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Fig. 9 Evolution of porosity profile with superficial flow velocity

(diameter ratio, 0=06.7)

&L BRI BRI
TR TR

(a) Usup=0 (b) Usup=0.95 cm/s (e) Uup=1.32 cm/s
10 TEFR DS HRERWSTERETIER GHAER
RIFZEL 0s=6.7)

Fig. 10 Evolution of force chain in fine-particle layer with

superficial flow velocity (diameter ratio, os=06.7)
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Fig. 12 Crack propagation law of fractured sandstone specimen

under uniaxial compression
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Numerical analysis of thermal stress induced by solar radiation in
concrete-faced rockfill dams

ZHANG Zong-liang', ZHANG Bing-yin?>, ZHOU Mo-zhen’, YIN Wen-jie?, FENG Ye-lin'

(1. Power China Kunming Engineering Corporation Limited, Kunming 650051, China; 2. State Key Laboratory of Hydroscience and
Engineering, Tsinghua University, Beijing 100084, China; 3. Key Laboratory for Urban Underground Engineering of Ministry of Education,
Beijing Jiaotong University, Beijing 100044, China)

Abstract: Based on the dual mortar method within the framework of computational contact mechanics, the transient heat
conduction theory with nonconforming meshes is derived. A new thermo-mechanical coupled method is proposed to account
for the temperature-induced stress and nonlinear contact behavior in concrete-faced rockfill dams (CFRDs). It is implemented
numerically in the authors' in-house finite element code and then used to simulate an ideal CFRD under the solar radiation
effect. The numerical results indicate that the solar radiation in summer can cause a significant temperature increase to the
concrete face above the reservoir water. The maximum temperature reaches up to 51.6 °C and hence contributes a considerable
additional value to the axial extrusion stress of the concrete face. The maximum stress is 22.3 MPa and occurs at the central
valley near the dam top. The high values of extrusion stress are located at a thin layer near the outer surface. The numerical
phenomenon coincides with the common features of extrusion damage from the practical CFRDs, confirming that the thermal

stress induced by the summer solar radiation is one of the major factors causing extrusion damage.

Key words: concrete-faced rockfill dam; extrusion damage; solar radiation; dual mortar finite element method; thermal stress
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Table 1 Thermal parameters of different materials

Mk ep/(106T-m 3-°C' 1) K(J-ms!-Ch hd/(Tm2s°C a, a, /(107°C)
A 1.63 1.227 12 0.60 8.5
R 1.63 1.227 12 0.60 8.5
HEK X 1.63 1.227 12 0.60 8.5
pUR/iy 1.96 1.717 12 0.60 3.0
R 1.99 1.472 12 0.60 3.0

THIR 2.45 2.453 20 0.65 1.0

AR DA S KT AL R TR, P8R FH AT i

XA HIA T, P RS OR B AR S AR A AR A
IR PR S FAR B g, SR 6, SRR 725 A2
7t—Qscosn?—mid )

21, 1,
_ (26)

ntmid
0, =0, +0,, cos—=,

S

q, =

X, o WHHE, BCH 3.28X107 J/m?, %Rk
2630° ~40° MEFE. o NHBEEERE, 5O 12
he 7, N 4ATESZI5 H SRR %) (12 200D ZE{E.
HI9E R 6, AR ARE 0, BIHCA 20°C .

TEN BT, HEAORER XS & 5k E-B 1A
KSR AR, BARSE K AR A5G =
WAREEHAE, B 2, 3 Fios. JREeT R Zaitt
R, #ERKEE E=3.0X10" Pa, JAMELY =0.2.
TR 5 48 = 2 8] ) PR R EUON 0.75, THIAR S iR 2
[ 1) BE 4 R AU 0.7

2 YRR ESK E-B 1REISH

Table 2 Parameters of £-B model for rockfill materials

W o/(C) Ap/(C) K n R Ko m

EHE 555 113 1350 0.28 0.80 780 0.18
e 53.0 11.0 1000 026 0.79 700 0.16
HEK 550 122 1300 031 0.79 800 0.12
o 535 10.7 1250 031 0.78 720 0.16
WE 544 10.6 1200 030 0.75 680 0.15

* 3 MBBREERSH
Table 3 Material parameters of creep model for rockfills

Wik} a b c d m ma m3

FEHE 0.0012 0.0008 0.96 0.0012 0.39 0.41 0.63
W 0.0017 0.0010 0.74 0.0015 0.47 0.48 0.66
FEZK 0.0017 0.0008 0.96 0.0012 0.39 0.41 0.63
¥ 0.0012 0.0008 0.97 0.0013 039 041 0.63
#Z0.0012 0.0007 0.95 0.0011 040 041 0.62
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Fig. 5 Spatial distributions of the temperature at the concrete face

at the instant of 12 © 00
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Fig. 8 Distribution of extrusion stress of concrete face considering

solar radiation effect
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Fig. 9 Vertical distribution of extrusion stress of concrete face at

different time

4 & B

ASCHRAT AN 3 A1 T 3 28 0K BH #0061
AR HE AT LV Pk L T AR U ) 55 TR B D s . 2 AR
B 5 45t

(1) RHAZETXHE mortar JCHITHE AL /12407
%, T T AT T AR A A R R AR e R SR A A
X K& T 25 IR N 77 S AR S M4 fl i F- iR &0t
7%, BEFKR T AHNRA R CEERET .

(2) ZET 200 m I e AR, BEAT T
% & 5 2= K FRAR SR FH 318 SR A v BT
N T BEHER 23 BT R N TR R B T e ) AR AK
FEMAR S FE 7 KI5 T 6 J2H Tt

(3) IMHELEREKH, EEFERHEREIMERT,
K TR 1 3R o] R AR R T =, B KR

AL 51.6°C,  H R X 30 BAE h AR AR 5 48 B3R T
(T A o TS FORTR AR M — 2 T AR AU 3 M ) 45
SR SR — 2

(4) KPHFGE SR 5, 27K b T AR (0 0
5B R OK, KA Ik 22.3 MPa, KAAE
A H BT AR TR, BB RNy (1 (S A T
THIAR b 3% T ()3 2 o X e 5 SR R A T AR 57 T
AR I SR AL, 3 B B 2 B A S5 B 85011 T G i
FERL 7, N AR TR R A= 5 e 40 Y B B R R 2 —

(5K BA ARG T B iRk _F 2R 4 3K
YE RN AT MEFE A PR 7 T . ORI IR 5 SR AR
RAHAET s Qi VTR JE 3 A5 A BT = A 1
ETyB

SE -

(1] o B, AR 2. i e AR AR I 5B B PR e i 2
HE[T]. /KJ7AHL, 2008, 34(11): 98 - 102. (CAO Ke-ming,
XU lJian-jun. Discussions on critical deflection of face slab
and its design improvement for super-high CFRD[J]. Water
Power, 2008, 34(11): 98 - 102. (in Chinese))

(2] MREEAL. R IR A B S HA[0). A R
£k, 2007, 29(8): 1143 - 1150. (LI Neng-hui. New concept
of design for high concrete face rockfill dams[J]. Chinese
Journal of Geotechnical Engineering, 2007, 29(8): 1143 -
1150. (in Chinese))

(3] SUtBL, WodH. e AR S BOR AR )], E T
FERLZE, 2007, 9(11): 4 - 10. (MA Hong-qi, CAO Ke-ming.
Key technical issues related to super-high concrete slab dam
[J]. Engineering Sciences, 2007, 9(11): 4 - 10. (in Chinese))

[4] & 5%, Bk M, AREE. e TBIE KON AR B R BRI
A B TR AR (9], KIS %24, 2013(2): 48 - 51
(LUO Liang, CHEN Ye, ZHONG Hong-tao. Application of
geomembrane in temporary treatment of extrusion damage of
dam face slab[J]. Dam and Safety, 2013(2): 48 - 51. (in
Chinese))

[5] WEREAE, ERF, K&EE, & iGN e 2
PR B TRR R D). o R AR AR, 2012, 34(2): 193
-201. (LI Neng-hui, WANG Jun-li, MI Zhan-kuan, et al.
Connotation of deformation safety of high concrete face
rockfill dams and its application[J]. Chinese Journal of
Geotechnical Engineering, 2012, 34(2): 193 - 201. (in
Chinese))

(6] #RVET, 6 fR. o HARCHE AT DU S B i AT 72 (0],
K J17% Ha, 2007, 33(9): 80 - 84. (XU Ze-ping, GUO Chen.



11

SKORSE, A TR TARCHE A LIRS K BH #AVER SRR B 0 1550 1965

Research on the concrete face slab rupture of high CFRD[J].
Water Power, 2007, 33(9): 80 - 84. (in Chinese))

(7] 484w, Jutery, FLOERT, & HRAEMI MY S 2 O TR
HEAT VIR ) B R BE AL RISEMARTE JE ). E A 15T
FE2£3H), 2009, 28(H8F 1): 3257 - 3263. (ZOU De-gao, YOU
Hua-fang, KONG Xian-jing, et al. Research on joint
simplified model and effects of joint parameters on panel
stress and joint displacements of faced rockfill daml[J].
Chinese Journal of Rock Mechanics and Engineering, 2009,
28(S1): 3257 - 3263. (in Chinese))

(8] Jil sk, SKINEN, KR8, S ey T BROHE A LT B s 1
IHLER KB EBETERT L], A TR, 2015,
37(8): 1426 - 1432. (ZHOU Mo-zhen, ZHANG Bing-yin,
ZHANG Zong-liang, et al. Mechanisms and simulation
methods for extrusion damage of concrete faces of high

rockfill ~ dams[J].
Geotechnical Engineering, 2015, 37(8): 1426 - 1432. (in
Chinese))

[91 XDGEE, #1 &, FEABN, S TR A LTRSS ) #A
G AT R BSGE RLPIRZS O [T, KRR, 2006, 37(2):
135 - 140. (LIU Guang-ting, HU Yu, JIAO Xiu-gang, et al.

concrete-faced Chinese Journal of

Stress analysis of concrete slab in high CFRD and measures
for improving the stress state[J]. Journal of Hydraulic
Engineering, 2006, 37(2): 135 - 140. (in Chinese))

[10] EHilR, E5EAE, BRogke. JEmIve i /E HIF HEa R Bt
TGN T3 WETE)]. 7K1 R AR, 2004, 23(6): 45 - 49.
(WANG Rui-jun, WANG Dang-zai, CHEN Yao-long.
Research on thermal stress of concrete slabs of rockfill dam
under condition of cold wave attack[J]. Journal of
Hydroelectric Engineering, 2004, 23(6): 45 - 49. (in
Chinese))

[11] TREHT, SR, To6L. REE L mBRHE A WUR LR S
F[I]. KAIKEELA, 2001, 32(7): 1 -5, 62. (ZHANG
Guo-xin, ZHANG Bing-yin, WANG Guang-lun. Study of
thermal stress in the concrete slab of a concrete face rock-fill
dam[J]. Water Resources and Hydropower Engineering, 2001,
32(7):1 -5, 62.(in Chinese))

(12] & &, 5k M, SRR, 55 A BTSRRI i
L JBE L g 43 BT B B SR AT L [0]. AR S, 2011,
28(4): 76 - 81. (CHENG Song, ZHANG Ga, ZHANG
Jian-min, et al. The analysis and amendatory measures of
temperature stress of face slab of a concrete-faced rockfill

dam with extrusion wall[J]. Engineering Mechanics, 2011,

28(4): 76 - 81. (in Chinese))

(13] #5em, KARA, #o8, &8 BT U 07 5 oA I AR
it TR P BT RTERT T[] KA HEAR, 2018, 4900
T 1): 33 -41. (XIE Zhi-giang, ZHANG Zhen-jie, DONG
Yun, et al. Numerical simulation-based study of method for
temperature control and crack prevention of concrete face
slab of rock-fill dam during construction[J]. Water Resources
and Hydropower Engineering, 2018, 49(S1): 33 - 41. (in
Chinese))

(14] Fofi, X8, 2508, 5. 2Rk Ao £ 0 ik
58 R BUE 22T )], AKFIZEAR, 2014, 45(3): 343 - 350.
(WANG Zi-jian, LIU Si-hong, LI Ling-jun, et al. Numerical
analysis of the causes of slab’s cracks on Gongboxia face
rockfill dam[J]. Journal of Hydraulic Engineering, 2014,
45(3): 343 - 350. (in Chinese))

[15] R, mEd, BUNA, 55 sk K s EKERE
TR U i BRI 3 22 T 3 (9] K 0 R AE AR, 2007,
26(4): 82 - 85. (SONG Wen-jing, GAO Lian-shi, LU
Ming-zhi, et al. Stress and deformation FEM analysis of
Zhanghewan asphalt CFRDI[J]. Journal of Hydroelectric
Engineering, 2007, 26(4): 82 - 85. (in Chinese))

[16] AFbuf, IR, BRAK. i EEAR o A BHAZ T 52 I
BB L TARSAR, 2016, 381G T 2): 299 - 305.
(SHI Bei-xiao, CAI Zheng-yin, CHEN Sheng-shui.
Experiments on influence of temperature on deformation of
rock fills[J]. Chinese Journal of Geotechnical Engineering,
2016, 38(S2): 299 - 305. (in Chinese))

(17] FRET. JREE - TR A OB BOR ST FEt f ()], KA
2, 2019, 50(1): 62 - 74. (XU Ze-ping. Research
progresses and key technologies of CFRD construction[J].
Journal of Hydraulic Engineering, 2019, 50(1): 62 - 74. (in
Chinese))

[18] PUSO M A, LAURSEN T A. A mortar segment-to-segment
frictional contact method for large deformations[J]. Computer
Methods in Applied Mechanics and Engineering, 2004,
193(45/46/47): 4891 - 4913.

[19] WOHLMUTH B 1. A mortar finite element method using dual
spaces for the Lagrange multiplier[J]. SIAM Journal on
Numerical Analysis, 2000, 38(3): 989 - 1012.

[20] POPP A, SEITZ A, GEE M W, et al. Improved robustness and
consistency of 3D contact algorithms based on a dual mortar
approach[J]. Computer Methods in Applied Mechanics and
Engineering, 2013, 264: 67 - §0.



1966 Hs

= 3 2021 4

[21] FENG S Z, CUI X Y, LI G Y. Transient thermal mechanical
analyses using a face-based smoothed finite element method
(FS-FEM)[J]. International Journal of Thermal Sciences,
2013, 74: 95 - 103.

[22] RAED5. RAEFRRE L6 T A2 H 2 200 B g ). /K
F1RHAER, 1999, 18(3): 35 - 41. (ZHU Bo-fang. Influence
of solar radiation on temperature of mass concrete in the
process of construction[J]. Journal of Hydroelectric
Engineering, 1999, 18(3): 35 - 41. (in Chinese))

[23] ZHOU Mo-zhen, ZHANG Bing-yin, PENG Chong, et al.
Three-dimensional numerical analysis of concrete-faced

rockfill dam using dual-mortar finite element method with

mixed tangential contact constraints[J]. International Journal
for Numerical and Analytical Methods in Geomechanics,
2016, 40(15): 2100 - 2122.

[24] KUNISCH K, ROSCH A. Primal-dual active set strategy for
a general class of constrained optimal control problems[J].
SIAM Journal on Optimization, 2002, 13(2): 321 - 334.

[25] &R, K&, M M, & R I RE A U AR
WA ERIGTT A1), &+ S5, 2004, 25(11): 1712 -
1716. (LI Guo-ying, MI Zhan-kuan, FU Hua, et al
Experimental studies on rheological behaviors for rockfills in
concrete faced rockfill dam[J]. Rock and Soil Mechanics,

2004, 25(11): 1712 - 1716. (in Chinese))

MBNA: GEENLESHRENWF—RREH. R AFERGFRIE)

MRIED AL (AR £ 55kt e A
BT 06 2GRk ARk T 2021 48 7 J HRRCRAT
ERNES NI MR BT & Bk 1 E
552 5 RGN GIEE KR BIEAR A L 550k 1 77
) HE AR A BB 0 77 T HAS ) R ZE QT R, AR
AN S RERR 0 2 2 TR N Rt g R AT 4 i AR e A
45, ISR MET R LA A TG BR CGE3 BERE
5 5 WA B AR A AT RGUR IR, B4
VR AE N 22 AT BN BT S WA 27 R BT TR 2256, ) R S
TG —BE MR RION K E LDk 2%, B=0E
(5 6 mAE 7 8) RAFERZARE HEEAGFEE. 15K

gt 17 A EENASHREE TR A L TR S
W BRI Ip 232206 . AN SRk 1 28 A S i B R K
TR A A 2RSS S« 873 AT % SO0 AR R 1
PFfr. WEEE. BEOGH . IRARSG. HEH™E, Ba sk,
FHALMS] . RRRER Z A B R

BB NGE £ 5 TR ECE: . BHEA R KHEF
HEZH .

M Y, BRI R SRR L5251 (G2t B354
BRI R G R S BT ) — 4 L B2 AL AE 2017
7 AHRRAT. 124538 10 &, = E N ST S BUR IR
Wb B TR G ot/ RIS RHIT ST R IR 3 — A L35

CR TG



$43% 5511 "= L T #M ¥ Vol. 43 No. 11
2021 4F 11 A Chinese Journal of Geotechnical Engineering Nov. 2021

DOI: 10.11779/CJGE202111002

ESIEBIKERIMR R MR 4 F & 0 i

BREX"? EXE", vt &', TEH"
(I R TR+ TRRBFEH, TI9F M50 210009; 2. Y35 TA TREBI BHOARB S, YLHF A5 210009
3. SErh R, WL R 430074)

& . W(RsRHUE R I A RO T RE I e At — TE K TREPRAR . R FH 4 3 vk i s o b o B PR Kbl
ST PR T — AERE A A BR T, (K HE At X 38 5 B iE Ak 1 1 S5oR0 g sSE R D SR, IR EUR VR AR IR T R
OSRAENE A AR S, 5B R LR A AR AR R, R HAT BB R FE B /K P T R )R i
PRI R [N 1% R o R ZK T 1 Hz FRATsr EA 10 Hz DAL il oy i o0 ) S0 3 I O RIE IV 5
B A HUB SR 3K, I P HI 3 e A% 8 bR 5B 2 ek ), L s AR (Rl (EABUTT (A5 305 g PR b SR (R S P
TR 22 Bt 2 — et sl i P B 8 20N s Y R B s B B R P AN SR AR XTI CAV 3 52 B W B AR RN i
PRI AR . AR BT KT B AR AT, /KT IR B8 [ B2 i RE 20 (3 1 A X i PR 37 b 1 152 1 H
SR WENAFE . ARKIEDAT PR TS 1200 R 3 B S S ET B R T A 42

KHEIR: WM TRIEIEIR: MR SR YRR R RS

FESES: TU433 XHRFRIRAS: A XEHS: 1000 - 4548(2021)11 - 1967 - 09

EEREM: BREM1963— ), 5, #¥%, 1oL, FENFLF I EE LHE TEMR. E-mail: gxc6307@163.com.

Two-dimensional nonlinear seismic response analysis for seabed site effect
assessment in Jintang Strait

CHEN Guo-xing" 2, YUE Wen-ze! 2, RUAN Bin’, WANG Yan-zhen'-?
(1. Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China; 2. Civil Engineering and Earthquake Disaster

Prevention Center of Jiangsu Province, Nanjing 210009, China; 3. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Ensuring the safety of coastal and offshore projects subjected to strong earthquakes is a major engineering challenge.
A two-dimensional nonuniform gridding and fine finite element model for the seabed cross-section site in Jintang Strait is
established using the geological and geotechnical exploration data. According to the regional tectonic setting and historical
seismicity around the undersea tunnel site, the downhole array bedrock records during two strong earthquakes are selected as
the input bedrock motions, the spatial inhomogeneous variation, nonlinear and hysteretic behaviors of the seabed soil are
considered, and the site responses of the seabed deep deposits under various earthquake levels are simulated using the parallel
method. The significant amplification and filtering effects of seismic propagation for the low-frequency components below 1
Hz and the high-frequency components higher than 10 Hz of the bedrock motions are observed in the site responses. With the
increase of bedrock motion levels, the values of acceleration transfer function of the seabed site decrease, and the predominant
frequencies of the seabed site response tend to be lower. The peak acceleration amplification factors of the seabed surface are
obviously lower than those of the general land sites. The 5% damping spectral acceleration spectra and the cumulative absolute
velocity at the seabed surface are significantly affected by the bedrock motion characteristics and seabed local site conditions.
The coupled horizontal and vertical bedrock motions exhibit a substantial negative influence on the design ground motion
parameters of the seabed site, compared to those in the cases of only the horizontal bedrock shaking. The determination of the
design ground motion parameters of the seabed site based on the current seismic code may be unsafe.

Key words: site effect; seabed deep deposit; site response characteristic; two-dimensional nonlinear analysis; vertical motion
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Table 1 Information of original earthquake recordings for bedrock motions
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Fig. 8 Spatial variation of 5% damping horizontal spectral acceleration f spectra of seabed cross-section site subjected to unidirectional

(horizontal) and bidirectional (horizontal and vertical) bedrock motions
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Three-dimensional settlement characteristics and accelerated
stabilization of landfills under aerobic remediation

FENG Shi-jin"2, BAI Zhen-bai*, ZHENG Qi-teng’
(1. Key Laboratory of Geotechnical and Underground Engineering, Ministry of Education, Shanghai 200092, China; 2. Department of

Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: The settlement is an important index for evaluating the stabilization of a landfill. However, the settlement of an
aerated landfill is extremely complex and highly coupled with waste biodegradation due to non-homogeneous distribution of
oxygen. Thus, the traditional models for settlement of anaerobic landfills are not applicable to aerobic ones. A
three-dimensional multi-field couped model for landfills is established considering anaerobic-aerobic biodegradation, liquid-gas
migration, multi-component diffusion and elastic-plastic-degradation skeleton deformation. The finite volume method and the
open source computing platform OpenFoam are used to solve the model, and the settlement and deformation characteristics of
an aerobic landfill are revealed. The results show that the aeration can easily induce significant uneven settlement and relative
displacement of waste-aeration well, e.g., reaching up to 0.7 m for a 10 mx10 mx15 m model in this paper, and the largest
uneven settlement occurs at the intermediate stage of aeration. According to the China's national standard of highly utilizing
landfills, the aerobic remediation can reduce the post-maintenance time of landfills by 88%, and a termination condition of 90%
degradation degree is suggested for aerobic remediation of landfills to satisfy the criteria in terms of post-aeration settlement
rate.

Key words: landfill; aerobic remediation; multi-field coupling; settlement; stabilizing acceleration
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Y I B R, R AR R NG S AR IR AR
AL, MRAMEMET %R, (kg/md/d) LT
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Table 1 Key variables of coupled model for anaerobic-aerobic
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Ag £ —V(Bngg) ’ "ngT:Rg 0(45)
ZH S BT E,
a(yk)Hl’Hl t+1,i+ t+1,i+
,g—fir——V(%vg)“‘+V(q9@1”+
k kNt+Li+l _ pk —
Dg (yg) _Rg (k _1’2’3’4) ° (46)
BRI,
V[ A4V ]-V [ BV =R, . (47)
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2.2 ARGFVESHAKETRE
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Fig. 1 Solution procedures of proposed coupled model for landfills
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Fig. 2 Schematic of aerobic remediation of landfill
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Table 2 Boundary conditions of aerobic remediaton of landfill
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P PRI T, FEARPIAR AR L 4 B
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Table 3 Waste biodegradation and CH4 oxidation parameters
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Fig. 3 Spatial distribution of deformation in landfill under aeration
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Fig. 4 Grid diagram of waste deformation under aeration
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Fig. 5 Variation of uneven settlement over time
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Fig. 6 Variation of relative displacement of well-waste over time
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Fig. 7 Effects of aeration pressure on relative settlement of well
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Simplified calculation and design method of multi-well system for
anti-uplifting based on intercepting and discharging water

ZHU Dong-feng'-2, CAO Hong', LUO Guan-yong', PAN Hong', LUO Chi-yu?
(1. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China; 2. Guangdong

Architectural Design and Research Institute Co., Ltd., Guangzhou 510010, China)

Abstract: For the multi-well system in the anti-uplifting system based on intercepting and discharging water, there is no
practical simplified method except the numerical method for seepage analysis, which is not conducive to its application. In view
of this, a simplified method is proposed. The idea is as follows: for the multi-well system with even distribution inside the
circular cut-off wall, the hydraulic head on the inside boundary of the cut-off wall is assumed to be constant, and the
distribution of the hydraulic head of the multi-well system is deduced through conformal mapping. For the non-circular cut-off
wall, it can be equivalent to a circle to obtain an approximate solution.The resistance coefficient method is adopted to connect
the inner and outer seepage fields of the cut-off wall in series on the basis of considering the water leakage and by-pass seepage
of the cut-off wall, and the total flow can be obtained. After verification, a comparison with the finite element method shows
that the difference between the simplified algorithm and the finite element method is smaller, and it only needs to provide a few
geometric parameters to get more accurate results. The control of the hydraulic head at the bottom of the floor and the hydraulic
slope around the well are the key points in the anti-uplifting design process based on drainage decompression. Moreover, in
order to give consideration of both safety and economy, parameters #, r, hw and rw need to be adjusted repeatedly to achieve the
best effect.

Key words: anti-uplifting; seepage; multi-well system; cut-off wall; conformal mapping
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Fig. 8 Comparison of calculated results of hydraulic head
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Experimental study and micro-mechanism analysis of freeze-thaw
performance of expansive soils improved by phase-change materials

HUANG Ying-hao, CHEN Yong, ZHU Xun, WU Zhi-qiang, ZHU Rui, WANG Shuo, WU Min
(Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: The complex freeze-thaw process experienced by expansive soils in seasonally frozen regions will cause the
deterioration of freeze-thaw performance of soils. The phase-change materials can store and release a large amount of energy in
the form of latent heat during the phase change process, and can be used to improve the freeze thaw performance of soils. For
the case study of expansive soils in the canal base in high and cold regions of northern Xinjiang, the freeze-thaw cycle tests
under the actual climatic conditions along the canal are conducted. The paraffin-based liquid phase-change material (pPCM)
and the paraffin-based microcapsule phase-change material (mPCM) are selected. After undergoing freeze-thaw cycles, the
modified expansive soils with different blending amounts of phase-change materials are subjected to the volume deformation
tests, unconfined compressive strength tests, DSC thermal cycle tests and SEM tests. The results show that the pPCM can
improve the toughness of soils under failure to some extent, and it is slightly better than mPCM in improving the internal
temperature field of the foundation soils in the canal and improving the thermal stability of the soils. The mPCM can reduce the
expansion and contraction deformation of the soils. It effectively inhibits the attenuation of the strength of the soils, and the
mixing amount of 8% is the most significant. The mPCM reduces the impact of freeze and thaw on microscopic pore damage of
the soils, and macroscopically weakens the attenuation effect of freeze and thaw cycles on soil strength. The tests show that the
mPCM-modified expansive soils have obvious advantages in resisting repeated freeze-thaw cycles, which can provide a
reference for the design of actual projects.

Key words: freeze-thaw cycle; expansive soil; phase-change material; volume deformation; unconfined compressive strength;

differential scanning calorimetry; scanning electron microscope
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Fig. 1 Grain-size distribution curve of soils
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Table 1 Basic physical properties of expansive soils
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2.70 1.71 18.4 52.6 18.4 34.2
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Fig. 2 Phase-change materials
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Table 2 Simplified control process of ambient temperature
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XING Shuang, WU Tong, LI Yue-bing, PAN Xin-zhou
(School of Civil Engineering, Northeast Electric Power University, Jilin 132000, China)
Abstract: Based on the shaking table tests on frozen soil-structure dynamic interaction system, the earthquake damage
phenomenon of the superstructure and foundation of frozen soil site and the liquefaction phenomenon of sandy silt under
earthquake excitation are reproduced by using the self-made indoor frozen soil freezing system, the seismic response of frozen
soil sites with different freezing depths and its influence on the seismic response of superstructure are in vestigated. In addition,
a nonlinear model considering the dependence of frozen soil on temperature and the change of equivalent shear stiffness caused
by liquefaction of foundation is established by using the nonlinear finite element software, which lays a foundation for the
subsequent calculation and analysis. The analysis shows that the seismic response and the peak frequency of the surface
decrease with the increase of the input seismic waves due to the non-linear progress of the soil. The interaction between the
superstructure and the foundation is obvious, the amplitude of ground surface decreases with the increase of the freezing depth,

and the seismic response and the peak frequency of superstructure increase. The above results can provide reference for the

Shaking table tests and numerical analysis of frozen soil-structure interaction system

study on frozen soil-structure dynamic interaction in seasonal frozen areas.

Key words: shaking table test; pile foundation; frozen soil; liquefaction; seismic response
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Fig. 1 Shaking table model system
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Fig. 3 Overview of shaking table test model
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Table 3 Parameters of buildings
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Fig. 4 Soil freezing procedure
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Fig. 6 Time histories of acceleration of input waves
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Fig. 7 Comparison of surface morphologies before and after tests
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Fig. 9 Fourier spectral ratios under different excitation levels
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Fig. 10 Fourier spectral ratios under different freezing depths
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Experimental study on effect of dissolved organic matter on mobility of
soil colloids

ZHANG Wen-jie, JIANG Feng-yong
(School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)
Abstract: Soil colloids are widely distributed in underground environment. They can facilitate or retard the migration of
pollutants in soils, depending on the mobility of the colloids. By choosing the humic acid and bovine serum albumin as the
typical dissolved organic matters and the bentonite colloid as the typical soil inorganic colloid, a series of colloid migration tests
are carried out to investigate the effect of different dissolved organic matters on the mobility of the soil colloids under different
ionic strengths. The mobility mechanism of the colloids is explored according to the DLVO theory. The results show that the
mobility of the bentonite colloids decreases with the increasing ionic strength. Both the humic acid and the bovine serum
albumin can facilitate the mobility of the bentonite colloid, among which the enhancement by the humic acid is more obvious
than that of the bovine serum albumin. Under the same ionic strength, the mobility of the bentonite colloid in column with

larger pore volume is higher than that with smaller pore volume.

Key words: dissolved organic matter; soil colloid; mobility; ionic strength
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(1) BEHSEREE

ARSI R0 BB R A (3R
DR R SR A B, RN ES BR Ak
FRATARAEL),  BEESERAR N R B 2.50 g/lem?®, EEAL
SN Si0r (H2) 78%). N T EEFLBRA I
Wi, 43 A% 0.4~0.6 mm BTk A4 S 4 hr B B Bk AT,
1.5~2.0 mm GUHRBIEERE . K BRRIAE IR
IR 24 h HRR S B AN, BHH LB TK
T BT SR /N T 2 pS/em. BE S 1E 105°C 4644
T 8h, BT 600°C Il HgtlE 4 h DLLBRILHS
BRR A WAL A0, JE B ER 5 A7 T R U

SRR .

(2) ML A

A5 PR R bl A5 AL - SR A, BT R R
HBHINE | Pin. BEE0EET YRS TR
F, HEFEN 75.4%. VT e d o, SR
FIESE T2 (GB7872—87) HREURAA . F4RHL I
INF 1 um R B R IN N2 2 L2 &I R8T
IKE BARAE, FFEE 50 mg/L 1R Bl /E N 5 5
RGO B

F1 BTN EEYES Y

Table 1 Main physical parameters of bentonite

FhAagsE RARSKER WIER 8RR
/% /% /% 1% BEEE
75.4 9.6 163 32 2.76

(3) n[¥EPEA LR

W1 g JEFARRA AR INE] 0.1 L 2 BTk 78 404
o ol 045 pm PERLSE, KIERMIBLTRRE, MR =
Wit E B TKP R HA FiE, FFERCEMR 1 g/L %
WA N BER LA #5 0.1 g BSA By IIAH] 0.1 L 25
BT KP S BSA SE TR, FCHK 1 g/L 1
BSA BEf, E1ET 4 CHERIKFT LS .
1.2 RERE

TR0 2 T A R R RN i 2 A R,
1 iR, BN 6cm, B 16 cm, BEIEERIE
B FER RS, KBRS E (2em A—2)
SRR AL 5 P BB i R 038 20 o EASE AL fR JEC AN
TS5l —Z 200 H @RI, DABG IR HHE
OO BB ER I RB . NI B P G B b 2 Rk
PRI, B IERAR SRS, F TSDO1—01 X j) HE i i
RN DF 51 R R fff 42 1) VA o (9 3 82 S N
CAl 24 i &= 0.185~83.318 mL/min, i%Z/NT
0.35%), RIEBEFEANRIEIN 16 mL/min, 115H
B SR A R R AT A FL B 7K 52 B P 349 38 4 A
4.26X102, 2.84X 102 cm/s, K A N B 2K,
DUMEHE S BRI TAR 130 VA

etk R R
E— .
IR oo | R

1 BERAEEIH AR EREE

Fig. 1 Set-up of migration tests on soil colloids
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2 ® it

HETP HOUHEFZEH g M8 M DLVO
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Table 2 Parameters of migration tests on soil colloids

BT At BEEERAE Zeta HLL Zeta HLL ki B A% LB HEE WEE EURER
/mmol- L") HHLR Bt /mV kL /mV BEEER /nm B 1% 1% 1%
1 ¥ gAiip AT -33240.68  —31.69+1.13  669.7+40.7 0.22 67.3 32.6 99.9
1 HA ity -45.84+0.17  —50.37+0.51 494 8432 0.21 99.2 0.2 99.4
1 BSA ity -40.4+0.32  -41.65+0.92  574.4+31.5 0.21 79.9 19.7 99.6
1 7o HkL — — 0.34 94.5 5.1 99.6
5 o ity -31.13£0.18  -30.18+0.33  705.4+42.1 0.21 54.8 44.7 99.5
5 HA 11 -40.69+0.21  —48.32+0.29  594.7+38.5 0.20 80.8 18.9 99.7
5 BSA i -3937+0.99  —4533+0.43  593.3+34.2 0.23 64.3 35.1 99.4
5 7o HkL — — 0.33 73.8 26.0 99.8
10 ¥ ity -30.43+0.41  —28.78+0.34 737.5452 0.24 39.3 60.1 99.4
10 HA giipans -39.93+0.03  —46.99+0.72  594.7+29.3 0.22 67.4 32.3 99.7
10 BSA gaiipans -355741.03  —39.19+0.77  649.2+37.2 0.22 43.2 55.8 99.0
10 7o HkL — — 0.35 47.0 51.3 98.3
50 ¥ gAiip AT -20.64£0.54  —22.07+0.39 868.9+63 0.21 26.2 73.5 99.7
50 HA i1 -34.87+0.76  —40.01+0.62  728.5+60.8 0.21 51.7 46.2 97.9
50 BSA Eiip -28.49+0.11  —37.42+0.52 786+64.5 0.22 29.9 69.4 99.3
50 7o HkL — — 0.32 34.9 64.4 99.3
100 ¥ gAiip AT -1631+£0.66  —-18.19+0.78 1106.67+66.3  0.22 18.8 80.6 99.4
100 HA Eiip -31.7740.63  —31.87+0.43  806.66+52 0.20 37.2 61.9 99.1
100 BSA i1 -26.65+0.89  —28.98+0.25 950.2+55 0.21 23.2 76.7 99.9
100 o HRL — — 0.35 27.5 72.0 99.5

T =" FoRARKEK.
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Fig. 2 DLVO potential energy curves of colloids corresponding to
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Shaking table tests on buried pipelines in inhomogeneous soil under
transverse non-uniform excitation

HAN Jun-yan, GUO Zhi-ke, LI Li-yun, HOU Ben-wei, GAO Yun-hao, DU Xiu-li

(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China)
Abstract: A series of multi-point shaking table tests are conducted on model pipelines to investigate the seismic response of
pipelines buried in inhomogeneous soil under transverse non-uniform seismic excitation. The acceleration and strain response
laws of the buried pipelines under different ground motion intensities are analyzed. The main conclusions are as follows: the
acceleration response of the pipelines is basically subjected to the acceleration response of the surrounding soil under uniform
and non-uniform excitation. The buried pipelines mainly exhibit longitudinal bending deformation. Under the higher uniform
seismic excitation, the peak strain of the pipelines in the transient zone where the soil properties change in the inhomogeneous
soil model is larger than that in the homogeneous soil model. The maximum peak strain is basically about 30% higher than that
in the homogeneous soil, However, the maximum strain peak is basically about 30% lower than that in homogeneous soil under
non-uniform excitation. The strain response of the pipelines in homogeneous soil under the higher non-uniform seismic
excitation is almost twice as large as that under uniform excitation, but then the strain response of the pipelines in
inhomogeneous soil does not change significantly. The test results can provide a reference for the seismic design of
large-diameter buried pipelines passing through inhomogeneous soil sites.

Key words: non-uniform seismic excitation; inhomogeneous soil; buried pipeline; multi-point shaking table test; seismic
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Fig. 1 Shaking table system and suspension continuum model
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T-EMSD-based p-y curve of laterally loaded piles in clay considering
small-strain behavior

YU Jian" 2, ZHU Jun-lin"- 2, HUANG Mao-song" 2, SHEN Kan-min®
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and
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Abstract: The international popular API code recommends the p-y curve method to analyze the nonlinear behavior of offshore
wind turbine (OWT) steel pipe piles. The p-y curve controls the pile-soil nonlinear response only through one parameter
regarding the development of stress-strain relation of soils. This over-simplification results in the inaccurate evaluation of the
lateral initial stiffness of pile-soil and the underestimation of the bearing capacity. Therefore, the stress-strain curve with soil
small-strain behavior is first introduced to achieve a numerical p-y backbone curve by using the total-displacement-loading
extended mobilized strength design method (T-EMSD). The expression for the two-dimensional p-y backbone curve is then
fitted from the numerical results. The three-dimensional effect of the proposed p-y curve is further considered by incorporating
the three-dimensional ultimate capacity factor, the initial subgrade modulus and the compatibility factor. The rationality of the
proposed p-y curve is verified against the results from the three-dimensional finite-element analysis and field tests. Compared
with API code, the proposed p-y curve can provide a more reasonable prediction for both the bearing capacity and the initial
stiffness of pile-soil by considering the soil small-strain behavior, which is a significant advantage for the OWT pile foundation
with strict deformation control.

Key words: laterally loaded pile; soft clay; p-y curve; T-EMSD method; small strain
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Modeling of coupled Darcy-Forchheimer flow in fractured porous media and
its engineering application

XIONG Feng', JIANG Qing-hui?, CHEN Sheng-yun®, HU Xiao-chuan*
(1. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan 430074, China; 2. School of Civil Engineering, Wuhan

University, Wuhan 430072, China; 3. Inst. of Defence Eng., AMS, PLA, Beijing 100850, China; 4. The Civil Engineering Group

Corporation of China Second Engineering Bureau Ltd., Beijing 101100, China)

Abstract: Aiming to solve the nonlinear flow in fractured porous media, the coupling characteristics between Darcy flow in
pores and Forchheimer flow in fractures are described by means of the pressure transfer function. The finite volume numerical
form of seepage equations is derived, and the corresponding numerical code is written. The flow solution by the proposed
method for single fracture and intersecting fracture is verified against Frih and Arraras’ solution. Based on this method, the
fluid flow behavior of a fractured rock deep-buried tunnel is simulated, which shows it has strong applicability to flow in
complex fracture system. The nonlinear flow of tunnel is also analyzed. The results show that the hydraulic gradient of
surrounding rock is characterized by "large at bottom and small at top", with the maximum difference of 2.5 times. Therefore,
the flow rate at the bottom of the tunnel is greater than that at the top. The distribution homogeneity and density of fracture are
the important factors that affect the hydraulic behavior of fractured rock tunnels. At certain water pressure, the more fractures
concentrated in the direction of water pressure and the greater the density is, the greater the surrounding rock conductivity is
and the greater the flow rate of tunnel is. In this condition, water-inflow accident of tunnels will be prone to occur. The research
results may provide reference for the waterproof design and engineering practice of fractured rock tunnels.

Key words: fractured porous medium; coupled Darcy-Forchheimer flow; finite volume method; nonlinear flow in tunnel
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Experimental study on tensile strength of frozen expansive soils based on
Brazilian splitting tests

ZHANG Yong-gan', LU Yang" %3, LIU Si-hong" 3, LI Zhuo*, ZHANG Cheng-bin', ZHOU Yu-qi'
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Key Laboratory of Ministry

of Education for Geomechanics and Embankment Engineering, Nanjing 210098, China; 3. International Joint Laboratory of Long-term
Behaviour & Environmentally Friendly Rehabilitation Technologies on Dams, Nanjing 210098, China; 4. Department of Dam Safety

Management, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: The tensile strength of frozen soils plays an important role in geotechnical problems involving tensile failure. In
order to study the tensile properties of frozen expansive soils, a series of Brazilian splitting tests (BST) are used to study the
effects of loading mode, height to diameter ratio of samples, loading rate, temperature, dry density and water content on the
force-displacement curve and tensile strength. The test results show that the frozen expansive soils exhibit typical brittle failure
characteristics under different temperatures, dry densities and water contents. The tensile strength of the frozen expansive soils
increases with the decrease of temperature. When the dry density of the sample is the maximum, the relationship between its
tensile strength and temperature is linear. However, for the samples with dry density less than the maximum, the relationship
between the tensile strength and the temperature within the test temperature range is more suitable to be expressed by an
exponential function. The relationship between the tensile strength and the temperature of the frozen expansive soils can be
described by a linear relationship with different water contents, and the lower the water content, the greater the increment of
tensile strength caused by the decrease of unit temperature. The tensile strength of the frozen expansive soils increases with the
increasing dry density and water content, and there is a good linear relationship between the tensile strength and the dry density
and water content under various temperature conditions.

Key words: frozen expansive soil; Brazilian splitting test; tensile strength; temperature; dry density; water content
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Table 2 Schemes of Brazilian split tests on frozen expansive soils

ZH IR /°C T2 5 /(g-em®) BIKE Y%

1 L 1.60 21.7, 19.7, 17.7, 23.7, 25.7
2 1.60, 1.52, 1.44, 1.36, 1.28 21.7

3 s 1.60 21.7, 19.7, 17.7, 23.7, 25.7
4 1.60, 1.52, 1.44, 1.36, 1.28 21.7

5 10 1.60 21.7, 19.7, 17.7, 23.7, 25.7
6 1.60, 1.52, 1.44, 1.36, 1.28 21.7

7 15 1.60 21.7, 19.7, 17.7, 23.7, 25.7
8 1.60, 1.52, 1.44, 1.36, 1.28 21.7

9 -8 1.60, 1.52, 1.44, 1.36, 1.28 21.7

10 -13 1.60, 1.52, 1.44, 1.36, 1.28 21.7
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Table 3 Functions of tensile strength and temperature under

different dry densities

TH &/ (gem?) KA R
1.60 0, =-56.439T - 0.6716 0.9912
1.52 o, =103¢ """ 0.9686
1.44 o, =88.023¢ """ 0.9760
1.36 o, =69.5856e """ 0.9768
1.28 o, =53.763¢""*" 0.9769
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Fig. 15 Relationship between tensile strength and temperature
under different water contents
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Table 4 Function of tensile strength and temperature under

different water contents

FIKE % B R
17.7 o, =—47.822T -20.219 0.9865
19.7 o, =—52.877T -10.506 0.9888
21.7 o, =—56.084T —0.6099 0.9895
23.7 o, =—58.904T +18.001 0.9847
25.7 o, =—60.073T +33.829 0.9941
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Table 5 Functions of tensile strength and dry density under

different temperatures

W/ C KEK R?
-2 o, =213.62p, —209.96 0.9934
-5 o, =479.23p, —484.79 0.9988
-10 o, =822.95p, —841.69 0.9184
-15 o, =1413.6p,—1398.2 0.9988
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Table 6 Function of tensile strength and water content under

different temperatures

i/ C B R
-2 o, =9.8871w—81.863 0.9888
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Migration of organic contaminants in composite geomembrane cut-off
wall considering groundwater seepage
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Abstract: The composite geomembrane cut-off wall (CGCW) is one of the most effective technologies to prevent the
horizontal migration of contaminants at present. Considering the characteristics of groundwater seepage in the outside aquifer, a
numerical model for migration of the organic contaminants into the CGCW-aquifer system is established, and is solved using
the finite element software COMSOL 5.3. The influences of parameters of the aquifer and CGCW are comprehensively
investigated. The increase of the groundwater flow rate in the outside aquifer will accelerate the migration of contaminants and
decrease the concentration of contaminants in the CGCW. In addition, when the seepage velocity is higher than 1x10-° m/s and
lower than 1x10® m/s, the models based on the boundary conditions of zero concentration and non-advection aquifer can be
applied to the preliminary design of CGCW. Furthermore, the optimal location of the geomembrane in the CGCW is closely
related to the type of contaminants and groundwater flow rate of the outsider aquifer, and the difference among the cumulative
mass fluxes of the outlet face in the CGCW at different geomembrane locations can reach 10%~20%. The performance of the

CGCW with EVOH geomembrane is significantly better than that of the CGCW with HDPE geomembrane.

Key words: cut-off wall; geomembrane; aquifer; pollution site; organic contaminant
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Table 2 Transport parameters for organic contaminant
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Table 3 Comparison of cumulative mass fluxes at different locations of HDPE geomembrane during 50 years (mg/m)
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Shaking table tests on seismic response of rocking frame structure
considering foundation uplift

WANG Guo-bo!, WANG Yao!, YU Hai-tao?, ZHENG Nian-wen>, SUN Fu-xue!

(1. College of Architecture and Civil Engineering, Wenzhou University, Wenzhou 325035, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China; 3. Hubei Key Laboratory of Roadway,

Bridge & Structure Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The separation of structural foundation and foundation soil, namely the foundation uplift, is inevitable in strong
earthquakes, so the concept of rocking isolation is gradually proposed. Based on this idea, two types of models for frame
structure are designed: the conventional foundation frame structure and the rocking frame structure. The influence effects of the

two types of structures on the site soil and their own seismic responses are compared and analyzed based on the shaking table
test data. The test results show that: (1) Due to the limited uplift amount and range of the structural foundation, the uplift effect
has no significant influences on the spectral characteristics of the structure, but mainly affects the vertical acceleration response
amplitude. (2) The seismic wave type has a significant influence on foundation uplift effect. The impulse seismic wave causes

the largest uplift, but the least numbers. (3) Compared with that of the conventional frame structure, the influence of rocking
structure.

—_

frame structure on the site soil seismic response is more significant, and the high frequency components of its own response are
=]

more abundant. The research results have certain reference significance for exploring the seismic response law of rocking

Key words: rocking; foundation uplift; shaking table test; seismic response; frame structure
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Fig. 1 Schematic diagram of rocking isolation principle

FERHE B R AT A SR UL AT 70y 4 2K Bt
AR e b A R A BRI P s R b S Sy
RERIL S i b W B AR R TN Sk R B2
PEGEHIRAOL, of T WIPE SRR, H AT O B
AR, RTINS Tt B Y, — et LAk
N Winkler ik, A Bed@ it hr 7 i) 58 SR I I
+, ZIRERIL R R, (HATCIES I LR
LNEAR TV DA S 25/ it 5 b i 143 B9 J 8 ) B 931 s
FIERH) LR NI AR, SECH AT R b
MHR B TR IEAE 5835 . Rl FERFR B0 S5t
SRS SN BT L, E AR RS KIET 0L My
B HEZRIRIE R 53 e S5 1PISE, (HAE SZBr TAE
R I B S i )= PR AR T 9T

ASCADER S H AT EITERANE , JT R R AR
HERIHIFT, PRI TP BV 17 152 2 R
JSE AR DA S N B R A 4 M b R e R B B T
JEAtELA .

1 #Rah&IIE it
1.1 JRBIZEH
JR B 5K 43 P2 OB T 22 42 (1) 4% G R Al HE 42
SEK s @3E 4 PRARIEA RS 5540 IE R R RE R HE SR 4544
(1) JR B SE RN

ARUARIGHEZL LA JZ TN 6 JZ X ) R s HESE,
. MEREBELIN 6 m, EfE 3 m, MOrEA, S5
WIHE R SMWAE RS LR 1, a2 m R~
A 400 mm X 400 mm A1 600 mm X 300 mm, R /E
120 mm.

F 1 RRGEIEITSH

Table 1 Design parameters for prototype structure
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Table 2 Similarity relation for model tests
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Fig. 11 Acceleration curves of measuring points on model soil
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AR TERE SR LT FFEXT B Forchheimer &Y
SRR

AR, BEE, eHERT, B OE, R, BRF
(L EBBHE R A RSB TAE B8, Ak B0 4300815 2. YRS 7 B R ON AT 5 G B db 8 Hm seie =, Wik I 430081

8 FE: N THHCE AR R LATRHIE S H AR B A E A BLOC R, B T BRI /0 TEARFME SR 1 T = 4R RE B
() JUAT R RAE AR, 385 B4R fiF N-S (Navier-Stokes) 72, BFC T AFEIFFEESIME . AnitE 2R 90 T 4EE0t 5 1AL B
Forchheimer BNA U E IS, JAE T Forchheimer iR i 5K 10 B AL LRI S R 104G Rtk . W 7o st Rk
B MUREBUNG, BEERBRITEESME RN bR, 2R R BRI KRR RN, BB RSB,
SRR FBIE R ST, FRR M TAK IS HERME ., mEENAE XA M ERRE, KIS
ERTEIR A A LR PR L AR, BEAE TT RSB IR/ . W ZE R TE4E B3GR, Rkt REGH K, I A HEEOR/DN,
Rec JE N 11.16~39.3,

KHEIR: AN JUARHE: B SRR

FESES: TU43 XERFRINAS: A XEHS: 1000 - 4548(2021)11 - 2075 - 09

EBRENY: A B(199%6— ), 5, WiLitsiE, FENFELBRIF TN F. E-mail: zhouxin_wust@163.com.

Effects of geometrical feature on Forchheimer-flow behavior through
rough-walled rock fractures

ZHOU Xin" 2, SHENG Jian-long' 2, YE Zu-yang" %, LUO Wang" %, HUANG Shi-bing" 2, CHENG Ai-ping?

(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology, Wuhan 430081, China; 2. Hubei
Key Laboratory for Efficient Utilization and Agglomeration of Metallurgical Mineral Resources, Wuhan University of Science and

Technology, Wuhan 430081, China)

Abstract: In order to study the relationship between the geometrical feature and the nonlinear flow properties of rough-walled
rock fractures, a numerical model based on the fractal behavior is proposed to characterize the three-dimensional geometry of
rough-walled fractures. By solving the N-S (Navier-Stokes) equation directly, the effects of mean aperture, standard deviation
of aperture and different fractal dimensions on the Forchheimer flow characteristics of fractures are investigated. The
Forchheimer equation is validated to describe the nonlinear relationship between the flow rate and the pressure gradient. The
results show that with the lower flow rate, the linear coefficient increases and the hydraulic aperture decreases with the
decreasing mean aperture and increasing standard deviation of the aperture, thus the empirical relation for the hydraulic aperture,
the mean aperture and the standard deviation of aperture is put forward, while the effects of the fractal dimension almost can be
ignored. On the contrary, with larger flow rate, for the flow pattern changing from linear to nonlinear flow, as the mean aperture
decreases and the standard deviation of aperture and the fractal dimension increase, the nonlinear coefficient increases, and the
critical Reynolds number decreases, with the range of Rec being 11.16~39.3.

Key words: rock fracture; geometrical feature; flow property; fractal theory
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Fig. 1 lustration of two-dimensional SRAM
TR, Ye STWITRM], CEARIRAIITEE AR
IEX . 4t Wang SFEUSERHAOAIATS, ORI
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FE, BERFRNFE
Fig. 2 Comparison of morphologies of fracture models for u=0.8
mm, O =0.21 mm (red represents large aperture, blue

represents small aperture)
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Vv=0 , (17)
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Y 0.894 X103 Pas. Zou Z52EH: SRH COMSOL %k
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Fig. 3 Modeling process for three-dimensional rough fractures
NIEFEIERHRICGE, Bl w=0.8 mm, §=0.09
mm, D=2.1 FIEERIgH], N DHE v=0.112 m/s, L

AN TR B TT R W 2R BB BEAT IR A ) 3 MK e, &85
W1 PR SREHRERMRERL . THE A TR
TR, BT STIER 0.17 mm, ZEBIEEK /NN 40
mmX 40 mm, JUFSEUNFBESAME . ARt ZE R0 5 T 4
HOLE 1, MEEEN (140~180) X104, FEA L

KA R ERI2), B MBI R AL, e Q
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XL Re JE 1 A 5~90; ZGA A MAB R 1,
VEEIES P, =0, HARHYI NN
x1 MIET XM
Table 1 Analysis of grid independence

BILRSE MigdE KA YIEL ghig
/mm /10* ] 17/GB /Pa
0.250 66.58 8 73 59 #» 4.68 110.92
0.230 80.94 12 4y 28 ¥ 4.86 103.77
0.200 113.52 19 43 22 # 5.82 95.112
0.180 143.68 34 4y 23 Fb 6.09 90.053
0.175 152.47 59 4 10 b 6.34 89.12
0.170 164.69 90 43 46 ¥ 6.30 87.509
0.160 189.04 165455228 6.56 86.55
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3 16p o D2 [ g N
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Fig. 4 Relationship between flow rate and pressure gradient
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4.2 FHREHRSEENSN

M (12) B 51, A EHS5BER IR RL R,
FHER 2 v, u, o MR D ANFERE, A o A0 B
B, YR ERVINS, TR 4EER A RIS e
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Table 2 Values of linear coefficient 4 and nonlinear coefficient B

TS kR D=2.1 D=22 D=2.3 D=24 D=2.5
f#/mm /mm A B A B A B A B A B
0.09 7.9881 0.8631  8.0081  0.9063  7.9850  0.9245  8.0201  1.0886  7.9810 1.1948
0.12 8.1592 1.0319  8.1831  1.0395 8.3549 1.1386  8.1942  1.2533  8.3403 1.2722
0.70 0.15 83122 1.0427 85025 1.0754 84001 1.1766  8.4931  1.3884  8.6016 1.5342
0.18 8.7742 1.1996  8.7086  1.2634  8.7903  1.5410  8.8561  1.5730  9.0268 1.8872
0.21 93183  1.3650  9.0407  1.9623  8.9406 23172  9.0750  2.5956  9.6689  2.6839
0.09 6.5077 0.6359  6.5082  0.6476  6.5181  0.6737  6.5301  0.6708  6.5595  0.7189
0.12 6.6114 0.7013  6.5928  0.8232  6.6005 0.8222  6.6883  0.8853  6.6451 0.9675
0.75 0.15 6.7716 0.7821  6.7630  0.8663  6.8099  0.9138  6.8346  1.0207  6.9403 1.0424
0.18 7.0165 0.9409  7.0303  0.9758  7.0799  1.1197  7.1480  1.1841  7.2179 1.3674
0.21 7.3457 1.0103 73609  1.1502  7.3260  1.3037  7.4201  1.4182  7.6003 1.6886
0.09 5.4034 0.4757 5.4458  0.4823 53659  0.5485  5.3438  0.5740 53992 0.5922
0.12 5.4444 05018  5.4855  0.5276  5.4405  0.5953  5.4694  0.6206  5.5305  0.6438
0.80 0.15 55328 0.6351  5.5351  0.6505  5.5571  0.6903  5.6169  0.7380  5.6962  0.7999
0.18 57546  0.6519  5.6861  0.7334  5.7750  0.8330  5.7980  0.8662  5.9162  0.9422
0.21 59371  0.7400  5.9073  0.7968  5.9457  0.9684  6.0859  1.0399  6.1693 1.2410
0.09 44743 03796 44783  0.3949  4.4466 04224 45273 0.4204 44770  0.4775
0.12 45770 03917  4.6725 04285  4.6931  0.4406 4.6128 04738  4.5644  0.4814
0.85 0.15 4.6240 04168  4.6540 04926  4.6321 05152 47123  0.5528  4.7514  0.5866
0.18 47719 04638 4.7216  0.5441 47519  0.6109 4.8300  0.6132 49185  0.6987
0.21 4.8836 0.5452  4.8808  0.5772 49173 0.6806 4.9958  0.7364  5.1056  0.9202
0.09 3.7816 0.2981  3.7857  0.2999  3.7941  0.2996  3.8015  0.3186  3.7873  0.3434
0.12 3.8605 03122 3.8300  0.3352  3.8388  0.3376  3.8633  0.3639  3.9077  0.3656
0.90 0.15 3.9244 03393 3.9207  0.3507 3.9756 03782  3.9765  0.4225 4.0178  0.4993
0.18 3.9775 03738  3.9765  0.3965 4.0512 04002  4.0533  0.4836  4.1303  0.5552
0.21 4.0892 0.4038  4.0805 04779 41200 0.5300 4.2182  0.5797 43172  0.6987

7 4=10%kg/sY/m’; B=10"kg/m®,
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PRSI AN B S . IR FTCAIMHLER, P 6 AL T u=0.8
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Fig. 6 Local distribution of streamline (y=20 mm, x=25~32 mm)
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Fig. 7 Relationship between hydraulic aperture and geometric
characteristics
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p=n6D+md +nD+c (19)

©ce06060
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NN
(RN QRICTN
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Fig. 8 Relationship between non-Darcy inertia coefficient and
geometric characteristics

P AELL 4 Levenberg-Marquardt BHiERL A, L&
28, my on, ¢ MYPSERB R WL 3 Fos, BEE u
R, BWE SRR, BT R
K, B HIRALIRE /N, BT Forchheimer 2475 i J#
AR . Ry w R, RTINS EE AR
FERR A RUBE E 508N, 9546 1 6 A D XA AR
LEMEARFIE R RE N o

* 3 TRIFAEHEMESHX

Table 3 Comparison of fitting parameters with different apertures

FF FE ¥4 /mm n m n c R?
0.70 1251 2294 -78.76 197.5 0.8792
0.75 846.2 -1563 6045 1642 0.9763
0.80 603.1 -1084 -34.12 1024 0.9580
0.85 536.7 -1015 -32.87 1009 0.9372
0.90 5345 -1003 -2943 979 0.9432




11 JE

W, A EARHRE R LATRFEXS L Forchheimer Y i2R R 1500

2081

* 4 AEHERERMAR P X TIRF FERAI LS

Table 4 Summary of critical Reynolds number of flow in rock fractures in existing literatures
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Fig. 9 Relationship between critical Reynolds number and
geometric characteristics
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Arbitrary resolved-unresolved CFD-DEM coupling method and its
application to seepage flow analysis in sandy soil

WANG Yin, TAO Yi-chen, CHENG Kuang, YANG Qing
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The Euler-Lagrange coupling scheme based on the continuous and discrete theories has been becoming increasingly
popular in numerical analysis of fluid-particle interaction. In this study, by introducing the modified Gaussian weighting
function, a new arbitrary resolved-unresolved CFD-DEM coupling method (ARU CFD-DEM) is proposed based on the authors’
previous developed semi-resolved coupling approach by combing the fully-resolved and un-resolved coupling methods. This
ARU CFD-DEM method is powerful to relieve the overload in computation due to refining the flow field around the coarse
particles in the fully-resolving method. At the same time, it is also able to solve the difficulty in computing the local averaging
variables when fine particles with large diameter exist in fluid grids. By doing so, the ARU CFD-DEM is able to simulate the
fluid-particle interaction in sand mass which contains a wide range of particle diameters. By comparing with the results of
upward seepage flow tests in sand, the accuracy and effectiveness of ARU CFD-DEM model is verified. Furthermore, the
hydraulic gradient-flow velocity relationship and soil deformation-flow velocity relationship in the upward seepage flow are
analyzed on the particle-scale by the ARU CFD-DEM. The proposed ARU CFD-DEM model can provide a new tool for
investigating the fluid-particle interaction in the seepage flow in geotechnical engineering.

Key words: CFD-DEM coupling; seepage flow; sand particles; drag force; void fraction
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Table 1 Material properties in the benchmark of seepage flow
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Table 2 Computational settings in the benchmark of seepage flow
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Fig. 3 CFD-DEM model for benchmark of seepage flow
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Fig. 4 Comparison in CPU time between full resolved and ARU
method
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Fig. 5 Set-up of upward seepage tests
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Fig. 6 CFD-DEM model of seepage tests
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Table 3 Material properties in numerical simulations of seepage
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Table 4 Computational settings in numerical simulations of

seepage test
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Table 5 Computational settings in numerical simulations of
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Fig. 7 Relationship between hydraulic gradient and coarse-

particle layer deformation with superficial flow velocity
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Fig. 8 Evolution of coarse-particle layer deformation with
superficial flow velocity
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Fig. 9 Evolution of porosity profile with superficial flow velocity
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Uniaxial compression damage and crack propagation features of parallel
double-fissure sandstones under high-humidity environments

CHEN Wei!, WAN Wen!, ZHAO Yan-lin!, WANG Wei-Jun!, WU Qiu-hong', WU Xiao-fan?, XIE Sen-lin®

(1. School of Resource, Environment and Safety Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

2. School of Mathematics and Computational Science, Hunan University of Science and Technology, Xiangtan 411201, China; 3. School of
Energy and Mining Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China)
Abstract: Fractured pillars are eroded by gaseous water under high-humidity environments, and their hydro-chemical processes
are closely related to the stability of the mineroom and ground subsidence. The uniaxial compression tests are carried out on
standard sandstones with prefabricated parallel double-fissure to analyze the effects of high humidity on the
strength-deformation properties, crack evolution and damage modes. By using the electron microscopy scanning and XRD
diffraction, the microstructural changes and mass loss characteristics are analyzed before and after hydration. The results show
that: (1) The higher humidity causes the structure to loosen more, the interlayer demarcation gets blurred, the number of
microcracks grows and the rate of mass loss improves. (2) The damage modes contain tensile, shear and mixed tensile/shear
damages. The crack growth includes in 4 types: wing cracks, tensile resistance cracks, and coplanar/non-coplanar secondary
cracks. The crack propagation and damage modes are controlled by humidity. As the humidity increases, the crack initiation
and penetration stresses drop, the number of cracks sprouting macroscopically reduces and the failure mode changes from shear
to tensile failure. (3) The High-humidity condition produces water-rock chemical effects on fractured sandstones, weakening
the structural surface of the cracks and the friction between the mineral particles, reducing the peak strength, peak strain and
elastic modulus, increasing the Poisson's ratio and accelerating the destruction.

Key words: high-humidity environment; parallel double-fissure; hydro-chemical erosion; mechanical damage; crack propagation
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Fig. 5 Analysis of X-ray diffraction mineral composition of sandstones
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prefabricated parallel double-fissure
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Fig. 6 Apparent comparison of fractured sandstones under 4 kinds
of humidity environments for 60 d
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Fig. 8 Comparison of mass changes of fractured sandstone specimens for 60 d under 3 kinds of humidity environments
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Table 2 Mechanical parameters of sandstone with parallel double-fissure under high-humidity environments for 60 d under uniaxial

compression

BURE ENREE WRERE FPE R AL BURE EHNEEE IgESRE FPE R A
' 1% /MPa /GPa ) 1% /MPa /GPa
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UCSs-10 19.13 3.18 0.15883 | UCS-20 16.44 3.17 0.17442
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Three-dimensional finite element analysis of stress and deformation
characteristics of energy piles under inclined loads

GONG Jian-qing, PENG Wen-zhe
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: The three-dimensional finite element simulation for energy piles with thermo-mechanical coupling effects is
implemented by optimizing the pile-soil material parameters, boundary conditions, steps and grid types, etc. In this analysis, the
stress and deformation characteristics of energy piles under inclined loads are investigated based on the existing experimental
and numerical results. Further, the modelling method is validated by comparing the settlements at pile head from this study and
those from the model tests and two-dimensional numerical simulations. Finally, the laws of settlements at pile head, frictions at
pile side, lateral displacements and bending moments are explored through the variation of three main influence factors: vertical
loads, lateral loads and temperature differences, and the corresponding suggestions for engineering design of energy piles are
proposed. The results show that when the temperature difference AT>0°C, the thermal expansion will appear and the vertical
displacement atop the pile is even upward. However, with the increase of vertical loads, the settlement-load curves will
gradually tend to the curve when A7=0°C. Besides, the frictions at pile side are negative on the upper and middle parts of piles,
and are positive on the lower part of piles. The lateral displacements and bending moments when A7>0°C are both greater than
those when A7=0°C. When A7<0°C, the frictions at pile side are positive on the upper and middle parts of piles, and are
negative on the lower part of piles. The lateral displacements at top of the pile when AT>0°C are greater than those when
AT=0°C, the reason is different from that when A7>0°C, and the bending moments are less than those when AT=0°C.

Key words: energy pile; finite element analysis; inclined load; deformation characteristic; constraint condition
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Fig. 1 Variation of temperature of energy piles
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Fig. 6 Distribution of pile-side frictions under temperature loads
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Moisture distribution in sewage sludge based on soil-water characteristic curve
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Hangzhou 310058, China; 4 Institute of Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: The dewatering characteristic of sewage sludge is closely related to its moisture distribution. The researches on the
moisture distribution characteristics in the sewage sludge are of important theoretical significance. Currently the measurement
of moisture distribution curve of the sewage sludge mainly adopts the thermal gravimetry-differential thermal method, in which
the amount of samples is only 50 mg, and the reproducibility of the tests is poor. A new method for measuring the moisture
distribution in the sewage sludge based on the soil-water characteristic curve is proposed. Firstly based on the relationship
between water potential and bond strength of moisture in the sewage sludge, the formula for bond strength of moisture and
matric suction of the sewage sludge is derived. Accordingly the moisture distribution curve of the sewage sludge can be
obtained by measuring its soil-water characteristic curve. The osmotic method and the relative humidity method are employed
to obtain the moisture distribution curve of the sewage sludge. The results are compared with those based on the combined
thermal gravimetry-differential thermal method. The proposed method for the moisture distribution in sewage sludge based on
the soil-water characteristic curve has following features: the amount of samples is enough and representative, the change of
structure of samples is small during measurement process, and the range of bond strength of measured moisture is wider.

Key words: sewage sludge; moisture distribution characteristic; water-solid bond strength; water potential; soil-water
characteristic curve; combined thermal gravimetry-differential thermal method
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Fig. 1 Forms of moisture in sewage sludge
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Fig. 2 Relationship among water-solid bound strength, matrix

pressure and residual moisture content
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Fig. 3 Test apparatus of osmotic method on sewage sludge
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Fig. 5 Residual moisture content versus time under different
suction pressures in osmotic method
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Fig. 6 Residual moisture content versus time under different
suction pressures in relative humidity method
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Fig. 7 Results of combined TGA/DTA tests for pure water
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Fig. 8 Results of combined TGA/DTA tests for sewage sludge
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thermal analysis
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Calculation of settlement of pile foundation based on conceptualization of
pile shaft resistance
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Abstract: Based on the conceptualization of pile shaft resistance, the method of Mindlin's solution to calculate the settlement of
pile group foundation is studied. According to the thickness of the compressive layer, the stiffness contribution of the
superstructure, the diversity of pile type in the variable stiffness leveling design and the settlement calculation of the composite
pile foundation, a simple method for calculating the homogenized additional stress of the foundation pile is given in
combination with the generalized mode of the specific lateral resistance distribution, different length-diameter ratios, and
different pile spacings. The steps and rules for calculating the settlement of pile group foundation by the superposition layer
summation method for the additional stress of pile homogenization are put forward. The settlement of pile groups is calculated
by the proposed method for homogenized additional stress. Through the verification of engineering examples, compared with
that of the Boussinesqs method for solid deep foundation and the equivalent action method, the calculated settlement is closer to

the measured one.
Key words: additional stress coefficient; additional stress of pile homogenization; conceptualization; pile foundation;

settlement calculation
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Table 3 Calculated results of settlement of pile foundation by integral homogenization layer summation method
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-42.10 457.73 119.380 155 2.064
43 -72.77 116.79 5317 50 1.230
44 -73.10 115.63 5.241 50 0.802
B RE 92.870
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Fig. 7 Layout of pile foundation of core tube
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Table 5 Calculated results of settlement of pile foundation by integral homogenization layer summation method
e JR IR R0 BELBA n 27 S BELBAn 27 IR0 I R4
/m /kPa /kPa /MPa /mm
-84.45 213.340 667.360
1 -84.95 204.730 377.100 78 4.688
2 -85.45 196.340 136.450 78 2.932
-85.95 189.260 94.195 78 1.975
160 -135.00 25413 5.557 43 0.360
161 -135.30 25413 5.557 43 0.286
SRR 61.020
#* 6 A TIEMERFT BESSUNEE
Table 6 Comparison of calculated and measured settlements of pile foundation in typical projects
Them o BTE MR WK g wE GRRER 08 e T KM
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jtﬁ%%mﬁféﬁqjib 99.8 3 800  37/17.4 222 SR/ 73.69 4421 31.10  29.90 1.04
(FE) iR
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IR EREREL TG 492.0 3 700 61.00 1215 /E';g];jj 351.70 277.20 121.27 12630 0.96
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Fig. 10 Isopleth chart of main building calculated by proposed
method
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Microstructural properties of unsaturated Qs loess and their influence
mechanisms on strength properties

WEI Ya-zhi!, YAO Zhi-hua', CHONG Xiao-lei!, ZHANG Jian-hua?

(1. Dept. of Airdrome Construction Engineering, Air Force Engineering University, Xi’an 710038, China; 2. China Southwest Geotechnical

Investigation & Design Institute Co., Ltd., Chengdu 610052, China)

Abstract: Structure is the important factor affecting the mechanical deformation characteristics of unsaturated undisturbed loess,
but there are few reports on the structural differences between undisturbed and remolded loesses from the perspective of
combining micro and macro-scopic views. Taking the unsaturated undisturbed Qs loess and its remolded soil under the same
physical and mechanical conditions as the research objects, the unsaturated triaxial shear tests with the control suction and net
confining pressure as constants are carried out, and the influence mechanism of the structural differences between the two on
the strength characteristics is revealed by micro and meso-scopic scannings. The tests show that the cohesions of the
undisturbed and remolded Qs loess increase linearly with the increase of matric suction, and the cohesion of the undisturbed soil
is greater than that of the remolded soil. The angle of internal friction is basically constant and less affected by the matric
suction, and the difference between the two is not significant. The undisturbed loess particles have obvious edges and corners,
which are in bracket contact and have good cementation, and the structure of the undisturbed loess is strong. The remolded
loess particles are close to round and in inlaid contact, and the cementation between them is destroyed. The soil skeleton
function of the remolded loess is not obvious and the structure is weak, the formed aggregate structure is easy to compress, and
the connection between aggregates and particles is not stable, thus forming the undisturbed soil with better resistance to the
external shear failure. Under the same physical conditions, the pore sizes of undisturbed and remolded loesses less than 50 pm
account for 22.7% and 16.3% of the total volume of the samples, respectively. The pore sizes between 50 pm and 200 pm are
71% and 83.7%, respectively, and those larger than 200 um are 6.3% and 0%, respectively. The open structure composing of

the bracket macro-void does not provide deformation space for the undisturbed soil, but the good cementation and structural

characteristics. HEWMB: EXRARRBEELTH (11972374, 51509257)
YrFSEER: 2020 - 12 - 16
*EE1EE (E-mail: lightbright@163.com)

properties ensure that the undisturbed loess has high strength

Key words: unsaturated loess; micro- and meso-scopic scale;
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Experimental study on dam break mode of tailing piping and discharge
impact characteristics

WU Shuai-feng', YAN Jun!, CAI Hong', XIAO Jian-zhang', DU Ji-fang?, LIU Chuan-peng’

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100048, China; 2. School of Management Science and Engineering, Shandong Technology and Business University,
Yantai 264005, China; 3. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing

100083, China)

Abstract: In order to analyze the evolution law of tailing pipe break, clarify the mechanism of tailing dam break, and reveal the
impact characteristics of tailing flow, a large-scale physical model test method is used to study the whole process of piping
break of a tailing reservoir. The results show that the scour channel is formed by piping, and then the dam break mode of the
upper collapse and lateral scour occurs. The development of the breach has gone through three processes: channel expansion,
longitudinal undercutting and transverse expansion. Based on this, a 7-stage dam break process is proposed. The tailing flow
velocity decays logarithmically with distance, and the 3-parameter impact force model including impact velocity, density and
buried mode is as follows: the depth is proposed based on the power function form, and the dam break tailing flow presents
undercutting erosion at the near end of the dam body and deposition at the far end. Due to the change process of flow direction
at the turning point, it presents the characteristics erosion at the outer side and deposition at the inner side. Based on this, some
suggestions for protection of tailing dams are put forward. The above research results may provide theoretical basis for disaster
prevention and mitigation of tailing ponds.

Key words: tailing reservoir; piping; breach development; discharge impact; sedimentary characteristic
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Table 1 Physical and mechanical properties of sampling at each

position of dam body
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B AL 1% /(gem?) /(grem?3) /(° )  /kPa
HUE 8.06 1.66 1.53 5797 31.66
W 9.57 1.69 1.55  50.21 32.45
HHUHE 6.65 1.75 1.64 6144 36.06
Fe g 7.03 1.72 1.61 5598 30.71
W 436 1.70 1.63  59.94 32.72
A5 WU 6.53 1.67 1.57 5727 30.90
eIy i 6.29 1.82 1.71  58.09 35.27
A5 WU 5.84 1.79 1.69 57.97 31.38
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Table 3 Scour depths in vertical channel

FEILHE R 25 JR 4 e MU= PRRIR

/m /m /m /cm

15 561.05 560.79 26

25 560.85 560.59 26

35 560.63 560.39 24

45 560.42 560.18 24

55 560.24 560.01 23
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Fig. 6. Acceleration responses of soils and pipelines under uniform excitation
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Fig. 7 Acceleration responses of soils and pipelines under non-uniform excitation
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Fig. 8 Time-history curves of strain of pipelines in homogeneous and inhomogeneous soil sites under El Centro excitation
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Fig. 3 Distribution of pressure calculated by proposed method intersecting fracture case 1
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