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Abstract: The acceleration and deceleration movement of the metro near the metro station have a certain
impact on the foundation soil. After the soil has been sloped and sampled, a dynamic three-axis undrained
dynamic test is conducted to study the influence of the distance of the metro station, acceleration, dynamic
stress amplitude, and consolidation confining pressure on the cumulative plastic deformation of saturated
soft clay. The results show that the cumulative plastic strain curve of soft clay at variable frequency cyclic
loading in and out of the station can be roughly divided into three stages: explosive growth, rapid growth,
and gradual stability. The increase in the distance from the metro station, the increase in the amplitude of
the dynamic stress, and the decrease in the consolidation confining pressure can reduce the number of entry
and exit times required for the soil to enter the gradual stabilization phase, increase the vertical

deformation of the soil, and reduce the shear deformation. As the acceleration value in and out of the
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station increases, the vertical deformation of the soil decreases but the shear deformation increases. For
the actual project, the initial stage of metro operation, the settlement deformation of the soil in the
inbound section, the horizontal displacement of the soil in the outbound section., the horizontal
displacement under the larger acceleration condition, the settlement under the smaller acceleration
condition, the high dynamic stress amplitude, and the soil area with a low consolidation stress are the
focus of engineering geological disaster prevention.

Key words: underground engineering; variable frequency cyclic load; acceleration; cumulative deforma-

tion; undrained dynamic triaxial test; soft clay
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Fig. 1 Operation speed curve of Nanjing Metro
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Fig. 3 Soil stress state at the load in and out the station
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Fig. 4 Diagram of sample preparation
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Tab.2 Test plan of accumulated deformation of soft clay

KEEG S S EE/kPa ZER UGN/ (m e 572 SRR BN )/ kPa BEHUGEEE/m KRS S/ kPa BRI/ )

Al 125 —0.50 30415 +50 30.08+15. 04 2.91
A2 125 —0.50 30415 +150 30.08+15. 04 2.91
A3 125 —0.50 30415 +250 30.08+15. 04 2.91
A4 125 —0.55 30415 +50 30.09+15. 05 3. 20
A5 125 —0.55 30+15 +150 30.09+15. 05 3.20
A6 125 —0.55 30+15 +250 30.09+15. 05 3.20
A7 125 —0.60 30415 450 30.11+15. 06 3.49
A8 125 —0. 60 30+15 +150 30.114+15. 06 3.49
A9 125 —0. 60 30+15 +250 30.11+15. 06 3.49
Al10 100 —0.55 30410 +50 30.09+10. 03 3.20
All 100 —0.55 30+10 +150 30.09+10. 03 3.20
Al2 100 —0.55 30410 +250 30.09+10. 03 3. 20
A13 150 —0.55 30420 +50 30. 09+ 20. 06 3. 20
Al4 150 —0.55 30+20 +150 30. 09+ 20. 06 3. 20
Al5 150 —0.55 30+20 +250 30. 09+ 20. 06 3. 20
Al6 100 —0.55 30+15 +50 30.09+15. 05 3. 20
A17 100 —0.55 30+15 +150 30.09+15. 05 3. 20
Al8 100 —0.55 30+15 +250 30.09+15. 05 3. 20
A19 150 —0.55 30415 +50 30.09+15. 05 3. 20
A20 150 —0.55 30415 +150 30.09+15. 05 3. 20
A21 150 —0.55 30415 +250 30.09+15. 05 3. 20
Bl 125 +0. 85 30415 +50 30.22+15. 11 4.92
B2 125 =+0. 85 30+15 +150 30.224+15. 11 4.92
B3 125 =+0. 85 30+15 +250 30.224+15. 11 4.92
B4 125 =+0. 90 30+15 +50 30.25+15. 13 5.20
B5 125 =+0. 90 30+15 +150 30.25+15. 13 5.20
B6 125 +0. 90 30+15 +250 30.25+15. 13 5.20
B7 125 +0.95 30+15 +50 30.28+15. 14 5.49
B8 125 +0.95 30+15 +150 30.28+15. 14 5.49
B9 125 +0.95 30+15 +250 30.28+15. 14 5.49
B1o 125 +1.00 30+15 +50 30.31+15.15 5.77
B11 125 +1.00 30415 +150 30.31+15.15 5.77
B12 125 +1.00 30+15 +250 30.31+15.15 5.77
B13 100 +0. 90 30+10 +50 30.25+10. 08 5. 20
B14 100 +0. 90 30+10 +150 30.25+10. 08 5. 20
B15 100 =+0. 90 30410 +250 30.25+10. 08 5.20
B16 150 =+0. 90 30420 +50 30.25+20. 17 5.20
B17 150 =+0. 90 30420 +150 30. 25+20. 17 5. 20
B18 150 =+0. 90 30420 +250 30. 25+20. 17 5.20
B19 100 =+0. 90 30415 +50 30.25+15.13 5. 20
B20 100 +0.90 30415 +150 30.25+15.13 5.20
B21 100 +0.90 30415 4250 30.25+15. 13 5.20
B22 150 +0.90 30415 +50 30.25+15. 13 5.20
B23 150 =+0.90 30+15 +150 30.25+15.13 5.20
B24 150 +0. 90 30+15 +250 30.25+15.13 5. 20




55 4 3] FEAEF BT RTEAIEN TR RBLERBELTH 459
1K 2K 1K 2K 1K 2K
so. ISR ORER sop RO MURGRE g NGRS RS
> > > > <—>|<—>|
40F 40t 40}
< 30H < 30H = 30
5 : :
3 204 3 20} 520
10 J 10 10}
1 1 1 1 1 I I I ] I 1 L L L ! ! 1 1 L |
0 2 4 6 8§ 10 12 14 16 18 0 2 6 8§ 10 12 14 0 2 4 6 8§ 10 12
t/s t/s t/s
(a) B4 (b) BS (¢) B6
L5 gl =l 1 B iz g e 2 ity 46
Fig. 5 Time history curves of dynamic triaxial axial stress
2.3 R Yy = (&1 + e )sin 20 (1)

T ST A AT R L 4 B AR A A R O
B E AR 38 mm. 72 mm () =R RE. 2R K e
LR AE =R ) 2 0 SR R AT AR, 24 AL B K
JE 1 250 B A E] 0. 98 B 4 F 5E B SRR S TR
B125 24 b5 it g e sh far 2 RE 28 D5 3 R Sl
5000 Yl il i) 7 AR 3k B 15 Y0 B A Ok SRR IR
AL i e 25 R

3 REER

3.1 HHREENERREUETENZN

HE 3l DCTR] P R 7 b K s AT 3RO [ 3
{5 SR 52 3 1 I 3h for B8 R R] ATT E — 20
SR AR A AR T R 38 2o 2l = Rl g5 L AT DL
Jir R B A Sl 7 2T 51 K ) A A 8 ) AR RO
N BRI UL 6, B es N die /NS 5 g by 32K i
BN N T S %) DIVAG D
e e

€4 = 8% cos 20 (10)

2 2

€d/%

K o JF34 50 m ——3E3 150 m —— 33 250 m
0.5% o 35 50 m - t1i3% 150 m - i35 250 m

() B

0 1000 2000 3000 4000 5000
N

s e 3 = Rl e R 0 Bl 1) A 50 S AR
RIS L /A R AN I 275 R ST il Br s 2 N

"y

A
. 742
\
20

\

P 6 i R il i 28 A B R AR S
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Fig. 8 Influence of x on cumulative deformation
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Fig. 11 Influence of p’ on accumulated plastic deformation
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Tab.3 Fitting results of data model

W i) i AR Y v A
B 4
a b ¢ LIBT3 a b ¢ LIESX
A2 1.729 0.462 0. 441 0.996 17.739 3.252 0.491 0.990
A4 0. 964 0.424 0.432 0.996 5.979 2.628 0.432 0.996
A5 2.026 0.467 0.452 0.990 12. 566 2.897 0.452 0.996
A6 3. 497 0.492 0.502 0.997 21.688 3.053 0.502 0.992
A8 2.606 0.478 0.491 0.997 9. 848 2.631 0. 441 0. 988
All 2.659 0.488 0. 434 0.994 16. 489 3.025 0. 434 0.996
Al4 1.551 0.436 0.472 0.992 10. 024 2.754 0.496 0. 989
Al17 1.922 0. 451 0.452 0.994 11.922 2.799 0.452 0.990
A20 2.543 0.482 0. 484 0.997 15.775 2. 987 0. 484 0.992
B2 3.403 0.487 0.476 0.988 13. 688 1. 960 0.476 0.996
B4 1.307 0.434 0.400 0.995 4.970 1.651 0. 400 0. 988
B5 3.943 0. 489 0.492 0. 989 14. 988 1. 858 0.492 0.987
B6 8.131 0.502 0.551 0.987 30. 898 1.908 0.550 0.987
B8 4,182 0.491 0. 500 0.993 15. 067 1.768 0.500 0.990
B11 5.312 0.493 0.520 0.990 18. 194 1. 689 0.520 0.990
Bl4 4,079 0.499 0.464 0.990 15. 506 1. 897 0.464 0.994
B17 3.327 0.468 0.520 0.993 12. 647 1. 780 0.520 0. 989
B20 3.515 0.481 0.510 0.996 13. 362 1.828 0.510 0.990
B23 3.764 0.496 0.461 0.987 14. 307 1. 886 0.461 0. 989
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