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An experimental study of the stress-strain relationship of different
excavation paths for soft soil K, consolidation

RUAN Yongfen', PAN Jigiang', HU Jingkui’, YAN Ming’, GUO Yuhang’

(1. Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming,
Yunnan 650500, China; 2. Kunming Prospecting Design Institute of China Nonferrous Metals Industry Co. Ltd.,
Kunming, Yunnan 650051, China;

3. China Railway 20th Bureau Group No.5 Engineering Co. Ltd., Kunming, Yunnan 650000, China)

Abstract: In the process of foundation pit excavation, the soil mass in different parts shows dynamic destruction
characteristics due to diverse unloading mechanics. In order to study the complex unloading stress path in the
foundation excavation, the TSZ-1S stress control triaxial compression apparatus is used to carry out the loading
and unloading tests of the lacustrine sedimentary peat soil under the conditions of consolidation undrained and K
consolidation, respectively, and the test scheme is formulated according to different unloading conditions such as
lateral, axial and axial lateral meantime unloading, so as to simulate the stress-strain curves of soil under different
unloading paths in the foundation excavation and the variation laws of strength and initial tangent modulus under

unloading shear failure. The test results show that the stress-strain characteristics of soil are closely related to the
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stress path, and the stress-strain curves under each path are approximately hyperbolic. The strength of unloading

shear failure is significantly lower than that of loading failure. The study of initial tangent modulus E; under

different unloading paths shows that E, is greatly affected by lateral unloading, E; increases after unloading, and

axial unloading has little effect on it. The stress-strain curves are normalized, and the normalization equation of

peat soil considering different normalization factors is constructed. Based on this equation, the peat soil under

different stress paths is normalized, and the results are verified. The results of this work can provide reference for

the study of deformation parameters and constitutive relations of foundation pits on peat soil sites under different

unloading paths.

Keywords: peat soil; unloading path; K, consolidation; stress-strain; starting tangent modulus; normalization
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Table 1 Triaxial shear test schemes under different

unloading paths
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Fig. 3 Stress-strain curve of each test group under the same circumferential pressure

25 1 Ak, AH [ [ 45 7R ) R R [ 0 e 6 428 )5 4
N7 7R AR £k 25 SR AR, R A B 1 7 0 R il
LR b FERT YRR, A R TR AR B B R K
INRA R I IR @> I &G>T L@m M A . 7EK
FEl & 100 kPa B, i 2@ 5 ih 2@ BY N7 J1 1 22 E 5K /D
HATEOUT, 2028 RIS 3 4% ih £ 00 89 107 1 35945 B
WS TESTUINIFF 4R M B, 2@ M ARHRAE T il £k
ONGRONGONE RN tx ¥ i N ESE o -2
Uk /0N, 25 S A PR AR T oA I A A
49 107 3 -7 725 Y 2 FH XS 28 pR Bk A7 100, i a0 AR

RSN () I 52 0 0F — 20 e L v ) 2 Sk
3 Duncan-Chang {2 &I % Hi &

Kondner™" F 1963 4 3 T [ 25 HE 7K 1855 4 Hh A% XL
ity e A5E AU AT LA Gy b i W 45 1) ()P T 48 A A HFE —
R4 T AL R R A& FHEVI, KL
T B 25 AR HEACGRK S BSR4 R RUR ™ 2,
DX AE T 1 SOR R . X T CU e, 4k i®
— R UL, Horb e, y 0 AE DI A & X
FRAPIR VI L it (B, FEBIRI N i # vh, B R



- 116 - 7K SC L T

MZH . S5E SO IR, K, 845 58 iR 46 D L 7

g AR 0, BT, 22 W IR AR L PR A vh i
AN ES PRI ST g, B82S, B

K b, a— A HLRIRPR A /kPa';
(0'1_0'3)11—1:& Kﬁﬁﬁﬁ/kPao
X F LA ) 0 A a6, A X Ao A v o SRR B

=a+bs, (D) [ FE J1 oy ARAE, ZE W/ B o 1 ) Bk 38 0K T 3 1 g
o 1 2%, i1t do=do=—d(0,—0,), FIIFH] do=0. JHRKIHAE
E=, (2 IRUEB TR RN Sy AR T L E SR (E,) S D)
( _ (3) 2 Bt d(oy—oy)/de,. HRE X (DT F] e/(g—q0)-
01 —03)y = — . : o
B SR MR 4 %

0.10 p—=— 0'3:100 kPa 0.10 r —=— 0'3:100 kPa 0.16  —=— 032100 kPa

—o— g,=150 kPa 008l 0,=150 kPa —o- 0,=150 kPa

CO8T o 5225 kPa | s 6,=225kPa 0.12 } -4 =225 kPa

&/(g—q.)/kPa”
S e g
[=3 (=] [=1
[\S} S N

&/(q—q.)/kPa™!

o o
[=} [=}
E X

&/(g—q.)/kPa”!
j=)
E

. 0.04
A
0 4 8 12 16 20 0 4 12 16 20 0 4 8§ 12 16 20
&/% &/% &,/%
(a) CURE: (D) (b) K& () (¢) K EZ5Esr (@)
0.09  —=— 5,=100 kPa 0.09 r—=- ¢,=100 kPa 0127 —== 07100 kPa
—e- 0,=150 kPa —*- ;=150 kPa ~*- 0=150kPa
- ~a 0,=225kPa T ~- 0,225 kPa o, 009 Ao kb
s 0.06 3 s 0.06} <
z e £
= = = 0.06
¥ T T
< 003t < 0.03 <
= & < 0.03
0 4 8 12 16 20 0 4 12 16 20 0 4 8 12 16 20
&/% &/% &%

(d) S s (@H )

(e) Brsaimim s (QH6)

(f) JUEhmmiEm (©4)

4 FTREBETHRIIEES

Fig. 4 Initial tangent modulus under different paths

F L 4 R AN R g B ) A, R R SR 4 T
M2 AR HLEXR, EEMEHMEE
R 1E 095~ 0.98 Z ], LRAEHA AT 24 2 8000 Bl
30 [, L Q2 3 56 R A 35 R g 07 SR ] 2
B S HASHA KX, a }0.0313~0.0394,5b
9 0.003 4 ~ 0.005 9, HAKLHASHIEAZEANK, a 3
AR FFFE 0.018 2 ~ 0.026 4 Z 1], b 7£ 0.002 1 ~ 0.003 4
ZIAl .

FE SR E S50 77 (a,)

o= (01+203)/3 (4)

BUAE SEUE a. bIRA(2)(3), AT 345 42
T EYIRT Y E, RS BR AR R T

SRR 5 U % S5 0 1 D) 2 B e R [ 45 [) )
K Z, YRS [26] 857 0, 5 E A A R, =k (5)

i
E=ao0,+a, (5)

Lh: a a—UESH

E 5 o, WG E R IR 2, sl UG 0, &
HUE LA REBIITE 094 UL b, B E 5 0, &
BRI IC AR o R B, P38 [ 25 107 g 5 A BR i bz g R
A FFERLPELR

i 18 2 WA DR A AR A L A R —
JIPEARTT , B 45 ] SR HG , &-2H ith 4R3O, 2046
DA AN, BDDA A ) [T 25 5 K, 8145 9 W1 RE 1
O3 AT, T 25 T g 2 b H P AR S o N T I SRR R
T RMESERT R N TER L #4705, AN e R v i
UK ZZ L A2 AT 5 1R, T AR AS B 1 W 2 2 [76 25 [ 1
SO /)N o 3X 3R AN ) 28 03] A 1A 1) 0 s D) A A 2



2023 4F

DLk 5%, 55 Ve ¢ - K, 825 AN R FF 42 AR L 7 -7 A8 56 R BT - 117 -

x2 E 5o, MEaREXRSHE

Table 2 E, and o, fitting expressions and parameter values

J7 e o./kPa E/MPa R Fika

100 33.84

@ 150 44.27 0.998 E; =0.199 lo, +15.05
225 57.84
111 31.91

©) 167 39.60 0.958 E; =0.265 50, —0.267 1
250 67.98
111 23.02

® 167 27.37 0.986 E; =0.061 407, + 16.55
250 31.68
111 62.77

@ 167 69.69 0.945 E; =0.357 607 + 18.20
250 110.87
111 57.01

® 167 75.76 0.947 E;=0.218 40, +35.25
250 88.18
111 30.62

©® 167 43.98 0.999 E; =0.242 507, + 3.647
250 64.31

Bl P ) 5% T 25 5 0

@D, ®, @HREN o,-E KRN 34 L
(26 235 B A 187 T RS B B VTS A% 40 5 187 77 R 25 359 4R ]
B E, R HF AP AR R 2ZES . ik
T AT (26 A8 X 10 A ST = ) 2 R ST 1) 55 W) AN 25 22
22 W% (E) i Xof JEL (18 5% 1) SR AN () S 467 — A T3 A Ak B
W S HOMBSTL PR G B . B8 a,. a,
(B 7800 2 S8 1 fop A%, AN TR AR AT @,y a, BUIE ()
AR N S R N N Y V78 71 s ol b R &
Xof A AT 432

4 BNNEETE—L5EHE

4.1 H—fbIir g

I — Ak S T8 B 25 AN B2 0 T 9 N g -0 AR OE &R
A — L IH 25 8 — S g th 4 L, a3 —14k
Jr R ST, AT D O R0 AR T R i 2R AT
W JFE BT . A 2 A AR B AR,
FARAGRE F7- AR | SR | FLIE B 7 AR R IH—4E R,
38 A8 FSC A3 AT AT, U6 S B U 4 oLk s AR TR
A, L G AR Al i A Ab T R A 2R S, A
T, SR AU R AR 8 525 SRS [W) 03—k B - i Uie
.3 WA R A AN D= R

% K AR 7, HHAAAKX (D), Al53106):

& (6)
q—dq.

K-a+K-bg,=K-

KPR 308 JBURG 96 A2 55 400 T LD R A AT PR A 197 7 B
IEHSEER, WS S5 E R RIE R . Wi, 45X (6)
HR A I A AT 2R A

m=K-a=£ 7
E
n=K-b=—% (8)
(oy—03)

X m, n—H—LREL
R 2K (7) (ORAK(6) 1T 15

K.—2

=m+ne, 9)
0,—03

HENT AN [ R AR R B9 — AR T B, S s S Ay K A
Xk R g - A il £k R e o A TR A T R, PR T 45 4
IR [ 4% PR T £ B4 e, o [ 2 PR A I —
PRI 3, Bt K06 251 Sy [ 45 T B — IR pR AR, BV K =
flos)o WS, H—AbT7 R nl 3R 08

_ f(o-3)'8a
m-g,+n

(100

3 (10) BA [ A5 18, &1 0 A i Al 28 S 1] 2%
J7 3, B BOR R A I —fb X A7 5 — b b 3,
7 18T 1825 75 20 -0 AR i 23—k RS2 e, a] Lo
ARG BLF B — 4 5 B TR ST o
42 H— LK F Ry E

H— AL 7 i T LS E (0-0y), BLIE L,
H 2R R B — U R AL, X 3 243K i Kondner XU £k
TR —f &, HIE—EETA EL (0703)
oy, 0, 55, Hoh B, Ml (0,-03), B 5 16 e — L 25 1F o Bk
(7)) A (8) AT A

(O-]_O—S)U _ ﬂ
E QD)

3 (LD AT 50, AS [R) BB 9 0 7 -0 A% il 4 AT
WE N (0-05), WIH— LN+, H—fL &M —F |
R 1E H A pR AR

VR T H oy 8 0, WIH—4L R FIFLA H
TAHR A IH — A & RIS E R (0-03), E
o Mo, HIH—ALIR T, BAR SRS Z, (HZ A0
2 PO T =86 K, [ 45 R o, BN T —
T+, UEROR AT

LA CU R (D) . K, [ 45 ik 56 () N
B2zt Er (0-0y), 5 oy FICR WA 5, & 5 AT,
CURI XM T 0, 5 E. (0—05), FFTE B I B L 1k G
R, K B ZMT ES o &ML RN KR, U o
KIH— A FFEA A E M . = (5) AT E Fl




- 118 - 7K SC L T

(0,=0y), BUIE L, BRI A SC CU RS SR B, 7 H — 1k
T, HRB AR 0, 7F 0 IH— LR T, % B B X
e % 5T - AE A R 1 ) A AN R) [ R e 45 AR R TR
PTG, AR 6 firs . Hil&l 6 AT, 1E
JO7 738 A /NI % i 3 AR R X 50 7R RIS % i A
B

70 ¢ 1420
—— E, —8— (0,70y),
1390
60 | u
[ ]
<
© 1360 &
=™ ~
—S_ 50 b °
u S
[ ] 1330 ~
40 }
[
1300
[
30 . . .
120 160 200 240
o,/kPa
(a) OHIRE:
L —— E, —B— (0,-03), s | 360
60 4340
|
E
< =
g 0r 1320 2
55 s
)
40 }
7///% 1™
00 B
. . . 280
120 160 200 240
oy/kPa

(b) QO

@ 5 @s@gﬂﬁtgﬁ Ei\(0'1_0'3).. % 3 EM;%
Fig. S Relationship of E,, (6,—0;), and o; in groups ©)
and @) tests

LLE A — A6 5, # 57 CU ilgs B WU 7k it +
H—Ak o, WX (12); U o, HIH—LH F, #37 K,
25~ B i+ 09— 2, Wa(13):
_ao3ta,

= Fres &, (12)

q—(q.

_ 205+0,

" 3ee )

A e, f— 6 hId— 4L BB HUE .
AN TR U — {0 PR X 45 6 42 T B BH Hb X9 2k

JoT A AN [R) B H T Al e i A7 100 O g it e AT

q-q. (13

XTI, WE 7 BR S

XL B 7 e 5 ik e th £k, 24 L Ol 100 kPa
8¢ 150 kPa i}, L A8 A58 /N I F1 0 45 R 5 4 56 ol 2 A 22
AR, AR BRI A7 — o 152 2% 5 [l o 225 kPa I,
IO A8 N 5% ~ 169 IF T 0 45 SR 45 4 o BRI 5, AL
i 28 AE 2R PR RO SRl A IR T H— MR
4, KA T I3 — ey BT .
4.3  ProysEEIEH—fk

R FBE 7R -JE AR HE DU, A A IR B 1Y 2 R ) 25
(o) —03) N

2ccos@+20;sing (14

(o1 —03) = -
1—sing

Kfic, o—— R R S WEEES .

HR 4 b SCXE ST 0 — b BRI AT IR, 25 R R
M. &6 71 R YRR N 4% ~ 15% I, T -5 3 56 2% S
BV, B W H X % 5T+ AN HE K 55 B0 5% g
F1-RiAE MR TEAS Z2 Ak 7Y . b T AL R, H
B AR R 15% RS A, PRI B 1) B AR 15% fi it i (1)
b JOZ 77 A 88 I 1 3 4k A5 B . 5 A i S S ) 1A
— AR, RIS (10), AT SRAS BN ) T BT 5 B T8 AR, 40
K (15) FrR:

2ccosp+20;sing  15f(0)

= (15
15m+n )

(o1 —03) = 1—si
—sing

5 it

(1) AN [ B R AN ] SE £ (266 428 614 1 7 - 7 6 3R 1)
ERLIE A, AR E 451 T i & B S A 2
S, FOR ST -RE AR 6 R 5 N ) AR Z R B IR
A ) 9600 47 i AR U (T B8R B N ) G D) R A k48 KT A
[ S0 407 S ) A, ELAN f 380 77 5 AR 0400 1 D) e A o
AR

(2) % F Kondner ¥ h 2k 81 & A [ #5425 7] il &
VBB R S -R AR 2, KA A . R A
LI BRI &R )E, RSB AXES TS
JE 5 e 1 - 389 1 485 T 7 5 00 0 D) 2R B i A ek R ik
Ko GWE, £ 21 R A )6 U) 2 A5 1k I 15 25 B e 1
B0 5

(3) EL B ¢ o 4= 14 I 7 -1 A 6 R i 48 A 1H —
P, X AN ] [ 45 0 207 3 BUAS [ V3 — 46 X 7 2647 15
— AL Ak B (R CU 3K 560 36 FH 90 4 VIR it K, ] 453
08 30 FH S X 181 45 107 7)), 8 S AN [R) 42 T I8 5 T 4 A
— A7 R R TNE S I X E, LA RO A



2023 4

DK JF, 5 e 55t 4 K, [ 25 AN TR TR B AR I ) -1 728 5% R TS

- 119 -

0.16 0.25
307 y=11.471x+0.991 6 ¥=0.578X+0.041 5 Y=0.845X+0.049 6
2.5 R=0.967 R=0.957 020 | R=0.967
0.12 :
~ 2.0 -~ un -~
v T v
s 15 S 008 S
S0 s s
R B E © 004" wiey @
0.5 — WAk r — MaEk
0 4 § 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
&,/% &% &%
(a) CURS: (D41) (b) K @E&5maT () (¢) K [EE5EI (B )
0.16 0.20
¥=0.588X+0.025 7 ¥=0.724X+0.024 1 0201y 0967x+0.031 7
R>=0.950 R=0.948 2=
0.12 0.15 0.16 } R=0.976
= = - ¥ o
S 0.08 Sot0f 0 e <
5 < | e ¢ 0.08
@w N @w p @ SRTIA
0.04 I {E 0.05 - R 0.04 TG fE
- — WAHL < — WA HL T — WHHZL
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
&,/% &/ % &/ %
(d) Hrpmm e (@D4) Ce) HusuimmEns (G ) (F) FUdhmEns (@)
E 6 ERRR®ERLM-FITIH—k ik
Fig. 6 Normalized stress-strain curve of the Kunming peaty soil
TE: (@) Y=g10m/ (g — qo), R Y=g100m/ (g —qc); X = €a
400 .~ 100 kPaisl# — 100 kPafiijli 400 [ —= 100 kPai# — 100 kPaTfill 300 —== 100 kPaiz3 — 100 kPaFiil
350 [~ 150 kPaifly — 150 kPafiiili 350 | o~ 150 kPaik3 — 150 kPaFi 550 | = 150 kPaistdis — 150 kPafiiill
300 [ 225 kPl —— 225 kPaTillll 300 | - 225 kPaif$ —— 225 kPaffijll —a- 225 kPail4s; 225 kPafiiijil
o o y = 200}
& 250 | A 250+ w,,‘,,_»»‘“ £
% 200 % 200 / S 150t //
Sosof S 150f S 100}
100 | A 100 |
50 + 50 50
0 4 8 12 16 20 0 4 8§ 12 16 20 0 4 8§ 12 16 20
&/% &,/% &,/%
(a) CURE: (D41) (b) K,F&5mfs (@41) (¢) K Mg5Efr (@4l)
400 .~ 100 KPaisth — 100 kPaffiil 400 = 100 kPaii4 — 100 kPafiiil 350 1 —= 100 kPaik$ — 100 kPaFsii
35| = 150 KPait — 150 kPaFiill 350 |~ 150 kPaifdis — 150 kPafiil 300 | = 150 kPalst# — 150 kPafstil
—a- 225 kPait By 225 kPaThill 300 | - 225 kPaid§s —— 225 kPafilill —a— 225 kPail B —— 225 kPaTiil]
300 s - s L 250t
< - =
& 250 ¢ g 2(5)8 ™ ; 200 + e
3 200} Yol L =150} //
5150t = o = »
100 | £ 100k 100
50 50 50
0 4 8§ 12 16 20 0 4 8 12 16 20
&/% &,/% &,/%
(d) Hmmm e (@D4) Ce) Husfimia Em (G ) (f) ForehhmEf; (©)
B 7 R R -5 2 4k

Fig. 7 Predicted stress-strain curve of the Kunming peaty soil
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