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Drained triaxial tests on mechanical properties of calcareous sand
under various stress paths

ZHANG Ji-ru, LUO Ming-xing, PENG Wei-ke, ZHANG Bi-wen
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The mechanical properties of calcareous sand are low in strength and easy to crush and have the characteristics of
stress path dependence. In order to study the effects of different stress paths on the particle crushing and mechanical properties
of calcareous sand, a series of drained triaxial compression tests under five stress paths are carried out on calcareous sand with
different consolidation pressures. The results show that the stress path has a great influence on the stress-strain relationship,
shear strength and particle breakage of the calcareous sand. Under the same consolidation pressure, the dilation phenomenon is
obvious in the constant axial stress tests where the particle breakage index is the smallest, and the peak internal friction angle is
the largest. The dilation phenomenon is less noticeable in the constant confining pressure tests with the largest particle breakage
index and the smallest peak internal friction angle. These properties of the constant average principal stress tests are in between
the above tests. The isotropic principal stress ratio tests and the isotropic stress consolidation tests mainly show the volume
compression of samples during loading, so they are very different from the other three stress path tests. The influence factors of
different stress paths on the stress-strain relationship and strength of calcareous sands, in addition to the characteristics of sands
with stress path dependence, mainly come from the effects of inconsistent particle breakage caused by different stress paths and
consolidation pressures. This is why the mechanical properties of the calcareous sand show great differences in the tests with

different stress paths.

Key words: calcareous sand; mechanical property; drained triaxial test; stress path; particle breakage
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Fig. 1 Grain-size distribution curves of calcareous sand
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Fig. 3 Curves of deviator stress versus axial strain
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Fig. 4 Curves of volumetric strain versus axial strain
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Holistic equivalent linearization approach for seismic response
analysis of soil layers

SUN Rui, YUAN Xiao-ming

(Institute of Engineering Mechanics, Key Laboratory of Earthquake Engineering and Engineering Vibration, China Earthquake

Administration, Harbin 150080, China)

Abstract: The limitations of the traditional equivalent linearization approaches are investigated. The concept and algorithm of
the holistic equivalent shear strain are proposed, and a new program for calculating seismic response of the equivalent
linearized soil is compiled. The research indicates that the traditional approaches for the equivalent shear strain with 0.65 times
the maximum shear strain are not suitable for simulating the shear stain of soil layers in strong nonlinear cases. Based on the
holistic optimization, the participation and completeness of the holistic equivalent shear strain are constructed. The participation
is determined by the effective shear strain threshold. All shear strain waves whose peak values exceed the threshold value are
used to participate in the calculation to ensure the integrity of shear strain information, and the zero-crossing method is used to
ensure that there is a unique relationship between the effective equivalent shear strain and the shear strain time history. By
taking 1963 sets of records in the four types of sites with surface PGA from 0.04g to 1.21g in KiK-net underground arrays as
samples to compare the new method with the other existing methods, the results show that the proposed concepts and formulas
are correct and reasonable, and they can solve the problem of simulating strong nonlinear seismic amplification.

Key words: equivalent linearization; seismic response analysis; strongly nonlinear case; holistic equivalent shear strain;

effective shear strain threshold; SITERESPONSE
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Table 1 Nonlinear dynamic shear modulus ratios and damping ratios used in simplified model
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Dynamic coupled simulation analysis of seepage and stress deformation of
upstream cofferdam of Lava Hydropower Station

WU Meng-xi' 2, SONG Shi-xiong', WU Wen-hong®

(1. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 2. University of Chinese Academy of Sciences, Beijing

100049, China; 3. Power China Hydropower Zhongnan Engineering Corporation Limited, Changsha 410014, China)

Abstract: The deep low permeability layers in earth-rock cofferdam foundation often need to use the treatment measures such
as gravel piles to shorten the distance between consolidation drainages to control the cumulative quantitiy of the excess pore
water pressure and to speed up its dissipation rate so as to reduce the deformation of dam foundation and improve the security
of the seepage control system and stability against sliding of the dam foundation. Based on the needs of the design
demonstration and optimization of the upstream cofferdam of Lava Hydropower Station, the 2D and 3D finite element
simulation methods for the coupling of seepage and stress deformation in the whole process of cofferdam filling and foundation
pit excavation are developed and implemented in the software LinkFEA, and are successfully used in the calculation and
analysis of the cofferdam. The coupled simulation method for seepage and deformation of saturated soil foundation including
gravel piles and its key simulation techniques are introduced, and the simulation of soil filling in water and construction of
cutoff wall and gravel piles in the coupled calculation as well as the simulation of the permeability coefficient of low permeable
soil layers changing with the compaction is realized. The pore water pressure and displacement at two typical stages are
analyzed, and the variation characteristics of pore water pressure, stress and displacement are described.

Key words: seepage; deformation; finite element; consolidation; coupled simulation
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Fig. 1 Construction plan of Lawa Hydropower Station
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542 9, AT LT, _BIEKAL B A 2566 m,
NUFAKALAAE, Jit 1 de 5 43 g BiKAL T E i
KA 5 44~60 P LKA 4EREAAS, FEBTIRIT
HEZELZIET.
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Table 1 Soil permeability coefficient vs. consolidation pressure in consolidation test

F LS T KB E R R (s )

HRA 0~50kPa 50~100kPa 100~200kPa 200~400kPa 400~800kPa 800~1600kPa  1600~3200 kPa
WEFR  2.38x10° 8.83x1010 4.39x1010 2.94x1010 2.03x10°10 1.31x1010 8.60x10 1!
wEHLt  231x107 1.26%10° 5.75x10710 4.83x10°10 3.06x1010 1.77x10°10 6.23x101!

wt 5.92x10°° 1.28x10° 4.70x10°10 3.02x10710 1.86x10°10 9.04x1010 5.94x101!
it 2.41x10°  7.20x10710 5.16x1010 3.86x1010 1.77x10°10 1.27x1010 2.92x101
=2 HEREER
Table 2 Computation-level information
THH % TR Z/d EWekAm O FHKA/m O HEHEAEmMm AT
— 0 2545.74 2545.74 WG %A
1 0.5 2545.74 2545.74 RBHEETERL, WIGERL )13
2 1 2545.74 2545.74 PEAAETE X
3~8 1.5~4 2545.74 2545.74 2540~2550 I X AR HIELMIEHAZE 2550 m
9 47 2547.11 2541.00 TCHH, L TR
10~17 47.5~77 2547.11 2541.00 2553 II. 11 X BIEEBHE s 17 &
18 78 2551.18 2541.00 ToH, LKA BT
19~25 84.18~121.27 2551.18 2541.00 2555~2567 IV XTREAEH 2553 m 3] 2567 m
26 127.45 2551.18 2541.00 2569 BB R Bl e, S8 50N
27~41 133.64 2551.18 2541.00 2571~2597 IV XIESBIHEIN, 25 32 KA AL
42~3 215.00 2566.00 2541.00 HE T TREEBE, LKA BTt
43 225.00 2594.60 2541.00 WAL B ER 2594.6 m
44~60 336.60~733.86 2594.60 — BHR BRI, 2EAWN
61 1000.00 2594.60 — FZ IE 145K

5 HHEFRTMIEE

Fig. 5 Finite element mesh

3.2 BIRTMIE

) BE 3 m X3 (b ) L 4525058 B 3.14 m, BT
0.30 m; 7K 77 [l ] 35040 1 15 AT, ARSI 1
ANHIG. BEMEEE 2.5 m XM 96 5 2.31 m, 58
B 0.33 m; ZKF 7 BRI 514> 11 AN on, BRI 1
NG, BBk (B 1 m) AKFI5AEs 3 Mo,
S E 0.1 m EE b T CE T A E
J6). BIEBEERCN 0.1 m, HEME 0.1 m T
kTR BA TG . BVERE RN B R R U R 152 7T BE VBT N
e T, S R A T SR G R B R v I B Ak i B
JGo PIBRERIBHBIE G B 1 m Wiz ot H
VRIS Bk T NI E A, R
FINBR EKAA R (B85 B e A AT
B K ST IR 7 28 — HE R b 3B T Vi3 4
8.17 m) 755 R IRV IRE 7 1A Bk A A A
P A PR HE AR “E 7, “F8” BTk,
iR CSUE T INARUE S JCE SR T (N SIS AR
BYR 70 O FI S A0 1 S N R R o0 A 11 4
BARHBRCMAE A 5 B, AT 58320 AN A1,

59102 NG, mREAENTEE AR, KPALKRIE AL
FRIETE A R -, J7 m$a A FEIE R
3.3 KENSEMOREFHERIERSE

DA R 47 B, TR Bk
JEH. AT, KA SN S AR R E
FUMAR L, K AR P B LB K 7
TR TR . WS 3~17 HHE LD, EEHR
ATIX . MIXES, HAEsyr oo &K T ALK,
HEIK R MBI R, WA K R AR5
ASCH TR T K E R R LT, 724005
P, AR R BK R JE L 5 e e
IKE ST, K ES A REA A, K A k3
HRBA ERKAAER T4 KRS (a5t ER
THEKA AR 5 R A3 SRR E D BRI, W
EALRTEE 5, BIAAFLIR /K JJH 00 SEBL T /K HIEER
I FE AR BB T S AN S 1R F I B
3.4 MEEH

THHAZMN LIS HERETEE. LR, HR
WM. SURPECIRETRIR . AMBERSH . BER
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Table 3 Parameters of soils for Duncan £E—B model

AL T2/ (grem?) LB c/kPa o/(°) K n Rt Ko m Kur
WIE 1.90 0.30 0 38 900 025 0.85 393 022 1500
IR R 1.60 0.38 0 29 1000 028 0.75 400 022 1200
TR s 2.05 0.25 0 21 900 025 085 393 022 1500
P 2.05 0.25 0 38 900 025 085 393 022 1500
Qs 2.05 0.25 0 35 1000  0.35 0.8 340 020 1200
Q- 1.40 0.48 28.7 22 125 057  0.68 90  0.56 150
Qe 1.36 0.50 45.0 20 87 058  0.62 60  0.58 105
Qr® 1.38 0.49 31.0 21 100 0.56  0.65 73 0.56 120
Qr® 1.36 0.50 42.0 20 85 057  0.63 60  0.57 102
Q! 1.95 0.25 10.0 36 1000 035 0.80 340 020 1200

*4 MRBEREESELESH

Table 4 Permeability and consolidation parameters of soils

+= & 1 240 Ko BIE RZH(em's ) T B W45 2480 (cm?s ) AT il 25 280 (em?s )
Qs 0.35 5.5x10'! — _

Q! 0.36 3.0x102 — —

Q3 0.50 6.8x10° 4.4x103 4.5x103

Qrx® 0.60 2.9x10°6 3.1x10°7 3.9x107

Qrx® 0.55 3.5x10° 3.8x107 42x10°

Q¥ 0.66 2.0x10°¢ 3.1x103 3.9x103

. AR RNSIE RECSRAE R R MR 5]
JIRFZ ML LARISE IR AW F 2 o5 35 3 b
o 265 1 FRINE TR 7 55 E IR N7 1)
B IEF 2R AAE &5 T E M E ) &5 URIE TS TS
%) B 1 S ) A 77 R B TE K ) TR R ) RS
FELEZEBERBEGEEE KR, 2R
6 v R KT [ 45 R AR R B 45 R (5 R K TS 1R
HIBIERBMES, K] - EHEEXR. HiEE
PR, AT F 24

TR AR XS E-B B, JLB% . fL
B, sRIEIERR 51 E-B MBS HET% 3. i
W PISIEAER S R R AR A . VB R I A
HHL 1500 MPa, AR LLHEL 0.2, B y5 M5 I 1 AR B
100 kPa, JAFALLEY 0.49. % KALFEER A 117515 R 5L
TR 2 25 DR R0 PR A1) DS o B2k [ B G Y g - AR
RARFAE -SRI, VLM ERTESZ R 10
GPa, ZHilJHL 1 kPa. Phiis 5wtk 0], [his
5 HE Ak 2 [B) TE B 35 58 R B 95 B8 A2 1 S5 1 2 A THD B
TG, FLURESHEE A LR SEUE, R ETE
BRI &, 5 n A0 R A 100, 0.57, 0.68.

T PR 5 )2 13518 R EOME S 2508 T3 4, H
W 25 RBCEE . RIBIE L2 W RSt 5 [ 45 %
R ZFITE 6, FEFH KX —k /ML ZRN
JE T ZH, Ao ] S5 R0 A R S AR RS R O
Ro FHKIRBIE RBS AL ). S5 R B R A
m A RN VIR, HRRBEE S L Z oo

FE i BB IE R AT IE R B 2 (AT
] bR, AL TESEPRIEE 0.75 mm, AERE
% RBSX10 M eny/s, FEBEA - TR 0.1 m, i
BN 5055 R B 6.67X10° c/s. P A 2IE R
£ 5.00X10" cm/s, RO BRARLFIE KA S E R
5.00X10 %cs, AWM RNZIE RENE 5.

=5 BERLIMIMRISERH

Table 5 Permeability coefficient of materials beyond overburden

MR BAHE Bss R iRnE

BIE R/ (cms!) 5.00x102 1.00x107 1.00x10° 5.00x10!

e

60000 - s
o

A 1-2-3

50000 - g2

o Q17271

et R /kPa
g
3

1 1 1 1 ]
1500 2000 2500 3000 3500

[& 45 FE F1/kPa
6 MRESREEFEESEEE KR

Fig. 6 Compression modulus vs. consolidation pressure in

1 1
0 500 1000

consolidation tests

4 WHERSHIE
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PRS2 A B ALK R J1 AR TEFIR. )
IR, T DARYE S 45 R, iFE bR
R FIRTRES], AU R SRISU BORIHET 58
B 2 AN BT LR B . MR Sy R, I
I NTIB IR T (PR B A TR A AT R HE K R
4.1 SRIREFH AT ELS R

ARIRIERT, ML P O T TR, MR T
HAHE,

(1) ML R FLBR K S

58 VA AR | 3 d WA EFHE] 2550 m
g ANEFEFRIAKCTALE - KL R WA 7 FiR,
QM LEMKH (46K 9 BLEMME), MES
JRIEERGRIE K ) QU ZTHER, 7K kBl /K -4 B w5 AR
th, BeRAH 2546.42 LLER/KAT 2545.74 m K 0.68 m,
H 5 KRG E 5 /ME 2546.02 m (A7 x=50 m &b)
AKERAHZEAN 0.40 mo 1 Q'+ E W, RIGRE K Q¥
FEIEHE, MRk Sk BE R THM, & KME
2548.22 m, T HIKAL 2.48 mo BEALAKSK KR TR
KB IE 2 P FLBUK EFL R4 R (22
B TEAND J5, fEsREKE R R B MRs), maE Qs
JEALBR R4 = A ALK R T 51 . Q1 LR
KKk 2554.51 m, B ERKAL 8.73 m, HFLEEIK
JESESA - EEA A Rk GERERm A
MR EEANLE 170.51 kPa, I Hfafi# % 57
kPa/d) Z Lt N 50.2%. @i3e FE & EH HAME T 3 m
MEE 1.2 m EARANE, KIBIEIEEBMTTR R 12
HAT SRR FL IR K D1 B 2 —F .

2556

2554 +
c 2552+
5 2550
e 2548 - i

2548 =St D IO

2544 ! L . ! |
-200 -150 -100 -50 0 50
x/m

7 SRIRAFTE AT R EI ALK AL E - kKK F
Fig. 7 Horizontal position and water head at different parts at
completion of berm filling

5 P AL T KA 45 -76.59 m (R F L 2R AN
~74.95 m ALFIHER LA R - Gk SRR W 8 B
e BEABEE QP LETWACKLL QP! LR KR
1.79 m, ULMIREAHE [RGB K ZE QU K. ]
TP - ACK R AR A 8. WY
RUZ z Bi5 R PR SRS 1 AN AR RO BB — A R
8, i KT HAMN M, AfFeLEEREET

SIS 7K SR FLIR K R 7T IO 2 (R . IX A2
I RAEY, T BUE R P A T R AR LA
Z LR TRV B —YEE 45 T E IR S, DY
IKPALFE 20 oK T EAT RS LA, RS AT DY A )
AFEAK, TEBHEK, TN B AT . A
1A 1 RETE, HINEREREER ] 5181E KA 2
/N, T A AR LR /K ) B T B A 2 2
o HILXAEE R ER S, R BT TR PR 2
YER T B SRA B HEK HALBR R 4h a1 0, 1 Ti
HT A B FLBR A 27 R A HE K I i o e, 7R
BT [ LR K s S 3 20 B4R T B
Vi e N~ < S TR B AR L e = R T s i e
FRFLIR KR BT A 30 2 R IX AN EE R, Lhse BRIty
HEERR 100%. LRI, FhE T E i SR Kk
FrAE R FLBRZK 7 AT BRARAE RO IR 22 . RAZKF 1)
PEIA L5 o e 2, W REACN 0.2 m, U EE
B RS R 2.3 m 19 10%, [, K7 K
SR LCECT IR, BUETHE A Sl iR 2 BN,
HRIEKE I LR R TR, RN BRI, X
TP AT ECR S, SEEHK D TS — A PR s 4
B, RHREAARRMERIRAE, ARk m T H L
VBRGSO, ARER LT SIS R, ENEBFLIIKIE
RFEAE o A B B E B A 5 (RIX PR 22, (K35
FE MR AR TE S misiE v E Bl b B HUR N
R, QW LZEWNERIIH 3 AN HAKKIE 2554.51 m, 1F
NZIKFAL B AR T 1) ) K AE

2540

2530
2520

£

@ 2510

oz =
2500
2490 7

25‘50 25‘52 25‘54 25‘56 25‘58
7K k/m
o ROl Rk

8 SR AR AMESHEE LK KEIEX R

Fig. 8 Water head vs. elevation in gravel piles and in soils at

2480 .
2546 2548

middle part of two piles

(2) M A RS )
Q" R A B T B BT 2L 2528.3 m Y
1 HE T R R IE R ) 5 7K1 AR 5% SR E LA 9 BT .
F R B BN ) o, FUKEIER ) o, AKFREE
AL, FEMEIDAL TR0, MR rpisal Tty . b
IER ) o, Fl o FEPIHEIL 26 Y0 [ R AR AL g FE R AR L
ST LUK IE I AAIREE . BES ERIR I ELEL, 72
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RS2 SRR ELIEN )y o, LE ok, FESR A
be A rb s MKV IER ) o, AN 5 3 i ) A 4
e LLBHEIE I . TEIAN ) o, FEASR T EER, A2
SRV DU, T 7K IR 7 o, TR Bl b e AL H B
P/ME, SRR B R . FUHRE, 2 EE AN
SN RIVEI AR, MR RN AT D F
A5 EEAEAME, KT S5EETTRIEN I Ee, /
o. BRAEME N RE EANRBREDT 10K \T
LRGSR AR, ARISAE R AR X ) 2 L
IER RGN, KPR IER 3. QF 2 ik
AABR 5 BT R KT R R AT 10 G0 BT N
JIKPAERE ] L S X IR AA H] T 1.0, RIBIRIT 2
ZIkF PN T POTRE CREAT N IERITED,
T AHE 18] 3D SRR T3 7K, AT LB AL B K s 7736
AL i 01 2 P X (N 0 5 v w2 M w7 S e i
B T I T X IR ) = v 9 A A RN T %
PR IE R ), T ELIER 3400, 8T8 K-
VRIS G A DX S 0 - 0 2 3 T AR A3 57K
SPIER Ay RGN, {H I B R g3 g ROR, BT
JS2 37KV AN o B AR F) - PR S T R AR I 7K TR AR
BRI o Bt i 28 B PR T AT ER LIS ZK s T
J§2 1 B AR AR AL R 2% o

300

sssssssss

250 — dHiER e, )7
-—-BOPERTIe, [/ \

g

IERE H1/kPa
8 3

1 1 1 1 ]
-150 -120 -90 -60 -30 0
x/m

sob- l‘;\\} W M"“H
70+ a0 I \x\' v,/ |

6ok 1 'l N s ‘ ' ¥ Ll
50
40
30+
20r  — FHIER S o,
10F ---HHIER TG,

0 1 1 1 1 ]
-150 -120 -90 -60 -30 0
x/m

(b) K IERLH
9 Q- L EHERK AL E SHEFIMEE LA IEN S1XF
Fig. 9 Horizontal position vs. normal stresses in piles and soils in
Q]-3
BEXT R A LK [E S5 LLAL, B BEAR AR )27
YERECCE Prrir R IR ER . W 9 ATRAE Y, 7E x

IERE H1/kPa

€ (-104.1, -48.5) MM #AMEH X4, MHMEEIE
N AR, RERAEAE AR B R AR ISR AR A, AR
PR KT 1) ) PR BT BY B, A A FH X3 DAAE,
G2 e = T YA 2o o1 o NP == 1 ] S S W2 2y 1)
SRIE, FEATER X IR AN RARAE R ORI . — B AED
I R SR P R S B v R A, LA E] [
B BOVEF o Bk B FESEAR ORI BRI AT R A
HeK B S50 R3S, M A pu sy nsefE AR . 5
TN, AR TR B R DA AN S 42 13 |
JESRAN G B IR, TR 2R AR .

1.2

1.0

5 0.8

0 1 1 1 1 ]
-150 -120 -90 -60 -30 0
x/m

10 QB L EHEKFMNES TR IKFEXFR
Fig. 10 Horizontal position vs. shear stress level of soils in Q-

(3) JEAAAIHEE b () A1

ARSI 5T U 2 A A B 11 o, BRI Bl K
AL 0.26 m, [ FUFAKCFALRE 0.24 my F KU E
0.71 m, fiFEae/R&IM. R 0.07 m, {7 x
AABR-154.4 m AL AOFE A5 R AR . HEFRALRE B2 )
N EBAIPIAN s o A WA BE IR SRR A A5 2R
JUPSEC ST A MU ) b AR AR, AP AL EE K. X
TR ERARAER 2 B R AR, HSkbr ERER)
OB B PIBTBREEE L, AR S R B E &
HIREERAR N HER o AR IS E-B XA EL R fi] 5
AIARZ PRSI, B AN R AR B 7 gk i He By
SRIELUR IR R T, AR S RASCA 2
SETERIRERER T E & . AR B IESI N R R 45 2
BB MEA KRR, FEBT R KA S 1.0 g2
AR T A SRR A ], TSSO ARME Y - Rt
FEIA FIRADKF T e 3t R S A 1 100
MRS R ENE TER.
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£ 25001
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Fig. 11 Displacement at completion of berm filling
4.2 EIEEFEITNATALESR

RIS 213 d BT (58 41 TF5E 0, ShRy i
KA 2551.18 m, I ¥ /KA AR 3078 56 2 98 HE K A7
2527.66 m (GEHTH EIHAK), LRIFKALZE 23.52 m.

541 GEE P RS FLRUKE J RSk Sk 2k an i
12 fiw, HAE 12 (a) AFLBUKIE DSEEZL, K12
(b) AL . W 13 N5 41 FKIBZEHGIRZ F
IKFARFR - Kk R B 12, 13 456KE, BEEA
A DX 35 P FL B 7K s 7 RR 7K S A A ] = A H (R 7K 7
)2 B AR AT o 3 T 7 5 2 7K Sk s T iR A
e BRI AT SR LR B FLRR K /7. B 12 (a)
] LHERE x=120 m A IFLRRKIE 77, B3E52 2] T 4
AKFERIE. B 12 (@) A PIS 0 FL/KE I ZRAFTE,
A AL, UETOR 2 B A (R 2 R
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Fig. 12 Pore water head and pressure when the cofferdam is filled

to the top
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Fig. 13 Horizontal coordinate vs. water head in sedimentary layer

at cofferdam filling to top
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Seismic mitigation effects of split columns in underground station structures
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Abstract: It has been shown that the lack of horizontal deformation capacity of the middle columns under high axial pressure is

the key factor leading to seismic failure of shallow frame underground structures. When the bearing capacity of the split
columns is equal to that of the whole columns, the split columns have better deformation and energy dissipation capacity. Based
on ABAQUS finite element numerical analysis, by establishing a three-dimensional numerical model for soils and underground
structures as a whole, the Pushover analysis method and the dynamic time history analysis method are used to compare and
study the dynamic response differences between the new underground station structure and the prototype station structure. The
research results show that the seismic response of the story displacement of the new underground station structure with split
columns increases, but the influence degree is not significant compared with the improvement of the deformation capacity of
the columns. The replacement of the cast-in-place integral columns with the split columns will make the internal force of the

—_

structure section redistributed, the shear force borne by the middle columns greatly decreases, and the change of the shear force

significantly improve the incoordination of deformation between the middle columns and the side walls under high axial
compression ratio, and can effectively improve their seismic performance.

Key words: underground structure; split column; seismic mitigation effect; deformation capacity; internal force distribution

of the side walls is not obvious. On the whole, the new type of underground station structure with split columns can
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Degradation mechanism of intermittent jointed sandstone under
water-rock interaction
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Abstract: Under the action of periodic rising and falling of reservoir water level, the damage and deterioration of the jointed
rock mass in the hydro-fluctuation belt of a reservoir bank slope is likely to cause the reservoir bank slope to develop in an
unstable direction. Based on this, the water-rock interaction tests on the intermittent joint sandstone are carried out. The
degradation law and mechanism are comprehensively analyzed by combining the mechanical tests and the micro-structure
detection. The results show that: (1) In the long-term process of water-rock interaction, the compressive strength and
deformation modulus of intermittent jointed rock samples exhibit obvious tendency of deterioration, and there are obvious
non-uniformity. Among them, the stage deterioration degree caused by the first three water-rock interaction periods is obviously
larger, and the stage deterioration degree obviously decreases and tends to be stable after the five water-rock interaction periods.
(2) Under the water-rock interaction, the mechanical parameters of different joint dip angles have different degradation degrees,
and the overall distribution of stage deterioration degrees is U-shaped. When the joint dip angle is around 0° or 90°, the jointed
rock sample changes from obvious tensile failure to shear one. The change characteristics of failure mode are obvious, and the
corresponding mechanical parameters deteriorate greatly. When the joint dip angle is about 60°, the jointed rock sample
maintains the shear failure of the joint plane as a whole, and the failure mode change characteristics are not obvious, and the

corresponding mechanical parameters have a relatively small extent. These changes also make the anisotropic mechanical
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directly affects the deterioration trend and deformation and WESHHER: 2020 - 08 - 03
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properties of jointed rock samples gradually weakened. (3) —

During the long-term operation of the reservoir bank slope, the

occurrence of jointed rock mass in the hydro-fluctuation belt
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failure characteristics of the water-rock interaction. Therefore, in the long-term deformation stability analysis of the bank slope,

attention should be paid to the deterioration of mechanical properties of rock mass in the hydro-fluctuation belt and the

occurrence difference of jointed rock mass and transformation of its deformation and failure mode under water-rock interaction.

Key words: reservoir bank slope; hydro-fluctuation belt; water-rock interaction; intermittent joint; failure mode; deterioration
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Experimental investigations on influences of ground loss on earth pressure and
settlement of adjecent underground retaining structures

RUI Rui', ZHAI Yu-xin' 2, XU Yang-qin®, HE Qing'
(1. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China; 2. China Railway Construction
Group Co., Ltd., Beijing 100040, China; 3. Wuhan Design & Research Institute Co., Ltd. of China Coal Technology & Engineering Group,
Wuhan 430000, China)

Abstract: Underground excavations often pass through underground retaining structures on one side or between the structures.
In most cases, ground loss will be caused. At present, there are more and more collapses caused by excavation. When the
ground loss occurs, the development of earth pressure and ground settlement is the decision basis for structural reinforcement or
treatment. To obtain the preliminary rules of disturbance influences of the ground loss, the model test setup and the steel rod
analogical soil technology are developed. A trapdoor is used to simulate the stratum loss caused by underground excavation and
collapse, and the foundation pit excavation is simplified as the translation of the retaining wall. Considering the ratios of
trapdoor depth to width, trapdoor depth to distance and trapdoor depth to side limit width, 15 groups of two-dimensional model
tests are carried out. The earth pressure of retaining structures is measured by 18 cantilevered loaders on the retaining plate, and
the surface settlement curve is obtained by the particle image velocimetry. The results show that ground loss increases the earth
pressure at the upper part of the retaining wall and decreases the earth pressure at the lower part of the retaining wall. After the
occurrence of the ground loss, if the adjacent foundation pit continues being excavated, due to the disturbance of the soil, there
is no “bin effect” of the decrease of the earth pressure at the —

bottom of the retaining structures, and the earth pressure ESWA: ERAMRFESIHE (51208403, 51708438)
WisBE#A: 2020 - 07 - 01
*BE1EH (E-mail: xyq@zh-geo.com)

distribution when the retaining wall translation reaches the
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active limit state is in good agreement with the Coulomb’s active earth pressure. Under the influences of the superposition

effect of the translation of the retaining wall after the ground loss caused by the adjacent underground excavation, the maximum

value of surface settlement and the curvature of curve increase with the increase of trapdoor width, and increase with the

decrease of trapdoor distance and side limit width. Due to the use of steel rod analogical soil, the test results mainly reflect the

earth pressure and deformation characteristics of the sandy soil.

Key words: tunnel excavation; ground loss; retaining structure; surface settlement; model test; analogical soil
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Table 1 Test arrangements
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Wi 600 600 75 225 1 8 2.67 0.68
W2 600 600 75 150 1 8 4 0.68
W3 600 600 75 75 1 8 8 0.68
W4 600 600 150 225 1 4 2.67 0.34
W5 600 600 150 150 1 4 4 0.34
W6 600 600 150 75 1 4 8 0.34
W7 600 600 225 150 1 2.67 4 0.23
W8 600 600 225 75 1 2.67 8 0.23
W9 600 450 75 150 1.3 8 4 0.68
W10 600 450 75 75 1.3 8 8 0.68
Wil 600 450 150 150 1.3 4 4 0.34
W12 600 450 150 75 1.3 4 8 0.34
W13 600 450 225 75 1.3 2.67 8 0.23
Wwi14 600 300 75 75 2 8 8 0.68
W15 600 300 150 75 2 4 8 0.34
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Mechanical and waterproof performances of joints of shield tunnels with
large cross-section under earthquakes

ZHANG Wen-jun' %, CAO Wen-zhen'2
(1. Department of Civil Engineering, Tianjin University, Tianjin 300354, China; 2. Key Laboratory of Coast Civil Structure Safety of

Ministry of Education, Tianjin University, Tianjin 300354, China)
Abstract: In order to study the mechanical and waterproof performances of joints of large-section shield tunnels under seismic
conditions, ABAQUS is used to establish a 3D stratum-structure finite element model and a 2D sealing gasket finite element
solid model. The mechanical properties, offset, and openings are studied for the segmental joints. Based on the deformation
results of the joints at different positions, the deterioration of the waterproof performance of the tunnel is discussed. The results
show that: (1) The maximum principal tensile stress of the joints at the lower part of the arch waist under moderate and large
earthquakes exceeds the maximum tensile strength of concrete, leading to damage on the concrete. (2) The size of longitudinal
joints keeps basically the same under different earthquakes, and their distribution is like a “glass” shape. The amount of
misalignment between the arch top and the arch bottom is relatively small, while the amount of misalignment at the arch waist
and arch feet is relatively large. (3) The joints at the right side of the dome have the best waterproof capacity of 2.77 MPa,
which is only 16% weaker than that under the normal situation. The waterproof performance is severely weakened by 40% at
the joints near the arch waist.
Key words: shield tunnel; seismic action; mechanical property; waterproof performance; segment joint
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Shear creep characteristics of red sandstone after freeze-thaw with
different water contents

CHEN Guo-qing', JIAN Da-hua', CHEN Yu-hang', WAN Yi!, LIN Zhi-heng’

(1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059,

China; 2. China Railway Eryuan Engineering Group Co., Ltd., Chengdu 610031, China)

Abstract: According to the deterioration characteristics and long-term stability of rock mass in high altitude under the action of
freeze-thaw and in water-saturated state, the nuclear magnetic resonance (NMR) technique is used to test the red sandstone
samples subjected to freeze-thaw cycles under different water contents, and the shear creep experiments are conducted. Based
on the experimental phenomena, the effects of freeze-thaw cycles and water content on the microstructure and creep
characteristics of red sandstone are analyzed, and a reasonable creep model is proposed. The results show that the
microstructure of wet red sandstone evolves from the main increase of small-size pore to the mutual increase of small-size pore
and mesopore with the increasing freeze-thaw cycles, while the mesopore and macropore propagate mainly inside the saturated
red sandstone. With the increase of water content, the creep strain of red sandstone generally increases, while the long-term
strength and long-term reduction coefficient decrease significantly, the accelerated creep characteristics of red sandstone appear
more easily before rock failure, and the macroscopic modes become more fragmented after rock failure. Considering the effects
of freeze-thaw damage and time-dependent damage, a new shear creep model for red sandstone subjected to freeze-thaw cycles
is established. The parameters of the model are identified by applying the 1stOpt mathematical analysis software, and the
correctness and rationality of the model are verified. The research results have reference value for the prevention and evaluation
of rock disasters in cold regions.

Key words: shear creep; water content; freeze-thaw; red sandstone; constitutive model
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Fig. 3 7> distribution of red sandstone samples subjected to

freeze-thaw cycles under different water contents

g b, MR e 20 d /N RST FLBRHE K
) N RS LR IE IR B 3, T A £ b 32 22
DAy RALBREE Ky .

F g T AR KRR SRR T 1 S AR
FLERF ARG, TR, B R ARG CEU)
B, 3 FhEKE NIRRT % s AR S 1 AR AR
Y PTG, EIGRIEEA —, BIKFEN 1.5%,2.4%
JHAFRFELEZ ) 30 B 120 KR RRAGIA J5 , e THI AR AR
25 N 38.10%, 55.25%F1 85.48%. /K%
B, RS DD AR LR R, R 1
FEININIE 1 LR N LB, B R TR R
R FH AR

R 1 NMR XM DB S EREFLERT K
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