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Experimental study on dynamic characteristics of saturated
and weathered soft rock in metro tunnel basement
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Abstract: In order to explore the cumulative plastic strain of weathered soft rock at the base of metro tunnels
under long-term cyclic loading of trains, this paper focuses on the weathered argillaceous siltstone at the base of

Nanchang Metro and develops laboratory dynamic triaxial tests of working conditions considering dynamic
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stress ratio, static deviator stress ratio, confining pressure and loading frequency, the dynamic deformation
characteristics of saturated weathered argillaceous siltstone under different influential factors are studied. The
results show that the cumulative plastic strain of fully weathered argillaceous siltstone and moderately weathered
argillaceous siltstone become stable after 1 000 and 100 cycles, respectively, and the critical dynamic stress
ratio of fully weathered argillaceous siltstone is between 0.3 and 0.4; compared with different dynamic stress
ratios and static deviator stress ratios, confining pressure and frequency have marginal effect on the cumulative
strain of the two weathered argillaceous siltstones; by analyzing the test result data, a mathematical model of
cumulative plastic strain considering the loading times, dynamic stress ratio and other factors is proposed.

Keywords: metro tunnel; weathered argillaceous siltstone; dynamic triaxial test; plastic strain; nonlinear fitting

Wit 1 2 Ta] % R T & R, 3T b 2k 2
Ry BRAR I T o A SR 7 o AR, b s U ]
G 25 2 52 A VR T AR 0 Bl D e g 23 %) b B Y i
Y 3 AR S TR X o O it Bk B 1 RGO K B AR R
o0 B oA 7 B R, AR 222 3 R R A b T SS
faf 2 AE T AR W0 3 BiF 5 58 22 i 6 IRUAE U8 5T R
WA MR o b R ECA Y B ) A v
2% A Byl i 8 KRR A i SRR R TR B8
A AR N 23 X R B 45 0 7 AR S A, Rt
W 58496 B fif 20 4E FH T XL U8 2 4 120 5 1 R ARVAE JE
HAERETEE L.

G B AE R4 AR AE TR A ()R ) B e Fe ke
ZEIRZFF W EYIEE . Seed N B+ 4T
6 FF =Sl 5, 5 1108 24 oy 404 T 508 1 3
F178 I B 5 Y oshinaka %538 35 X AS [6] 4 75 i 47 30
SRR B T BCA FLB K R ) AN Sl AR S AR
5 Chen LA VE RS £ 0 0 b 47 T 08 28 = il
55 WSRO0 K, A B R AR
L N (= P b B U e B Bt RN S T S ]
a7 48T 00 46 s F% 07 T3 I 38 45 X R A B g R
R ) S e AT R AR 6 A Bl 5 B R R ) 4K
JIN ) e i I g 88 Rt Sy 5 A AR S 5 e AR
94538 5 Tang 556 1 FZS 1 HEAT06 20 2h = ik 56
R4 22 R 1 1 AR 5 70 BR OB Y O R ZRARRAE L 4
t B8 08 AR g b 2 B B0y 107 A8 T 1 A BRI AR 5 R A
SECLLYE T A WG G T 2 b S N T R A
i N 7 45 AN R R 2R B OR HE K B = Al e, & 8
JNF 7 R AL R # D R T3 AS ASORT JHE 5RRR S 2 i AR 5
R SR S FL R 1 & 8 5 F T A S TR AR AN
PE A W ] P8 SR AR B8 AR IR S R AT T
9%, K VLW B A6 R B I, R A LB R P
B AR 2 i S TE , HLW 1] 2 8 BE o B A )N
TR I P A I R /N B S A Y 3 R R E A
T 00 b 2k o7 2R VR BT R RN R B iE AT B =l

USRI DN T o AR SpA S ki) VAPA Ry DIV
KRR I T 2 R AN 2l 1 7 HE A SR AR
AR 3 B SR A A N AL R AT R =
LR A e DA N AN | S L = A RIS 0
217 - SRR AL N Bl FLT I 2,k BB B
JO7 A3 B 3G K, £ %k - AR il 2y i A 2 ) i R R
AP, A HEAK ST 8 BN AR ZR THK ST
{1t SR AR 7B 5 ¥4 {0 B A5 o SR Y gl = A, 4 A
RURE 75 BB 3l 0 ) 25 52 0 AR T H 22 B0 P i
AR A B S5 R R W], RN A R HL AR E
ik VAP N0 R ) NI NI = D S R ) WO AN
AT T T 2 W R IR B R O D L S ) | Sl A
A 3 01 2 B R AU AR AR S i & N )
=, WIS T AR OB B T A R R
S E X by 2R BRI M AR Y S, 25 SR R BT
s 52 3 o SRR P 7 A e Il 547 B L A7 HE A R
W], e 280 4 6T 0 28 i 300 %) 3R AR B M AR I A i i R
AR RTE e

A BFFE AT LA B0 520l £ 8 0F T A
(PR R 5 0 B 58 X G0 3Rl 1 /b + 58 X
BOE BT T E D o KA 8O i F 5 B /D B 5 R
28 3 W B R B S AR O B BURL Y BRE TR 45 B 4
SR AE IR =50 A R R KA B 7 2838 i 404
TEBRER R H R EH LK 2 X
P T B 00 2 D WE TS G, 43 i I 3l 102 7 R AE i 2
IR A R AR AT T R gl = Rl R 5T e X
AR R 0 e 1 32 2R 0 PR3 R BV I R

1 REHE

1.1 REiEHE

R AR i & R E GDS I &40, &
T ) R gl A B B R A R S g R R
Pl A SR A R EE R R B Al
| | E= A=W ST S N SN o B N2 A | =



% 6

BEARML S R I IR R K AL Bk B ) A R AR 35

B LA 0~2 Hzs il 7] 55 K 2% & F1 24 10 kN;
T KAl 1) AR T S 20 mm s O AR B BE S 0000 15
% K [l & 2 MPa, 418 25 8 1 £ 2 71 g 5% 500
ANEHE R P  J7 A I  E A AR
K FH VL 7 # 46,  BE 28 D7 28 — 80 48— P 28 14 ik
TR SRR A RE T R 2 1 S R AR Y 2R
R Ay B2 FRURA A A

1.2 REBEESH &

T 56 B RO ] XU AR R B R . o v
AR T 5 Ry B0 5 B e bk S R R i B
2l B, SR FR G AL 5 ACORE B ok 5 S B
FH S8R B A 35 B 1 I XT3 IRORE VR B o 25~
31.5m. HRUAKUE TR A A RS AL R ALt B i
JREEH RS AR ET A S UK K
HeRoh 3, i g AER, K — B 5~30 cm, Qi &l
LFF7/R . RQD=80% , K B3 95% , d i 7 o], J& H
P o &R TR b A R B, i 2o
A FotR RRHOIR B AL BGE JF JC TR R R 5 i
1 b5 R, JF B2 R B0 7R G M T AR b, S

BLXF LA 90 s AR K, TRk, 4 XUAR D8 J5 A5 100 o R
IR WA T A o A AR E Bk 5 O
%i‘ﬁ:o

1 ShFLENEEE
Fig.1 Drilling sampling

IR Ca AR M) Z % 51 A Tl ML
WS 51 b B L E S A1 HILA U 5L AN T 6
2 50 mm, 2 XUAR 8 5k B 5 ok ] J2 R A ik, O
s UK R E A RO 1.9 g/ em? AR A 3% K
RN 14500 BEATE I, A FE A SRR Y B ) S 4 b L
1,2 P AR AR WA 2,

®1 ERNERYWIENZER

Table 1 Basic physical and mechanical indexes of rock samples
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Table 2 Test condition table of weathered argillaceous siltstone
ke RV AN g 1 L Hil 1 /kPa Jn#EH A /He
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4 AL TR R i 5
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AR AT iR b
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Fig.3 Sample loading diagram
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