENA E, CASTRO R R. Some aspects of source
characterigtics of the 19 September 1985 Michoacan
earthquake and ground motion amplification in and near
Mexico City from strong motion data[J]. Bulletin of the
Seismological Society of America, 1988, 78(2): 451 - 477.

[4] CAMPILLO M, GARIEL JC, AKI K, et a. Destructive strong
ground motion in Mexico City: source, path, and site effects
during great 1985 Michoacan earthquake[J]. Bulletin of the
Seismological Society of America, 1989, 79(6): 1718 - 1735.

[5] HASHASH Y M A, PARK D. Non-linear one-dimensional
seismic ground motion propagation in the Mississppi
embayment[J]. Engineering Geology, 2001, 62(1): 185 - 206.

[6] BRI, Mg, xigik, 45 @i KM N iRkt
WITHE SIS HWIU[]]. oA T T FE24HE, 2013, 35(9): 1591
- 1599. (CHEN Guo-xing, ZHAN Ji-yan, LIU Jian-da, et al.
Parameter study on ground motion design of deep soft Ste
under far-field large earthquake[J]. Chinese Journa of
Geotechnical Engineering, 2013, 35(9): 1591 - 1599. (in

Chinese))

[7] CHEN G X, ZHU J, QIANG M Y, et a. Three-dimensional site
characterization with borehole data—a case study of Suzhou
area[J]. Engineering Geology, 2018, 234: 65 - 82.

[8] & &, BRIES, VRS, A5, IR A DL uR 52 5T DI
S AR AR HE SN ). 5 LR, 2018, 40(11):
726 - 735. (ZHU Jiao, CHEN Guo-xing, XU Han-gang, €t al.
Spatial variation characteristics of shear wave velocity
structure and its application for quaternary deep sediment
layers in Suzhou region[J]. Chinese Journal of Geotechnical
Engineering, 2018, 40(11): 726 - 735. (in Chinese))

91 & g, WREEDS, VRDCMI. e s i )k UG 2 7 1
W RHGE S SRR, A TREAER, 2015, 37(1):
2079 - 2087. (ZHU Jiao, CHEN Guo-xing, XU Han-gang.
Effect of seismic bedrock interface depth on surface motion
parameters of deep site[J]. Chinese Journa of Geotechnical
Engineering, 2015, 37(11): 2079 - 2087. (in Chinese))

[10] BREXS, BUZIL, FIEE, 5. DORUHAIREE X H 4 +
) By )RR AL JE LK 2 m []. & TR R, 2017,
39(7): 1344 - 1350. (CHEN Guo-xing, BU Yi-fan, ZHOU
Zheng-long, et al. Influence of sedimentary facies and depth
on normalized dynamic shear modulus and damping ratio of
quaternary soilg[J]. Chinese Journal of Geotechnical
Engineering, 2017, 39(7): 1344 - 1350. (in Chinese))

[11] DUz L. ¥RJFEHE 2 A A B e b ik Ty v ks
WEST[D]. maat: At Tk, 2016. (BU Yi-fan. Dynamic
modulus and damping ratio test method and experimenta
study on deep sediment layers[D]. Nanjing: Nanjing Tech
University, 2016. (in Chinese))

[12] " EHFE G W . P E RAX HE ZE T A EIM]. b
o0 WE Hi R, 2015, (China Earthauake Networks Center.
Map of earthquake epicenter in China and adjacent areas[M].
Beijing: Seismological Press, 2015. (in Chinese))

[13] SEED H B, IDRISS | M. Characteristics of rock motions
during earthquakes[J]. Soil Mech Found Div, 1969, 95(5):
1199 - 1218.

[14] RATHJE E M, ABRAHAMSON N A, BRAY JD. Simplified
frequency content estimates of earthquake ground motiong]J].
Journal of Geotechnical and Geoenvironmental Engineering,
1998, 124(2): 150 - 159.



%41% el = + T B % Vol.41 No.6
2019 4 6 H Chinese Journal of Geotechnical Engineering June 2019

DOI: 10.11779/CIGE201906003

SIt-FRB AT SE S ESENEIBH

BN &ORT RRIFT BREDS
(1. WRLASEBIAT - TR0 L, WL BUM 310088; 2. WILAVSRIIHE B TFR TRAHORBISThL, WL FiM 310058)

N

8 . USSP G F L A 45 N R 45 )RR ) e LR R, R SIS IE SO e -5
BORA R LR — RFVBHRARE, MMM SO R TP, SHURI: OMARE LG, BiE RS
FE5 B Byg, HREE A LB NE IS, BB & e i TR, R R R RS K ) ek BT A
LB E A TAA, SESIE S Wt R TR AW Bl @B AR S5 ) R, IRA R TS S
PELCRWIE R . A8 45 8 ) 380, A FLBRTIAR L AN LB R LS4 7E ke N, 3008 45 R 7 18 K B35 45 1) 7
PEHIE R @ZEE I L5 N T KB 45N R R 328 & ) e PE L sem, 2 WO S M Foe s i, @uCRA
A RFLBRBE L AE A T S 40

KB AR T BIESI R SN MORE; AL ARILBAE L

FESES: TU43 XHERFRINAD: A N EHE: 1000 - 4548(2019)06 - 1005 - 09

fEEENY: M #A970— ), L, BUI%, WFRF D%, WA, M ARSI, E-mail :
Zjelim@zju.edu.cn.

M icroscopic mechanism regar ding per meability anisotr opy of
kaolin-montmorillonite mixed clays

ZHOU Jian™ 2, XU Jie" % YU Liang-gui® 2, LUO Ling-hui® 2
(1. Research Center of Coagtal and Urban Geotechnical Engineering, Zhejiang Universty, Hangzhou 310058, China; 2. Engineering

Research Center of Urban Underground Development of Zhejiang Province, Hangzhou 310058, China)

Abstract: A series of experiments are conducted by using the triaxial permeameters to study the influences of the incorporation
ratio of bentonite and the effective consolidation stress on permeability anisotropy, and the corresponding microscopic
mechanisms are investigated. The results show that: (1) When the bentonite is added, the permeability coefficient and
permeability anisotropy of the mixed soil decrease significantly, but with the increasing incorporation ratio of bentonite, the
permeability anisotropy tends to be stable because the effective pore proportion ratio tends to remain constant. (2) With the
increasing effective consolidation stress, the permeability anisotropy of the mixed soil increases. When the effective
consolidation stress increases, both the effective pore arearatio and the effective pore proportion ratio increase, which indicates
that the retio of vertical to horizontal effective pore areasisincreasing. (3) Considering the influences of the incorporation ratio
of bentonite and the effective consolidation stress comprehensively, if intending to quantitatively analyze the impact of these
two factors from the perspective of microscopic analysis, it is recommended to use the effective pore proportion ratio as the
parameter of microstructure.

Key words: mixed clay; permeability anisotropy; consolidation stress; microstructure; effective pore area ratio; effective pore
proportion ratio
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Table 1 Test schemes
' I¥i 44 [ J/kPa

B5K95V1 B5K95H1 100
B5K95Vv2 B5K95H2 200
B5K95V3 B5K95H3 300
B20K80V1 B20K80H1 100
B20K80V2 B20K80H2 200
B20K80V3 B20K80H3 300

KV1 KH1 100
B10K90V1 B10K90H1 100

VE: VAUR R SE R, BR0BIERYONTEHIBE RS K
H AREACTH BB R, B20BIE R B K TBIE R Kes
V I H Z G EARER R 450 1), 104 100 kPalil 458 1, K
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2.1 HEBRRIEGRES
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MEAR LB IR AR R 2 PR,
*2 ERREMLIRER
Table 2 Atterberg limits of mixed clays

G BEIRI% HBRI%
K 30.98 62.15
B5K95 35.16 65.85
B10K90 38.26 69.04
B20K80 42.70 78.98

FHER 2 n] AR A 2, B I 8 NS,
TR LI SR RN TR o ) ) AP S e 5 M
AR SRR IS A A LR A B =
TEEATYE L, BAEFEEMA B E 0,
BB Wy )Tk W 1 ] 2 8= =11 o w0 S AN P
% o Horpibulsuk %55 2= [l fiZ3 -+ i 1 it
M, A RO (4R 211%, 36%) i T
e LR IR (431 ok 46%, 24%).

] 52 24 P21 0) S 3 7 16 ) 1 o T B 3% 3
BTSRRI, TREA R S A
NERIH IEFRI KRR, DR H 45 R 5 A6 45 51
TAE R — sk Bl A ATk b, @il 1 Fs . T AR

PER o

—=— ORI
—o— A ICARR
—a— I RIAK IR
—— A RAE R

2

SR k1%
1%,
(=}

1
0 5 10 15 20
fiH L BAE%

E 1 EBRAHLIKRER
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Table 3 Test data
TG 4E 1k 1 /kPa k /(10 cm-s™t) k,/(10"cm-s™) .=k /K,
100 10.39 8.35 1.244
B5K95 200 8.01 5.81 1.379
300 6.19 4.41 1.400
100 6.46 5.19 1.245
B20K80 200 4.17 3.4 1.372
300 2.41 1.73 1.393
K 100 21.19 15.28 1.387
B10K90 100 8.97 7.15 1.255
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Fig. 3 Variation of r, of mixed clays with different bentonite
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Experimental study on strength degradation of steel slag + cement-solidified
soil under seawater erosion

WU Yan-kai®?, SHI Ke-jian?, HU Xiao-shi®, HAN Tian® YU Jiali%, LI Dan-dan®
(1. Shandong Provincial Key Laboratory of Civil Engineering Disaster Prevention and Mitigation, Qingdao 266590, China; 2. Shandong

University of Science and Technology, Qingdao 266590, China; 3. Henan Zhenghong Real Egtate Co., Ltd., Zhengzhou 450000, China)
Abstract: In order to solve the problems of poor cement projects, such as low durability, low steel dag stacking, and cement
production pollution environment, the sted slag is used to replace part of the cement to form a new curing agent, and three
kinds of ions which have great influences on the solidified soil erosion in seawater are selected. The strength degradation
properties of solidified soil caused by a single ion are thoroughly studied. Through the indoor physical and mechanical tests, the
change laws of unconfined compressive strength (UCS) of each group under different seawater and distilled water curing
conditions are obtained. The X-ray diffraction (XRD) and electron microscopy (SEM) tests are carried out to obtain the
microscopic morphology of the sted slag + cement-solidified soil and the change of its phase with the erosion time. It is found
that C4,AF and C,AF in stedl dag can effectively reduce the erosive effects of ions. The effects of three ions on the deterioration
of solidified soil are Mg®> ClI"> SO*. The Cl-eroded solidified soil will form CaCl, and F's salt, and the non-gelling
properties of F's salt will cause deterioration of solidified soil. SO,® reacts with the gelling materias to form gypsum,
wollastonite and ettringite. When these materials produce a volume expansion larger than the pore volume, the solidified soil
will be cracked. Mg erosion will form Mg(OH), precipitate, Mg—S—H and Mg—A—H, and reduce the pH values of the
pore solution, causing decomposition of the hydrate gel, and resulting in the deterioration of the strength of the solidified soil. The
change of the macroscopic physica and mechanical properties and erosion mechanism are andyzed from the changes of
microstructures and phases. This research may provide a theoretica basis for the use of stedl dag powder + cement-solidified soft

sail in engineering. _—
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Fig. 1 Marine muddy soil and microstructures of cementitious materias
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Table 1 Physical and mechanical properties of muddy soil
PN ES W T TR LBt Le TR TR
W% r /(kN-m) r o /(kN-m’®) n/% We/% W /%
41.1 1.86 1.28 97.7 114 155 321
HIX Gy IBYERE WS e RIERER Mﬁﬁ%ﬁ A
c/kPa 1(°) a1/MPa Es/MPa
2.74 17 1.542 14.2 2.7 0.61 351
F2 WMEH. K. EMHNEEUERIERESERE
Table 2 Chemical composition of steel dlag powder, cement and silica fume (%)
N3 % Cao Al,O3 SO, MgO Fe,03 MnO, SO; Na,O P,Os
ARy 45.99 2.45 14.17 4.36 24.05 4.36 — — 2.6
Kie 65.14 5.03 22.17 4.30 0.51 — 2.70 0.15 —
T 0.25 101 95.84 0.67 0.92 — — 131 —

3 BRMNEEKIUHKRE FIRE
Table 3 Concentrations of seawater in Jaozhou Bay
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mmEAS RS EL T, 7E0.5 mX 0.5 mitiEEh & Ry ws

KGR $efl A Er SR M, 5 DR, 48 hig R,
i 10 K*/(mgrL™) 393-405 RS, et IR A AT IR
SDI;s >15 Na'/(mgL™Y)  11042~11451 FEP MR FYULE N20C £05C, HIXHRE =
TDS 34227~ X . 95%, FRiUE 1428 d.
I(mgrL 35562 Calmg L) 404-419 (2) PR BhIRSE
PREREILD ! . AR R I R P IR728 g R Y,
gl M0 METMOLY) A28 s (TR . A B SR
M/ (mgrL Y 5070  Cl/(mgL)  18906-19565 IR S AL0f KR BE I CLUES . 5% F1101% 16
SR/ (mgr LY 200 SO /(mgLY)  2342~239% KU FEE FRIM QP T 5% P 1055 7K I JBE 1 SO47 VA R
CODy/(MgLY)  1.4~20 POY /(mgL?)  0.17~0.20 PRI R TR] 4352k 7 d, 60 dF1120 d.
SO, 0.363~ =4 RETEMRIE R
J(mgr L 0.897 pH 7.8-8.5 Table 4 Materid's required for testing ingredients ©

TE: LA BN 1) 12 CaCO5 1 51
WU AT MR P s . XS Ee 4
WU OO B B A IR AN fE R (S AT ik R

1.3 REHZE
(1) BFEH %

HIEAREER 2% (L TR B, ¥kl

MR A-SSP-CS SSP-CS cs
++ 4000 4000 4000
7KIE 400 400 800
XKy 332 400 0
NaOH 12 0 0
Na,SO, 32 0 0
T 24 0 0
K 1520 1520 1520
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Fig. 2 UCS curves of solidified soil under different erosive
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Table 5 Strength ratios of solidified soil under ion erosion

B3] cr S0,7 Mg™
CS 0.76 0.88 0.15
A-SSP-CS 0.85 0.76 0.30
SSP-CS 0.77 0.86 0.26
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Fig. 3 Effects of different ions on strength of solidified soil
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Fig. 4 XRD peatterns of various solidified soils under seawater
erosion
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Fig. 5 XRD peatterns of single-ion erosive cementitious materias
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Fig. 6 SEM images of solidified soil under ionized erosion at 2000
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Three-dimensional upper bound limit analysis of deep soil tunnels
based on nonlinear M ohr-Coulomb criterion

YU Li*? LU Cheng"? WANG Ming-nian® 2
(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Key Laboratory of Traffic Tunnel
Engineering, Ministry of Education, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: When the surrounding rock conditions are poor, the buried earth tunnel is prone to collapse during the tunnel
excavation process. It is extremely important to accurately predict the extent of the collapsed soil in the deep buried soil tunnel.
The theoretical study to predict the collapse range of the deep-buried soil tunnel is not mature enough. In order to predict the
extent of the collapse of the surrounding rock of the soil tunnel in advance, based on the nonlinear Mohr-Coulomb criterion and
the limit analysis upper bound method, the upper limit expression for the collapse block of the deep-buried soil tunnel under the
three-dimensional failure mechanism is derived, and the exact solution to the extent of the tunnel collapse is obtained. The
three-dimensional shape of the collapsed body is drawn by the numericd software Matlab. The influences of various parameters
on the shape of the buried tunnel collapse are studied and compared with the existing researches. The results show that the
parameters in the sail, the radius of the top arc of the tunnd and the supporting pressure have a great influence on the range of
the collapse block. Based on the nonlinear Mohr-Coulomb criterion, the upper bound andysis of the buried earth tunnel
collapse block can solve the height and width of the collapsed body with and without support force, and the solution is
reasonable and reliable. The proposed method can also give the support force to prevent the collapse of deep-buried soil tunnels,
which can provide atheoretical basis for the engineering design of tunnels.

K ey words: nonlinear failure criterion; upper bound analysis; three-dimensiona failure mechanism; soil tunnel; collapse block
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Analytical methods for horizontal stiffness coefficient at pivots of inner
support structuresin deep foundation pits

JIN Ya-hing', LIU Dong®
(1. Shenzhen Geol ogy Bureau, Shenzhen 518023, China; 2. Shenzhen Comprehensive Geotechnical Engineering Investigation & Design

Co., Ltd., Shenzhen 518172, China)

Abstract: The row piles with inner support structures are often used for retaining and protection of deep foundation pits, and
the horizontal stiffness coefficient at the pivots of inner support structures is one of the most important design parameters of
retaining and protection structures. In view of the stress-strain linear eagticity theory and deformation coordination hypothesis
for compressed bars, the analytical solutions of horizontal stiffness coefficient a pivots of eight basic types of inner support
structures face-to-face support, splayed support, inclined support, angle support, verticaly inclined support, ideal-ring support,
single-ring support and polycyclic-ring support are derived. The formulae for calculating the horizontal stiffness coefficient of
the above eight structures are put forward. The horizontal stiffness coefficients of four commonly-used structures are cal culated
through examples, and the finite e ement method is used for checking. The results show that the anaytical solutions arein good
agreement with those calculated by the finite element method, and they can be used as the initia input data for calculation of
support gtructures. This research improves the deficiency that the “Technical specification for retaining and protection of
building foundation excavations JGJ120—2012” only affords the formula for calculating the horizonta stiffness coefficient at
pivots of horizontal face-to-face support, and the research results can be used as a reference for the design and construction
personnel in deep foundation pit engineering.

K ey words: deep foundation pit; inner support; pivot; horizontal stiffness coefficient; anaytical method
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Fitting models for soil-water characteristic curve of total and matrix
suctions of Yili loess
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Abstract: The Yili loess of Xinjiang is characterized by strong collapsibility and high soluble salt content. For describing the
suction parameters in the stress state of the unsaturated soils, both the total and matrix suctions should be taken into account.
Therefore, the soil-water characterigtic curve (SWCC) tests on Yili loess with different salt contents are carried out by using the
filter paper method. The total and matric suctions of Yili loess with different sdt contents are measured. The solution
concentrations of samples with different sat contents are caculated. Additionally, the effects of sat content on the
collapsibility are andyzed. Based on the Gardner model, fitting models for SWCC of total and matrix suctions for Yili loess
which can consider the influences of soluble sat content are proposed. The test results show that the salt content has a certain
influence on the matrix suction of Yili loess of Xinjiang, and it has a great effect on the total and osmoatic suction. The solution
concentration in the soil samples increases with the increase of the salt content, and there is a linear relationship between the
total suction and the concentration. With the increase of soluble salt content, the collapsibility of soil samples increases
obviously. The proposed SWCC models can consider the influences of soluble sat content, and they can describe the variation
of the total suction and matrix suctions for Yili loess with water content and soluble salt content.

K ey words: fitting model; filter paper method; salt content; solution concentration; suction; collapsibility
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WA B BT AR IR AGE . XUR S
I SRR A AR TR A THER, ik
TR (transistor psychrometer). ¥ T %
(chilled-mirror psychrometer) B, il &3 J5e 0 g 47 42
fil s pEAGE S PR MR SRR K
R MEBIEW A FOREY, s B A
P23 BE T RIABIE R D)

HraE AL LR BRI L, W E g T
PEIRUX BT+, b V2 20 A0 2R X 3 g
WA Ve B PRAS R . O 3 FHWR T
TIEHRIE AR, R LE T H
FWE A TEIVI L, IR KI5 1 foK B EER R
AP 352m; QRS Em, SHEHhEE (UT
TR 3D kol 19.2 gikg™. HEIRILN JPRZS
AN T B B R ), IETHEIEBEW ),
R NBIEW I R R, B IE.

DAAE ARG ATy, 6 SR 5 T AT L i)
WE ST A o PV e T o 0 AR T AN )
NaCl & & £kt L 1) F/KFFE T £, 15 H T % Sh ey &
TR REWANK, W )5 5E T i (A T
IR 456 Fattah MY 20 T R [
NaCl & & NIRRT L B ) 5 8y, 45 ek
NaCl A L, JE 5T ) 5 W #8544 I b i
IOESA7E

[FI, 53 ARG SR RS A ST 2> 2 X
Dy AR T (e T A, AR
A WBETF Rt ST, SRIRIU OB 58 & B
RS FETUR ) BB R, A
SIS SEARVE TR T AR i R AL L LK
fEMEIR, WE T ARS S A LRSS
FEFUR ST, VHET RO, ST T e
WRArEm; 35T Gardner £, 2 TRILIEIE )
oA S e AP AL B S ) RN SR ) L AKAREAE
HESINEP Sy TN

1 Rt

TR0 P FH LA e G AL I SRR v AT T2
B b, BUCLEREEN 21.5~22m, LRERIGA G KE R
6.67%, Tk 1.37 glem®. LREWIUA S 6o R
K LPR. BTN 2R X 82 L ik &
i N 19.2 ghkg™,  HfE R LR S ER )
M5, 8, 14, 20, 26 g/kg.

TR P LRSS SO . Ml 1 b BTl 2
R B R BE S LA, e A LR IR S R
MgSO;. CaCl,. NaHCOs;. NaOH, Jfiftthy 10.32 :
2161 1:15.39. ¥4 4 P ARG & A T AN RV,

CAYR D B IO BZK G3 THE LR i #h & 5k 21 5, 8,
14, 20, 26 g/kg I Firits ZINA ) Sy &b i, W
SER VAW, B KR, U RS,
ORI IS/ T 20 mL o BN 58 Eh 5 »
HARRA—B, FAT R — g, By baeh
Kadz, FHARKER. DEZRMASRER, B
IR B PSR ) Sy dhd o b InER I R R SR )
K, KRR A ARBIER ISR 7y, R ECIREE:
TR ZE RN o ¥ Ik J 1 L F AR e Eu 2k
B RRE TR 3d LA L, #iR LFEN B A8 A,
TR IS H e B ) LA T B, B IR B
B KN LT ORI 2K
F1 IHFBBEHEE
Table 1 Dissolved salt contents of soil samples

Wi Sl (gkg?
K* 0
Na* 2.3379
ca?* 0.7251
Mg* 0.5291
cr 0.3535
Sen 1.6161
HCO, 0.1861
CO? 0
B 5.7478

2 EIKHFE 22 i 38
2.1 RWAEELE

A YARIE R FH DE AR5 & LA S . FE
Jy. R LS % ASTM D5298 # MR SCHR[12] -
PEATEIN W Ty IR ) R e ] 1 TR .
TR CE =R NS LA RS, By TR R
HARPIEAR, HRIELCHIMEAJELC, JEANE KK S T
FE AT 3018 J DA (R 7 Bk R o g o A0 LA
LERCE RN R EAR “O” HRE, “O” MR L
i EDEdt, HERRIGIEACA S AE i, 2 NE
AR 7K A B ) 7K 28 0 2114 i A W 77 R
NEW ST B R SRR E TR RS, AR A
L REE, BT BT, Pk awmk, Wk
2 fIiRs

I %

(1) NFEAELH G AR Sha 0 1A, kX
T BB RE T F 2l LA & KR LN 7%,

(2) ¥ TP H PREESEL UF RN TR 6L, F29 3 d,
K o3 e L RE R A AT 5T

(3) Kk 5 P FHIEARHE T 1d JBON 105°C JEAA HE
RIEE, WHGRE 2 FR TG RS AN %
AR, QR BNEE b, B TEEAE
(20+2°C), JE 7d, A5 IEAUEBZK P4 o
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(OFTFFZE 45, TR AR T I R,

(5) FTTFF4, MIEFRECE R ). S 7984k
FEME & CRERAZ) 0.0001 9D,

(6) BB E4CHN 105°CHEA 8h LI L, T /5,
Yo DEAUTH TN B 1 B 348, JON TR ET 7450 30
min, FRECT3E40)0 = CRSAfiE] 0.0001 @), KE LK
MR, HRMIRIEAUE R 2/ T 0.0003 g; H

VEACTE AT T AR AR S KR, Rl
R MR A e AH Y (W )4
() LFEM & /KR AIBLE 21 10%, 13%, 16%,

19%, 22%, 25%, 28%, 31%, 34%, HH Lk DI (2) ~
DR (6), AFRPEFIR AT TR AL 2 o

HH AR “0” ®E b i
T < T
=5 = s |

5

1 EgCERGRE
Fig. 1 Test equipment for filter paper method

2 IRACEEMEIIRE
Fig. 2 Loading process of filter paper method
AR R Whatman 42 53481, 2 il 2%
K HI Leong S5 4156 & R 4 H A XU M A ithZe 7
H0GR(D ~ ), e gmE 3 iR,

6
5 - g)}ﬁ“&j}
EREEP =Y ¥
4
53
2
1
1 “I 1 1 1
0 20 40 60 80 100 120

HAE KW /%
3 REMLZ
Fig. 3 Cdlibration curves of suctions

2
B ) % e th & 7 1
lgs, =2.909- 0.0229w, (W =47) , (1)

lgs, =4.945- 0.0673w, (w <47) . (2
SO SRS SR r

lgs, =8.778- 0.222w, (w, = 26) , (3)

Ilgs, =5.31- 0.0879w, (W, <26) . (4)
Xt sy MRS (kPa); s MM (kPa); w
HIEACE KR (%),

SR R A AR SRR A3 L
RIAARR S KR 0, KAIR RIS KRR, TAEA
RS K& N PR

O=rw , (5)
X, 0 WIERE KR (%), 1 HRET % (glom®),
w A EFESKE (%),

Kl 4 R i8R B A R B sk & M AL -
B TT B RNBIEW I KRR 2. A
4 WTLLE s I o B BT AT s
BEA O Eh O ) 5 iBE W W B R, ARG
K (8%) I, W52 3 ) mROR, fE
PRI (13%~38%), AW ) 3G K EZE 1B
IR R S DRI B S K Z BRI, a5

w
[=}

X 40
3
ﬁi W s glkg
dno0f —A—8gks
& —e— 14 g/kg
%10 —2—20¢gkg
—0—26 g/kg
1 1 1 1 J
0 1 10 100 1000 10000
BT 5,0 /kPa
(a) ZEEH
40
L3
£ 30 _—
25 = gixg
ﬁi’ 20 —4&—8p/kg
& —e— 14 g/kg
B 15 —0— 20 g/kg
b 10 —0— 26 g/kg
5
1 1 1 1 1 J
0 1 10 100 1000 10000 100000
E\l&jjs[/kPa
(b) BEH
40
*
g_ 0 —=—5glkg
%20 8 g/ks
& —e— 14 g/kg
& —o—20 g/kg
= 10 —0—26 g/kg
J
0 1000 100000
m&r&m /kPa
(¢) BERS

[ 4 JEYUEFRS TKYFE ML
Fig. 4 SWCCs obtained by filter paper method
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JURR SR 7E FLBR R TR, BB W A7 — W AE
IR 25000 kPa, X 5 Pz T4 4 e A —
. MTHWHRET R, BIBEWBRILF S KR
%, WKMBIEW I oAl 5ok 2 [a)5] Jy3am, A
E75 ) e W NI DA (ED e W NTIMTA VST s NS

2.2 RWERSH

(1) HOFARE K&

RGP K OH B & BT LURIE Mg™
Bse ATl RN, B S KR N Calt B TR
Rogabri, (AP Ca B TR MK, /M T 0.0003
mol/L, nJ DLW o WrE v 5 A R AMARR B oK
WA LR MgP B T Ca® T LA Mg(OH),. CaSO,
PIERMTH, R BT 5E A T 2R A P TE
FETaX— A, ATLGEE MoP B 1. Catt e TR EE R UK
JEHSTH AR, 100 om® 1 - BELRN A B DT (14 5
Hme,

M =a (1, Mugon, * o Moeo,) = (O
X me RN SR AT R (@) a A
Grgsh o (gkg)s me A EAFTLE (@
1g-LAEh Mo B 1119 B IR Uk . 0.00298 mol/g):s .
9 1g bAE Ca B T MR (0.000673 mol/g);
Myg(on), 7 MO(OH) [F1 8K it (58 g/mol)s Mo, A
CaSO, 1) B /K Jitf: (136 g/mol).

B (7)), (8), AIG AR E = N LA
HIFMAFR B /KWK 2 Pios.
wiGr

S :er—rd (7)
b,=wm . ®
- IrW:o.oomms-mgg+msWs we=
LINLA
OOOIaTTL-”ﬁ‘*”%Wsrloo%, rd:rrg-'-mgi - SAL
m, +mg¢ v

FERIMIAIRE (B 1)5 G oA LAERIAERT S E (2.72); we
A, B A TR S R R A B
M (9); v, PRI (glom®s we g AE
WIRIEKER (%); VI LAEHABL (100 em®: 65 1
FERIAARI S 7K E (%)
F 2 MFREKE
Table 2 Saturated volumetric water contents

KA, TR AL -1 KRR AE i 2k, G2
We 73 L ARRAE h 2 7= A R IR s, DRI AR AT L Bt
HARAREIKET, TN BOREE, A
FKRFIE MR 52, AR SR AN SR TR R

AR 1 il LA b A 25 B 1 RIS, i
BN 4 FhEw: MgSO, CaCl, NaHCO;, NaOH %
TR JRIKEELL R 0221 0.05: 0.03: 1. 4 FhhAHE %
N 25 A R AR P I IR Ca(HCO3),, Ca(OH),, CaSOy,
Mg(HCOs)2, Mg(OH),. FiEAfribidhsr, FRZHHh
WRET LREMAR T, b AR T s R i e R DA+
FE ) 5t R A L R PR AR B

MR ISR /NI B 43 e A IR B U], LD SR 0T H
155 J5 U 43 Mg(OH)2, CaSO4, Ca(OH),, Ca(HCOs),;,
MQ(HCOg)po ¥ ¥ BT 75 BT HA W LU R S R 1) 85 1
BU(QD B (Kg) MR/ RIEATHIN . 51
SR A B TR B R AR, R R v R AT
CUES L2 TS M, ik 3 FTR. 2 Q=Kg I,
WS BIYTVE - W P HDIRAS W= MRS
Q>Kgp I, WA Q<Ko IR ANHL IV o
BRI R E N T 10° mol/L i, ATRAA K 85158
Ao i,

=3 BER
Table 3 Solubility products

SRS R ol (gkg™) 5 8 14 20 26

MAARI G KE 04%  48.95 4995 50.94 51.89 52.82

(2) WHRNE
AL - By Eh A s, BEE AR S KRR
FEARAE By v b vt Wi, L RE IR R A

# W K
Mg(OH), 1.8x10%
CaS0, 9.1x10°
Ca(OH), 55x10°
Ca(HCO), 5.2x10°
Mg(HCOs), 45x10*

PR SR P

a) T Mg(OH),, CaSO, & 1-#1, 51
Vi BERRBEAT LU, FIWTA B AT, SRAT D
LR 2 JIl Mg, Ca* B TR oe &t ih, FAHT
SRRt eeray

b) T+ OH, SO 1%, MMk
Q=Ko 5 Mg™, Ca* B 7 Fl4x 10° mol/L Fii s Bt
OH", SO BT/, /394 1.34X10°°, 0.91 mol/L.
5 OHY, SOF & FIRIERHMT LA, BTk
JEROK, WIBHES 7580, RS I, DABH B 1k
FEvHEAT R TR R . AE AL, WFREE A X
Q=K K T BH 5 1R 8 42 (1R L«

o) KIKLIRF RIEFH T Ca(OH),, Ca(HCO3),,
Mg(HCOs), M FHL (Q) LM (Ky), EHL
Ba, b, JIWEh 2, THE R EBE R P4
WA, BT R 1B m,,

R O A
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Table 4 Solution concentrations in samples under different volumetric water contents
5 g/kg T #f 8 g/kg T #f 14 g/kg t- 4 20 glkg 4% 26 g/kg T H:
REK TRER RSK AR MRREK RREEE RIREOK RREERR RBREK R
1% WKEEI% 1% WKEEI% 1% WKEEI% 1% WKEEI% 1% WKEEI%
8.80 5.55 8.89 8.37 8.93 13.61 9.04 18.03 9.04 22.04
13.12 3.79 12.90 5.92 12.83 9.38 12.87 13.39 12.99 16.44
17.27 291 17.06 4.55 17.01 7.64 16.82 10.58 16.83 13.18
20.97 241 21.09 3.71 21.04 6.27 20.93 8.68 20.91 10.89
25.32 2.00 244 3.16 25.12 5.30 2494 7.39 2511 9.24
29.90 1.70 28.99 2.73 20.22 4.60 29.07 6.40 28.83 8.14
32.69 1.56 32.40 245 33.01 4.09 33.07 5.67 32.58 7.27
37.49 1.36 37.00 2.15 36.98 3.67 36.87 5.12 36.64 6.52
40.67 1.26 40.37 1.97 40.52 3.36 39.80 4,76 39.46 6.08
46.90 1.09 46.10 1.73 45.62 2.99 4413 431 52.82 1.05
48.95 101 49.95 1.02 50.4 1.03 51.89 104
__ooommemy g g RN, CEEAREIERR, BRI S
m (w+0.001a )-m, DAY
AU KRR RRRIE (%); my kT R4 ’s.
i (@) Lol ] °
SEURA R A R NTD RS e o e N st .o ° e
ST, LRERERIRIE, Wk 4, B8 5 PR %ol . 300 485
?jﬁ sk He® @‘ . o 20 g/kg
25¢ ) 0 26 g/kg
£ 20b Ig g,’tg 0 5000 10000 15000 20000
= —e—14pkg W H15,/kPa
w2 15f —o—20 g/kg
ol ok B 7 BB SHAEERE LR
Eﬁ sk Fig. 7 Relationship between tota suctions and solution
0 ” P - concentrations of samples
Bt KOs 2.3 EEEHBTUMLABERENAEERT

(1) EE
F 3 AL, Fredlund & Xing 5% . Gardner
B, Van Genuchten 5% (3 (10) ~ (12)), it
Matlab H Isgnonlin e& Z06 R 56 BT A58 e ) L /KRR AIE
£k W4T 4« Fredlund & Xing BE%F1 Van Genuchten

5 RIS KESRHFRKREXRML
Fig. 5 Relationship between volumetric water contents and

solution concentrations of samples

N
h
1

gzo— . ° . BOIGZH 0, 55 bRt OLANST, Gardner B
Kist .o - 5 e ROITILF] 0.97 bl I, A4 HRNT, OB Al i
E, a8 - ity (AL B L O LR AE 2k, Gardner UYL 2
St > 26 oy SHINF 5 iR
0 5000 10000 15000 20000 % 5 Gardner RIS ERIR NS
BEI]50/kPa Table 5 Matrix suction parameters fitted by Gardner model
Bl 6 BN SiAARRE £ R % ikt a(gkg) b n__ 6% R
Fig. 6 Relationship between osmotic suctions and solution 5 28464 0.776 8.44 0.994
. 8 26.333 0.728 8.74 0.9%4
concentrations of samples
S 14 21853 0714 856  0.993
s R o DA 20 21427 0664 807  0.987
FABEOK RN, SRR RN, AT 2 0090 061 839 0963

—5 W6, 7 LA, BB bR 2 Frodund & Xing
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0= O +0 (a0)  FFUII. HILIJE % 1000~500000 kPa LK HT i
i e asd LR R R
ilnge+c—< v
i e od

A O AMFERIE KA (%) 0 MFRR AR K
# (%); b, n, mAMESE: b b g N
XA, R TSR n s KRRl
LN ARIEAXRSE: m o SRR KT
MESH,
b) Gardner 7Y
9= QS—HQ
0
&bo
LA, b, n AAESE.
¢) Van Genuchten 74

0’5'—0rm+9 , (12)

r

+0 (11)

r

+1

0= )
€50 U
So5
A, b, n, mAlAESE, L m=1-1Un,
ik 8 Fin, M Gardner BEAYRLG 45 B AT LUK
W, EihEX) Gardner BB H b iRk, I
UKL R FEHEXN S N, 0s O3RN, 7]
PCF8ME. B35 b 5&hma MR A Gardner
RN, AT RE S Sh s AL 1 I T Ty K
FRAEh e A2, 20 (43) | LSy Eh A5 /K
FREAAANE O AL S I L KERIE, BLGE A
Kl 9 s
6.-6,
e S, 0
&ca+d g
A, n=0704, 0=50.91%, 6,=8.44%, c=-0.391,
0d=29.343.

0= +0, , (13

+1

301 = b
= -1
25+ -0
i;!; 20k b=co+d W ’
st
=
ig 10 L e R —
50
e N A N )
0 10 20 30
Gt Ralgks?)

8 Gardner IREISH SRR B X Rk
Fig. 8 Relationship between Gardner model parameters and salt
contents
(2) BW)
JELRIEA I B SR I, DRV A — 5 1 R PR
PEo R IRUNEE, JEAE S SRR, BK
S UPNFAT Al I AR A CFN S N A NE (3
Bl NER DELR S KA, M afE LLHE S HH IR A 1

B K%

9 FREIZARIET AR (13) HHRIEER
Fig. 9 Fitting results of Formula (13) under different soluble salt

contents

P T B8RRI e R R e b, 5 38050 45 TR AE
ARG KA AR B AFAE B R o & UG A X
M UL A A SE B 10 B 8 ) AL B i L KRR AE it
.

B ARG KSR T A FLBRK f 46 & /KR &
YKL 7] B S KPR o 2 L RE AR S KRR T 5%
TG IR, LK LAZE A KM B4 K 30,
BT T ISR B IS s 4B KA R
G BAKE R, LERBIEW BN I,
R S T AR IO, R, B
S5 ) /K L RFAE 2 12 EL A R R A AR
TR,

W L REURT AR S K RN IE T U5 BT 43 1) %
SARTE KA Gardner BERLJS,  FEEG R K
FRIE 2T RIS, T DAAG 31— MR A 45 R .
Wi 10, % 6 fior.

[=2)
=}

£ 50

3

5 40

R

&

20

€ 10
1 1 J

0 10 1000 100000

=3 lE’(jjsllkPa

10 Gardner B & SR 71 LK HFE i 2k 45 R
Fig. 10 Results of SWCCs of total suction fitted by Gardner model
% 6 Gardner EEHE BWASH
Table 6 Tota suction parameters fitted by Gardner model

Dy b it o(grkg™) b n R
5 346.131 1.225 0.977
8 690.785 1.267 0.980
14 2093.836 1.460 0.925
20 3724.745 1.760 0.920
26 5428.708 2.303 0.940

[FIFER S ) Gardner BEBSHUL& S 8k AT 704t
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TATATLLRIL: w11, 12 FiR, Z%0n. MWAEAR
TrIKE O FRAR ARG IKER 0, BN, vTHCFIE .
MZ4 b M-SR ENENE R, KBS b 55 a
(R E K RAr N Gardner #8120, AT1S5 e R
AL A R ) KRR i 2R AR 8 5

qs'—an +q, . (14)
@S 0 +1

ke’ 5
A s BT (kPa), n=1.603, k=235.839, j=0.131.

q:

60 -
| -t —o——o—— =i
@;50 y
= 40| -0,
™ 591
fant
T 20
o
= 10 A—k A 4+
» - - - —a 1
0 10 20 30

B S Rao(gkg?)

B 11 Gardner fREIBHIn, 6, 6, 5EHEMXREL
Fig. 11 Relationship between Gardner model parameters n, 65 and
6, and salt contents
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4500 -
& 3000
=

1500 -

0 10 20 30
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12 Gardner #EISH b 5 ERI X R
Fig. 12 Relationship between Gardner model parameter a and salt

contents

¥ 7% 18 SR A P AL T 1 ) LR AIE I 2 A
ARG EI L NE 13, AT LIRS 45 R
i, Q4 @ TARS S N AL R )
HHEAX. XK 9, 13 W LIEH, RWIIZ 5%
FHEPWER, AR nEIA.

R EKE%

E 13 FREIZFHBEETR (14 HUSER
Fig. 13 Fitting result of Formula (14) under different soluble salt

contents

(3) BRI UE

MR (13) X SCHR[6] FARIE NaCl & ik FE 1
SR ) L OKRFAE 2R BRI T U, BLA 4 R 14
i, WAsE R, RIITE 094 L b k(6]
RISHARE >, LU (14) % HE R ) L AKEAE
AT 904 . i Gardner B, S AR NaCl 4
IRFE RIS /KRR AE ph e BE AT 0 4, i 15 B,
R PSS b 5& i Fa R RIRECCR,
WK 16 fros, 530 (14) A2, X (13) 53
(14) A LAR G- S W 570 5 56 2 F0 R TR g I
7 - AKERAE 2 1 5

0r n 0 ghkgihl

35 A 0.7 glkgiT
g 30 I%Et\yﬁ
w0 . A
fm 5y - = 10 gkl
K 20 3 s il
® 15} H

10 1 1 J

0 10 1000 100000
F W )5, /kPa
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Fig. 14 Fitting results of Formula (13) under different NaCl

contents
40 0 p/kgilB
A 07 glkgihlh
L35 o 1.0 g/kgihl
gl o 1.3 glkailBe
ﬁ_ — O glkg iy
%05 ---- 0.7 glkefl &
& - — 1.0 gkgitl &
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Fig. 15 Fitting results of Formula (14) under different NaCl
contents
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Fig. 16 Relationship between Gardner model parameter a and salt
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Table 7 Soil parameters of collapsibility tests

Dy i o PGSR L YRR

gkg?) " WHREKFR%  FERI/KPa S /kPa  EBIKRELIY%  RFREKRI%  ERBIKEL%
5 0.046 17.06 152.24 2035.05 2.97 48.23 1.01
8 0.048 17.54 151.30 334531 4.68 47.13 1.02
14 0.081 17.50 138.24 8796.89 7.90 47.84 1.03
20 0.110 17.23 166.34 11725.33 10.92 49.12 1.04
26 0.109 17.17 17751 14431.17 13.75 49.78 1.05

T E KR AE 10%.2 I, RN R S R Y SR R
1, PR S K F R 1200 R FEI TR, Rl R
WA G dh & o 5 41, B 241k, Hr
— AN LR SRR P ORFFRI A KA, S AN LA
7 50 kPa 1+ ] Y ) NIk BIAR AR e I, sk LA,
REFFRERE JT, AREin AT iR o 190 ) Y. ) 5 41
50, 100, 150, 200, 300kPa. [H—ZJE K, &
IKAR TG L AEIK BTG RUR AL T . R T
Ji v B A AR R VR R R B 3 ) — 4 X VAR P i
B FTASHILA B KR 12900 LAE, EAFRNGHE RN T
WM REE 17 fror.

0.12
0.10 -
& 0.08F
g 0.06 -
= o.04f
0.021

—=—5 glkg
—4—8 g/kg

g —o—14 g/kg
—o—20 g/kg
//; —o—26 glkg

1 1
0 100 200 300 400
ke B 1 /kPa

17 REEE RN TRRARL
Fig. 17 Collapsibility coefficients under different net normal
stresses

M 17 WT LA HY 5 S v k2 0 e e 28 e i A
K, Bt Sy e i I AR I B R B BAEOR
B 500 5 g/kg LA 8 glkg Y EAER I AR H0%
i, & 20 gkg B AR 26 glkg B AR RS &
Hepii
3.2 THEAIARANSIEERXE

PR HAT R AR, 7R RASE 5T T 2
PPN e X L 2.0 R 3.1 5. R
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Table 8 Matrix suction parameters fitted by Gardner model

(centrifuge method)
SRS R ol (gkg™) b n q, R
5 15423 1129 11397 0.995
8 17545 1073 11429 0.997
14 18557 1220 11897 0.998
20 21410 1257 13112 0.992
26 18538 1.006 11.996 0.995
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Fig. 19 Relationship between Gardner model parameters and salt

contents (centrifuge method)
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Experimental study on effect of initial static pore water pressure on
static and dynamic shear properties of sand

XU Cheng-shun’, LI Yan-mei® %, PAN Xia', GENG Lin*

(1. Key Laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124, China; 2. RiseSun
Architectural Design Co., Ltd., Langfang 065000, China)

Abstract: A series of undrained cyclic torsional shear tests and monotonic torsiona shear tests are carried out on Fujian
standard sand and Hutuo River fine sand under different initial static pore water pressures by using the hollow cylinder torsional
shear apparatus in order to emphaticaly discuss the effects of the initid static pore water pressure on the development of the
excess pore water pressure and undrained shear strength. The experimental results show that the initial static pore water
pressure has a significant effect on the development of the excess pore water pressure, which affects the static and dynamic

shear characterigtics of sand. Specifically, during the undrained cyclic shear process, the greater initia static pore water pressure

leads to the faster development of the excess pore water pressure and deformation. During the undrained monotonic shearing
process, the greater the initial static pore water pressure, the greater the negative excess pore water pressure during the sand

dilatancy, which significantly increases the strength of the sand. Based on the test results, the mechanism of the influences of

pressure (back pressure) should be determined according to the depth of underground water level where the sand is located.
Key words: initid static pore water pressure; cyclic shear; monotonic shear; excess pore water pressure; back pressure
0 3l =

—_

the initial static pore water pressure on the excess pore water pressure and static and dynamic shear characterigtics is
preliminarily discussed. According to the results, the influences of the initial static pore water pressure on the anti-liquefaction
strength of sand should be fully considered when we investigate the static and dynamic shear characteristics of sail (partidly

saturated soil) below the groundwater table, especially the liquefaction problem. In laboratory tests, the initial static pore water
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Fig. 2 Stress conditions of soil element in hollow-cylinder soil sample
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Table 1 Test plans under cyclic shear
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400 14.6
500 14.6
600 14.6

2 IR
2.1 MEFHASHBERIM

el 3~6 e NP EHLBEUK D4 T HIA
HORKARIA BTS045[4 Du F ALK R
1o o ForHIEHILBKIE ) (RIRD, po FsHIk
[ 45 S, PR ), g BRI, T Kok

VAR
R2 BIATYIRBAE
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Fig. 3 Test results of Fujian standard sand under different back pressures (p,=100 kPa)
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Fig. 4 Test results of Binhexiqu sand under different back pressures (po=100 kPa)

Iy A T OREAN [ o

B 5 45 Y T AR AR TERS RN D LEAN R T 46 i LB
K 3T e FLBR A s A - 0 B e R RETT
W WAL s 0B LUK IS T 5 e BAT B 3%

—Aihzk, Wk 6 Fras. Ak FLER K g i
LR YUARLF 1) — 2, 2 — DB IRIIRF LUK K
TR K R LUK S 0 (R A R, TR AN
LB s A IR e 2 KD

fRREm, RIIAGEFLBR A B, s FLRR/K B )k LK — '
NN N TR - S N 1p=100 kPa
JrERSR, TR R A A Tt BT A e b o 08F =200 kPa
=300 kPa
100 =400 kPa
¢ 061 =500 kPa y
sor " o4l
o
& 60f i
3 ug=0kPa 02f
= 401 —u0=5% l]z]l;a A I ! 1 1 I )
——ug= a
— 1p=300 kPa 0 0.2 0.4 0.6 0.8 1.0 1.2
201 — up=400 kPa NIN;
: : s i (a) FERAED
0 40 80 120 160 200 10r 4uo=0 kPa e
Nf - —— up=! I o S
o 7k ——up=100 kPa
(a) HREEARAED 0.8 — o=200 kPa
1201 ——up=300 kPa
gl =400 kP
g VO ——up=500 kPa
100 - 3 — 1p=600 kPa
04t
80 !
|
g | 02}
g eof | r )
3 /;‘J ! —up=0kPa 74 1 1 1 1 1 )
awl // / Vs =100 kPa 0 02 04 06 08 10 12
// g up= a
// s 1p=300 kPa NIN;
20ty =400 kP: b 3
%7 ‘7%?mtﬁ (b) PTG
i ! ! 1 1 Lo~ OOI Pa 13— him "‘7 n i@él v 4
. = 2 e B 6 VA—{LaviBERFLRR/KE g ih 2k

Ny
(b) YIRS

5 FREI¥IMEFRFLBEKE S T RS L RYEBERFLER /K E /384K

iiif54

Fig. 5 Growth curves of excess pore water pressure under different

back pressures
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Force states of soils under shield cutting in excavation face based on
K tter equation

SU Wei-lin, LI Xing-Gao, JIN Da-long
(Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To calculate the forces between shield scraper and soils as well as the cutting torque caused by them with different
tunneling parameters in different soils, amodified K tter equation isintroduced as a supplement to solve the stress distribution
on the sliding face when the soils in excavation face are being passively cut to a damage state. A mechanical model for cutting
sails is established, and the pressure and friction between the soils and the surface of shield scraper and the lateral shear
resistance are solved. Then the method for calculating the cutting torque of cutter head is derived. It can be acquired that the
pressure, friction and latera shear resistance increase with the cohesive force and interna friction angle and decrease with the
rotation rate, which illustrates that a properly coarser scraper surface makes the soils easier to be cut, and a lower rotation rate
can reduce the force of the tools. The pressure and friction increase linearly with the shield support pressure, which is more

obvious in sand. Some cutting torques in different soil types are given as engineering references ultimately.

Key words: K tter equation; shield scraper; cutting soil; sliding face stress; tool force; cutting torque
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Fig. 6 Isolated force model for soils under cutting
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0,S sine- pL, cose +1sine g . (33)

PR BOZ e R (7). (18), £

J e;tanj

SF%éh@Le(a'eﬂ e d|+%h2e2§+2' " oo E (34
dl =rsecj dg =he?*"’™ secjda . (35
¥ (34), (35) AR (32), (33), m#
SKARRE DI LARIE RIS FRAER 1 PFIQ «
hw [ =1

P=—"H{ ?s[sn(a - e)+enj cos(a - e)l* """ da +
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Fig. 7 Arrangement of cutting tools of cutterhead
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236 2 AT 511
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Fig. 8 Change of force with cohesive force in soils
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Fig. 9 Change of force with interna friction angle in soils
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Fig. 10 Change of force with rotation rate of cutterhead in soils
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Table 1 Working conditions for calculation

T _ L%%ﬁ_ _
c/kPa  jIC ) vimmminY  w/rmin?

1 20 25 40 15

2 20 25 30 15

3 10 40 40 3.0

4 10 40 30 3.0

I 10, P, QIR frdk p PERIK, JF
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Fig. 11 Change of force with support load in soils
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Table 2 Cutting torques of shield in different types of soils

‘ F ) g S f o To R = IHIFA%E T /(KN xm)
A ¢ /kPa P IC) g IKNT 5 JE v =40 mm/min v =30 mnymin v =40 mm/min v =30 mm/min
q,/kPa  \w=15¢/min  w=L5r/min  w=30r/min w=3.0r/min
AP 0 42 205 — 175.9 128.9 79.8 60.7
R 0 40 20.7 — 142.4 104.2 64.5 48.9
b 2 U 214 — 116.6 85.9 52.8 39.4
Bt 16 26 21.0 65.3 94.1 (97.2) 69.8 (729) 453 (486) 33.7 (365)
WE+ 22 21 19.6 120.3 68.0 (840> 50.1 (63.0) 31.2 (420> 23.2 (3L5)
Fhit 36 13 18.6 147.7 49.0 (40.7) 41.3 (30.6) 22.3 (20.4) 14.4 (15.3)
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Theoretical solution of site amplification coefficient

LI Rui-shan, YUAN Xiao-ming
(Key Laboratory of Earthquake Engineering and Engineering Vibration, Ingitute of Engineering Mechanics, China Earthquake

Adminigtration, Harbin 150080, China)

Abstract: The site coefficient is akey index for considering the seismic site effects in various national and regional standards,
which determines the criterion of earthquake-resistant design, but there exist significant differences between domestic and
foreign standards. Based on the ided soil-bedrock site model, an analytical expression for the quantitative relationship between
soil site and reference bedrock is derived and examined through numerical simulation. The general rules of site amplification
coefficient are put forward, and the reliability of different recommended values are verified. The results indicate that the soil
ground motion is always amplified in the whole frequency domain compared to the reference bedrock. The site amplification
coefficients show the overall increasing trend with the softening of the site, and are consistent with the suggested vaues in the
new NEHRP provisions of the United States of America. The coefficient of soft site in China is seriously conservative and the
valueis less than 1.0 under strong vibration, which is clearly unreasonable. It is debatable whether the site coefficient of class
site IV should be generally lessthan that of class site I11 in China's code.

Key words: site amplification coefficient; theoretical solution; seismic ground motion parameters zonation map; NEHRP,
ground seismic response anaysis
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&9 TR, (HiZ 5T H AT R M D

AEPURE RS, A FE Kk b X P (5%
AN ] SR Hb DX 387 26 4R FH K21l 4 3 b 23 ) 1) 7 50k
ISR FE SN IS . S R EL Feoa, WIIZ LA
My GRS ARSI, HARE
WAL 338 2 5 22 S b e A ok P55 -2 ) ) — e e o o
LBISC R . S REUS L T 1 J2 RN 6 RS Sl ok
RN AR 059, AR T % I3 M O i — ek
W A, @ R, 45 ORI ] 2T
B B bR ER KN . S R EUREE S 1
ORAE AU, RN R e M 1 (s 5
YERT, AR TAE oy B2

5 [ [ 2 o2 b 7% ¢ 1E R (National Earthquake
Hazards Reduction Program, NEHRP) & i A K i
PURE A d BT T B R 176 NEHRP Provision FE421&
1]’ ASCE/SEI 7 (Minimum Design Loads for Buildings
and Other Structures) A1 IBC (International Building
Code) {EHUE 7 EZGIH NEHRP Bl . Sl
NEHRP 2015 (fifx NEHRP, F[l) #HLt 2009 fix
ARI)—A 52 AR KR = T S R AL Feoa, JL
H AN T i R BT I B I bR v B b M BY D)
1050 mvs Ik k760 mis?3, ASCE/SEI 7-16 27511
IS BT T AR A R 3L . rp 5 A RE 3 2 40X &)
% GB 18306—2015Y (faifkrf EBE, TR
YR T AR Fh 3 1 288 S0 6 bt 7 2 D1 o 3 i 3
TR, IR THMNIII RS (& O, Hp—A
WA S8 AR A2 37 1t 2R B B o 50 e 486K T S i/
MU I KB — e R (Lhin 0.4g) #dgih R
/N T 1. NEHRP W R 3L Feoa (R 2) W m T
AT ARdE, WSk P E 102 (ve> 800 mis) &
FH B K (veo> 760 mis) Z5[H], HHEHLIE PGA
=049 I, VEKZHREI 0.9, 1 NEHRP 124
PGA 73X 4 0.4g. 0.5g F1=0.6g It}, Fpca 73 5IHL 1.4,
1.2 1 1.1, EARANRI A X 37 ) K] 43 5 v R X &l P
G I FEAHE WA AH ], AH A E SR NEHRP B
1E 37 1 2 B 77 T R R A7 AR AT 2253« NEHRP
O AER =1 e = B =772 e LN e[ ) VAAY /N w25 B
Yy, T EREEUE R WARAT AT REANBOR B 2
/o HPE SR IR B Y R [ AT M
VPN R TS I R Sl B i /N T
(HE S IX— S5 18 o L 45 P E A e 171920
BeAk,  HETER NEHRP $17G o7 2 500U ) o

Hh— AR 5L NEHRP 374 28 56 17 1 48 08 4k
KA, fo/NERah s fEHEE- T (PGA<
0.49) X—FFE 2, MfEmtE/ERH T Co Dy
E Kt RECEF T . b ERE R TR I &
g, ATATSREEH VR R IV RIS N TR
WAR, NEHRP BUYGAIH VG W 2200, T 2A
FLIR S

Wy ZR B M R ) 25X R G U RME 1T AR 1)
I, HSE TR SR B E 2 TR —
BOE KRR, IR AT A B T A
XF X [ AT SRR IR A SOR ] 1 RS 2
R AL, DS 2 2 8] P B S AL SR BE A SR R
AT T R 5 2% B b i RR B i R AR DG T B
, i e EOCRMITRIL, I B TR
IO E I — i, it BB IR A AN
XL EET e fitiE T .
=1 PEHMEHSHXXIE GB 18306—2015 I EMNEE HEE
Table 1 Site coefficients of PGA in China's code GB 18306—2015
b 1 2H37 b e o e
5 <0059 010y 0153 0.20g 0.30g =0.40g
l,b, 09 090 090 09 09 090

Iy .00 1.00 100 100 1.00  1.00
I 125 122 120 118 1.05  1.00
Im 163 153 138 118 105 1.00
IV 15 146 133 118 1.00 0.90

= 2 %[E NEHRP 2015 I&{E IR E B R 5]
Table 2 Site coefficients of PGA in NEHRP provision 2015

Mapped M CE Geometric Mean Peak Ground
i Acceleration, PGA
<0l1g 0.2 0.3g 0.4g 0.5¢g

=0.69

24 1.9 16 14 12 11
F &t 1 1T e A2 S N 2 B

A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 13 12 12 12 12 12
D 16 14 13 12 11 11
E
F

1 HHriRE

S b R RIS % S b AT SH BT
T SRR 1R, (ERR B S — s W A
(b T AR AL — 42 B, O T T 407, (%
LR R R S B, LR RIS 4y
W CBERE p AT UISOE v BHOR R, o sAQ
FLE, ¢ ARSI . T h st






1068 PSS U D S S 2019 4F:
= ]
Soil site
PgsVes
1 ipREIRE R
Fig. 1 lllustration of simplified site model
JRIERE, EgR PN B BTN NS4 NS A UMbl
PRt e eh g e 2 RS AT ORI R AT I R E=F - (6)
B, Eo M1 Fo 2000 L 2B FENES A 1. FAF WABA T I FRLRS IR 4, VA 2= h it 3
PR RE, E R F AN S S I ENIE b AT
BHL B I P 2SBS0 H M h I B Ab E, =E explikh) ©
REL Ao, kb BEEEH AL B () v,
I ve FOARCTHEE. FIFIRRRE AR, 3 (7) wrblg—
2 EKMEE BN

iz 4Ah Kevin-Voigt Z5frEik, REREKE 1 B
7N A A M ASE I v B D) A% 1R 1) 50 7 Rk
T, WHBPIBRG=r V2, h HFERE, SHJE
X IR A Hh =2Gx /w

lﬂ_Jw.h?U (1)
it 2 121t

TERIREA o PIEBRIAN T, % u—fRiE
FA W]

u(zt) =[Eexp(iks) + Fexp(- ikg)| € . (2)
Ap z AR, S T bR,
B NI E R F 20508 EATIRT R AT 0 R 2L
k WL,
k= (1-ix) &)
V.

S

H & (z2=0) DL FIrRIER
t(zt),, ﬂfﬁ” =0 , (4)
A, Gk PIRE .

Rl (20 AN (4 TR EIE MTERE &
PO Y

E=F . (5)
T UL, X G R F R 5 4%
e, ROAMERZ T, b R LA MRS A
EH .
2.1 FT|IEFGM
X (5) 5 A M At R A4 v] LA

E, =[cos(kh) +isin(k)]E, . (8)
52 SR I Hh 1 PR Hb R R S R A N

Z I BT R R
P W) = ErE:Fr " cos(k ) f isin(k h) ®
R A
F oo (W)| = 2 =2. (10)

\/cosz(wh/vsr) +sin’(wh/v,)

M (100 FTLLE Y, #7 Sk byt 3% 7% 5
I RAELTE Ry i A RE B 2 % o
2.2 BELTREIZM

HRPE (5) 5512k 5 R 4 AT LA
AR

E.=F - (12)

MR T BRI 25 RN 2 5 1 2 Bt i o R B i 4 4k
PRI LIS 3 BRI 2R 1 2 TR) ) A% 33 R R ] DLER
jij'\j[zsl

él+a 1-a . u
&.u_€ 2 T2 O Mgy
e u=-¢ ug_ g~

F gl-a , l+a , 165,
e s u uesu
= exp(ik.n), ——exp(- ik_h)%

5 p(iksh) > p(- ik )u

(12)

K, ke B ELZIR N REE, (3D F v
v AFRAKIHEE, @ 5 LR AN 2 Tl i) B,
asry/rv, . (13)
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TP Z LB AR KITSIL R, Blgttha ATl
FAWE L2 BT Ipas LAt . B (1D fRA
R (12) AT LAEE) 2 R NS IRE 2 [] (6 2R K
E, =1/2[(1+a) exp(ikh) + (1- a ) exp(- ikh) ]| <E; -

(14)

FIARCR AR, R (14) LSS K

E, =[cos(kh) +iasin(kn)]E, , (19
A S G 2 B i R R S N S s N

W TR) R TBOR R Bn
%NM=&+E= 2 . (16)
= cos(kh) +ia sin(k.h)
FLMRAE S -
FouW)] = 2 @

\/cosz(wh/vs) +a’sin*(wh/vy) )

SE TR R | W, RIETHA
PR G B f LJR I [ AT KR, 2 =
0.5 I, HABAR f LIt Bl f 4755, bzl
B (19) THE. ERJCEAALEE, b T AR
N RS R TR T E .

| =wh/nvg = f/2f, , (18)
f,=v/4h . (19)
RWES7b Y ONES (UL RS s A W 6 S
2
Fo (W) = (20

\/COSZ(nl y+a’sin®(nl )

3 IS XRHEERS T
A ] — IR M RE A — I s ] A A [ R 3
NS RE Sl S B A ZE AN K, R R I A
WIIEIR 5 22 Heh iy MR E h AR AT B R A 45
El=|&| - (21)
€ X s L= B RSN g LA T RE 5
Wi [ 2[R FRT EE AR A S M TBOR SR 880 CRIFRIBOR 228, 1
), 44 (10), (200 wf LA HEE R
| FaW)| 1
7o) |Frock(W)| \/COSZ(n|)+aZSin2(7t|)
X (22) PEHWAMEE, et o MG
AL, el LS H DU R L E S Ok
SR TR A%, A 1, @ UBAbi «
AKRT LI (LIRS H A G0, O R B E
ANF L, HHANHa = 1R RBUEI 1, @244
Il =05 (f=fy HFHprlka -0 K, Hig BCK
REME LB T (AFIEHEH): @%a -1 1,
X (22), (22) i LBt R RELR (5 (10));
®Y h—0 1 —0, X (22), (22) iR ArEiLE

.(22)

HZ R,

BE 0T ASC AT RIEFL I 1) 8, B BHBTLLYE R 0.1<a
<1 AR T s S, e AN RN (0<|
<D g |Fw)| BEFEBTLE a FIE A0 2 Ak i
W 2 P IWE R DUE HBCK REHRT 1, JF
HARL R Z 500 Mz a iR E8aa T 1, ¥ fHitka B
H AR 73 A1 B0 £ 53 A1 77 2B IFHCAN R R o %5
THE T AR BOR REGMEAE 1.40~1.66, ATLLIA
ohy 2 37 b M RE ) e [ A B Sk 3 55 3 H T 4 TBOK
15 %,

SR BB

T

B
Bty 0
[t%iz*fg)z 08 02

0.6
04
50 %%’ﬁﬁzﬁ

2 B K F A E
Fig. 2 Surface plot on dynamic response amplification of soilsto
reference rock sites

Bl 3 s AU FIBH ST LA i K 2 2 G #=20
WA AR e, AT DLW U e S AN B
5 LR AR LG (| BB ESL 0.5) HAE W
TR HEAEOEZE RN (BTN I TBCR FR 3
AHWFEWNR, EARSCEHO AR, R KikF
10 fif.

Y BORRB

0 012 ()I.4 ()I.6 OI.8 1.0
KRB
El 3 AR A A RSP SATE b T 1L 2%

Fig. 3 Amplification curves under different impedance ratios

K 4 Fros 9 BCEAS A AR EE A INTBOR R
bt L= 5 HE BTt a ARt i Ze, Al LI
WA HIBOR R B BT R CHIEARHO Y
PN (R o Sl Yi ) O N e =2 G LR 7) 5 B
INTEESA I U3 HA 15, JiAhT EEU IR, fEAN]
FRIBELATE EE 200 2 A [ A L R A5 P, SR 3N
AR S AN T8 4 —HE R
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EﬂS%%%Wk%ﬁ%ﬁEa—Hﬁt%%ﬁ%
B, B ] AR X R s A e Y T L ] 2 T —
kar u@%%%&%%%oM@5¢Tu%ﬁu?
fFE: OHRAFMPitkha <05 i, BMAKREAHGT
k?z,@ U B TC IR 2 04<| <0.6 If
(0.8fs<f<1.2f9), WAREAATRENT 3; @A
REBTEB N CREA RS O, TIOR R B
R BT T BN R BB HUN L A A R K
BHHTLG o HUE, BPE] 5 thRR4R S5 2 T A

0.6

sl \
1 .W

PheeLE

5 AR R EEELKE
Fig. 5 Contour map of site amplification coefficients

3 BERIHHEAKZRHE RGOSR KMERL « BE
Table 3 Maximum values of « satisfying conditions of integral
multiple amplification ratios

JBORAEHK Omax JBORAE 2K Gimax
2 0.500 6 0.177
3 0.333 7 0.143
4 0.250 8 0.125
5 0.200 9 0.111

23K (22) KRR EEE T 2, 198G EHIAR
RiILM ISP e, B Al (23), dhaidiia
<a, NBCKRRET /T AT 2 45 L ERIME. 3 4 thaq
T AN AN FITE REAISR | s B 2 A5 BOK
FHELPttLa,, RMUE, ey A e AT DU R 30
PERTRSFRPEA AT 21 o

=3
A2 =yt 4sn’(n ) (23)

R4 FRITEMINE XN 2 FRAIGFRERka,,
Table 4 Double amplification critical values of a., under different
normalized frequencies
Te AR | 0335 0.35 0.40 0.45 0.50
I St B$itba,, 0.0774 02351 04133 0.4808 0.5000

15 M3 NEHRP &S W 5 - rh
o, SRR R R B e . BRIt
24, NEHRP 7 52 508 A kit 3 b AR B A2 Ok, (R
Hh G TV 2 St R Bk /N T TR I b R i
MER ML S ATl LU, 2t 5% S i )3 5
S HE Gy AR LR E IR IOR, BRI AR 5%
KEFARRRES . et EshEH T, Tiksr™
AR R AR RN, BRI AR B BT D)
g0 ANV SULE =R e D NP U W S B =l T SEE T 5
RAEARA, TS B HUBOR R B R EGRDN, HA
ST AR SRR FIE S TEOR BB AC 18 77 A e 1 O
Hh AR AR R B 2 3 X R rh g R B i B R
e PEpr BN T 1, W R AEG . NEHRP 2015 %7t
PR B Froa 1 PGA=0.6g I KT 1, Z8 0 4ATL T
FARB S 53— 71, NEHRP I7Hh RE it
H S AR AR A B A0 Bt se pE—3, (H
F] DX I TV 2 St R B0 38 35 O T-OR S, SR
iR E AT, At TP e

4  TAIEETHISE

ST ARSCHSAE TR AE A @%ﬁ,m%ﬁﬁ
ﬁﬁﬁﬁ&ﬁ%ﬁ%%ﬁ%ﬁﬁﬁﬁﬁ LR SL R
KAESS R I Sk . B ok, ﬂﬁLF%ﬂﬁ
zﬁﬁ’%%ﬁf%ﬂﬁ o R Bl 1 s 0 BE 1) b o O DL
(Standard Spectral Ratio, SSR) & iF 5737 1 JBUK 35
(AR T B, AHSERR 2 ol 1 2 3R T 1 AL A SR
DR ME 4% B BLIE 365 i, EORMCEE AR R MR
PR E e BRI PR . Bl B AL A BRI
ANWTIE N, KR 2 1) 25 T AR R I E-IF T iR S
SR SR v 236 7 6 1 J2 X b R S (R B . e
BRIE ST 2 WP, AT R AR, R0 % PGA.,
PGV FH J& 1 5 IV 1 3414658 B S PRI TBOR 80N, HAR B
HH B v 2 A BT DO Vg /NG K HA, T
SRR BOR BN AR 3259, Lol BzL T 1, 5 HEPRP
Yy R A E A —3

1 JE AR IR 5 B BRI E Sk K 5 7R ST (1
AR, e RE B3 AN I T B R
it EERE h 20504 10, 25, 40 m, BIVIBE vs
435179 150, 280, 400 mvs i3t T4t 9 ANER AR RS
B, LA ETYI I 800 mis. %A T
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WIEWE S LEEE, @SB #E /& 500 ~
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Wk F] 1686 41—y mAa RS, Pk T
33 YKHIFEIL 59 LI s (i) A oA SO
N RE BB . X 33 KR RE SR LTl 3.2
Po~T %, EIRHRIEIEE A 5~40m, BEHZIFERE
IIATTENRE W 7, AN R R IR R AL e s
SCEARER T AN [ 1) M 7R 2R RS [7) 17 b 72 30 40
PEo HuE PRk B AR R ORE HEEA KT 300 km;
QREVEREA KT 40 km; @ 57 ] WA s fE 7 2~
20 gal i [l N s @03 B S W 158 2 SAG0/SA00i< 0.2
0 396 Ji5 114 59 2% b 7 251y sk J) 3] 3t 5 e I 1% e %
N R 434l 0.06~0.3s (& 8), i ks
MFEE. rAtEsIL %A 0.01~40 Hz (1] 4 B
FRR I @ IR G VE NN, RS T 2k 8h e
o o 2R MR STt T A L R S 5%
Fea g s N s L. B9 R R h =25
m, B vs = 280 mis b 45 5, & [Nk
TP (50%5r 47 wELLEhZR, 9 AMiE T
b4 By B 10, B 9, 10 Hhaf LA 2 E 21 1
J2 Yy 5 252 B gy W e s N 1 bl 7 P 7 e B
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W NS RN 228 S s NS AR (K (210D,
130N NS £V B o S 2 N | B2 1 f A ¥ .o 1
ANHFE SR 20gal [ UEAR s /5 1 B 2 10X
— X &, RN TSI — 2, 2
DRI A 5 AR LR PHRAS T A b R 50y e W ASS 053 i R 35 ik
%, GERAISEMEA R, sz b, BREATR
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Compar ative study on damage char acterization and damage evolution of
rock under uniaxial compression

ZHANG Guo-kai" % LI Hai-bo?, WANG Ming-yang"®, LI Jie’, DENG Shu-xin®
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. State Key Laboratory of
Geomechanics and Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China;
3. State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact, Army Engineering University of PLA, Nanjing

210007, China)

Abstract: The evolution of stress-strain data, acoustic emission (AE) and ultrasonic characterigtics of granite under uniaxia
compression are synchronously tested by using the ultrasonic wave and AE synchronous monitoring devices. The macro- and
meso-characterigtics of the stress thresholds are analyzed. Also, the quantitative damage evolution of granite is inferred by the
crack volumetric strain, AE parameters and ultrasonic characteristics. The results show that the crack initiation stress inferred
by the crack volumetric strain and ultrasonic velocity coincides well, and the stress thresholds inferred by the AE events, AE
amplitude digtribution and b-value are basicdly identical, but the damage accumulation inferred by the AE events initialy
begins earlier than that by the macroscopic deformation and ultrasonic testing. At the initia loading stage, the ultrasonic
velocity and velocity anisotropy coefficient K increase, and the increase rate dows down gradually. After the crack initiation
stress, the latera velocity begins to decrease, while K gradually increases. With the rapid coal escence of cracks, the amplitudes
of AE signalsincrease significantly prior to the rock failure, accompanied by the rapid decline of b-value and dramatic increase
of AE energy. Assuming that the damage accumulation begins only after the crack initiation stress, the damage evolution of

granite is characterized by various parameters, such asthe ————————
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clear physical meaning, but the selection of Poisson's ratio ST % (E-mail: gkzhang@njust.edu.cn)

crack volumetric strain and AE event. It’s revealed that the
majority of damage occurs after the damage stress. The
damage characterized by the crack volumetric strain has a
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for calculating the crack volumetric strain is somewhat subjective. The damages characterized by the crack volumetric strain,

AE energy and modulus al increase significantly prior to the peak stress, which coincides with the rapid decline of b-value. It’s

suggested that the damage estimation using the AE energy method should be preferred from the perspective of the reliability of

the obtained damage val ues.

K ey words: stress threshol d; ultrasoni ¢ testing; acoustic emission; AE energy; damage characterization
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Full probabilistic design method for slopes considering geological
uncertainty and spatial variability of soil parameters

DENG Zhi-ping" 2, NIU Jing-tai* 2, PAN Min" 2, PENG You-wen"? CUI Meng®
(1. School of Water Resources and Ecological Engineering, Nanchang Ingtitute of Technology, Nanchang 330099, China; 2 National
Provincid Joint Engineering Laboratory for the Hydraulic Engineering Safety and Efficient Utilization of Water Resources of Poyang Lake
Basin, Nanchang 330099, Ching; 3. Callege of Civil and Structure Engineering, Nanchang Ingtitute of Technology, Nanchang 330099, China)
Abstract: The geological uncertainty is often ignored in dope reliability-based design, even though the spatid variability of soil
parameters is considered. A full probabilistic design method is proposed for the slopes considering the geological uncertainty
and spatial variability of soil parameters. In the full probabilistic design framework, a generalized coupled Markov chain model
is combined with arandom field model to simultaneously characterize the geological uncertainty and spatia variability of soil
parameters. The procedure for this method is presented. A slopeistaken as an example for the reliability-based design using the
borehole data in Perth, Australia In order to illustrate the importance of considering the geological uncertainty and spatial
variability of soil parameters in the dope reliability-based design, the reliability design results associated with two cases, i. e.
only considering the spatial variability of soil parameters and considering both types of uncertainties, are compared. The results
indicate that the proposed method can effectively conduct the slope reliability-based design considering these two types of
uncertainties. If only the spatid variability of soil parameters is considered, the reliability design results mainly depend on the
used geological profiles. If the geotechnical practitionersinfer a

geologica profile with a higher proportion of strong soil EEWB: I EAFTFREINH (GJI180958, GlI161096) ; [H 5K

materials than the reality, the resulting optimal design scheme ARBI2E R 4T H (51769017, 51609114)
will lead to dangerous sope. In the opposite case, the resulting Yok B AR 2018 - 05- 28

*WAMEE (E-mail:nivjingtal @163.com)
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optimal design scheme will be conservative. To obtain the optimal design scheme accuratdly, the influences of these two types

of uncertainties should be taken into account in the slope reliability-based design.

Key words: slope; reliability-based design; geological uncertainty; spatial variability of soil parameter
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Table 1 Satistics of different types of soil parameters
. Fikc PR | Sy FPERE E
ko - L -7 * SFIFALEN
¥I{E/kPa A5 RH BHEIC ) A FA J(kN-m3) IMPa
Wt 4 0.3 36 0.2 20 50 0.3
it 32 0.3 25 0.2 20 30 0.3
o 6 0.3 28 0.2 20 30 0.3

T R BT AR C (RN, I3 TR 1 4 BT
K B R AR AR K 3 £ 0 T e v 23 1) BS BCh 124M,
FEAMET N — MR T 5, WisAr 26° ~37° Z[Hjik
W, RERPACTE T S A ARG A 10, K1k 12 Fp
Wit % fv4h D26, D27, L, D37, Hrh D26 %
NS 2670 NI RTE T S . A UGB AR I T
Ve [V 2% FE i AR S P R - A S0 () AR S P 11
FEE, NG T8 L AR S () A S R [ ) 2% 18
AR S P () T 3 AT P vl R AT b . L
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T SEXHZMIT 7T DI T AE 2 AT RS I 43, T
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(1) 5 AN FLEHE, B St 77 v T4 21 B 1 7 1 (1)
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Table 2 Vertica transition probability matrices

Byt +iRRE 1w+t 25+ 3kt
BT 1w+ 0.897 0.069 0.034
MR 2%+ 0.116 0.884 0.000

SR 3t 0.318 0.000 0.682
BEE A 1w+ 0.897 0.069 0.034
MR 2%+ 0.116 0.884 0.000

AR 3t 0.318 0.000 0.682

3 IKEF B
Table 3 Horizontal transition probability matrices

2 +HRE 1wt 25+ 3K
P A 1w+ 0.969 0.021 0.010
HEBEME 2%t 0.036 0.964 0.000

AR 3t 0.117 0.000 0.883
AKFmAE 1RbL 0.967 0.022 0.011
HEBEME 2%t 0.037 0.963 0.000

AR 3t 0.120 0.000 0.880
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Simulation tests on spalling failure in deep straight-wall-top-arch tunnels
GONG Feng-giang™ 2, LUO Yong", LIU Dong-gjiao®
(1. School of Resources and Safety Engineering, Central South Universty, Changsha 410083, Ching; 2. State Key Laboratory for
Geomechanics and Deep Underground Engi neering, China University of Mining and Technology, Beijing 100083, China)
Abstract: To deeply understand the failure process and mechanism of spalling in deep straight-wall-top-arch tunnels, a true
triaxial test is performed on the red sandstone cube sample (100 mmx100 mmx100 mm) with a straight-wall-top-arch hole
using the TRW-3000 true triaxia test system to simulate the spalling process of the straight-wall-top-arch tunnel under the
initial in-situ stress environment at depth of 500 m. The test process is monitored and recorded by using a video surveillance
system. The failure process and failure characteristics of the sidewalls during the tests are analyzed, and compared with the
failure of the circular hole sidewdl a the same depth. The results show that under the condition that the vertical stressis the
maximum principa stress and the horizontal radid stress is the minimum principal stress, the failure of straight-wall-top-arch
tunnel mainly occurs in the area between the hance and the spandrel. The rock near the free surface is fractured into plate-like

0

thin rock slabsthat are approximately paralel to the maximum principal stress, which is characterized by typical tensile spalling

51

Key words: deep hard rock; straight-wall-top-arch tunndl; spalling; rockburst; truetriaxid test; tensile failure

—_

=

fracture. With the increase of the maximum principa stress, spalling gradually devel ops toward the horizontd radia direction
of the hole, and eventually forms a symmetrical V-shaped damage zone. The spalling slabs exhibit the arc-shaped feature with
thick middle and thin wings, and spalling has obvious time effect. Compared with those of the circular hole sidewdl, the

dynamic failure characteristics of the straight-wall-top-arch hole sidewall are more prone to static failure, and the initid failure
requires higher stress, but the sidewalls are more severely damaged under a high stress environment.
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Fig. 1 Phenomenon of spalling failure in sidewalls of tunnels®®
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Experimental investigation on reinforced characteristics of geogridsin
seasonal frozen soil

CHEN Rong" 2, WANG Xi-giang" 2, HAO Dong-xue" 2, SONG Yang-yang®, XUE Nan’
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Abstract: A series of pullout tests to investigate the reinforced characteristics of geogrids in frozen soil are conducted in the
laboratory under various moisture contents and different freeze-thaw cycles. Based on the theories about frictional strength,
apparent friction coefficient, interface frictional resistance and passive resistance, the test data are anayzed. Some conclusions
are drawn that the moisture content can obviously inhibit the effect of reinforcement. The interface frictional resistance and
passive resistance both decrease to 40% while the moisture content increases from 20% to 32%. Then the moisture content is
constant to 24%, the freeze-thaw cycles can improve the reinforcement effect of geogrids. Mainly for the passive resistance has
a certain extent enhancement, but the interface frictiona resistance nearly has no change. The experimental results are of
referring value for the design of geogrids-reinforced earth structures.

Key words: freeze-thaw cycle; seasonal frozen soil; geogrid; reinforced characteristic
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1 fRREREXRTR
1.1 Hk%EE

AYARI K TZY-1 B4 T A b k24 e
% BB, RS h 200 mm, & ERA 100
mm, e 5 #omr AR, KT H 3 20 kN,
K37 e AL, e KK P8 10 kN, AH
AL A R RS FE A £ 1.5%.
1.2 EITRERMER

AURE: TR ZRAGHE R R X B
TR T, AR ZA M 15 me K AT
T R 2 mm TR, BRI IR, X
PrBCEREREAT 2 N WA, HIEAYE SN 1.
AURE: R Ak R .

F1 tWERERSH
Table 1 Basic properties of soil
Gs Wy/% W /% pamad (@CM®)  W/%
2.72 25.3 36.6 1.74 24

1.3 L THEEREIESR

AT I P B B3 T B A A B 2w A=
AR PP LA b A% M, 50 TGSG3030, JLAr i
WK 1R,

o2 R 2019 4F
BRI -
(@A) t1ie
wsrm |
(k&) Trg

|

RIFLAAE K BE, A1 =36.12 mm, PIFLERIEKBE, Ar=32.08 mm
Q)Uii'lﬁfﬁ, WLR=2.38, ﬁﬂi‘lﬁfﬁ, WTR=2.14 mm
PEEE, Tir=1.23 mm, $HHEE, Trr=2.25 mm

1 e+ THEMLAIR ~F
Fig. 1 Geometric dimensions of biaxia geogrid
1.4 A&

K AR T TR L 075, 2350 C 55 /K 20%,
24%, 28%, 32%i\Ff. KRCiLr i alhess B, TBeE
12 h, i+ 5K E . BEER BTG RS
A IRg T IR R A R, RS, E A N B
Ui, AE LR8I & SR b AR, SRR A
RN B se, JERAAT I E LB K ikl
B T FR R AR R TR B2 A U R R A T AT VR i Ak
B, A NRREERE RIS, TR
g, MBEPER . REREEFEAN-15C, FRE5
)24 12 h, B A+15C, RLINTER 12 h, ¥
BRI E 0 0, 1, 4, 7K.

%2 RGHERER
Table 2 Programs and results of pullout tests
o WK SRR RRMIESS  dhifrdk  BrakEEEER

HNE %5 W%  &K%En oJkPa  JEIE{H/KPa
Al 25 27.7
A2 50 415
A3 20 0 75 49.6
A4 100 55.4
AS 25 16.9
A6 50 27.7
& AT 24 0 75 373
K A8 100 45.0
% A9 25 15.0
T AL0 50 21.9
INTR 0 75 26.5
Al2 100 35.8
Al3 25 135
Al4 50 15.4
Al5 32 0 75 22.7
Al6 100 29.2
Bl 25 19.2
B2 50 312
B3 24 ! 75 38.9
B4 100 458
i BS 25 215
v BB 50 35.4
+‘/|T\
ﬂgga B7 24 4 75 45.8
o B8 100 53.1
B9 25 23.1
B10 50 423
B11 24 7 75 48.1
B12 100 54.2

1.5 KEH=*
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Fig. 2 Sketch of pullout forces on geogrid
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Fig. 3 Relationship between pullout resistance and displacement
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under various moisture contents (s ,, =50 kPa)

M 3FTCAEH, ki BH AR 2k m] 43 34
BB - ST R B s o ST A B R T o B,
LI%W&ﬁmﬁ%%E4ﬁ IR T BT I
ZESPERIE . AT IR/ (Ww=20%), - Tt



1104 a5 oE L OB ¥ M

2019 4F

IR R et kR B, Bk AL 25 mm
Feda i, PR ARG WA KRN, 45
IKEIZ KIS (W=32%), FIHRAIAELE 10 mm AT,
b RS AR B R B RS e, L2 P B 2
AR, T H R 3R By Wt W S PR AIG, PR ik
65%.

ST BRI ihek, $EMCAS R ) e 8k A B
IKETE M2 s, JFHl (D HATARE, wHEsk
ANTR] T RS A 4k B 4 i P VAR, an P& 4 P .
AURILCL R R OXFEACRA MM A, Tk
M7 4 PR i S B A 1 T N ) R B RT3 K s @7EAH
VLR N IVERTY, Sk R B A T /K 3G K
W RGBT BRIt B KERARARE 1 T
MR BTG L b RN R R A A W R R, H ] 3
TE R RV T A 308 244 v A I A 4

B0 _aw=20%
I —e—w=24%

—a—w=28%
——w=32%

=

1 1 1
25 50 75 100 125
&,/kPa

4 FEIBKRETIEERIKEERE SEETHX R
Fig. 4 Relationship between pullout friction strength and normal
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Abstract: The soils are a transfer medium between supporting force of excavation face and earth pressure of soil chamber, and

their performance directly affect the control of earth pressure of soil chamber, the supporting force of excavation faces, and the

deformation of soil stratum, and subsequently the stability of surrounding buildings. Through the preparation of coupling
procedures between discrete element and finite difference element, the dynamic excavation process of earth pressure badance

shield isrealized, and the effects of soil conditioning on transfer of earth pressure and response of excavation surface formation

are andyzed. The results show that the earth pressure of soil chamber is not a stable value, which is a certain range of
fluctuations, and the closer its distance to the cutterhead, the greater the pressure fluctuations in the process of shield tunneling.
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Under the excavation of shield machine, the rotation angle of cutterhead has certain influences on the internal and external earth
pressures of soil chamber. The pressures are relatively large when the panel of cutterhead goes to the horizonta line of the
monitoring point, whereas they are relatively small when the opening of cutterhead goes to the horizontal line of the monitoring
point. The soil conditioning increases the transfer coefficient, which is not a constant, but a variable value affected by the
rotation angle of cutterhead, and it reduces dispersion of earth pressures.
soil stratum
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Table 2 Internd friction angles and cohesions of gravel sand
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Fig. 5 Stress-strain curves of soils under working condition 1
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Table 5 Satistics of earth pressures of soil chamber

T SsH MRIA felaMl B
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o ¥ /kPa 81.9 84.2 23
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JIBETHMR T2 0.85
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M echanism of dynamic load of longwall mining under shallow room mining goaf

HUO Bing-jie", JING Xue-dong', FAN Zhang-lei*, XIE Wei®, DUAN Zhi-hua', XIE Zhen-hua"
(1. College of Mining Engineering, Liaoning Technical University, Fuxin 123000, Ching; 2. Shendong Tianlong Group, Erdos 017000, China)

Abstract: In order to explore the control mechanism of pressure appearing in the lower coal seam of shallow-buried coa bed
with room mining goaf, to reduce the dynamic pressure of the working face through the room mining goaf, and to mitigate the
risk caused by the coal pillar due to removal of hydraulic support, dynamic pressure characteristics of the 3™ coal bed working
face with longwall mining under the 2 coal bed room mining goaf are studied. The overburden structure of 3" coal seam is
divided into four types. The theoretical analysis and smulation of similar materids are adopted to analyze the structure and
motion models for the overlying strata under dynamic load, and to reveal the mechanism of dynamic pressure. Conclusions are
as follows: with the stability of the room goaf, the double cantilever beam structures easily lead to the upper and lower key
layers, and the fracture of the key stratum is the main reason for the formation of dynamic load. The unstable masonry beam
structure with the instability of the main roof and the room pillars near the large coal pillar are not unstable. The instability of
the structure is caused by the collapse of the lower coal seam, resulting in the dynamic ground pressure. The key block firstly
slides due to instability, and two key blocks without force and trapezoidal weight of rock pillar above the coal pillar are directly
applied on the working face, which causes the roof to fall behind. When the coal pillar cannot effectively support the above
inverted trapezoidal rock pillar, the instability of trapezoidal rock pillar and crack movement of roof collapse cause dynamic
load in common.

K ey words: shalow seam; room mining goaf; overburden structure; mechanism of dynamic |oad; overburden movement
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Table 1 Coal column of Huoluowan coal mine 2>—3* and mechanical parameters

9w s 20.26 23.53 1.95 2.96 6.02 3.97

[l 1.51 23.3 2.18 3.82 6.12 421

2724 5.36 14.7 0.82 2.64 1.60 0.67

,,,,,,,,, ® A 421 23.8 1.58 3.55 435 2.73

iR Y A 2.09 23.3 2.18 3.82 6.12 421

e 40 B B 2.54 23.53 1.95 2.96 6.02 3.97

R s 4.7 23.3 2.18 3.82 6.12 421

40 kL B 11.71 23.53 1.95 2.96 6.02 3.97

wnwA 7.86 22.09 4.24 2.94 5.26 3.46

- g kA 1.88 23.3 2.18 3.82 6.12 421

- = 31 4.16 14.7 0.82 2.64 1.60 0.67

7777777777777 ® = 1.94 23.8 2.18 3.55 4.35 2.73
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Fig. 1 Classification of overburden structure in shallow room mining goaf of 2 coal seam in Huoluowan Coal Mine
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Cross-holeresistivity inversion method constrained by prior infor mation of
incomplete boundary

LIU Zheng-yu', PANG Yong-hao', WANG Chuan-wu?, YANG-Wei-min', LIU Shen-hua', WANG Ning"
(1. Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250061, China; 2. School of highway,

Chang'an Universty, Xi'an 710064, China)

Abstract: The cross-hole dectrical resistivity tomography method is a refined detecting method, and it has been well appliedin
the exploration of small and medium-sized geological anomalies such as caves and boulders. However, it’s poor in identifying
the interfaces of geological anomalies. By geological drilling, seismic or ground penetrating radar methods, it is able to
recognize the digtinct lithological interface more clearly than the cross-hole eectrica resigtivity tomography. From the
perspective of constrained inversion theory, a new cross-hole resigtivity inverson method constrained by prior information of
incomplete boundary is proposed. Firgly, the complete description of the "virtual internal region" radiated from the known
partial boundary is defined, which is usually the interface of the geological anomaly detected by the ground penetrating radar.
The construction of morphological constraints are then achieved by setting the externa constraints with "same smoothness”,

boundary constraints of "anisotropic smoothness' and internal constraints of "gradient smoothness". Further, by adding these
prior information constraints into the cross-hole resistivity inversion eguation, the new inversion method carrying with known
incomplete boundary information is formed. A numerical inversion test and a physical model test on detection of boulders are
used to verify the effectiveness and feasbility of the new

method. The tests results show that the new method has a EETE: HEEATIK KIS (2016YFC0401805, 2016YFC040

significant improvement on the boundary recognition of the 1801); MEZ I KA AW A WIH LI (51327802); [ M ni ALl 51
RIER (“973” #HD IH (2014CB046901, 2015CB058101);
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Experimental study on precipitation rate of MICP under low temperatures

SUN Xiao-hao, MIAO Lin-chang, WU Lin-yu, WANG Cheng-cheng, CHEN Run-fa
(Ingtitute of Geotechnical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The low deposition rate of microbial solidification technology in low temperatures often restricts its application.
Bacillus megaterium is chosen, and by controlling the different temperatures and pH values, the growth characteristics and
urease activities of such strain are analyzed, and the calcium carbonate precipitation yields under different temperature
conditions are studied. By adding urea to nutrient solution and the domestication in low temperatures, the low precipitation rate
is improved. Finaly, the sand solidification tests are conducted to comparatively study the curing effect with adding urea to
medium or the domestication of Bacillus megaterium in low temperatures. The results show that the higher the temperature, the
faster the growth and reproduction of Bacillus megaterium and the stronger the urease activity. Low temperatures obviously
inhibit its growth and urease activity. When pH is 8, the growth and reproduction of bacillus are the fastest, and the urease
activity is the gtrongest. The higher the temperature, the higher the deposition rate. Adding urea to nutrient solution and the
domestication of Bacillus megaterium in low temperatures both can obviously increase the speed of reproduction and
precipitation yield, which can effectively solve the problem of lacking calcium carbonate precipitation at low temperatures. By
combining the two methods, the increase in sediment yields is more obvious. Adding urea to nutrient solution and the
domestication of Bacillus megaterium in low temperatures both can improve the effect of soil solidification, and at the same
time, using the two methods together, the curing effect promotion is more obvious. Therefore, the study can effectively solve
the problem that less precipitation at low temperatures will obstacle actua engineering application, and lay a solid foundation
for the subsequent application of MICP technology at |ow temperatures.

Key words: low temperature; Bacillus megaterium; precipitation rate; urea; domestication; sand solidification

0 5l B TR B A= 4 il A e AR g TR e - A M S R i1k
A iE S 4k MICP ( microbially induced .

carbonate precipitation) A T FLIREE A UF M CUSCA HEWE: FFEEREEILEI (51578147); KRR A1+

TGS STk, 4T TR SRR BT % firi SORFIE I (YBIN846)

Y¢Fs HE: 2018 - 08 - 03


mailto:sunxiao14hao@126.com

1134 a5 oE L OB ¥ M

2019 4F
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JBEEE AR MICP B AR ZE P I TN UL S e 16
Bhrbl 2IIE AR S I RCER, SLDRERAL T K Te, B
R4 KIE (biocement). A=417K Y v LA 22 Rk
A Rk, R K R R A A
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PRZ KSR, WRBRESUTIE LA R K i IR R B -y 3 A
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T

TEVG S (IR 7 T, Whiffin BHR H JR 26K i
BE T IR FREE S 30°C, H H R/ R IR
FH (F36L B 8 20°C S5 25°C S B, S TR 41
(1) MICP AIFFUET I AL o (ELRE A RS 7 Hiu DX 2
3~4 m LU (38 KA 10C~16CM, Hiz
AT R DL N 25°C FRR S 10°C, ki
RO B T K. Rk, WFFURIE S MICP v A AT
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(AL B Y Rl N AR B, HLR AR i A B A s amm R pe 2k
R, A SCEEE R AT RER 4 F F MICP
SN, I A FRE AT pH AR B i B A )
AR ETERPE RIS e ARG TN R S
B SF AT B IR B S U r= 2%, FERH S IR
IR R 22 AR I PRI A 14 s RRA A R R IDL
VR, Ia MRS L EREE, XA IR RN N
D3 1E AR AT [ A 1P s S B () 50

1 IR AE
1.1 iKIawrsy

I A H R A BEOR ZE A B bacillus
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1.2 RWAZE

AL HEBR AT 600 nm K I 19
JCRE ODeoo ™ME SR F RN B E . & THREESEE,
TIRF KM SR SRR EREL, A
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W BT EP R L SR, K L SR
PR AR PR 2% 5o DRI AR SCH I B R R IDR I 1

2 EMEKFAREEE T

IR IR ) 10°C, 15°C, 20°C, 25°CAll 30

C; [FIW pHAE BBk 7, 8, 9F110, XfE K
TR TEE 9%, B ODeoo fH N 0.989, 1537 100
mL, BEAT 1% viv 5. 48 h J5 & AN R 411 T B
(RO FEAE IR S R, i 1, 2 Piows

pHfH

B 1 FRIFHTEMBREE
Fig. 1 Absorbances of Bacillus megaterium under different

conditions
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Fig. 2 Urease activities of Bacillus megaterium under different
conditions
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e /MuH, R R I AL T 7~8, X2
AT AASFNRLEE T pH AE A 8 IR )40 B IRl 5 4 55 pH
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Fig. 3 Precipitation yields at different temperatures
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Fig. 4 Precipitation yields under various urea concentrations
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Fig. 5 Variation of absorbance during domestication
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Wl 5 PR, EORZFEAT B RERE N — AN BT il
BBt 48 h J5 1) ODeoo #1523 W b ik /]y, 3K 2 D] Ay U JEE
%, TR B ES,  TREAT I I A B
E R 2 PR RN 2l B2 (R 38 B PR i, PRI, 6 d B4k
) ODgoo AHEL T+ 2 d (AR HE LA . i 24 9)14k
MR 15°CI, i TZI R BT Rk B4R
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JERY B AR, AHBEAEDILIN TR G 0, R
LT ODego BWIMHEC IS, JHAE 6 d YIHk)5 ODexo
XET 1.1,

F 1 YHLRTFRIR L E FTUE P X B ER
Table 1 Comparison of absorbance and precipitation before and
after domestication

% L ODggo DUTE" 1%
L PRl

T 24 h 48h 2d 4d
1 AYNE B 0.142 0.413 23 31
2 25CYMLE 0194 0470 26 35
3  20CYMKE 0252  0.541 29 39
4 15CYHIfkE 0341 0632 32 46

W LFR, YIS 6 B 3R LT R
ARSI ' FEAE RN TE F= 2 0 I ain, - BV i 1R
vk, HYMLIE AR, (IR 10°C4c0F F AR K EhE i
PR, A OUE P Sl s . 15°C Yk i B K E AU AT A
LT AR Yk H ODego F2 i 7L 0.2, H 4d Jiig =%
Wiem 15%. i, 15CHMLE XSRS 20C
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EmYMLReR.
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6 EEIEEEI L

wn ESCHTR, E IR IR = AR I EOK
AR TR e P R AT PR R . o YR &R
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FAE T ARSI IR ZR G OB AT 11%; ik BRI
F 15 CYIMEI ERZE AT B 4 d POE =224 46%, #H
LTRSS 400 N AR IL B dE i 15%, (R F 7 iE3E Tt
RERABAN G2 4115 30°C £ AR X I Rl 1 1

DUEF=H (60%) fFAFZR, XRERMEIR S (10°C)
AN T B R A AR A B 05 AR A AR B R
EH, BRI T Pise = R KIE 3T, Rk, B m
L S UTIE P R M 7R85 B R R FIVE ] e &
DU = R e = &
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KREEAT B HEAT EH 1% viv B2, T ODeoo #5204
0.8, W E# W 10°C o [FIINFE & A REAS TS R Tk
IRZE (20 g/L) FUARGINIRZE 7 W PRI O . [F]5
LKA RS 48 h, FET- 24 h 1 48 h 43 B '
i, il 6 Fron. 48 h£55% 5 TR, 1 &
2, AdYLiEr=F, Wk 7 HR.
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Fig. 6 Absorbances under various conditions
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Fig. 7 Precipitation yields under various conditions
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Fig. 8 State of sand solidification tests
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Table 2 Unconfined compressive strengths of specimens

X B At T B4 5 /M Pa
1 RYMEHE R E 0.62
2 RYME T NS 1.69
3 Ytk pi ERIITS S 1.44
4 DI ISR 2.28

Wk 2 Prow, PR . SRR
DA AT K ZF FRUR BT () IR 2 9 P AV PR 28 1R
SRJE S/, TR PG B AT I EE TR R
IS IR FE AR EE B 5 T 0.37 MPa, iX 3B 15°C Yl
S 10 K 2R AT v S s D AR R A 8OR IR T
TCVE P> R FFARN N o % EERIF G0 FR I TP s bR
FOO AR s B, [RIRESR AR I B2
FOFF B (R AR SR A 22 1 MPa,  TT0 [FIFER FH YL
KEEFUAT 1 A s A 220508 1.3 MPa, [RItk, &
TR TN N R 25 1R 5 V5 R B B s - [ A R R R
BARRE 4 FRE 1 BEF T EE, SRR L 1.7 MPa,
DRI, RIS PE T, (RIS SR FH X P A 7 b 1 [ A L
FET R, IXRI AT T P R A — 2K

8 4 it

(L) DB, BRI R K SRR ,
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FEAIRMEE L o AR EEACAE R, pH o 8 1, EUKEF
FRT R E R SR A IR, FLIIRISE S 1 5 o

(2) OB, BRIRFS DN AR ARIRTNE
77 AR BRI AP0 ELRZF AR 10 A ST AR
Mg M (1 XA S 210

(BYE TR TR IN PR R AN EUK ZF AT BTG
TR IIAEAR AT DLW S e IR B D0 ™ 4, REA R ok
R 251 PRI EA T R, TR PR g 7230
Ir8lity, Ve 4TI .
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Distribution patter ns of final negative pressure in vacuum preloading
HU Ya-yuan', QIAN Jing-lin?, ZHANG Chao-jie

(1. Research Center of Coastal and Urban Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang Ingtitute
of Hydraulics and Estuary, Hangzhou 310020, China)

Abstract: The distribution patterns of the final negative pressure are investigated in vacuum preloading under impeded bottom
boundary in order to demonstrate the degenerated properties of vacuum degree and to determine the final vertical effective
stress. Firstly, the equivalent relation of consolidation equations between vacuum preloading and surcharge preloading is
established according to the boundary homogenizing theory. The distribution patterns of the fina negative pressure with depth

are obtained. Secondly, according to the steady seepage equation of post-consolidation, the distribution properties of the final
negative pressure are studied for single-layer ground, multi-layer ground and sand-drained ground. The study shows that the
final negative pressure decreases along depth under impeded boundary condition. For the single-layer ground or sand-drained

ground with a constant water flux of vertical drain, the final negative pressure decreases single-linearly along depth. For the

multi-layers ground or sand-drained ground with piecewise constant water flux of vertical drain, the find negative pressure

with depth in vacuum prel oading

decreases piecewise-linearly along depth. For the ground with continuous permeability coefficient or sand-drained ground with
permeable layer. The larger the ratio of permeability coefficient between the upper layer and the bottom layer is, the larger the

continuous water flux of vertical drain, the final negative pressure decreases nonlinearly along depth. The rate of final negative

—_

pressure increases with the permeability coefficient of boundary. The final negative pressure decreases sowly in high

3
i

(==
2%

_T_J

final negative pressure at bottom boundary is, and vice versa. The case study shows that the ground model with impeded
K ey words: vacuum prel oading; negative pressure; effective stress; impeded boundary; homogenizing theory of boundary

boundary can reasonably simulate the properties that the find negative pressure and the final vertical effective stress decrease
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Field tests on water storage capacity of loess-gravel capillary barrier covers

JIAO Wei-guo', ZHANG Liang-tong?, JI Yong-xin®, HE Ming-we’, LIU Zhen-nan'
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Hangzhou 310058, China3. Guizhou Congtruction Science Research and Dsign Ingtitute of CSCEC Co.,, Ltd., Guiyang 550006, Ching)

Abstract: The climate in northwest Chinais arid and the loess which is technically feasible and economical used for soil cover
inlandfillsiswidely digtributed. At Jiangchungou Landfill, Xi'an, the first large size |oess-grass capillary barrier cover 20 mx30
m is built, and the extreme rainfall experiments are carried out. The results of water distribution tests show that: with 214.8 mm
rainfall, the slope runoff is 1.7 mm, accounting for 0.8% of the total rainfall, and the storage of soil (containing evaporation) is
199.57 mm, accounting for 92.9% of the total rainfdl, and the leakage is 11.53 mm, accounting for 6.3% of the rainfall. The
analysis of matrix suction and water migration shows that: with continuous rainfal, the pore pressure (or volume water content)
of the surface soil (above depth of 15 cm) and the bottom soil (below depth of 85 cm) in the capillary-barrier cover are al high.
The high pore pressure (or volumetric water content) of the underlying soil is due to the capillary-barrier effects at the
gravel-loess interface, which isthe distinct feature of rainfall infiltration water movement different from that of single soil layer.
The evaluation of water storage capacity shows that: the effective water storage capacity of the loess-grass cover is 251.95 mm,
measured by the rainfall experiments. The theoretical value of the effective water storage S is 218.75 mm, evaluated by the
indoor hygroscopic soil-water characteristic curve. The measured value is 15.18% larger than the the theoretical one, and the
results are safe. The theoretica value of the effective water storage S is 278.32 mm, evauated by the field hygroscopic
soil-water characteritic curve. The measured value is 9.47%, smdler than the theoretical one, and the results are dangerous. It is
suggested that the indoor hygroscopic soil-water characteritic

curve should be adopted in anti-seepage design. EE&WH: BR4EM[2017]1079, [2017]15134, [EFK AREIATE

Key words: landfill; cover; capillary-barrier effect; effective FETH (51625805); H4FkE SY F:[2015]3055, LH 7[2016]7096;
FPE P RRHAT R (CSCEC4B-2015-KT-03)
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Fig. 2 Plan of field cover
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Fig. 3 Overview of final cover
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Fig. 4 Structure of final cover of loess and instrumentation
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Fig. 5 Depths of TDR and tension meters
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9 1.35, 1.45¢g/em®, JEJWL 375 0~ 1500 kPa Ji
ST R R R R KRR IR ik (I 6D

1 BTRASH

Table 1 Parameters of loess

T+ S BKEAE/mm &%
Bk >0.075 0.075~0.005 <0.005 Wi/% wWi/%  Ip
QM e 71w 2% 367 2 15
e il C
60 pa=1.35 g/em®
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40 _ 3 %
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Fig. 6 Wetting and drying curves of soil-water characteristics for
loess by laboratory testing
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PR BE RN G R AH B R — ERFEER 7 ] 2 H o BE
{5 b R ARSI 7 i )2 O ) K ie B AN T
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Table 2 Water distribution in extreme rainfall experiments

(mm)
FoK BT S 4
fisf i) 41} =y e B 2t
eI (BE KD = [E5)
6 H23H 0 0 0 0
6 24H 0 36.63 0 36.63
6 25H 0.29 41.73 0 41.73
6 26H 0.57 108.33 0 108.33
6 H27H 0.92 1189 1.79 121.65
26 J1 28 H 1.47 181.7 5.08 188.25
6 H 29 H* 1.7 204.8 8.3 214.8
6 H30H 1.7 201.8 11.3 214.8
7H1H 1.7 199.97 13.13 214.8
7H2H 1.7 199.57 13.53 214.8
oS 1.7 199.57 13.53 214.8
M 43 He/% 0.8 92.9 6.30 100
T S B 1L
100 -250
£ Bk - FitEm :
= 80+ —o— WA 200 &
% HiEm 2 e
1 60 {150 &
8oyl {100 g
iz
¥ 20} 150 &
m /D/D—D é@
_ = —0——0—20
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7 RimbERIRIG K E S BT L HE
Fig. 7 Water distribution in extreme rainfall experiments
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Fig. 8 Variation of pore water pressure with rainfall time
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Fig. 9 Variation of volumetric water content with rainfall time
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Fig. 10 Variation of pore water pressure with days
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Fig. 11 Variation of volumetric water content with days
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Fig. 12 Water migration in single soil layer
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Fig. 14 Volumetric water contents on typical date
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Table 3 Analysis of actual storage of soil layers

(mm)
Sl B
SRS stz ./ S TSNS
ke g AT TORSE S pe o )
%S mik s
06-24
CATEIN
{5*‘({));-32?74(‘* 12.2 106.74 113.8 -7.06
ZimHn
&Qﬁ?iiﬁ 29.3 1755 169.8 5.70
4
{%?);-1%2 - 46.5 153.07 140.3 12.77
2R 15

3.4 DFBERMKFLESE (SWCC) 72

X7 5 2 B L AR i AT T,
AR R H M. & 15 &R 5K 5 v-F0 TDR WIS 1)
B GBI KRR A CRBRE K R - IR
KERHHE 2D 5E N IO b KRR 2 iy b
(TR H 1.45 glem® o mETE W: B LKy
fIE RURIRE U ) E 2250 AT 0~50 kPali] H—MK )
XN F2AEKEME, RS, Z5HRTERES
DIk —H B—FEN, TS W — B —m
BT & = L 12 NRPS (T E 2 4(@1/(/R7 W (Vi w1 B Z N o ]
K CEPNARTRE GRS 54 0~1500 kPa 3: /it
WA =R AD .
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Fig. 15 Comparison between field and laboratory moisture
content-suction curves
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Fig. 16 Comparison between field and |aboratory moisture

content-suction curves

Fig. 17 Loessesin field (left) and laboratory (right)
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hygroscopic SWCC
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Fig. 19 Analysis of measured water storage by field hygroscopic

swcc
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Crystallization pressure of crystalsin porous media

ZHOU Feng-xi"?, YING Sai* 3, CAl Yuan-giang®
(1. School of Civil Engineering, Lanzhou Universty of Technology, Lanzhou 730050, China; 2. School of Civil Engineering and

Architecture, Zhejiang University of Technology, Hangzhou 310014, China; 3. Engineering Research Center for Health Monitoring in
Building Life Cycle and Disaster Prevention, Yangtze Normal University, Chongging 408100, China)
Abstract: The pressure exerted by growing crystals of salts or water in porous materidsis amagor factor to induce deformation
and freeze-thaw damage. Theoretical derivations for the crystallization pressure of salt crystals driven by supersaturation and
ice crystals driven by temperatures are presented based on the chemical potentias of solutions and crystals, in which the ion
interaction is taken into account. The models for the maximum crystallization pressure that the growing crystals in non-idea
solution exert on the pore walls are developed. The pressure from crystallization of sdts and water as well as the freezing
temperature for solutions of aqueous NaCl and Na,SO, under different concentrations and temperatures are parametrically
analyzed, respectively. The results show that for the sat crystals, the crystallization pressure is closely related to the ratio of
supersaturation, solution activity and type of salt crystals, for the ice crystals, the crystallization pressure is relaed to the

ambient temperature and solution activity.

K ey words: porous medium; crystallization pressure; freezing point temperature; chemical potentia
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NaCl 0.2558
N&,SO, 0.1939

0.5700
1.4285

-0.4493
-0.5954

-0.009405 183.5 6.152 13.5
-0.008222 140.0 3.622 12.0
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Hydraulic and solute transport coupling model for fractured rock mass with
discrete fracture networ k using computational method

LI Xin-xin, XU Yi?
(1. State Key Laboratory of Water Resources and Hydropower Engi neering Science, Wuhan University, Wuhan 430072, China;
2. Changjiang Ingtitute of Survey, Planning, Design and Research, Wuhan 430010, China)

Abstract: The hydraulic and solute transport in fractured rock mass is of great importance for controlling the pollutant
migration in groundwater. Based on the discrete fracture network model, a 3D computational method is proposed to invegtigate
the coupling behavior of hydraulic and solute transport in fractured rock mass, with rock matrix modeled by solid € ements and
complex fracture networks represented by the zero-thickness elements. The proposed method is validated againg the results
from the refined modeling and anaytical approach in the case of solute transport in a fracture-matrix system without and with
reactions. It is further employed to smulate the mass transport process in fractured rock mass containing a large-scale fracture
network, to predict the solute concentration distribution and to estimate the main influencing factors of the solute field. It is
shown that the proposed numerical method is capable of capturing the water and solute movement in the fracture network and
rock matrix. Due to the dominant flows in the percolated fracture network, the solute plume is greatly affected by convection of
water flows in fractures, resulting in a highly heterogeneous distribution. With the aid of parametric sengitivity analysis, it is
demonstrated that the convection effect attributable to fracture aperture is the main control factor affecting the solute field,
compared with the diffusion effect caused by fracture matrix. On the premise of ensuring the cal culation accuracy, the proposed
method brings down the computational cost and also possesses an apparent advantage in settling down the three-dimensiona
computationa solution for fractured rock mass containing a complex discrete fracture network.
Key words: fractured rock mass; hydraulic and sol ute transport coupling; discrete fracture network; 3D FE modeling
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Fig. 6 2D and 3D geometry models for fractured rock mass
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Fig. 7 2D modeling of concentration distribution in fractured rock mass at different elapsed time
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Fig. 8 3D modeling of concentration distribution in fractured rock mass at different elapsed time
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Interfacial friction dependence of propagation direction and evolution
characteristics of soil desiccation cracks

ZENG Hao, TANG Chao-sheng, LIN Luan, XU Jin-jian, L1U Jun-dong, RONG De-zheng, WANG Dong-wei, SHI Bin
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: Asthe soilsin nature are distributed in layers, the desiccation cracking process of the top soil is easily constrained by
the contact conditions between the soil layers under drought conditions. A series of |aboratory desiccation tests are therefore
conducted to investigate the influences of interfacial frictional effect between soil layers on the developing direction and
evolution characteristics of soil desiccation cracking. In the tests, three slurry samples with the initid saturation are prepared
and dried under a constant room temperature of 30°C. Different interfacia friction conditions are designed at the bottom of the
samples to smulate the frictiona effect between soil layers in nature. During drying, photos of the surface and side of the
samples at regular intervals are taken to record the development process of soil cracks from different angles. Some new
discoveries show: (1) The soil desiccation cracks can develop from the surface downwards and may be firstly generated from
the bottom of the soil and gradualy develop upwards, which is different from the previous habitual understanding; (2) During
the drying process, the initial development position and development degree of cracks are constrained by both the soil
properties and the substrate friction conditions. For the soils with severe inhomogeneous or obvious flaws on the surface, the
cracks are generated and devel op from the surface flaws of soils, while for the relatively homogeneous sails, the cracks can be
firstly generated from the bottom of the soil and gradualy develop upwards under the influences of the substrate friction.
Moreover, after the drying is completed, the development

degree of the bottom cracks of the soils is even higher than BEMB: HEXOAREEEHH (41572246, 41772280); L7534
FREREGTH (41322019); [H5K 1 RFLF R4 0 H (41230636);
T8 BARRFIE &I H (BK20171228, BK20170394); H e fmifs 3k
propagate in inclined direction, and they are probably related ARV S LT % 4% T E  (2015-2020)

to the developed shear stress. (4) During drying, the soil Wi HEE: 2018 -04- 25

that of the surface cracks. (3) The bottom cracks mostly

shrinks concentrically, and noticeable shrinkage nucleus at *3M{E# (E-mail: tangchaosheng@nju.edu.cn)
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the bottom of soil appears at the bottom of the sails. (5) The substrate friction effect can change the internal stress field

during the desiccation cracking process of soils, and therefore affects the transverse and longitudind strains and profile water

content distribution of the soils. For example, the larger the substrate frictional degree, the smaller the transverse strain of sails,

but the greater the longitudina strain of soils.

Key words. desiccation cracking; frictional effect; crack development direction; shrinkage strain; profile water content;

shrinkage nucleus
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Fig. 4 Development of cracks of sample S2

2.2 TRERRREFSHHE

AT B AR T RETAS , RITAE HT2
BUR AR, Agit 7 34l TReEe)s, ik
TR I )R A H BLS MR AR S F 1) 12 B
KA FAEHRMIE, O T T AR, A4
THR B EEAE Lem LAE, HARBUE BN IES:.
K5 R T 3 ALRFE TR ATAUR I B 2REs, o Cs
BRI NRIIAE I F IR R AT IR, 1 Cx Row
(¥ A JECTL A O 1) R A 2R K G v B i
PR3, AR, BARHE TR A S, ki
FIEK ARG R 14, X5 dEs™ 4 JFm L
KA MRS EAZEAR K. IilhE 82, d1JER
PRI ER ARG 13 422 (K5 (b). It
4h, 15 (b). (o) HOWIEHBRIL,  MRHS A&
(KR 2 BRI 1) A A R e, Jeik B Ak,
I B 7 19 i 128 FE ST L7 ) o BV R R
AFAE B0 AJE B A AR B R A I R 2R AL S 3 i
PRI, RIVAH 5 AR BT AR, WA 5 (b)
IR Cx 1L T ZEAR IR, KR TR R I Al L
RO AR X R () 5 PO, 2B R TR IR T L
AR SR AT e T AR IR AT ST, R BLHR
T RE AR A 1 4%, (R IL B i) b
KA IR CZRRMERG], AR RAEA SR
7RDe

St e, - ET),
&% Csl mﬁ

5 FLHIRHETIRE R G B SHHE
Fig. 5Morphological characteristics of three samples after drying
3 FERHTRERERAOSKBRRLEEE
Table 3 Development of surface and bottom cracks of three
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Fig. 7 Distribution curves of profile water content of three samples

after drying
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surface during drying
3.2 REEEYMNNTHRARL BN

WA HTIE, AT A A T R A
BEIE R SKA S R BT [ g 1S 2530 8 A T
DRIZE T T Jg o R - A 1 e 4 2 32 38 PR AT
SER] AL, B PR 0. PR A7 A 1 BE A8 R ) T e A
L LIRS (R 4 Bt m] LLUEW] %
WD, BEM T4 2R R B 7 A5 . 6] 9 45t
T AEREREEEAON R, TR T AR A
PR LSO B I 52 RS IR =

HUBERE  EEEE -z <

0
]
i)
EY
| |
R R il r

LR &pi)

A
e

BB S 7

. TR
(a) JEHHBE (b) KHHBRRH

B9 FrREiEPLEREEARNZNRETEE
Fig. 9 Mechanical state of crack initiation and propagation on soil

substrate during drying
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