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Innovation and development of earth pressuretheoriesfor sheet-pile structures

CAl Zheng-yin
(Geotechnical Engineering Department, Nanjing Hydraulic Research Ingtitute, Nanjing 210024, China)

Abstract: The main loads on a sheet-pile wharf are the earth pressures acting on its front wall. On one hand, they are induced
by the imba ance of earth pressures at both sides of the front wall owing to excavation of harbor basin; on the other hand, the
surface loads of the wharf acting on the foundation soils further increase the landward earth pressures of the front wall. For the
sharply increasing earth pressures on the front wall induced by the excavation depth of harbor basin which is required by
deep-water sheet-pile wharves, the “barrier” and “unloading” measures are the effective ways to reduce the earth pressures on
the front wall. The presence of barrier piles and rdief platform leads to more complex forces acting on the sheet-pile structures,
and the key scientific and technical problem concerned is the interaction between the soils and the structures. With regard to the
earth pressure problems during the devel opment of novel structures such as barrier and separated unloading sheet-pile wharves,
a series of researches are performed to lay the theoretical foundation for the
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development of the novel structure of deep-water sheet-pile wharf, including influences of soil density and grain size on earth
pressures at reg, silo effects and barrier effects of earth pressures on barrier sheet-pile structures, and unloading effects of earth

pressures of separated unloading sheet-pile structures.

K ey words: sheet pile; earth pressure; silo effect; barrier effect; unloading effect; centrifugal model test
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Fig. 1 Innovative structure of sheet-pile wharves
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Table 3 Parameters for Duncan-Chang model
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Table 5 NHRI model parameters of fine sand in Jingtang Port
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Fig. 20 Earth pressures on front wall (after Cai et al.[)
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One-dimensional elastic viscoplastic consolidation analysis of saturated clay
considering gravity stress and Hansbo’s flow

LIU Zhong-yu', XIA Yang-yang" 2, SHI Ming-sheng?, ZHANG Jia-chao', ZHU Xin-mu*
(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Water Conservancy Science and
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Abstract: The unified hardening (UH) constitutive model considering time effect is introduced to describe the elastic
viscoplastic deformation of saturated clay, and the Hansbo's flow equation is used to describe the non-Darcy flow through the
pore in the consolidation process. Thus the Terzaghi one-dimensional consolidation equation for saturated clay is modified
considering the gravity stress of soil layers dong the depth direction, and the numerical analysisis performed by using the finite
volume method. The applicability of UH model is verified by comparison with the oedometer tests. Then the effects of the
gravity stress of soil layers, viscosity, Hansbo's flow parameters, soil thickness and external load on the elastic viscoplastic
consolidation process are discussed. The numerical results show that the viscous effect of soils causes an increase of excess
pore pressure near the impervious boundary of soil layers at the early stage of loading, and this effect is enhanced by both the
gravity stress and the Hansbo's flow, while this phenomenon is weakened with the increase of the externa load. In addition, the
gravity stress of soil layers can delay the overal disspation rate of the excess pore pressure in the soil layers at the early stage
of loading, and accelerate the consolidation rate of soil layers at the middle and late stages of loading. Moreover, the dissipation of
the excess pore water pressure in the soil layers is delayed with the increase of the secondary compression index, thickness of sail
layers and Hansbo's flow parameters, but the consolidation rate of the soil layersis acce erated by the increase of the external |oad.
K ey words: consolidation; elagtic viscoplasticity; gravity stress; Hansbo's flow; finite volume method
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Numerical study on accumulative damage char acteristics of underground
rock cavernsfor compressed air energy storage

JIANG Zhong-ming™?, QIN Shuang-zhuan® ¢, TANG Dong"
(1. School of Hydraulic Engineering, Changsha Universty of Science & Technology, Changsha 410114, China; 2. Key Laboratory of
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Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha 410114, China; 4. China Nonferrous Metal

Industry's Changsha Survey and Des gn Ingtitute Co., Ltd., Changsha 410011, China)
Abstract: The accumulative damage effects in the surrounding rock of underground caverns for compressed air energy storage
(CAES) are obvious in cyclic operation cases. In order to explore the cumulative damage characteristics of the surrounding rock
of large-scale rock caverns, based on the damaged theory and FLAC® software platform, a routine is developed for the
cumulative damaged analysis of the large-scale CAES rock caverns under periodically loading and unloading conditions and
validated by a given example. On this basis, the influences of cross-section type of caverns, buried depth and the minimum
operating pressure on the cumulative damage characteristics of the surrounding rock are analyzed. The results show that: (1)
The cross-section type of cavern, buried depth and the minimum operating pressure are the factors significantly influencing the
deformation analysis parameters of the surrounding rock, and the damaged depth in vertical direction is greater than that in
horizontal direction. (2) The damage degree of deformation parameters and damage variables of the surrounding rock in
damage zone decrease with the increase of the buried depth or the minimum operating pressure. (3) For the cavern with the
same cross-section, the difference of damage variables and deformation parameters at the same location in the damage zone of
the surrounding rock increases with the numbers of cycles both in the conditions of different burid depths and minimum
operation pressures. The accumulative damage characteristics of the surrounding rock of large-scale underground caverns can
not beignored for comprehensive analysis of safety and stability of underground caverns for CAES.
Key words: compressed air energy storage; underground cavern; cyclic |oading; accumul ated damage effect; damage theory

0o 51 & -
254 A i 28 DR R S B 5 % PR X REWE: HRARHHILEIH (51778070

Wi HEA: 2019-05- 21


mailto:zzmmjiang@163.com

2 1

b, AR UG REM T A U LS R BB T 231

TaRIBAE LY, AL AT REVEA H 1) 38 5 EA 4T ) A2 45
an st HEME R T E AR OK B Ae AR R H 5 R K
I DRGSR I P 7 1) (D Bk REATLE F 2
e 3 A S N G R i 7 S o iy s W e
A L B B T A SR K R Y. REAE AT B
AR BCA fif X Bei s A AT B RIBE BRI A7 7
A Hh K & BE R R 48 8 A6 eSS . R RfE BB
(compressed air energy storage, fijfx CAES) T1F it
PRACR A AR PR T R4 R
90 5 0 e U AE A A s, 7 H s I T
BRI 41 7 A UCRAE SIS - R LI HL e fifi AE TR K. KR
L i B8 RSl T i OB — R R Al =R Y
o A7 PRGN &P n] 2 4
it AT E U R, BT ae M Ea
TR PR FL R S R A A RE, RSN 2R
BEP R (A TR 5 L A v Do BRI R R ) 9
ik, FERTREFEBEH R BRI A BRI 9K A
WL AR L) AR ks 5 R A 7 AR AN RV R B R 4
MG, A RE R —CR M R e T 7. 18
AT LU, AR 2 BRI 8 E . FA 0
PiH g B, TR N A S B A R R Rk,
A I G ATBUTEA TGRS 4 R 1)
AT, Al U e A Ae e e AT H it B IR

BIEJLTE, 2B IR T AR
B, i, xSRI FLAC™ #tEnd mii g
Yk B e FELA AR A IR A A N IR
1N T3 NS T (R AT AT T Bl Wei 29
BET A A 05 3L, SR FH AR BB 53 B 7 VAN AE
B AR AE RN ) 22 551 T AR A DA 3R AT T
g8, 5 AR 540 DX 52 0 Fs ) ZR B/ i 2
RN 3 o] (R B A R AR A, AR B T B
DI SR, A5 AR AR R A fig S bk 3 B A2 Ak
SRR IR S . Xu 5L T Weibull 43 A il
Lemaitre WAL, $RH T — AR MRS & 440
P N AR RERL,  IFRI F e B4 76 AN R B
B R 2 A1 5 0 = S 0 e 0 B8 R (R R B 8R4 T T 56
iiF. Zhou Z™S@ st % Weibull 43 A BEATH e, SR
M-C B UE N S T PP Gt AR B RS , SCHR[6,
84 tH I 3 A KRB 2R e T SBR[ S HH AN g s e 3 1.
JIREE A R X — ) . SCHR[5~ 8] # HL % 1&
TS H D R R A, WA IR L
AR . A SCAEVA A S 25 BT A e S A
Sefth b, S IR ST I B E R AR, )
R AESEELEA RN AL . AR AN RIS AT s i1
F T B 0 B T H B 9T

1 BARERMGGEITHEE
1.1 SRR R

T Huang %5 th (08 57 S 4
IEAELT BT LIRS 20, B2t T R AR I B
RAWEL TR BB R SRk R

i0 (e, <e,)

{ 1
D, = | é &N é’cﬂFTb ° (l)
iAol 0 (e>e,)

i & éNeg §

T SR E A B RIS OB IR
Jefd BB R IRD, 2 MOCHR[10] A%, E13 B
o300 A 4 2 3 R N B BT i i A0 A e 0k AR
l, WAy

j0 (e, <0)
I .
Dy=i & o C Opd )
i1-8-502 0 (>0
i & éNeg §

X Dn A SAIEIR IS B R HT AR 4540 78 5 DL 2
BN B AL s NOIEIR RS ey N R N AR B4
B NARRIN FJCAR R IE, REDs N s A5 sy
WM REL: b, c AMEISEL e, e A% —
F AR RN B AR

AN B LA (140 e i A () Y5k £y 7
Wy

_\I,EO (elgeci)
S Tlea b)) (@ >e) ®
SR B BB F
¥ <0
B e, <0) o
'E@-Dy) (>0

A En WA TEI B B Bl A0 an v A L
PV BB By B 9 LA AT AR TR A I
AT AR

(1) SZhrzeft b BRI A s

DR A 3 T A RIS #5893 [ e = 1)
S, ARG UREAEIEE IR Ak T = S2 A
TR o LT Li AT o B 07 AL T R, R
T 0 0 B BE (1 L A R 453 1 s A g R4 S e
Lk
I Bt A vk 5 00

: 0 (e, <e<0)
I f
D¢= _ll.l' Etre (etu <e< etO) ° (5)
| N
f1 e<e,)

bt G RTERIRARIL: e hAEMBIRE, T



232 Fe)

+ TR ¥R

2020 4F

AR (T): e J MR RN 145 Hhr A, X
PRPL AR 1477 BUAE ;- ey, by B TC AR BRAF S AR, 2
FATCEERUL N AR A B 1 B A AR AR N, BT HUREIR
UEINT D=1, UBAbS IR A R . e, =he,.
FFIINBRAR R A, B UKARKX f=| Eney,
X (B itk H

i0 (6o <e<0)
D¢:_Jl: ! S (e ,<e<e,) - (6)
%1 (e<e,)
SRR AR LA N
e=-<-e>*+<-g, > +<-e>> , (7)

K1, e, e, 4l 3A TR, < hEM,
LA Oo=(X+)/2,

A AR BB S5 RS,
KRR i, R

eO :%(ex +ey +ez) ’ (8)
DI=Z[(e, - &) +(e, - €)' +(e,- &) +
6(e; +ey, +er)] (9)
1
D3¢:§e|'ejkeki ’ (10)
1. é.27Dgu
== , 11
g, = acsin 2(D2®15 6=~ U (11)
J@
= sin +— , 12
8q 35 (12)
zmg.
= sin ) 13
e NE de (13
2 ..
= \/@Sinaee .20 (14)
J3 8q 3g
.i.el =g te
: €, =6 +g, (15)
{63 =6t o

Xt e W PHNAE: e, e, e, e, €, e,H
NARFERES ) 6 NN AR 5 DS, DS A i N AR
SRR . AR e NN ALK E; g, oA Lode
1, e e, ey 3MmMNAR EAH.

HhR il L — A 2 IR 58 4 = 1) 2 R A
L, WA RE De=1150. K (3), (6) AN
MR R RN E, =@1- DOE, , AN
B B ) S S By Ay R AN R

1E, (€, <e<0)

_1
SR D) ® (g ce<ey) T 0

X, Eo KSR B BOPERE, HORAT 5 [ AT
R FRPER R IOE SR, s (16)
AR B R H D CREUR)D Rk .
i0 (e <e<0)
D=1- <= . (17)
E j1-(-D n (e, <€ <g)

(2 EE&%#?@@%EE%?‘?&

Zhou 2SI SR ER N AR B 3 A R g Ak
JIRRER
i Eo (el geci)
I m
S e - D9=E,@- D )e><p§§f93 e >e,)
: g éFa
(18)

X1, meEA+BINN, Fe=C+HInN, N A{EFHRXE, A
B, C, HAME&ESH
Ot F A KR
F=(@l,+{3)Ee&/[s,- ms,+s,)] » (19

sinj

== (20)
\J9+3sin?]
l,=s,+s,+s, , (21)
1, N
Jz:—gsl'Sz)2+(32'33)2+(31'33)2hl ° (22)

X @ AANEEES: 11, B0l Ny sk &5 — AR
AN K AR e s, s,, S, 3
ANERT); pw ARA L HARTE5 FHT

Ha (18) AT Bt it D CREBI)D
Fak L

i0 (e, <ey)
E, | A m
D=1- =2 = e AU
E, [1- (- DYepd gs U (e >e,)
f gefoof
(23)

1.2 AMLEL T
THRA LEE AL T R ] E%ﬁf—[m (IR SR
m=04- 0195J1- D . (24)

2 FHitHinRBEEESS I
oy B R AP R A T R R, T
FLAC™ w W AS R A/ A A KRR, ] FISH 5 350
R ERGAT . SRR A T B A T G
FEACEE, FEvH S AR Ao S H S TTA R AE S S 5L
Clnit Az e Sk piE . AR LRSS BHTEh B IE,
M SEBLEE TR ) — R T %« FLAC™ JERE
PR AR — IRV AR T
(D RIEIT 22 I RAGIE LN, FR1G 48
TH R EE N IRDE R I S50 m L Fo.






5 23

FEH ], AU BN U B SRR BUE T

2 BERARS &

[ st (8) ~ (1) 3552, 2,

s"‘

W (1) HFE

&l>¢ %ﬁ =Ly Di=D,

' Hsk (24) A

%

@

Wt (16) . (17) A1 (24)
R, D, 4

izt (18) . (23) f1 (24)| | E'=r"', Di=prt
HEL, D, i p=pt

HE SRRt
l

1 iHEREE

Fig. 1 Flow chart of calculation

(2) FIWr Ty 2= R S A T AR B, XMARA
FrEcal (8) ~ (15) THEARE | MIED & HIT
=AENAe), e, e, WFHNLE (; 1l
BkEPLER (5.

(3) FIWr B IC TS A = 524y, WA T RSB B
RS2 THE PR (7D TR NAR, A
BN A R P Bl BRI I (1) SRR AR 3 (16
(17) A1 (24 43 5HIk1HE', D, m, FWE, D, m
ST L EPIME: MR R R, A
LI (4,

(4) FIWEE | AR — 3 N AR R R A2
e, >e,, WL (18), (23) 1 (24) k7§
E, D, m, {IWE, D, m%T F—it&5 0.

(5) X AE 7T BL, 156 I 5 s BRI B U)W AR
e, >0 ML, JROL RS 7 AR B P B 1) AR () P e
BRI (4. (2 A (24) SAHIRBE, D, m, 7
WE, D, m%F L—5E .

(6) 3R] (L) FNEF—IH P EE DR (D) ~

(5),
IHERAEEWE 1R,

3 HuitHiniRE L
J9 T W AR SO R 1 BB SR 1) I
P, B SCRRIAS] RO IR R IR A E IR B, 2

AR YR BRI BRI, JEREAT A I
R IRK . B 2 B S . Bl
1) s Y 20 MPa. By BRI AT B, 0 HUE At
A7 10 YN ENBAAE R R Ny 287 2O Zefeiak
PEREAT NS B v RS HORE L 1.
x1 HHESHEER

Table 1 Mechanical parametersin the numerical calculation

HJE PRYERD ks AEEEE FED) PLiiR
I(kN'-m®)  E/GPa Lk f/(°) [/MPa  JE/MPa

2336 23464 0.334 46 10 3

i
{7
M T
WSEEEET
NNESEmssr/
i
i g
NS/
‘\\\E\- -””f‘
AR ey
WS
\\iSSEEEEs |
NSE RS
W)
W
SR

2 HERE
Fig. 2 Numerical model
H AR R R SCHR[ 3] (1 P ER 50 i SR %) B AL
K 3. &l 3 A%, SR SRR B R Y g
AR 2 5 ) B R R EW W] T AR SCR AT



234 a5 oE L OB ¥ M 2020 4F
SR ARI R LS B, T IRIT R B P 2 IE HEATHITST -
1] o 4.1 TEER

401 o HEBE
£ 120| £ UL EME G
EIOO—
Efl 80|
F ool
40 s . .
3 4 5 6 7
Bl RiAE/10-3
) (a) SB5MER
R
o 1207 BUEABE
EIOO
Ef‘ 80
F el
40 - . .
3 4 5 6 7
Bl RiA/10-3

(b) F10MEFF

B 3 HEIRIE SRR MRt
Fig. 3 Comparison between numerically simulated results and test
data

4 KREMESERSRGEFED

o E T RIFE AL 5 S R i — AN P A = 100
MW [H S AGRE R TG HLEY , S RE BT e il vh T IE i 2
FAZ12 10X 10* m?® (R AU « MU ZEIB 4T IR
JE 4120 10 MPa, HUZSEME RS, TRES, Yk
N3 UL RN Sk A, 2 H R K gt R
At i FEL 3 R FH PR AN AR () 110 i i ) =5 i R A
il IS4 757, MBI A 5X 10 mP, A
AEPATATE, WK 4 R,

B4 HETEMEE
Fig. 4 Numerical grid for calculation
BALTHECR A FLACY A, 6 AR =T R
() FISH SRR 0L 0 it 2 L B A5

Bl 4 25 th T b R TR X T = B A v A
R, T R 50 m, AR 5 m. TR AR
05m, #3ZEE 0.03m.

KIS 85 T 3 Ffon) LLmFFuk i 1) JLAT REXT L.

WIESUES U Ry SUE SV S RVA 24 SVl
B REKTIAT R AL A AL, BRI TR k)
H HIA T (M) o Al S N 3R T 5 I TR AR DG IR R )
L
PR NTL T BB B R R AP A [
SRS, BTSN R A T i EN
e QITPIDSI R (S SUR .

558

335

202

34

(a) #HEX

50

503

243, 258

52

369 |, 369 ,|184]
(b) 3R

| 184 |

53

500

500
1606

500

53

RPN em

(e) #EX

B 5 BB ESESERER
Fig. 5 Types of tunnd section for gas storage cavern



i 2 W, A RASAEREHL T g SO S R BRI R BUE Y 235
R2 iHESH
Table 2 Parameters used in numerical model
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R 3 FiHRGEESHEVER
Table 3 Parameters for statitical damage model in calculation
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1.0 1.0 0.72 0.65 -1.0 0.98 4.0 0.208 6.7 -0.1
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Table 4 Schemes for calculation
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Table 5 Distances between measured points and wall of cavern
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Fig. 5 Damage zones for different types of cavern sections
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Fig. 7 Evolution process of damage variable D
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Fig. 8 Evolution process of eastic modulus
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Table 6 Vaues of damage variables and deformation parameters after 5 cycles
] P1 P3
AP
IR D E/GPa 4 D E/GPa 4
2l 0.0436 17.215 0.2093 0.0413 17.257 0.2091
Mk i 0.0434 17.219 0.2093 0.0413 17.260 0.2091
KA 0.0526 17.052 0.2102 0.0429 17.227 0.2092
100 m 0.0436 17.215 0.2093 0.0413 17.257 0.2091
1T = HEE 150 m 0.0353 17.365 0.2085 0.0339 17.389 0.2083
200 m 0.0338 17.391 0.2083 0.0323 17.419 0.2082
5MPa 0.0436 17.215 0.2093 0.0413 17.257 0.2091
BAT TFIRIE S 6 MPa 0.0372 17.331 0.2087 0.0350 17.371 0.2084
7 MPa 0.0353 17.365 0.2085 0.0329 17.408 0.2082
KT FIXRTEHEBAENESRGTENTHSEE
Table 7 Values of damage variables and deformation parameters after 30 cycles
] P1 P3
AN
BIHER D E/GPa 2 D E/GPa 2
2l 0.0796 16.567 0.2129 0.0782 16.592 0.2128
Mk i 0.0794 16.571 0.2129 0.0782 16.592 0.2128
KA 0.0877 16.422 0.2137 0.0813 16.537 0.2131
100 m 0.0796 16.567 0.2129 0.0782 16.592 0.2128
1T = HEE 150 m 0.0648 16.833 0.2114 0.0640 16.848 0.2113
200 m 0.0620 16.885 0.2111 0.0610 16.903 0.2110
5MPa 0.0796 16.567 0.2129 0.0782 16.592 0.2128
BAT TFIRIES 6 MPa 0.0675 16.786 0.2117 0.0661 16.811 0.2115
7 MPa 0.0638 16.852 0.2113 0.0621 16.882 0.2112
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Radionuclide adsor ption mechanism in buffer materialsin high-level
radioactive waste container: M D study

YANG Wei* >3 CHEN Ren-peng” %% KANG Xin"?3 Ali Zaoui*
(1.Key Laboratory of Building Safety and Energy Efficiency of Ministry of Education, Hunan University, Changsha 410082; 2. National

Center for International Research Collaboration in Building Safety and Environment, Hunan University, Changsha 410082; 3. College of

Civil Engineering, Hunan University, Changsha 410082, China; 4. University of Lille 1-Science and Technology, Lille 59000, France)
Abstract: The buffer material plays a decisive role in preventing the radionuclide to enter into the host rock, asit is the last
defense of engineered barrier system. Under very high groundwater pressure, a large amount of cations percolate through the
barrier with underground water, resulting in a complicated chemical condition. Molecular dynamics simulation is performed to
deeply investigate the adsorption mechanism of radionuclide species onto substituted montmorillonite (001) surface in the
presence of different counterions. MD simulations exhibit three typical adsorption modes: outer-sphere complex, monodentate
inner-sphere complex and bidentate inner-sphere complex. With the presence of carbonate ions and covalent cations, the U
atom in uranyl can coordinate with carbonate oxygen in connection with cations to form an intensive adsorption complex with
MMT surface. The thermodynamic work of adhesion between the complexes and the MMT surface is cal culated to evaluete the
adsorption interaction. The complexes with the carbonate and covalent cation components exhibit a relatively high adhesion
with the buffer material surface.

K ey wor ds: molecular dynamics; radionuclides; uranyl; adsorption; montmorillonite
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Fig. 1 Initial model for montmorillonite-uranyl solution interaction
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Fig. 2 Snapshots of the Uranyl and hydrated uranyl structure
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PO TR, BRI AR S 7 T B AR 40 ST LA A
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Table 1 Charges and ClayFF force field parameters for water,
cations, montmorillonite and radionuclides

Ji TR e
E?g Ii]%;; ufile o eamoy S A
Hy KA 0.4100 0 0
Ow KA IR -0.8200 0.1554 3.1655
h TR A 0.4250 0 0
oh T ERIL A -0.9500 01554  3.1655
+ ) ARk
ob %@%ﬁfﬁ% -1.0500 01554  3.1655
Ao DY T A ek
obos AT\ [ i #e  -1.1808 0.1554 3.1655
BRI
RGN AU aEE
obts R HERAN )\ 4 -1.1688 0.1554 3.1655
FRIAA
T AR R
obss U IREEFI/\M{AH -1.2996  0.1554 3.1655
IFi] SRR B 1 L
ohs ﬁiﬁgfﬁj%ﬁ% -1.0808  0.1554  3.1655
st FEM-EPUmEAR S PR 21000 1.8405X10°  3.3020
ao EWANIE N ke 15750 1.3298X10° 4.2712
at + DU g 15750 1.8405X10°  3.3020
mgo N e 1.3600 9.0298X10° 5.2643
mgh 1 \E&ﬁ,ﬁ;%% 1.0500 9.0298X10° 5.2643
Na JZ 0] BH S 40 1.0 0.1301 2.3500
K JZ ) BH 25 14 1.0 0.1000 3.3340
Cs J2 [F] BH 125 746 1.0 0.1000 3.8310
Ba JE ] BH 25 14 2.0 0.0470 3.8166
Pb JE ) BH S P4 2.0 0.6650 3.4103
Ca JZ ) BH B 745 2.0 0.1000 2.8719
Zn JE ) BH 25 P4 2.0 0.6650 2.1933
cl AT -1.0 0.1001 4.3999
u BHE A 25 0.4991 2.8221
o IR HP 1 4R -0.25 0.1554  3.1655
C T PR AR H (1) 0.43 0.0565 2.7570
Oc  BRERIRH AR -0.81 0.1610 3.0330
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Table 2 Charges, bond and angle parameters for water, uranyl and
carbonate ions

ﬁ%%ﬂ . -1, 8 -2 0
e BT ke/(kcal‘mol A9 i’ /A
Ow Hy 554.1349 1.0000
U O 554.1349 1.8000
C O, 652.0000 1.2500
A el g2 0
RTT BT ETk kof (kcal ‘mol ™ A™) 0 /deg
Hw Oy Hw 45,769 109.47
U O U 150.000 180.00
Oc C Oc 80.000 126.00
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Fig. 3 Uranyl solution and clay layers
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Fig. 4 Snapshot of representative adsorption complexes including
three typical adsorptions: outer-sphere, mono-dentate and
bidentate inner-sphere complex
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Fig. 5 Snapshot of optimized adsorption uranyl complexes on

MMT (001) surface with presence of carbonate and chlorite
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Fig. 6 Plot of U-ligand RDFs in presence of carbonate and chlorite
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Table 3 Complex parameters, Van der Waals contact area and work of adhesion of single radionuclide adsorbed on MMT surfacein

presence of different cations

RS HEW 5 F 450 U-Os M U-Oc M AA? W Bt /(I m )
[UOL(H,0)s)% 56.681 0.852
[UOL(H,0)s]* [UOL(H,0)4(09)]* 1 30.067 1.259
[UO,(H,0)5(0y),]* 2 25.942 1.861
[Na,UO,(H,0)sCl,]* 39.858 0.610
[UO,(H,0)sCl ] [NaUO,(H,0).Cl1* 31.063 1.119
[NaUO,(H,0)3(04),Cl]** 2 38.722 0.718
[Csuoz(HZO)zco3(os)]2+ 1 2 38.722 1.172
BaUO,(H,0)CO4(0J)] ** 1 3 31.691 1.502
[UOAH0)sCO4] [[CaUOQ((HQO))QCO3((Oz)]] 2z 1 2 33.586 2.348
[ZnUO,(H,0),CO4]** 1 38.849 1.851

WP RERS /N A 0.852 Jme. B P BR S 0 A Ak 2E L
B, BTG TS SRR AR TR PR A U-Os
B, PRSI B 200k 1.259 IR, XU N EREE A
VIR g oA 1.861 I, [RIt, AT LAE W ah e 1 5
5 ot 1 2 T AL 2 1) P S B A 00 8 2 T R o e i
S B MRS . QUKL S LI AL B
RSEWEEHMEE . BT IET. KTk
SR T2 8, W B A FH 1D 58 55 52 i i S M s K
MG AW B T (Zntt. ca™t. BatE)
N B BT BRIRAR I, SR W A A3 S A M 454
ST S . I, KA BRI AN R B A
W5 52 i - T A B RE (1.172~2.348 Jme) ik
T KA A T SR B A G 5 5 L T W B
(0.61~1.119 Jme) (£ 3). Xf T [F]—FhahBEFr A1
W, DAKS BRI R 91, FH S 1 S50 R AR =5
TIIER SRS mg T M sREg . LAk 3
[CSUO,(H,0):CO3(09)]* +  [BaUO,(H,0)CO5(09]*" K
[CaUO,(H20),CO5(0)) > = M i 5244 K 451, AibAi 15
S TSR TR T g BRI, (2= gkt 1y
FAARL, AFUZWR MBI TEELE R 5 1172, 1.502,
2.348 Jin. XX 3 A AL IREAT S AT R B, W
REM Z R AE T AW PR AR frsc 2.2 77
ot BT BH 57 18] 1) B8 SS9 HEAT T HEFP, BH 81— BRIR
B i K% Cs™>Po™>K ">Ba’">Ca’ >Na'">Zn*Jiii
P 4E L, SHEREIIT ST TIP3 . 4 b IR AT A,
BH BB IR IR B B 4% Cs'<Bal <Ca™ [ i /¥ 1
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Analytical solutionsfor consolidation of a compaosite ground with floating
stiffened deep cement mixing columns with long core piles

YANG Tao", DAI Ji-tong', WANG Heng-dong?
(1. Department of Civil Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Shanghai Municipal

Engineering Design Ingtitute ( Group) Co., Ltd., Shanghai 200092, China)

Abstract: The consolidation equations and the corresponding solution conditions of the composite ground with floating
stiffened deep cement mixing (SDCM) columns with long core piles are derived under an ingtant loading. On the basis of
one-dimensional consolidation theory of a third-layer soil ground, the corresponding anaytical consolidation solutions are
developed, including the average excess pore water pressures within the surrounding soil and underlying soil and the overal
average degree of consolidation of the composite ground. The correctness and accuracy of the proposed analytical solutions are
verified by comparison of the consolidation rates by the proposed anaytical solution and the FEM. Some main factors are
analyzed to invegtigate the consolidation behavior of this type of composite ground using the proposed anaytical solution. The
results show that the consolidation rate of the composite ground depends mainly on the penetration ratio of the SDCM columns
with long core piles and the stiffness of the underlying soail. It increases with increasing penetration retio of the pile and the
constrained modulus of the underlying soil. The variations in the length, thickness and stiffness of the deep cement mixing
(DCM) column sockets as well as the area core ratio of the concrete core piles have little effect on the consolidation rate of the
composite ground. An increase in the modulus of the core pile decreases dightly the consolidation rate of the composite ground
at the early stage of consolidation process, and it affects insignificantly the consolidation rate at the later stage of consolidation.
Key words: SDCM column with long core pile; composite ground; consolidation; anaytical solution; area core ratio
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M odified cutting-plane integration scheme for elasto-viscoplastic models
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Abstract: The dasto-viscoplastic model can be regarded as a combination of the modified Cam-clay model and the overstress
theory. Firgtly, the stress-strain formulas for the model are rearranged, in which an evolution equation for the hardening
parameter of dynamic loading surface is deduced based on the overstress theory. Secondly, the rearranged stress-strain formulas
are numerically implemented by the cutting-plane integration scheme. In an elastic prediction process, the viscoplastic strain
rate is assumed to be constant, which guarantees the deviation of the current stress state from dynamic |oading surface due to
time increments. In a plastic corrector process, a Taylor series gpproximation of the dynamic loading function is used to obtain
the increment of viscoplagtic multiplier rate. Thirdly, an adaptive substepping method is proposed to maintain the accuracy and
convergence of the proposed algorithm at a large loading step. Finally, the performances of the modified cutting-plane

algorithm are analyzed by the cal culated results of step-changed oedometer tests and undrained triaxia tests.
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Effects of ambient air humidity and temper ature on crack development of
compacted expansive soils

LIU Guan-shi®, CHEN Yong-gui®, ZENG Xian-yun®, ZHANG Gui-bac®
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Ingtitute of Rock and Soil Mechanics, Chinese Academy of
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200092, China; 3. School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: Cracks are one of the most significant influences on physical and mechanical properties of expansive soils. Some
expansive soils, taken from Nanyang Expressway, are compacted to large-size samples and then dehydrated gradually in a
closed greenhouse with various ambient air humidities and temperatures for desiccation tests, and a camerais utilized to record
the development of cracks on the surfaces of samples. The captured images are disposed and then anadyzed quantitatively to
obtain typical characteristic parameters of surface cracks, such as crack ratio, average width and tota length, for further
exploration of crack developing laws. The results show that the cracks observed from the large big-size samples are more
similar to those on the site such as embankments and s opes compared to the ring-knife-made or thin-saturated-slurry samples.
The higher the ambient air humidity, the dower the cracks develop in the early stage, and the longer the devel oping time lasts,
while the larger the statistica characteristic parameters of surface cracks in the later stage. The higher the ambient air
temperature, the faster the cracks develop in the early stage, and the faster the cracks retract and become stable, while the
smaller the gatistical characteristic parameters of surface cracksin the later stage. Low ambient air humidity or high ambient air
temperature makesit easy for the surface of soil samplesto generate more invisible micro-fissures, which is an important reason
for the small statistical characteristic parameters of cracks compared with the theoretical analysis. High ambient air humidity or
low ambient air temperature may be beneficial to the transfer of shrinkage stress to deeper soil layer, and promote the
devel opment of cracks with fewer branches, larger width and deeper depth.

K ey words: compacted expansive soil; humidity; temperature; crack ratio; crack width; crack length
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Table 1 Final statistical characteristic parameters of cracks
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Fig. 5 Change of crack ratios under different air humidities
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I mproving engineering properties of peaty soil by biogeotechnology

GUI Yue" 2 WU Cheng-kun', LIU Ying-shen', GAO Yu-feng?, HE Jia®

(1. Faculty of Civil Engineering and Mechanics, Kunming Universty of Science and Technology, Kunming 650051, Ching; 2. Key
Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China)
Abstract: It is suggested that the microbial enrichment technology should be used to increase the number and activity of
primary bacteria in peaty soil so as to accelerate the degradation rate of organic matters in soil and achieve the purpose of
significantly reducing the content of organic matters and improving the engineering properties of soil in ashort time. In order to
verify its feasibility, peaty soil samples are taken from two sitesin Kunming City, and two sets of model devices are devel oped
to simulate the degradation process of organic matters of peaty soil under anaerobic and aerobic environments, respectively.
The combustion loss, limit moisture content and one-dimensional consolidation deformation characteristics of peaty soil after
being decomposed are tested. The results show that under the anaerobic environment, the biogas yield of peaty soil soaked in
the enriched bacteria solution is significantly higher than that of pure water immersion, and its gas production Kkinetic
characteristics are in line with the modified Gompertz model. Under the aerobic environment, when the microbial degradation
lasts for about 30 days, the burning loss of peaty soil in the two sites decreases by 10.28% and 15.58%, respectively, which is
larger than that under the anaerobic environment. The experimenta results show that the liquid limit of peaty soil degraded by
microorganism decreases with the increase of the reaction time, and the plastic limit does not change much. The
one-dimensional consolidation tests show that the secondary consolidation coefficient of peat soil after degration of organic
matters decreases, and the longer the degration time, the more significant the reduction of the secondary consolidation
coefficient. The characteristics of the new technology are analyzed, and its theory and application are prospected. This
technique is expected to be an ecological friendly new treatment method for peat soil foundation, and improving peat soil
foundation is expected to have a potential application field of biogeotechnol ogy.
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Table 1 Physical parameters of peaty soil samples
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Table 3 Concentration of bacterium solution after cultured
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Field investigations on interaction between jacking pipes and closur e of
piperoofsin soft ground

HE Jun-zuo®, LIAO Shao-ming", CHEN Li-sheng”, CHENG Chi-hao'
(1. Department of Underground Architecture and Engineering, Tongji University, Shanghai 200092, Ching; 2. Shanghai Urban

Congruction Municipal Group Co., Ltd., Shanghai 200020, China)

Abstract: The pipe roofs play a key role in protecting the passing objects in underground crossing projects. In order to
construct a gtrictly closed pipe roof, high jacking precision of each pipeisrequired. However, the jacking interaction of various
adjacent pipes is extremely complicated, which brings uncertainty to the attitude change of each pipe jacking and the fina
closure error of the pipe roof. This study relies on a certain project crossing a middle ring line by the large-scal e “ pipe roof-box
culvert” method and uses the real -time monitoring approach to record the attitude and deformation of each stedl pipe during the
jacking process of the pipe roof. Based on the measured data, the interaction of various pipesin the process of jacking as well as
the attitude and deformation of the closed pipe roof is analyzed. The results show that: (1) The interaction between the pipesis
reflected by the constraint and guiding effects of the previous pipe jacking (anterior pipe) on the attitude of the rear jacking pipe
(posterior pipe), and the relative deviation is generally controlled within 4 cm. (2) Affected by the longitudina stiffness of the
steel pipe, the attitude correction of 70% pipes lags behind the machine head which results in relatively large accumulative
deviation at the previous stage, but with the decrease of the longitudind gtiffness, the attitude of the pipe changes sharply at the
receiving termina under hard correcting. (3) The attitude of closed pipe roof is wel maintained a the originating terminal and
the reinforced zone. An obvious change occurs in the middle section, and some pipes even have a large distance among them.
Finally, at the receiving termind, the deviation of most pipesisrelatively reduced.

K ey words: pipe roof; stiffness effect; guiding effect; lag effect; constraint effect

*WAE1EE (E-mail: liaosm@126.com)

I —— TP TR . % TV SR B e At
R RN DR T AT R T, gl Oh R R BRI T T M T A
BB, TR A SCER A T
B, R AR TR BRI 2 ) — WARER: 20190424


mailto:1810755@tongji.edu.cn
mailto:liaosm@126.com

280 a5 oE L OB ¥ M

2020 4F

il @RI IR O A TR Wi it
=S

VRN —Fiog B T 2Bt 1570, ik Ja)
WBER AR — RV 2 2 i . B CE
REARATAR BB B0 THTE 5 RS P I B e sh 4T
TREEANMBII. Bae SR AL 775 0 i 4
VESR N [ BB AL 1 5 2 AR Y SR A IR T
P HESE o Shi SEPURAT TRl I o7 7 BH— B 1] i
TRE, R =B LB R R 5k, W T
P I AW o M AAE R S5 0T T & R R
ST X i TRV MR IR (K 5, 37 T 3a M
AL AT T 0 1 1F Peck A1, Jt4isy
S, B T ARMIEAPEDY, R4 SCHRI8] ot
B RRE A E AR O (A B TR
Gl o PV R S R A TR, R TR THLE
TR R RASTALAIAT T A R B 2 7 1A
B, AT TN TANZ M KRB T . 95 o 7 0
DBIFE i T A AN 0L A A T IO IR A Jee R
H, RAIIAREE 57k, 6P HE U 3R 1 A1
M. SRR S TSR T T 4007, v g im
TSI AL AT ER TS LT, A
B T AR Z At MR IR KGR RIS R RO
JEEUEY S v AT FNF AT ]ESE

LR EPNIR, VARG T H T T S TAE 2 4
FEAN A TR FREE ST (1 B0 Fo00 A Sl 234
MR F e Tt . BT . MBI Bl ATt Tl e
PR D, JEHRAT 5 S AN A T R S AN )
PR AN S IA EL AR o AESERRIE T rp, A5 5F
MRAWE AN REA% e v BOR TTE 2 (7 e A oK, W)
REFEUERECIEM &, HEVERE TR 2%, JFH
AR RGN HERE 151 5 i 52t T PR R
2N 7/ NNE SR WS PN N P SR SR S Al
BEIERE S B I 28 A AT 4 T K 5 0 3 A o

ASCAKFL T AW I AR 7 TIR T 2
IR TR, 0 T A 59 B e 2647 70
Brs XHE R TV A LR R AT, B
SRIY T AN TRIAR LA PRGN, S e SR M e 11
LA, DU AR LU TR 2% 5 {5

1 IFEE=S5ENAZE
1.1 TIiE#pR

TR AR R T “ R Tk T, ]
1FR. R T A 98 19.8 m, & 6.4 m, FHiiHh
TEIA R BLFHE S KO+663—K0+749, K% 86 m.
RIS sE s, FUERI RN DR TR, {E

PR AT B I B TIEAN A, T ekt Pl PR 7K
W

PANERHRGILTAE 62 18 800 44 (K 2).
o, FHENE 24 W, %58 D1~D24, FhZHE
2514 m; FHHANE 24 WY, 'S5 S1~S24, kil
R 6.7m; AHENE 748, w5l Z28~2Z2; Al
HAE 78, gi'sh Y7T~Y1, JEH& EHEAKCERAN
BRI A 81 mm, A A HEE A 604 TR BRA 92 mm.,
AT HEN R 2R ) B2 20.8 m. FEHRAN S THIE K
86 m.

1 ER-BETFILIETER
Fig. 1 Underground crossing project of pipe roof-box cul vert
LA IR JE LR ER R TR GRS
B0+ it T PR MM AR 1 4577 T % R, R A TR I
Fean &l 2 pros e HroKor m A g St TIRHE, et T
TiE,  [F)—HER A SRR TR, v 1) 1) P2 PR G 5 T
TV IR e A AS AR TOUE W20 H 8 ) o T T %2 0

I
= o

{EBT100 mm (A EX100 mm [E] B2 100 mm

Q@ WEE OHAYE

O =my O rps

2 EF-FHENE LR Tl TR IR Lk b TE [
Fig. 2 Cross section of pipe roof-box cul vert

R ORAEE A S5 (0 5 PRI K, SR P 4 Ut
HERS T AN ME T T 1 44 mm, ANAESHEI ) T 72,
AR AN WEE AL B S BRI AN, A RN Ly
NFERER L R B IR AFhRAL, TR
Kl 3.

N PRAE A B A 063 TR A MU 11 PR 1 S
KR, AT R I R I i, ah
B X b ih ks 8 m, BB Al X
AN 6 m.



52 TR, A5 R R A TR (1) A ELAE R P 5 32 1 S 43-Br 281
= =
30 RA00
' 0
= T‘@ St g
356 356 10 356
Rot§r: mm
(a) AT (h) RIHE (d4) e
3 BRAUERNETEE
Fig. 3 Types of different pipes
N BRI 1]
et |- B —0.5% ks et |-
O GR FRt DK EABTR -
RERBTH T 1N\ R G FE
@REWIIH - 7 @HERIHH |

O R OB

®,  KERHEH |-

G K BB RD. 1
(Gl ik Al ie

TeTeay | |

O HEH AR ETH -

O KEOB PR

@z}}(@%ﬁﬂfﬂ\ I

4 ERFHMENFEE
Fig. 4 Longitudinal section of pipe roof-culvert jacking through strata
=1 HESH

Table 1 Parameters of strata
JZF Hb 2 44 R FEIKN-MD)  ALBEL BRI  RgEREMPa KRS i ikPa A EEEAIC )
® IR A T 17.6 1.144 40.6 3.09 0.48 12 18.0
@ TRV 16.8 1.406 50.0 2.20 0.59 11 115
1.2 #BEH AR ZC N 0'p1o
M E R B T A 5 0, A TR .
VUM IEHDOURX, RO i iE 2 DR e . 3222 @
RIHRIEERE . B PEE . B AL, AT RUE A &

me HUTATIE K 4 Frs. B4R, EHER
ERMAEC T T TR 1, KN ERZ T @
SRR . R E SR 1R,
1.3 HEmrsx

LSk it 22 -5 0 R 28 O 22 1 S 00 50 S - Tt
RO T I RS A SRl LN T )
W ZE BT 1~2 mad K, fikm 2=t it 2.5
M — Ko 2= 1 e W 5 Fow, KV
ZEUAT WA I, R O s CA AW R 1, A i 2 LA
RS NI

FERR T i 22 7 LA DL A, JLAKSPZant i 22
CH Xpps Z00 R 25000 You, ZXdH4% i 2510 A
Opre TRAR T THEI )8 I 22387k LA D1 A, oK
SPAL R ZE o X, At ERR R ZEE N Y, 4A%T

5 TNERZER BHE
Fig. 5 Direction rules for deviation of jacking pipe
1.4 NERTUET ZEHETE
RN R T 22 KN, 25 208 A A AR TR
AR, ERICEM S, R SEUR R, Bk
Ao B, TR TRBERRE, 52 M 42 T R 7K
SRR TS I I TRHERS B Gt ZE < £3cm, 7K



282 a5 oE L OB ¥ M

2020 4F

iz < £3cm). [FFE, A T 7 AR R T A 1 (R Al
FE, TR B REAEE TUE OdE RE AN A (L
WzE<+2° )

AORIETIE B RG BE, E 5 T7 St 1 e
VA, sRE Ey 3AMERTE, S R
S ANE RN, R T R, IR AR
B HURNY,  TBEE BN R T TR R R s
AR, DRIl G TN IS BRR 22 . R R ZE. TT
TUU5Z 3 A0 58 TR 35 8 PS5 2 5 M 2 Rt 6 i 2 o

RN A, RN S iR IR TR B

TRERBEE, (R0 R, A 5 IR T
BRI g % TRk, 5 2% Ak s E
EIEWNETERZ G, IEME TS S8 R ATk, LA
UESEIUEN T B 94, IE IR TR IOV 42 il T 32E 1)
FE, PRUETHHES ) 17 10 5 s 4 7 1 — 3. 43
TN TS RE, ARER, R R

ETE R, N DABOL S 10 RGO, AW
TR AT M S A TR, AN TR AT 4
P, T8 I P AR ) R ) S, ARSI
AT A o 2 T IR 0 PR AL Sk f e o 2K
I, FIAENLA MR, DO B2 B 1 H 1K,

2 ERBESTINE < EHEEIERNIE
2.1 MRPETUHEEERXRRASE

FERE F R D AT AN SRR K THUAE RS 21 AN [F] 14
YER, AHARTOUE RN ML EANE, AR W)
s AR . DU i e A T2 (] (AR LA
M WA TR R B8 SR (5
B AR EALE IR SANE RT3 2K

37 B O AR PR AR i R X 56 A R B A A R
W, W 6 Frors, K2 im et SE LA ot g
¢ﬁ%Fmﬁﬁ%%mF%%%%,ﬁuﬁﬁﬁ%ﬂ
ANIE, d R 5 e U R B 2

B 6 RESKEHEMUEXR
Fig. 6 Position of posterior pipe relative to anterior pipe

TEA TR, BT R,  H PRI #
e B RTEE, WMo (N 07, 180° LLA 270° 3
ANEUE, 0° K 180° FRAKTIKEFR, 270° FRNEH
KFo WAETAeIHL, AR ERT d=493 mm, KK
KAT d=504 mm. 456 3EMEE . ARG HmE.
M 4 MTRAERAL (18 3), Al AHEAE AL E R R
Iy RS B EH AR %ﬁ%ﬁ&m¥wA4ﬁ
KA, VEWKE 7o H IR Tk 53 A 7K P kA
E%ﬁ&%@%mﬁ3ﬁiﬁ,ﬁﬁmﬁmﬁﬁ%§
A EAE RN . e, FEAR TR, 25 18 2 Tk I
¥, B RS % AR SR AR A S AT L i
JUTP5EA—8, MOnTA e R TR A
SERRE T, WA AR, SMOTE R T
XA

(e) BEAN (d) AR

(b) KFHG
B7 EEEERXR
Fig. 7 Relationships of interaction between anterior pipe and

posterior pipe

2.2 HEBESRTHEEEIERMN

R I SN BE R 73 B R, T AHARTIE 2
() AE AR 1) B 10 B 2 AR WP e (IR T
2O, FHABTIE 18] (R AH FLAE IR R 29 RN 5171
RO P 2RO A R J 28

(1) IR

WSETTE K 72N Ko REEAMZEN Yar S T

BT MZEN Xpy BEMZEN Yoo

Kl 8 (a) Frow, w7 R R AT A A O
TSR T, S THUTRUAS (R0 11 25500 J TR 19 T - 2 e 1
ERHATLINR, K T R P80 S shis il —
SEJEH LA (B2, dEmipRE T 200k 1 i
PR JE TR DB 2%, TIAE S B MR i B 4y
W RIS, 2Pk S A R AR 5658 7 — e I A
HARLZININ . 5 TRV Bl 2 A 22K -5 56 TH0
EYSAAR w22 6 IRAE— e Ya I LA, HoA 22 22k
FRAEAHUT . Hrh STV /K- e DL IE 82 D
FEROON JE TRTE K e DE i 2= ok (18 8
(b)), @5 THB LA BRI, 2l 58 Pl
GEASARARE T D 7 ) B AR BOAHR A AS, TAE
AT T LT I EAHX AR BN (B 8 (d)) . @S



5 23

e, A BRI AR R T X AT LA P e A 5 2 2 K S0 23 W 283

JEE RN BB, SR I 2o S A 1A R
J7dEe (B8 (e)), e Ja A HIR P BRI,
SIS R A AE R — D7 4 (B8 (d)). @
FESE TRV M 2 A BOR AN, W] DO e IO 51 0
fin 228 2P IR, (EAESE T O A W Z= R
I, £ 3 A8 TOUTGUE O B BE TR

ST

#Eo
RO (e T
EEEH

5B

(o) BRI EEANEN (HEEN)

B8 YRV TEE
Fig. 8 Schematic graph of constraint effects

(2) FBY

T 1) AN 5 2 OO AR LEARALL, S8 B AR T
THUE T 068 J TOUTRAET 1) T < 2R 1 (R FH BT A=
EAN TR FR 2 49 RN Je A i A S8 s AR AR N e 8
Az, Hasx e AR AT, 1S i) R ) £ )5 T
T TR R R ey, O PRI S 5 i A S A 1 DA
W, FESCE DTS, AL BN R T B T Al e 4
SR, J& T EshiE, BT WA e .
Bl Ja A DAk 22 5 S A N 22 R R AR AT Tl T Ry
e OJEE TIELI 7KV KR O 224 15 5680 08 I 1 B
TP By i 2 S ARG, TR 3 LT T 1R B S
SR L SO QFE SR THINUAE B 2 A BOR
I, AT LI i TR 0 45 A 22 ke 25 D, (EAESE
THTHUE DA 23 I 22 BORIN - ST 2 3BT 5 T2 0 468 A
BB R OB b J5 8 T T4 i 22 R BRI
B EETE SUBES M2, FrLLT 80N [F I 2k
PAESEJE B BB S M ZE R R L.

(3) MR

i T — RN 6, 7 AN AL, R
ISR, M TRIVEER:, AREAPLEL S 7 T
TR AR, B WIREEOR, X RTE CGEY
S S HEER) MBS BAATANE. 5o, BE
T T, JEITNERKEE LR, B A i

JZ FERWIEER AN A, WL AN IS o
Bl 9 Jrom,  LELR A sty 1 7 A7 24 3R 4 [ DX A
IR, TOU S5 — 2058 W BER, AW 28 A 2 I e
K AR B AR, — AR
Ttk 2 4R 2w AT %k AEdEe . R T O 2=
SV, L ERAE N D3 75 LR PR R i 1
JETENTRK R, TSI WIEEARR B, P LU
o Rl AT 2 i A LA RAR IS T o

JmE X

X
i
i
|
i
<jy
| sl
[

TR 7 18]
9 MIEHMEREE
Fig. 9 Schemeatic graph of gtiffness effects
(4) Jiif Ja R
FETVE TRBE R R, T R S Tt/ L=
BT A ARG AR, SEAENERA I, AT
Ui TR (R85 B Jo BT KIS, AR B — 5L/
TIUEN R EESRARL, Jaim e R AR ik )5
THTEE T (B 10>, BT 2 fh i o ALk 21 i o
P, ZLARIFUILERS, DT Z s,
HEH S

] AT IR

Bt

byttt t t t t t
WS

B 10 wEHMTEE
Fig. 10 Schematic graph of lag effects

3 ERBMEHEERARMNSHH

PR 73 RS AT AR A e e B T AR Al R o 2K
MG, 765 Sl U R T A BAE S iR a1k
FUAEREAT S 44T
3.1 KEREE

PL D13 2 D14}, DA3 MAE Ky e (L vy,
D14 24 D13 AR ASE TR, Bl 11k T i 2
BETEEE B0  th 2. K 11 (20 AT, D14 oF
0 LA S TR T3 2 25 (7K VAl 2 B Tk PR 25 A4k
#5 D13 BHIE LA K ZE AR A ARARL, (F fhw 2 1 P2
AN, SELETEYI) LA, HREA Tk 253
(50 mLLJG), =38 M) i 22 SRR D 22 #1448
K, EARMZAHIHE, B 11 (b BT s
ZEARAERAR S AR R, X — 7 TR T e T



284 EZ R S N S

S TRV 0 7KV AR T TR AE /K5 ) I A AR % .
T3 I A BRI A A R T AR, ARREE T B 9
I, XA T I RN ) — 7 AR AR
T T A 46 i S B S0 () AN TR B R, v
D13 7B (W SO A B AR, 32 TSR
T IS VA7 AH AR THUE 1R 2R S 3 A

ST N, 454K 11 (b), (o), Wil D14
5 R AR 22255 /NN (50 m LAY, 1L )7 [ 15 £
FEDL T 5 DL HEE 5 1A S, 10 AE R A ) i 2 5
KIS (50 m BLJE ), HE 75 ) Sl g RE S D13 A .

N, K11 (b /EH T D13, D14 T LS
FHXS R 22 5 T B AS AR BRI 2 (Yoia-Youss
Y'ou-Y'p1z) AN D13 T BN 2 = # BT
PR B AR iR, FTLAEH, 4 D13 4
I}, D14 T 55 1 ST R O 25 35 T I 2 e,
if7 D13 AL R (daxf it 2° ), Lib
D14 [TE RS2 JI 8L, 41t D13 T S i £t i
S (75 m BT AR D13 T 7] N A, mifE D13
TR SRS NS I (B0 m L), A% D13 Thi%
) A, BT SRR 2 RS T AR A
VBl 2 (P 5

i XDH

40 50 60 70 80 90
TH RS /m

—%— Tpi3

(a) K FRzExt
4+ —¢—Ipy

; {
YDM
2_
0_
5 1
=

T
4l %
3

SEET

0 ll() 2‘0 3‘0 4(I) 5‘0 6‘0 7‘0 80 9(I)
TR B fm
(b) BRMEZXT

—a—y I Ei 4
4t D13 " I
——0pua # *

)
_4_
0 10 20 30 40 50 60 70 80 90

TR B fm
(c) MEERZEXT

2020 4
6 - —-—0)), " 7 6
4L Ioaii P wel 1,
[ —a—YDia—You3 bl It

2 12
- g
o 0 0 L
QE —

N 1-2

-6 . ) ) 1 1 -6

50 60 70

0 10 20 30 40 80 90

TR RS /m
(d) SEEMHE SR B GEMZEN L

11 FEE(D13) 5KFRIHE (D14) 753 LLE
Fig. 11 Comparison of attitudes of datum pipe (D13) and
horizontal socket pipe (D14)

M 11 (), (b) TR, JERAEKF T b A e
R TT IR, D14 T 22 K AR B HOK T D14 T
BEASIARAIRE, (b n] LU Y D14 2 7 il 5 2L
IV o HE AT KV A A T A5 D A PR T
GEAANS T A — I w22 A2 (DX, DY) 57J
FEAFDNS T A — 0 RO 22 ARl (DX ¢, DY®) Ztb
CH T I 2l R B T i 2l R AL A
FESt, WO T A 22 5 THREEE B HEAT T A (B AL D
BTGV R E T (8 12), 15514 70%0) T
i 22 RACATZE N T TIEAMZE I AARAR, XS TPk A
B IR IS RONAE R BT )

60 50
50 N . )
0N 69-72% 30.28% N\ 73-86% 26.14%

(a) &KFIHH (b) BRI
12 kF#iEE DX /DXC5 DY /DYCE A E
Fig. 12 Histograms of DX /DX¢ and DY /DY¢ of horizontal
socket pipes
AR H BT AT KV AR TR A F A D A RO X 7K1 v
Z (X=X SR @R 2% (Yp-Ya) gt H 7K
(Kl 13D, 53 W2 HUKV A4S T Bk 29 RAE S T
R HE, 86.9% MK P AR TR 15 56 8 IR KT AR
ZEAE Acm LA, 917 % /K AR A T 5 56 ) e
AR 227 4 cm LAY
3.2 BERRE
L 28 Jo 27 i), Z8 AE xR e s, Z27
N Z8 [RARIT R B ARSIV, 1 14 S THUE i 22 R TV
PRSI, HIE 14 (@), (b) AT, RS
1+ D13. D14, 78 5 Z7 Myl 7=ipe 50 S WEAE AL
/AN, ABSETRIGUE 0] B B AT U 2R 5 3 v
IRV A T 29 R 5 3 1) 80N KRB, BIAE THEE4)



F2W IR, S R SR S VOO (R AH B B PG A R S 434 285
WK R EAT R AR S e, BE TR 61 —a—by @
B, XRAS T A E AR BN, (RS 4r o0 -
PRI SIS (omLUR) B (=)
=3 s Paran ~ RNIT} Paran ¢ o of
W LR /1N, RIS T AT B WA i 1) T ) 2 2 5,
NFIKT ARG . M "
600 500 > x i
500 0 10 20 30 40 50 60 70 80 90
4007 T B fm
400 < 300} (o) HEEMEX
%300 00l 61 —* 03 16
200 —o—Yp1a—1p13 @
100 100} 4t —a—Thia-Yos ~ 14
0 0 N {2
—24-20-16-12-8-40 4 8 1216 20 24 —24-20-16-12-8-40 4 8 1216 2024 £
(Xp=Xy) fem (B=12) fem 0 =
(a) HAMAK P2 E (b) X B E R E A H
13 KEFRIHEHEIHRESITE "
Fig. 13 Satigtical graphs of relative deviation of horizontal socket % %

pipes

K 14 (), (o) H MR HFEL RN . fEK
SEAHRH ZE B NN (30~T75 m),  Z7 HEE 5 nAE 2%
THOL NS Z8 ML AR, TEA AR i 22 K I
(30 mELRY A2 75 m LG ), S J5 [a) b s R 250 7] o
Kl 14 (D 1B T Z7. Z8 [T S AT i R i

25 ISR RN (Xzr-Xzgr X'z2g-X'z7) LA
o Z8 THUE A5 (ML EE i 7 — 5 B TOTE 8 25 AR A1) il
g, WLVEH, M Z8 RN, Z7 TS
TIBARR AP O 22 50 JC B S A, 1T Z8 4% ff P
K CHERHE R 2° ), o2& Z7 M TE G 2 T8,
Y)os At 78 T B £ 46 2l i (2.5 m BT AHXY
Z8 T ) e AW # , i Z8 T L2510 N 3 Isf (70
m BT, FHXS Z8 A M A ks, Wk T 2ei HE 1

LIRS T 1A G I -3 D 22 (R 5

6

—— Xy
4+ —e— Xy
o | —— X7
£ ol
- (=)
-2r I e )
.3 8
4 L1 &
_6 . . . . . . ; . .
0 10 20 30 40 50 60 70 80 90
ToU kI B fm
(a) KPfm2EXT
O ——y, [ s
4r —e—y, ﬁ ;1%‘

10

20

30 40 50 60 70 80 90

T2 B fm
(b) BRMEZXT

0 ll() 2‘() 3‘() 4(I) 5‘() 6‘0 7‘() 8‘() 90
TR RS /m
(d) SEEMHE SR B GEMZEN L

14 EHEE(Z8)5 BEKIEE (Z7)ESX LLE
14 Attitude comparisons of datum pipe (Z8) and vertical
socket pipe (27)

HiE 14 (a), (b) AW, JERAEKF 5 )ik 2 A
WHITI, Z7 JIE R ZE AR R LR T Z7 T %
AIARAIRSL, e LUR 1 Z7 B2 i A IS 0 .
PRI 200 AT B AR AR T A A8 i Ak ) TS 232
AR H— 0 ) 22 A0 (E (DX . DY) 55 J1#AH
XTI SR e 22 A2 A (DX ¢, DY) 2t (i
T ZE A SR AL TR e 22 i R B
S, WO IR 22 5 TRk B REAT T S Itk A (AL HED
BTG I EH B T (K] 15), 4551 70%LL EIf T
B 22 AT ZN T IR 2= AR AR, ASF TR
AT B8 AR TR RO S5 RN AE KAV o) L BE

Fig.

EILO
60 35
N 30 N 7123 28.77%
% 75.39% 24.61% 25 R 2

AXIAX AY/AY’

(b) BEFIH
15 2 H&IEE DX /DX¢5 DY /DYCE A &
Fig. 15 Histogramsof DX /DX¢ and DY /DY¢ of vertical
socket pipes

AR HR T A 8 T AR TR 2 BT AT 0 s R AR RS 7K
2 (X=X SAX @it 2 (Yp-Ya) et H 7
Kl 16), S WK 88 AR TV P45 2 RAE S TV
JEI T, 98.3% 1) & B A 4 T 5 6 45 R K1 A 0T it 2

(a) K¥Irm



286 Fe)

+ TR ¥R

2020 4F

7E 4cm LA, 89.5%f1) " B AR T 5 468 1 e FEAH
S ZELE 4cm LA o

2407 42.6%

40.4%

7141210864202468101214 7?41210864202468101214
(X%—X,) fem (H-1) /em
(a) XK PW2EE T B (b ) AT 2 B B

16 BEAHEHEIMRESITE
Fig. 16 Satistical graphs of relative deviation of vertical socket
pipes

XEEE 13, 16, T ILASAE SVA b R EARSE A
Xof i 228 TR B S AR K T/ AR 10 85 B R
CERINEA T OSSR (SR E ST | I AW N G E = SV
ST A i 22 1 O R A, LR A A, TR
AR A1 % T 7 T A e 22 B BSORE P s, HL A
N IXUEW] TSR R B 2R R T ) A AR T
HLT T A .

4 EEPRRBASESHH

2t Tkt T, 62 AR LA e R i) 1A
FeRE, AR ZERDN, SNEAAFRERE, HAE
N TS e N kS W TN 2 N aep 1] i3
H R LA R B i g AT SR AT o
4.1 BERIHHAESREST

U S BN TV B x=0 m &b, K 17 KiZkb Ty
it 2 BRI 17 B 44 IOV R O 22 7 W vk o ] WaR R %
ATEIR VAT A S ] AR R, RS R
FrRL, b MHES RO BN RS S, A
FINEA W A ZE ] o ZEHE R AT BT AR AT
BUNEE), BRI Mg, (Hig KA 1.6 cm. £
HETE SR ) N I, (H S KX 1.53 em. 5 K fhi
BRAEE R L (S13), mAmE T 1.69 cm.
Sl 57 83 53 54 57 56 57 38 ngzmﬁmﬁmmy\gﬂ%m%? SME?(;;;-; """

i Y7y
0f SERe TR RE " i

D/s
B
>Z‘ £, Ef
E JEE ZE

1 HETUAY b HETHA, AHFTI" 7 A HETAS] Y1
A4 va =X

M
i D2 D3D4 D5 D6 b7 D8 D9D10D11D12[)13I)14|)1§ DIDT8519 7 71072023024

B 17 iaRinERHASESRE (MK 105 RiRE%EIT
Fig. 17 Attitude deviations (magnified 10 times) and statistics of

deviation directions of closed piperoof at originating terminal
4.2 HMEXHASRESH
SRR B AN X A RS 5 8 m, MO I

NG

FENE (=75 m) #7708 (18 18D Sy X 78
I AR L R AR R T A WY, BV R
TREEFAL, (AEASK O A I B IS DL N A 2 2w, A
W5 0 A it 5 TR b, ] DX S50 T 4 M 2 AR G
KA, BN PHEE B e RS REROAR T T il k2
S BT, AT HEE A AR W FS o 70w 22
FUR, BRI BRSS9 M 5 A P i K
PR KA T A ST, P24 T 4.25 em [ 25 A .
AT EHETE R HE T TR 28 C 2 TF IR AR 1RO,
ZRTE R PRI S, b S22, S23 Ut ik
i, 15 12.04 cm. [RIEF, AHRGG Ko, AT (2
70%) JUH NHEE R (A7 HRTED R WA,
AJBE LSk H B X R A Sk ” IR TS

SH
sy 528 54 553657 S8 59‘%1?1291?5'4 SIIIs 3103 ) |522s23524
ST W

(8 "”vmvm“kuv
/8 20

& 18 HMERXERHASESRE (X 10 &) RREFKIT
Fig. 18 Attitude deviations (magnified 10 times) and statistics of
deviation directions of closed pipe roof outside reinforced zone
4.3 HEBHAEREST

W 19 iR, HEs (x=42.5m) AN AR 2
W, HTUERS, MIBERL N k), SEEEALS
AR HAAR R, e i 22 R B 4 e DR A
1270071 I IR N 115 P o £ | 2 G/ = 1 Sl
Wiks, FAMm 2R KT S22, C&sEa BT T
Witk /it 8.64 cm, bl 11.05 cm), S ETH
EINE DA R ORI S1 K& D24 [FIFEAT W
RAwES, PSR E R T 6cm WER S, AIAEsE
S VI R, BT EHETIE S6 & S19 [ R i
%&ﬁ(mi4%um H FHET 40 D4, D10, D15

EIm LS (oK 11.05 cm), B 284 R THE )

L?%W&ﬁ+ﬁﬁ@<i$ﬁ% [ 10 cm), A
ATHERALE H AR TOE AT BE AR A THTE P 4 S O
BN N THEAT B3h D), REEPRIR . A HE
H53 TR 4 1) A%, AN A ) P i 7%
4.4 BWRFAERED

Pl 2 BE R ILY, BN D3 R
AT e DL A 1, T IR G, A
WAL Sy FT P P2 RN /AN, K ] i 25 2y B By, AEL 4% )
T R SR A A L o Pl T AR A (x=85 m) £
PR 2, D IR B A S B ] 1T (x=82.5 m)



2 1 B,

S BT R R TR (KA B A P R P 5 2 S 7 A 287

S22
51 gz% s4 g5 X ggqg 91|%|251§:9|s:s1791 1920 $23524
0O mm

t’j’o—cwr-’ VI o A o Al Emo ......
S | oo < germmie A o
7 15
& 76 & "I .
) <10
73 m |y
74 X 5 #
z | o HE E ik BF
it rab e B )

‘
T T = ]
UU\JDD’ AT W
I3 13 P4DS |5 157 D8 b6 |)|1|)|2D13 ,1)516D g1, D203

19 PEHERBHASESRE (X 105 REEKIT
Fig. 19 Attitude deviations (magnified 10 times) and statistics of
deviation directions of closed pipe roof in middle
BEAT oM (I8 200 AT, AR O el Aok
(1 S1. S22 Jx D24 L& KREANT, Mzt % kD> T
il 10 cm, {HP A S10 P SO K& S11 A1 1)
s % ik 15.05 cm, HIy[a] Mtk 4 cm, JLFEISGE
F£ 7 S10 JR Bt 7, S8 S10 _E ik 6 cm,

AR S8~ S11 2 [A] A HE 4 T 8 4k Ak

S10
‘13 5]556 585]9 S21S22 524
& ‘Q
0 mm

5152 53 848556 ST S8 (p\
< Emo ......
8 Y7 200 em
77 20 * bAoA i oA T Y6
76 15l
= . Y5
/5 ; v

<10 Y4
74 g5 Y3
ol 1< JE ;
PN 3 ey R
~ - D19 Yl
I VAR W G A VAT W(\/\(A.LA/‘\L\\
D Dsz D525 D8 ,U)grnonn |)|3|)|4D FGD:ﬂng:nzonﬂ 335,

20 ?iﬂiiﬁgéﬁﬁipﬂAé MRZE (K 10 ) &1& m 4t
Fig. 20 Attitude deviations (magnified 10 times) and statistics of

deviation directions of closed pipe roof at receiving termina

4 FHig5EW

ASCMHE g KB AR U TR, it
TSI, 0L % A TOUE 1) PR AH ELAE RS A
AT T TS 04, HRILUF 4 84518

() AR 5 TRAS 5 50 TR A AR B0 28 L 0 B A M
TR A Ak T AH B FH DG R0 A KPR S . B
A A R DA SRS P DY o RRAR TOUE M mp
AP AT S5 7K A ARARL, 1T 8 B A 3 5 2 A i d
JLTE e —.

(2) FHARE T 2 I0), EBEH FAAE R E Y
RN RN, HANFALE ORI A 2RI
ANFARA o AP AR R B ) B2 KT RN,
B, 9L 7%INE SR AR ZEAE 4 em LAY, BEE7K
TR J7 ) B2 T I RN, 98.3% I 7K
A ZEAE 4 em LA o TEiR A2 7K-P AR I 2 B8 Ak
i, SCEHESEIE 20 xR WA P A B .

() L WNIEIER M |, 8 — T Tk ik
T o A7 T RO, B JE N o A7 24 TO% TR 24 i />
TR B LM . 7EHT 50 m Tk Al 2242 4L

WRBERR /N, AELAA M, SRR K W ZE . M6 S i T I
KEERAIN,  WIBERON ) S PRAIG,  ZEBRAE N B3 Tk
X HERROI T 5AT 4 T 22 AR A i B Ko
(4) BRI  HINE X Ll Rzl
Uity 4 AT (138 P75 AR AR A AN AR o 2 it S
[i] DX ARSI R R AT, T KIS AL 4
cm, fH N DX 70061004 ) FRFS ;s il A%
AR, e Kt 11 em, 3 h T 6
cm, b NHETE ) ARG RS 214 15 em; 7EREI
TEAM AN, R T S AR, I 2 k>
10cm, LX) 22 HAAEHIAE 4 om DAY, FEAREAT .

SE AL

(1] BRorsE, FRmds, B4R & S RARIERREE R T 12
WY B ST, S E BT RS, 2016081 1): 12 -
15. (CHEN Li-sheng, CHENG Chi-hao, GE Jin-ke, et al.
Study on application technology of pipe roof-box culvert
method tunnel in soft soil stratum[J]. China Munical
Engineering, 2016(S1): 12 - 15. (in Chinese))

[2] LIAO S M, CHENG C H, CHEN L S. The planning and
construction of a large underpass crossing urban expressway
in Shanghai: an exemplary solution to the traffic congestions
at dead end roads[J]. Tunnelling and Underground Space
Technology, 2018, 81: 367 - 381.

[3] & . T TR 5 S R B AT SE[D]. ATH:
WL K%, 2005. (WEI Gang. Theoretical Study on Properties
of Soil and Structure During Pipe Jacking Construction[D].
Hangzhou: Zhejiang University, 2005. (in Chinese))

[4] BAE G J, SHIN H S, SICILIA C, et d. Homogenization
framework for three-dimensional dastoplagtic finite e ement
analysis of a grouted pipe-roofing reinforcement method for
tunneling[J]. Internationd Journa for Numericd and
Analytical Methods in Geomechanics, 2005, 29(1): 1 - 24.

[5] SHI'Y F FUJY, YANG JS, e a. Performance evaluation of
long pipe roof for tunneling below existing highway based on
field tests and numerical analysis: case study. international[J].
Journal of Geomechanics ASCE, 2017(9): 1 - 12.

(6] # A, knrge, 2= Bh, S BRI A AN TR Hhy
THYCREIISEMAL]. YRR TV R 274, 2012(4): 469 - 473
(YANG Xian, ZHANG Ke-neng, LI Zhong, et a. Influence
of steel pipe jacking on earth surface settlement in pipe roof
pre-construction method[J]. Journal of Shenyang University
of Technology, 2012(4): 469 - 473. (in Chinese))

[7]1 YANG X, LI Y S. Research of surface settlement for a single

arch long-span subway station using the pipe-roof



288 s *

T =2 i 2020 4F

pre-construction method[J]. Tunnelling and Underground
Space Technology, 2018, 72: 210 - 217.

(8] # Al BRI PR E AR BEEDTIU[D]. K
vb: FEF K%, 20120 (YANG Xian. Research of Large
Diameter Jacking-Pipes with Small Space in Pipe-Roof
Pre-Construction Method[D]. Changsha: Centra South
University, 2012. (in Chinese))

[9] # B, BEXCAHE, P 5, AF. GBS “ERARI TRk
T AR ST, 5 1%, 2006, 27(7): 1021
-1027. (SUN Jun, YU Xing-fu, SUN Min, et d. Analysis
and prediction on soft ground deformation of a super-large
shallow buried “pipe-roofing and box-culvert” jacking project
under construction[J]. Rock and Soil Mechanics, 2006, 27(7):
1021 - 1027. (in Chinese))

[10] JRoR7ZE, WRALAR. b3 2 A0 s e T B 20 A
[J]. BEiE e, 2018, 38(7): 1236 - 1242. (SU Rong-jun,

CHEN Li-sheng. Settlement analysis of stedl piep roof
jacking in ultra-shallow covered soft ground[J]. Tunne
Construction, 2018, 38(7): 1236 - 1242. (in Chinese))

[11] wEZ5, skate. it Lo DR i A Tk gRk
[J. LT3, 2016(6): 672 - 676. (XIAN Jiaju, ZHANG
Jian-long. Review of methods predicting tunnel excavation
induced ground subsidence[J]. Soil Engineering and
Foundation, 2016(6): 672 - 676. (in Chinese))

[12] PGB I A PR A W)L AR R 2 h IR L itk
B TREA £ TR SRS [R]. dbnt: PiBh g vkt
50 bt 45 B A W], 2016. (China Aviation Institute of
Geatechnical Engineering Co., Ltd.. Geotechnicd investigation
report on the new construction project of Tianlin Road
underpassing the Central Line Road[R]. Bejing: China
Aviation Institute of Geotechnical engineering Co., Ltd.,
2016. (in Chinese))

FrERR: B EEFAZE (GB/T 15835—2011)

&R AR T 5 IXFEF A ER

USRS U sl S TR I BB AN Z BB BT S BRSO R PR SR R A P 4 75 T B

B 7S, WA
w1 17 S CHETED

100 21 (—HZMH)
40 ity (W24
25T CGE T HID
%45 CGEI )
76 % (BtANgH
ATuHT 8 Al (A ToEr /A HAD)
AT 2534 (ATCH A
R4 5405y CREPY g +43)

3% (=%

R 2: Jbntint[a] 2008 4F 5 J] 12 [ 14 15 28 43

20 IR (AR
50 EF (BT
F8R CHE)NFK)
L 235 72 (L=l =+ TiAr A2
120 FAFE (—H =49

440 (U D
L1 S S R T R P SRR O, A B B A BT

BSANTAEH CGERATAEHD

21300 N (A1=11\)

50 % N (%2

AT CGEVUFERE

05 (Fxif)

V3 (=2

20 A 80 A (A AR

19747 1H (—hABFEEA—ED

12K (F=K)

R B T A (Y SRR A, A R

T E AR RS NS “11 e AR TR

NITER (AEH “6 TR

FER 3 e MBI Ry, WA “ RS RTEA” RES T I S MR PR AT BERIA IR (L2

FIBAEH HIS AT, 80 ECAE BRSO T i) )2 G A) CH nsess H Sk b Rl Gobs /K 25D, Nk AR IR B . |z,
WP RIB R, BUTRE AR, TRLE A E .
~f513: 2008428 H 8 H “OOJ/ENANH AEH “Z0O0/\8 1 8H™
B o mEeedBTEm ORER “BEw B 2mT)
ISV S8 G A0 18 A B A 480 B SR
w4 =34 = ANE (ARG “w 334
=28 (2 U (NEH “w 32 M
GRS A2 SO BRI 25 SO AT [ R FH O 4807 BT A 257
51 5. 2008 41 4 JIORESIK S ORI )Ty 2 — mi B TL%E (0.015750%)
3576 (3BL5M =T hHiumhf SRR



$a2% 2 = + T B ¥ W Vol .42
2020 4= 2 H Chinese Journal of Geotechnical Engineering Feb.

No.2
2020

0

CURER/E A, POamkGHLIE . BULH . s, 1Xebs

DOI: 10.11779/CJGE202002010

FRIEA TS LAY N SHES

AT REET M R, EMfg
(L RHEFET S 3 TR R A 9%, 05 AR 116024; 2. KT AR U TREEMAR TR By TR LA,

W Ki%E 116024; 3. AR KRR, =M EH 650201)

B B WL B AR N T AR S T = dEA A M T S AN A, AN R T AR LA
it B BB (52, 1 AR #h 2% 18 T A B R R, ARAE T KIS 1 8 0 M B A A& B SRS A
LR SR BN ERTI S, FTEMPEARREANRAD, I Fl R T AR — 3R 0 B LA S 20 I A 9
(AE DGR R, RSB TR K, e R R F R IR EE X RO S Bl AT A IR, o P RRFLIE DR A IZ)
NBH SR AR L], DA RS S A BT . R R IR nAT I, ISR TSR, AT DA
= BUE VRO IA N S 5 AR MK . S5 RBBI VIR R A C (5 = Haie r iE Mg RSN A 00, RETREI
W el KB P 240 C [HHE W3 =R EmA, LN E I EE RS2, Bl T2 8 BIFE KT
JRER, AR B B HEA R KB BRI R C (E S FUEEAR N 40% 7547, TR I 38 iR (e 1037 LA >
MIEIE.

EHE: 9 BSHL R RS WG 2SO ENL R REEE

FESES: TU435 XHERFRINAD: A N EHE: 1000 - 4548(2020)02 - 0289 - 10

YEEE N F/8HE0A994— ), B, 1W-EF5T A, 3 2k A WUEUE 23 47 77 T AT A . E-mail; wmharyx1@163.com.

Back analysis of dynamic parameters of high earth-rock dam materials
under weak earthquakes

WANG Mao-hua® %, CHI Shi-chun®™? XIANG Biao®, ZHOU Xiong-xiong"
(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian Universty of Technology, Dalian 116024, Ching; 2. Ingtitute of

Earthquake Engineering, School of Hydraulic Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian
116024, China; 3. College of Water Resources and Hydraulic, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In the case of weak earthquakes, a back analysis model considering interaction and radiation damping effects is
proposed for dynamic parameters of earth-rock dams. In the model, the viscous-elastic artificiad boundary combined with
transfer function is used for achieving the wave motion input of valley topography, and the multiple output support vector
machine (MSVM) and particle swarm optimization (PSO) are adopted. Using PSO to optimize the dynamic parameters of the
dam can effectively get the optima combination of parameters. The trained MSVM used to describe the mapping relationship
between the model parameters and the accel eration reduces computing time of parametric inversion, avoiding the problem that
the traditional single support vector machines easily ignore the correlation between monitoring data. The inversion results of
Nuzhadu dam show that the calculated settlements agree well with the measured data The proposed modd is feasible in
back-analysis of dynamic parameters of earth-rock dams. The study shows that the dynamic shear modulus coefficient C of the
dam materials obtained from the indoor dynamic triaxial testsis small and should be revised.

Key words: weak earthquake; dynamic parameter; back anaysis; viscous-elastic boundary; transfer function; MSVM; PSO
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Experiment study on effects of freeze-thaw cycles on adfreezing strength at
frozen soil-concrete interface

HE Peng-fei">* MA Wei?* MU Yan-hu?, DONG Jian-hua®, HUANG Yong-ting® *
(1. School of Science, Lanzhou University of Technology, Lanzhou 730050, China; 2. State Key Laboratory of Frozen Soil Engineering,

Northwest Ingtitute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, Ching; 3. School of Civil Engineering,
Lanzhou University of Technol ogy, Lanzhou 730050, Ching; 4. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: In order to study the effects of freeze-thaw cycles on the adfreezing strength between frozen soil and concrete
interface, a series of direct shear tests are conducted with different numbers of freeze-thaw cycles under different normal
stresses, test temperatures and initia water contents. The peak shear strength, residua shear strength, shear strength parameters
are used to analyze the adfreezing strength a the interface. The test results show that the shear behaviors of the interface are
still strain-softening after 20 cycles. The influences of freeze-thaw cycles on the peak shear stress are stronger than those on the
residual shear stress, indicating that they have an effect on the content of ice crystal of the interface. When the water content of
the sail is low and the test temperature is high, the peak shear strength lightly increases with the increasing cycles, and it
decreases obviously at water content of 20.8% and test temperature of -5°C. Therefore, it is necessary to pay attention to the
influences of freeze-thaw cycles on the peak shear stress under high water content, low test temperature and small deformation
of the structural interface. The cycles have few influences on the residua shear stress. The peak cohesions of the interface
increase, become stable and decrease with the increasing cycles a the test temperature of -1°C, -3C and - 5°C, respectively,
which is presumed to be caused by the water migration of the soil near the interface. The peak and residual interface friction

angles are influenced dightly by the cycles.

Key words: frozen soil; freeze-thaw cycle; adfreezing strength; interface; direct shear test
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Table 2 Peak cohesions at different freeze-thaw cycles
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Table 3 Peak friction angles at different freeze-thaw cycles
L Iy VEAE R ARIC )

"C ki OWMR SR 10WfR 20 kiR
9.2 30.07 35.64 36.69 36.76
13.1 27.70 35.75 35.60 36.72

-1 171 27.07 33.31 42.74 39.65
20.8 27.38 34.81 34.95 39.85
9.2 30.37 36.61 42.65 43.99
-3 13.1 32.17 38.80 43.41 40.70
17.1 28.10 35.64 35.45 39.70
20.8 27.11 30.31 43.26 40.02
9.2 28.06 41.47 47.02 —
5 13.1 26.57 41.02 37.08 43.09

17.1 31.77 37.95 — 42.30
20.8 39.99 39.30 36.04 30.47

2.3 EAABTVIREYFE

(1) VRRARFR O 5k 42 i 5 5 )

LR A B VISR 2 - TR s kAR
KA I EESH. B 5 kA BT UIS 5 R
HXFR. ME 5 (), (b) FRILLEH, EVHEK
HR) 9.2%I0] , Fk AR BY D)5 B BB R R B 5 s
B WIAEVEA Y 7 100 kPa M AR5 -5°C I,
2877 20 IR I e ik 42 BY D19 B2 1 69.5 kPadtiy i 4 98.7
kPa i K T 42%. MIE 5 (¢) il LIF BIASHE (446
B 7K ZR IS VR ER R R AR BY DR FE R ma 3SR AR e AN
K5 () FafLlAEH, EiRERE-5CH, FRaBib)
SR JEE P O 7K R I AT 1 K

350 [ w g1 4750 kPa
300 | ® P M 1100 kPa

A T 3 £7200 kPa
& e | Y IEIIRH300 kPa
& 250

B 200 ¢ v
R

=
& 150
i 4

100

=TT
[ ]
L]

50

L] . . )
0 5 10 15 20 25

FRRE IR I
(a) BRBEE-1C, MHEKEI2%

150

AR E-1C
o B -3C
. A RIRE-5C
[=™
ﬁ 100 | N
B e . ¢ !
g ] u "
« A
&K 50 |
0 s 10 15 20 25
VRAMBIR B
(b) EMBH100 kPa, WIS KR 2%
150
,%1( 100
1
]
5 g 4 ¢
g s 4 u WA AH9.2%
® YA HKE31%
A WA KERT.1%
Y YA E K #20.8%
0 s 10 15 20 25
RN
(c) BEMNEAI100 kPa, R H-1ClHf
150
v
2 0t I
% 100 . ! N ]
5 N
@ .
& 50
u VAT K HR9.2%
o VIR EKE3.1%
A PIIREKELT1%
Y Y& K #20.8%
0 5 10 15 20 25

(d) %@mﬁﬁﬂffg%ﬁﬁﬁ—mw
& 5 ZATYEEE - FRERAEXR
Fig. 5 Residual shear strength vs. freeze-thaw cycles
(2) VRRMEFIN B AR AR 11 500
TERRARSRE I B, T I & KA KRR TR,
Vo) e e W et e 87 N s o = B T3
SN RB ARG JI 20 0, DA e I 5i fiE Z 4 h H



2 1

TG K, A5, PREMIEFAN R 1 - VRE S R 45 5 25 e R BT 305

A SRS . 3R 3 AN R RIS PR U E I Bk 4% JBE
o FILLE BB URRLIE PN OO Nk 4x BESE s AT
PN

F 3 FRVRRBIRR KRR EE A
Table 3 Residua friction angles at different freeze-thaw cycles
e e AR BRI )
W VRS Towm sum 0w 20%H

i i i i

9.2 32.66 35.11 34.84 38.73
131 31.26 34.95 36.41 38.06

-1 17.1 3137 3303 34.37 37.03
20.8 3091 3560 34.32 37.25

9.2 3493 3810 38.86 39.73

3 13.1 34.03  36.97 40.81 40.55
17.1 3438  34.98 37.26 41.42

20.8 3296 3614 39.54 38.51

9.2 3372 392 40.52 38.21

5 13.1 35.90 4167 40.24 41.14
17.1 3v21 3831 — 41.62

20.8 3480  36.94 38.94 42.28

3 it 1w

U 5 R A 1 WA BY D) i B o] LA A 2
G (R SRR A T L3 ST (KUK T
T ORLS R B R 1RGSR O S R A . Sk
352 ARG FE RN L ARPIGR E /K AR P B e, PRIEAS
[T 4f 2 7K R B0 i P R DA BY 1) 5 FE AR AL U i
TER AR BRI B, S R 2 KA TAE UK 25 0 J
RV EST AT/ ETTE - AN < N (1 W )V RS AR
2 10 R 1 32 R A0 & /K s AR NS,
IEANTRI AT 46 B 7K 3 R 5015 I e A B D) it i AR A AR
N

ARSI 45 5 RIS A UK S, (R R R
I, Wen 2190 Volokhov 2533k o [ B
RILFE AT AEOK I o 31X 3 B AE 50 1 2 A e P 3
K RAITR, HENIL S R R AR E A I A2,
Tk D HiRE L S 2 AR A7
PEWRLERA S, DR R SR EE 1 2 (A& /K AN R A
WERREE, BUEK D KA A RE. 5K
RN, T2 A MK, Syl L
PRAIGE 5 7K 2 BER RAG ERE B TR, DAL BY 9] 5
RS E: N (R 1S e\ S8 5 N P o e S 11 £
KA % S BT ARSI KEA WG, R
BY )58 S5 A R G PR O i S . AR
SR EEAE B K RIS, B4R & /K38 i ok,
(WG KRR = i GBI A&7k, BEE VI
TR PN, HEREKEN 100%0 BT vk
By,

B R, ASSCHIF T A TR L B i (4 RE R
WA HARSRAE,  FUE ) BRI oo SORDRS & 1047 T

gi BB, AR TAR AR 25 g A it

4 %5 it

BT RAVEBRE, WFCR R ERAE RO R L -
VR - S I B DS EE (R, [N 2 AN ) a0
FIWILE TR Z B, 192ILUF 4 mighie.

COVRRMEH SR B TINY ) 5 A% ith 26 %
BREMRN, 27 20 AGFR G th 22 AR AL A
VR RGO WA BY DI RY. 7 ()5 i it TR kAR B Y. )
(s, 3R B IL0 P IR gl vk & = AR s, DRt
TR N T (RIAE) L) 1101 75 B AW R AT PR R W
BN 7500

(2) Y ARYIIR B K FBAR, R B I
VRG0S DR R N, AR SN
SRIMAE KR w (20.8%) Al i FE AR I (-5
C), VEEAE BY U)o 5 B A VRGP 3G i BRI, 2 Al
PRI E TR

(3) NFEWIEG K IR T R B E PR 8
X 5 AR B D)5 1R 6 Wi A I S R LY AR AR
/N

(4) {EBRRE R -1C, -3CHI-5CIN, WEAEF]
T 07 B VR R EA G 043 I A G0 RRoe R R B,
e TS R AR S UK S B A . Wi B R
1R AR JBE 5 A1 B VR R B R 0 s A7 224k

SE K-

(1 MAghE, sS4, BEE, & hEG M) bt B
4k, 2000. (ZHOU Y ou-wu, GUO Dong-xin, QIU Guo-ging,
et a. Geocryology in Ching][M]. Beijing: Science Press, 2000.
(in Chinese))

21 & #i, XM PEGLIEIT 50 a [l R E ).
5 TR, 2012, 34(4): 625 - 640. (MA Wei, WANG
Da-yan. Studies on frozen soil mechanics in Chinain past 50
years and their prospect[J]. Chinese Journal of Geotechnical
Engineering, 2012, 34(4): 625 - 640. (in Chinese))

[3] LAI'Y, XU X, DONG Y, ¢t al. Present situation and prospect
of mechanical research on frozen soils in China[J]. Cold
Regions Science and Technology, 2013, 87: 6 - 18.

[4] ERME 5 2, WS, AF GREMEIE DT A )
B R e oS TR AR, 2005, 24(23):
4313 - 4319. (WANG Da-yan, MA Wei, CHANG Xiao-xiao,
et a. Physico-mechanical properties changes of Qinghai-
Tibet Clay due to cyclic freezing and thawing[J]. Chinese
Journal of Geotechnical Engineering, 2005, 24(23): 4313 -
4319. (in Chinese))



306 a5 oE L OB ¥ M

2020 4F

[5] # Pk, xigthh, 4= W, 5. SREMVEION O D + )2
PE TR e (U BT[], A A 0 S R A A, 2014,
33(7): 1496 - 1502. (CHANG Dan, LIU Jian-kun, LI Xu, et
al. Experiment study of effects of freezing-thawing cycles on
mechanical properties of Qinhai-Tibet silty sand[J]. Chinese
Journal of Rock Mechanics and Engineering, 2014, 33(7):
1496 - 1502. (in Chinese))

[6] QI J, VERMEER P A, CHENG G A review of the influence of
freeze - thaw cycles on soil geotechnical propertiegJ].
Permafrost and Periglacial Processes, 2006, 17(3): 245 - 252.

[7] XIE SB, QU JJ, LAl Y M, et al. Effects of freeze- thaw
cycles on soil mechanical and physical properties in the
Qinghai-Tibet Plateau[J]. Journa of Mountain Science, 2015,
12(4): 999 - 1009.

8] & & 5% #i, FEE S REE RN E 1 3+
JrEErE ). UK £, 2018, 40(1): 86 - 93. (HOU
Xin, MA Wei, LI Guo-yu, et d. Effects of freezing-thawing
cycles on mechanical properties of loess solidified by sodium
silicate[J]. Journal of Glaciology and Geocryology, 2018,
40(12): 86 - 93. (in Chinese))

[91 x| W, xigdtdh, ARFSC, A5 RBEIRN SR 10 2
JRIRIFEMALT]. W R TP R %27 4), 2018, 50(3): 135 - 142,
(LIU Hui, LIU Jian-kun, TAI Bo-wen, et a. Mechanica
properties changes of sandy silt due to freeze-thaw cycles[J].
Journal of Harbin Institute of Technology, 2018, 50(3): 135 -
142. (in Chinese))

[10] LU Z, XIAN S, YAO H, et a. Influence of freeze-thaw cycles
in the presence of a supplementary water supply on
mechanical properties of compacted soil[J]. Cold Regions
Science and Technology, 2019, 157: 42 - 52.

[11] PARAMESWARAN V R. Adfreeze strength of frozen sand to
model piles[J]. Canadian Geotechnical Journd, 1978, 15(4):
494 - 500.

[12] QIU M, LI H, WANG K, et al. Experimental study on failure
pattern of pilesin frozen soil[J]. Journal of Harbin University
of Civil Engineering and Architecture, 1999, 32(5): 39 - 42.

[13] ALDAEEF A A, RAYHANI M T. Influence of exposure
temperature on shaft capacity of stedl piles in ice-poor and
iceerich  frozen  soilg[C]//
Exhibition" Sustainable Civil Infrastructures: Innovative
Infrastructure Geotechnology". Cham, 2018: 247 - 257.

[14] PENNER E, IRWIN W. Adfreezing of leda clay to anchored
footing columns[J]. Canadian Geotechnica Journal, 1969,
6(3): 327 - 337.

International  Congress and

[15] BONDARENKO G I, SADOVSKIlI A V. Strength and
deformability of frozen soil in contact with rock[J]. Soail
Mechanics & Foundation Engineering, 1975, 12(3): 174—
178.

[16] BIGGAR K W, SEGO D C. The strength and deformation
behaviour of model adfreeze and grouted piles in sdine
frozen soilg[J]. Canadian Geotechnical Journd, 1993, 30(2):
319 - 337.

[17] LADANYI B. Frozen soil-gtructure interfacesJ]. Studies in
Applied Mechanics, 1995, 42(6): 3 - 33.

[18] &aEfR, B B, AU, S DIGEIREE A LR
g F BRI T[], vk, 2017, 39(1): 86 - 91.
(JI Yang-jun, JJA Kun, YU Qi-hao, et a. Direct shear tests of
freezing strength at the interface between cast-in-situ
concrete and frozen soil[J]. Journal of Glaciology and
Geocryology, 2017, 39(1): 86 - 91. (in Chinesg))

[19] WEN Z, YU Q, MA W, et a. Experimental investigation on
the effect of fiberglass reinforced plastic cover on adfreeze
bond strength[J]. Cold Regions Science and Technology,
2016, 131: 108 - 115.

[20] A0RM, 1 7, WD, A& VRS SR R R 45 o
JEE TS ARV DN 2 RGeSO B ST [d]. A TR AR,
2019, 41(1): 139 - 147. (SHI Quan-bin, YANG Ping, TAN
Jin-zhong, et a. Development of measuring system by
pile-pressing method and experimental study on adfreezing
strength at interface between frozen soil and structurelJ)].
Chinese Journal Geotechnical Engineering, 2019, 41(1): 139
- 147. (in Chinese))

[21] Bk 4h, BOGHE, B VE. JEX R 5 Ah Rk i v 45 o

PR MERIG A IY). R T RE2A3)R, 2018, 40(3): 512 - 518.

(CHEN Tuo, ZHAO Guang-si, ZHAO Tao. Experimenta

study on the freezing strength characteristicof clay-structure

interface in cold regions[J]. China Earthquake Engineering

Journal, 2018, 40(3): 512 - 518. (in Chinese))

INTE, B P, EER. GRS SRl S )= ) 2

B ARG KON . 5 1%, 2014, 35(12): 3636 -

3641. (SUN Hou-chao, YANG Ping, WANG Guo-liang.

[22

—

Development of mechanical experimental system for
interface layer between frozen soil and structure and its
application[J]. Rock and Soil Mechanics, 2014, 35(12): 3636
- 3641. (in Chinese))

[23] PNE#E, ¥ F, FER. HEE S 5 S 2 gy
F1 2R RIS [, ARk TR 243, 2015, 31(9): 57 - 62.
(SUN Hou-chao, YANG Ping, WANG Guo-liang. Monotonic



5 23

TG K, A5, PREMIEFAN R 1 - VRE S R 45 5 25 e R BT 307

shear mechanical characteristics and affecting factors of
interface layers between frozen soil and structure[J].
Transactions of the Chinese Society of Agriculturd
Engineering (Transactions of the CSAE), 2015, 31(9): 57 -
62. (in Chinese))

[24] WANG T L, WANG H H, HU T F, et d. Experimenta study
on the mechanical properties of soil-structure interface under
frozen conditions using an improved roughness agorithm[J].
Cold Regions Science and Technology, 2019, 158: 6 - 68.

[25] SHI Q B, YANG P, WANG G L. Experimenta research on

adfreezing strengths at the interface between frozen fine sand

and dructures[J]. Scientia Iranica, Transaction A, Civil

Engineering, 2018, 25(2): 663 - 674.

BN, B P, B K2 DRV S

IR BY RGN HI[T]. b TRE44R, 2013, 35(4):

707 - 713. (ZHAO Lian-zhen, YANG Pin, WANG Hai-bo.

[26

—_

Development and application of large-scale multi-functional
frozen soil-structure interface cycle-shearing system[J).
Chinese Journal of Geotechnical Engineering, 2013, 35(4):
707 - 713. (in Chinese))

[27] AURM, ¥ 7, SKSEHI. RS AR Bl i R 45 5 LR
FUIIR 5 = [J]. vK)11¥ 1=, 2017, 39(6): 1298 - 1306.
(SHI Quan-bin, YANG Ping, ZHANG Ying-ming. Adfreezing
strength a the interface between frozen soil and
structurerresearch  status  and  prospect[J]. Journad  of
Glaciology and Geocyology, 2017, 39(6): 1298 - 1306. (in
Chinese))

(28] BRH A, g, HEREs 1R SHECR)M]. dEst: B
s R A, 2006. (CHEN Xiao-bai, LIU Jian-kun. Frost
Action of Soil and Foundation Engineering[M]. Bejing:
Science Press, 2006. (in Chinese))

[29] & TREeHIfE: SL 237—1999[S]. 1999. (SL 237—1999
Specification of Soil Test: SL 237—1999[S]. 1999. (in
Chinese))

[30] A&, 5, BWBUE, 55 EREEENHIFERRN T
WESE[I. vk )%+, 2008, 30(3): 494 - 500. (ZHENG
Jian-feng, MA Wei, ZHAO Shu-ping, et d. Development of
the specimen-preparing technique for remolded soil
samplegJ]. Journad of Glaciology and Geocryology, 2008,
30(3): 494 - 500. (in Chinese))

[31] ¥ iREE A rERE R K T iR . GB/T 50081—2002
[S]. 2002. (Standard for Test Method of Mechanical
Mechanical Properties on Ordinary Concrete: GB/T 50081—
2002 [S]. 2002. (in Chinese))

[32] LIU J, LU P, CUI Y, et al. Experimental study on direct shear
behavior of frozen soil-concrete interface[J]. Cold Regions
Science and Technology, 2014, 104: 1 - 6.

[33] VOLOKHOV S S. Effect of freezing conditions on the shear
strength of soils frozen together with materials[J]. Soil
Mechanics and Foundation Engineering, 2003, 40(6): 233 -
238.

[34] BAKER T H W. Strain rate effect on the compressive strength
of frozen sand[J]. Engineering Geology, 1979, 13(1/2/3/4):
223 - 231.



$a2% 2 = + T B ¥ W Vol .42
2020 4= 2 H Chinese Journal of Geotechnical Engineering Feb.

No.2
2020

0

J_:

DOI: 10.11779/CIGE202002012

AEKFEREDN B EMEE L - FHREER 2

MR, KB, HEtE, AERS xBFC, ERRS

(L. MEMERKE AR TR, L M 210016; 2. SRS <40, Jb5 100101; 3. FRMEHE K., YLI% J5/H 215009)

B E. Hurtghmd - SHEERSTZREE SASSI, R AR, AR e AR gk eE, H
UGG T/KTFRES . 8 - GiAH A 08 53 mT DA R AR E 2t LU R AR K BUE L, (H R, A
TH TSR TR R RSN - 258030 A BAE 2 A I8 4y X A302:, i TG BR S i A vh it 2 6 XA BR e
FEHLE N T FHATERL, Bty RS BRI v T 04, PR A RAASFIS a0 0, JRint MPI @S
S SEIHATUM . DARE— R B BB 401, 438 T EEK ST B2 St Bt 45 A7 = 1 i RR I SN T R R,
IOAE T 1% VA et R 1 KB S TRR (MRl AT

KR b - S EEH: EPRERSARIT; Rk N TR TR BRI

FESES: TU43 XHERFRINAD: A N EHE: 1000 - 4548(2020)02 - 0308 - 09

EZRN: BRAOMR@974— ), B, #d%, AT, BG4 - SiMH AR 7 i BeE R TAE . E-mail:

iemcsl@nuaa.edu.cn.

Time-domain soil-structure interaction analysis of nuclear facilities on
non-horizontal layered site

CHEN Shao-lin', ZHANG Jiao', GUO Qi-chao’, ZHOU Guo-liang?, LIU Qi-fang®, WANG Jun-quan®
(1. Department of Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China; 2. Nuclear and

Radiation Safety Center of Ministry of Environmental Protection, Beijing 100101, China; 3. Suzhou University of Science and Technology,
Suzhou, 215009, China)

Abstract: The state-of-the-practi ce soil-structure interaction (SSI) of nuclear facilities are analyzed using the frequency-domain
approaches, represented by the SASS| program. SASSI incorporates the strain-dependent characteristics of soils only indirectly,
via the equivaent-linear method, and cannot account for non-horizontal layered soil case. SSI anadysis in the time domain may
capture non-linearity of materials in the soils and geometric nonlinearity in the foundation (gapping and diding), but now it is
not efficient in practice. In this study, a computationally efficient explicit-implicit FEM in paradlel manner to andyze the
response of three-dimensional soil-structure system subjected to three-direction seismic wavesis proposed. The unbounded soil
is modelled by the lumped-mass explicit finite e ement method and viscoel astic artificial boundary, the structure is analyzed by
the implicit finite e ement method, and the response of the rigid foundation is cal culated by the explicit time integration scheme.
Different time steps can be chosen for the explicit and implicit integration scheme, which can greatly improve the efficiency.
The synchronous parallel agorithms using MPI are used. The codes for this method are programmed. An example for seismic
response andysis of a nuclear plant on non-horizontal layered ste is given to validate the feasbilty and efficiency of the
proposed method.

Key words: soil-structure interaction; lumped-mass finite element; viscoelagtic artificial boundary; paralle algorithm;
explicit-implicit integration scheme
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Table 1 Parameters of soils

R "R 1A Ve .

HE  ikgmd)  msy  gmsy e MR
1 1800 150 1942 0.497 0.05
2 1950 180 2097 0.497 0.05
3 1900 240 2204 0.494 0.05
4 1950 320 2090 0.488 0.05
5 2450 1800 3817 0.357 0.05
6 2800 1600 3825 0.3% 0.05
7 1600 539 1451 0.420 0.05
8 1600 541 1455 0.420 0.05
9 1600 543 1459 0.420 0.05

10 1600 545 1465 0.420 0.05
11 1600 547 1469 0.420 0.05
12 1600 549 1475 0.420 0.05
13 1600 550 1481 0.420 0.05
14 1600 552 1486 0.420 0.05
15 1600 554 1491 0.420 0.05
16 1600 556 1496 0.420 0.05
17 1600 558 1501 0.420 0.05
18 1600 560 1507 0.420 0.05
19 1600 562 1513 0.420 0.05
20 1600 564 1519 0.420 0.05
21 1600 566 1525 0.420 0.05
22 1600 562 1513 0.420 0.05
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Ther mo-mechanical coupling char acteristics of single energy pile
oper ation in 2x2 pile-cap foundation

FANG Jin-cheng', KONG Gang-giang" 2, MENG Yong-dong?, XU Xiao-liang?, L1U Hong-cheng?
(1. Key Laboratory of Geomechanics and Embankments Dam Engineering, Hohai University, Nanjing 210024, China; 2. Key Laboratory

of Geological Hazardsin Three Gorges Reservoir Area of Ministry of Education, China Three Gorges Universty, Yichang 443002, China)

Abstract: The energy pile technology is a new energy-saving technology that integrates the functions of ground source heat
pump and building pile foundation. In order to study the thermo-mechanical characteristics of energy piles and their effects on
the other parts of pile foundation, field tests on the therma response of a 2x2 pile-cap foundation under single pile heating
conditions are carried out. The temperature and strain changes of energy piles, diagonal piles and cap are measured. The
mechanical properties of the energy piles due to temperature changes, the influence laws on the soil around the pile and the
structure of the cap are discussed. It is shown that the maximum constraint compressive stress of 3.94 MPais generated in the
middle of the pile during the summer operation of the energy piles. The condition of the therma stresses associated with the
complete heating and restraint of the pile provides a suitable upper bound for design, and the measured value is about 48% of
the upper bound. Under the combined effects of atmospheric temperature and operating pile, an additional tensile stress of
approximately 1.05 M Pa (approximately 43.8% of the tensile strength of concrete) will be induced in the middle of the cap. The
head displacement of the energy pileis about -0.6 mm (0.6%. of pile diameter) under the thermo-mechanical coupling.

K ey words: pile-cap foundation; energy pile; temperature stress; therma coupling; field test
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+25 WRRE/m % E(gom) BrIKH % W% W% E4iFRMa, ®EIkPa WEEMIC )
1 181 124 1.3 25.5 0.78 17.1 22.9
it 5 1.99 20.7 12.4 26.1 0.45 26.0 14.8
13 2.00 23.4 10.6 25.3 0.44 27.2 13.11
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Non-probabilistic reliability analysis of gravity dams based on inversion of
interval parameters

WEI Bo-wen, ZHAN Liang-hong, L1 Huo-kun, XU Zhen-kai
(School of Civil Engineering and Architecture, Nanchang Universty, Nanchang 330031, China)

Abstract: In the evaluation of structura performance and service behavior of gravity dams, the traditional probabilistic
reliability analysis method is restricted by many factors, such as strict randomness of uncertain parameters, oversensitivity of
calculated results and high nonlinearity of function function. A non-probabiligtic reliability (NR) analysis method for gravity
dam elements and system based on the interval parameters is proposed. First, according to the prototype monitoring data and
the achievements of physical and mathematical models for gravity dams, the interva parameter boundary of the gravity damis
obtained. A NR model based on theinterval parametersis established, and a method for calculating NR index (NR-h) based on
response surface method is developed by using the interval mathematics and NR theory. Then, the safety of the gravity dam
system in single and multiple failure modes is analyzed from the possible failure paths and modes. Finaly, based on a gravity
dam, the results indicate that the proposed method can effectively reveal the local and overall reliable states of the gravity dam.
The calculated results are in good agreement with the background conditions of the dam under the premise of the operating
characteristics of the gravity dam.

Key words: gravity dam; non-probabilistic reliability; interval parameter; failure mode; service reliability
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Fig. 3 Finite eement model for gravity dam
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ZWE R KA R . Sk B4 B B 5 266.00,
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Table 1 Fitting coefficients of water pressure component

A ay ap I T o P
D35 0.44253 -0.01015 0.00014 0.10270 -0.00295 0.00002

H: & RECE X% iR [26].
*2 BRAMEER
Table 2 Inversion results of interval parameters

JK s i R X )L PR X ) {2/ GPa
XI Y| Ecl Erl
[0.858,0.936] [0.898,0.982] [18.02, 19.66] [14.37,15.71]

e X, =Ey/E MY, =E,/E, .
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Table 3 Boundaries of maininterval parameters

e, ez SRR Wl EwE
Yk #Za [0.28,0.32] 0.30 0.02

VR Pidr R f/MPa [1.40,1.70] 155 0.15
WA VRSB PR R f/MPa [16.00, 1850] 17.25 1.25
WA PR i EJGPa [18.02, 19.66] 18.84 0.82
SIEPURIREE f/MPa [1.12, 1.44] 128 0.16
FEE CREEPUSHEE f/MPa [14.60, 17.20] 15.90 1.30
SRR E/GPa [14.37,15.71] 15.04 0.67
TH ST B R A [0.82,1.08] 0.95 0.13
WM SR J1 c/MPa [0.80,0.96] 0.88 0.08
T BRI IE R B A, TR L TR g, = 2350 kgm

A

-

B 6 BT NR-h HHEE

Fig. 6 Contour map of NR-h, for dam elements
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Seismic safety analysis of high earth-rockfill dams based on seismic
defor mational fragility

JIN Cong-cong, CHI Shi-chun, NIE Zhang-bo
(Indtitute of Earthquake Engineering, Faculty of Infrastructure Engineering, Dalian University of Technol ogy, Dalian 116024, China)

Abstract: The performance-based seismic fragility analysis can effectively estimate structural damage under earthquake action
and become one of the important methods for seismic safety assessment. The maximum settlement and the horizontal maximum
displacement of the dam crest are taken as the performance parameters. It is proposed to consider the seismic situation of the
dam site to determine the number of input ground motions. The performance levels are determined based on the catastrophe
point of the performance parameters. Firstly, the ground motion of Nuozhadu earth-rockfill dam site is reasonably determined
to be suitable for the ground motion of the high earth-rockfill dam, and the dynamic analysis is carried out by using the
improved PZC elastoplagtic constitutive model and the dynamic consolidation finite dement program SWANDYNE II. By
regarding the maximum settlement and the horizontal maximum displacement of the crest as the performance parameters, the
performance level of the high earth-rockfill dam is determined through the dynamic analysis of 60 selected ground motions.
The elastoplastic model-nonlinear method is used for dynamic analysis, and the MSA method is used to obtain the seismic
fragility curve of the performance parameters. By analyzing the relationship between the variation coefficients of the average
and standard deviations of performance parameters and the number of ground motions, it is determined tha the variation
coefficients of the average and standard deviations of performance parameters amost do not fluctuate when the number of
ground motions exceeds 30. Findly, the seismic safety of Nuozhadu high earth-rockfill dam is determined by the results of
seismic fragility and the seismic risk curve. The results may provide a basis for the researches on the seismic performance of
high earth-rockfill dams.

K ey words: performance parameter; seismic fragility; MSA method; program SWANDY NE 11
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Dynamic response of prestressed wrap-reinforced earth retaining walls

LU Liang" 3, ZHANG Jun-jun®°, MA Shu-wen” ¢, WANG Zong-jian®, CHEN Zhi-xiong"**
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IT Electronics Eleventh Design & Research Ingtitute Scientific and Technol ogical Engineering Corporation Limited, Chengdu 610066,
China; 6. College of River & Ocean Engineering, Chongging Jiaotong University, Chongging 400074, China)

Abstract: Under the action of earthquakes, as a flexible structure, the wrap-reinforced retaining wall structure can not be used
normally because of large laterd deformation or local damage. The prestressed wrap-reinforced earth retaining wall, in which
prestress is applied in geosynthetics in order that it is pilled in advance, is proposed. In order to improve the design theory of
prestressed reinforced earth retaining walls, takeing the pseudo-dynamic method and the additional stress method as the
theoretical bass, the reinforced earth retaining wall with prestressing back-pack is investigated. Based on the existing theory of
lateral dynamic earth pressure and lateral displacement of reinforced earth retaining wall, a set of theoretical formulas for
calculating the lateral dynamic earth pressure and lateral displacement of prestressed wrap-reinforced earth retaining walls are
proposed. The accuracy and reliability of the method are verified by shaking table model tests. The proposed method has the
advantages of simple calculation, wide application, and can be used to calculate the latera dynamic earth pressure and latera
displacement of retaining wals, and it is of a certain significance of guiding and reference for the design theory of prestressed
wrap-reinforced earth retaining walls.
Key words: prestressed wrap-reinforced earth retaining wall; pesudo-dynamic method; lateral dynamic earth pressure; latera
displacement; model tests
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Development and application of heat conduction CPT probe

LIU Song-yu, GUO Yi-mu, ZHANG Guo-zhu, ZHOU You
(Ingtitute of Geotechnical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The thermal conductivity is the key parameter to the design of many projects, such as energy structures, high-voltage
buried power cables and permafrost embankment, related to estimating the heat transfer capability and temperature field in the
soil. However, at present there is no effective in-situ testing method. Based on the theory of instantaneous heat release dong a
line source, a heat conduction cone penetration test (CPT) probe for thermal conductivity evaluation of in-situ soil is devel oped.
According to the theoretical assumptions and the sizes of CPT system, the length, diameter, internal structure and positions of
the temperature sensors are introduced. Then, the corresponding test procedure and the method for thermal conductivity are
proposed. The test process is smulated in COMSOL to verify the method, and the results vaidate that the actual heat transfer
conforms to the line source theory. The interpretation method yields reasonable values within a genera range of conductivities.
For less conductive soil (<0.6 W/ (miK)), longer duration of heat dissipation may be required. The field test results show that
the in-situ soil conductivity is higher than that from laboratory tests on undisturbed samples, indicating the sampling
disturbance may be responsible for this reduction. Finally, some suggestions on laboratory thermal conductivity tests and
engineering designs are given.

K ey words: heat conduction probe; soil; thermal conductivity; calculation; in-situ test method; field test
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Abstract: By taking the limited range of clay behind the retaining wall as the research object, considering soil arching effect
under non-limit state, and adopting the angle of the fracture surface obtained by the plastic upper limit theory and the variation
law of lateral earth pressure coefficient obtained by hypothesis of multiple slip surfaces, an analytical formula for the active

earth pressure of finite soil is derived. The expression can also be reduced to the formula for the active earth pressure with
half-infinite width. Compared with that of the model test, the proposed theoreticd solution isin preferably consistency with the

basement retaining wall to the inner friction angle a /j

experimental value. So the rationality of the andytical solution is proved. Further parameter analysis shows that the angle of the
rupture surface increases linearly with the friction angle of the soil. The angle of the rupture surface increases slightly as the
When a /j

aspect ratio of thelimited soil B/ H decreases. The angle of the rupture surface and the ratio of the outer friction angle of the

ratio of the outer friction angle of the foundation pit retaining wall to the inner friction angle d/j
displacement ratio h . And when a /j
d/j , alj

are positively correlated. The angle of the rupture surface and the

0

are negatively correlated.
is greater than or dlightly less than d/j , the angle of the rupture surface increases monotonically with the
is much smaller than d/j , the angle of the rupture surface increases first and then
decreases with the increase of h . The active earth pressure decreases monotonously with the reduction of B/H , and its
K ey words: finite clay; active earth pressure; soil arching effect; nonlimit state

distribution gradudly changes from bullet shape to bell shape. The value of active earth pressure is negatively correlated with
and j , and the nonlinearity of active earth pressure curve gradualy increaseswith theincrease of d /j
Bl =

and j .
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L aboratory characterization and discrete element modeling of desiccation
cracking behavior of soilsunder different boundary conditions
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(1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China; 2. College of Water Conservancy and

Hydropower Engineering, Hohai Universty, Nanjing 210024, China)

Abstract: In order to explore the boundary effect of the desiccation cracking process, multiple sets of drying tests are carried
out using the containers with different bottom roughnesses. Two different forming patterns can be observed in the laboratory
tedts, initiating from the top/bottom, and there is propagation closely related to the sample/container interface contact conditions.
This verifies the boundary effect of the crack propagation. In order to understand the internal mechanism of the desiccation
boundary effect of the soils more deeply, a discrete element model is etablished based on the drying tests. A water loss rate
gradient parameter adong the depth is introduced innovatively to simulate the change of the evaporation condition of the upper
boundary of the soil samples. By setting the friction coefficient of the bottom surface, the contact condition of the lower
boundary of the sample is smulated. The simulated results are compared with the experimentd ones and found to have good
agreement. In general, the initiation and propagation of desiccation cracks are the result of the combination of water loss dueto
surface evaporation and bottom friction. When the coefficient of friction of the bottom surface is relatively small, the
development of the fracture is dominated by water loss, and most of the fractures develop from the top surface. With the
increase of the friction coefficient of the bottom surface, the effect of the contact condition of the bottom surface on the
development of the crack gradually increase, and the proportion of the number of cracks developed from the bottom surface
increases accordingly.
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Fig. 1 Downward propagation of crack from top (side view of E1,
enlarged)

(a) 780 min (b) 790 min
(¢) 800 min (d) 810 min

2 HEMNEHEE LA FiZRE (E1AMNEREMK)
Fig. 2 Upward propagation of crack from bottom (side view of E1,
enlarged)
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Fig. 3 Final crack patternsin laboratory tests (side view)
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Table 2 Number of cracksin laboratory tests
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Table 3 Number of cracksin numerica tests (I =0.05)
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Fig. 6 Final crack patterns of DEM samples
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under three different friction coefficients
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p-y curvesfor lateral bearing behavior of strength composite pilesin soft clay
WANG An-hui®?, ZHANG Ding-wen" 2, XIE Jing-chen®

(1. School of Transportation, Southeast Universty, Nanjing 211189, China; 2. Jangsu Key Laboratory of Urban Underground Engineering

and Environmental Safety, Nanjing 211189, China; 3. Jiangsu Jinzhuang Foundation Co., Ltd., Nantong 226400, China)
Abstract: The strength composite (SC) pile is a hovel type of pile technology which combines high-strength concrete piles and
deep cement-mxing (DCM) columns. To attain a theoreticad approach for the lateral bearing capacity of SC piles in soft day, the
cement-improved soil is assumed to be the giff day. Then, consdering the proportion of latera resistance provided by the
cement-improved soil, as well as the soft day surrounding the pile, the modification factors of p, and ys are deduced based on the
typica p-y curves for both soft and gtiff days. Subsequently, a modified p-y curve modd is initidly established to predict the
latera response of SC pilesin soft day. The assessments using the measured response of the SC piles from three field tests are then
performed to verify the accuracy and reliability of the proposed p-y curve approach. Furthermore, a parametric study is conducted

to darify the influences of the related parameters on the lateral response of the SC piles. The results illustrate that the proposed
analytica approach may effectively predict the lateral response of the SC piles. Evidently, when the lateral deformation of the piles
isreatively large, the nonlinear behavior of the concrete-cored piles should be considered. The diameter of the DCM columns (D)
has a significant effect on the lateral behavior of the SC piles. Specificaly, when the column-—pile diameter ratio (D/d) varies from

1.0 to 3.0, the deflections &t the pile-head decreases from 25.8 to 5.1 mm at a lateral 1oad level of 120 kN, and the peak bending

=
=

moment decreases by 51.0%. The latera performance of the SC pilesis greatly affected by the length of the DCM columns (L),

however, when the length—diameter ratio (L/d) exceeds 10, the internal force and displacement of the piles stabilize with negligible
variation. Additionaly, the lateral bearing behavior of the SC piles may aso be improved by appropriately increasing the strength
of the cement-mixing columns aswell as the elastic modulus of the concrete-cored piles.

Key words: strength composite pile; laterd bearing behavior; p-y curve; soft clay; deep cement-mixing column
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Hydraulic fracturing simulation of soils based on XFEM

WANG Xiang-nan®, LI Quan-ming™? YU Yu-zhen', LU He'
(1. State Key Laboratory of Hydroscience and Engineering, Ts nghua University, Beijing 100084, China; 2. ChinaAcademy of Safety
Science and Technol ogy, Beijing 100012, China)

Abstract: Hydraulic fracture will have a serious negative impact on the safety of core rockfill dams. Macroscopically, the
hydraulic fracture of soils can be regarded as the failure process of further development of local cracks (weak surfaces) under
the action of hydraulic wedge splitting. XFEM is a numericd simulation method which can effectively describe cracks. In this
study, XFEM combined with the Biot's consolidation theory is used to dea with the crack element, so that the hydraulic
fracturing process of soilsis described by both the dispersive crack state and the embedded crack shape. The method is verified
by a model example and a practical engineering example of Hyttejuvet dam in Norway. The results of this work are helpful to
understand the cause and process of hydraulic fracture of soils, and can be used for fluid-solid coupling failure analysis of soil
structures.

Key words: XFEM; hydraulic fracture; Biot's consolidation theory
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Upper bound adaptive finite element method with higher-order element
based on Drucker-Prager yield criterion

SUN Rui, YANG Jun-sheng, ZHAO Yi-ding, YANG Feng
(School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract: An upper bound adaptive finite element method with six-node triangular high-order element, which is based on
Drucker-Prager yield criterion, is established. Based on the upper bound theory, the corresponding calculation program is
compiled. The element dissipative energy is used as the control index in the adaptive refine strategy. Based on the calculated
results of element dissipative energy, the mesh is refined by dividing the element with high disspative energy into two parts,
and the upper bound finite element adaptive calculation is completed through repeated calculation based on the refined mesh.
The influences of a series of Drucker-Prager yield criteria on the upper limit solution are analyzed depending on the cal culated
results of stability of tunnds and bearing capacity of strip footings. The calculated results also show that the proposed upper
bound finite element method can achieve high accuracy, and the failure modes can be obtained by the mesh distribution.

Key wor ds: Drucker-Prager yield criterion; upper bound finite e ement method; second-order cone programming; higher-order
triangular e ement; self-adaptation; failure mode
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Fig. 2 Initial mesh and boundary conditions of strip footing
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Table 2 Comparison between present results and those available in literatures
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DP5 5153  52.19 83.72 86.20 110.22 11551 14925 159.75 20838 20119 303.23 37048
Prandil 51.42 83.45 109.77 148.35 207.21 301.4
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Fig. 3 Relative errors of bearing capacity

(3) T P ks S A

SR TR ITFEBLRE I N3 5w, /2o HE
BUREBON A N2 PR A%, DRI, s i 1) X A 23 AT RE 8
[i) 422 S Bl H &5 R R R A AR

HT AT, B4 R A JE R AR IR IR A
DP1. DP2. DP5 I [1) H &M N2 15 RIS K], A
WA AR I R R . b, B4 () 2R DPL
JEIRAEN, ¢=10, j =20° s W% K 8 i K
K, HoeEh 12622; K 4 (b) 4K DP2 Ji ARy,
c=10, j =10° WP M SR Es K, Hosl
oy 8693; & 4 (¢) JyRJH DP5 JE IRUEN], ¢=10, | =
20° IR Ak S LR K], SROTECh 8309,

HE 4 (o) W DP5 &4 T, HIEMN % 15 Mk

PRI LUACIL, 0 W T el I IR D, T4
b b S5 e tH BRI T 7 (1 =B XL AR A B X B S i
WX 5 22 ML) Prandtl A8 — 0. 518 2 ML 9146 1
RS LE AT BUREL, 5 FRBIIRIX,  BosdfARns,
XA ) e A H A ST I i 5 vk 1R O R AT Ak
DP1 5 DP2 544, WA B DP5 441 N AHEALL,
DAL TR IR X S5 RN A —F
2.2 FREREMSE)R
(L) )k
N T 3k P UE B AS SO TV A O R T A
P, MR PR P ) A T R
(2) i HTHE
Syl E A BEE A I, B EAE R DB R
B IG SR &% g, . Dlic, 15 Ciik[24~26])F LR
BRI SE BT X b, 45 SRR 3 Fw.
# 3 BEERATEREEIGR TR LT ELE R(DPS)
Table 3 Calculated results of critical failure coefficient of circular
tunnel under gravity (DP5)

Yang Sahoo Yamamoto

C/ID j I(C) ez sz [25] st [24] ATk
~F ~F ~F
5 2.34 — 2.33 2.29
1 10 2.69 2.63 2.61 2.62
20 3.63 3.67 — 3.52
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Fig. 4 Adaptive refined meshes of bearing capacity using finite e ement upper bound solution
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Fig. 5 Initial mesh and boundary conditions of tunnel
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Table 4 Calculated results of critical failure coefficient of circular

tunnel under gravity based on Drucker-Prager yield criteria

C/D j /) DP1 DP2 DP3 DP4 DP5
0 233 233 2.02 212 2.02
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Fig. 6 Adaptive refined meshes of bearing capacity using finite e ement upper bound solution
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