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Abstract: In order to discuss the influence of K, pre-consolidation on the strength and deformation properties of loess, the
experiments on a total of 36 remolded Qs loess samples in two groups are carried out using the improvement of unsaturated soil
triaxial apparatus. The first group includes 24 tests, and each test includes three stages, namely, the samples are consolidated
under the constant vertical pressure, and then, they are consolidated through the constant control suction and net confining
pressure, and the drainage shear tests with constant control suction and net confining pressure are carried out in the end. The
second group includes 12 tests, but each test only includes the last two stages of the first group. The results show that the initial
tangent slope of stress-strain curves of the tests in the first group is greater than that of the second group, and the difference
becomes more and more obvious with the increase of the suction and net confining pressure. The failure stress of the test
samples in the first group is significantly greater than that of the second group. Except the tests on the saturated samples with no
suction, the volumetric strain of two groups is similar. Unlike the shear shrinkage state of the test samples in the second group,
the test samples of the first group exhibit slightly shear dilatancy at the initial stage, but it is not obvious and they become shear
shrinkage insantly. Although the effective internal friction angle and destruction ratioare almost the same under the two kinds of
experimental conditions, # is fairly different. Besides, the curves of total cohesion-suction and the relation curves of the index k&
in the initial modulus expression of Duncan-Chang model and suction (k - s) are rather different. Based on the test results, the
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modulus are put forward considering the comprehensive effects of

K, pre-consolidation, suction and net confining pressure, and the
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Fig. 1 Improved triaxial text apparatus for unsaturated soils and K
pre-consolidation condition
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Table 1 The physical parameters of soil samples
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Table 2 Experimental programs

1 A ot I ot N i S ot B G

HH & Ji/kPa /kPa F1/kPa fiag 7
0
100
100 50 K,CD
1 200 L
200 100 5
300
200
0
100
50 CD
2 — 200 N
100 SN
300
200
s gA Lt
NI LE R

2.1 M- NTHRSHR
ARG TR, FE TR, 45— s 4
B2 I FR N KoCD IR5 AT CD 5. PIZHIR5 10

Bl A N AR - w8 R IR IE2 BTR . BRTRSR, A
SCAX ) HY 1) 179200 kPa [ KoCD B 45 sk
1701, HE2R IL: KoCD 368 77 - NAR # 2k 4]
EVIRR KT CD RISV VIR R, BRI
K RO, ZERERR A 2 IR IS0 kPa T AT
Ff, 1E KoCD K CD P50 25 F T I B AH ZE 1R
K, HiFH R, ZEBK.

——KoCD, HEE100 kPa

900  —B—KoCD, 1tH{JE 200 kPa

—&—KoCD, H[EE300 kPa
8001 _o—cp, HHIIE100 kPa

700 F —8—CD, #HEE200 kPa

—A—CD, HIE300 kPa

8 10 12 14 16 18
Bl B AR /%
(a) % J1=0kPa

——K,CD, ¥HJE100 kPa
_—B—K,CD, ¥ E200 kPa
800 [ —4—K,CD, ¥#fEIFE300 kPa
700 —0—CD, 100 kPa
—8—CD, HF/E200 kPa
F—&—CD, #tfFJE300 kPa

0 2 4 6

0006600

0 2 4 6 8 10 12 14 16 18
e AR /%
(b) % }1=50 kPa

——KCD, HtH{JE100 kPa

—8—K,CD, BHEHE200 kPa
800 - —A—KoCD, ¥FI/E300 kPa

—o—CD, FEE100 kPa
700 [ —8—CD, tHJE200 kPa AAK it
L—a—CD, HEE300 kPa g ARAESS

& 300 ";:._" PP PPPP O O T T 2 o aad

0 2 4 6 8 10 12 14 16 18
Bl Ri3E/%
(¢ ) %}1=100 kPa

——K,CD, HHHJE100 kPa
1000 —=—KoCD, ¥tHJE200kPa
—&—KoCD, HHHJE300 kPa
[ —e—CD, HJE100 kPa
800| —8—CD, HtfHJE200 kPa
—A—CD, PHJE300 kPa

0 2 4 6 g8 10 12
Bl 1328 1%
(d) M%F7=200 kPa

2 K«CD & CD 8 (0, —0;) - & X FBh%k

Fig. 2 Relationship between (o, —0;) and ¢



BT 1 il

W, 5. Ko T 45 00 - v A0 B 0 5 5l P 5 AR T AR PR S M PO B 5 103

2B R A, 2203050 P A A R R T 2038
JE T IBEREIR, SO 1) AR 5 T 15% I 1R S 7124
IR T o RINPHFRLG A N IRFERRE S 4L, 45
AR HHE AT AN, W) N0 kPa, {5 I E30 kPa ffEE,
KoCD A1 CD W 2H 538 1R I IR . 77 g 5397 98310
F1521.5 kPa, #H#2309.5 kPa. " /12450, 100, 200 kPa
B, P ZELRES FRR B ) ZEAE I J7o80 kPa B /)N,
FUERIAW F1oM0 kPa HIHMIRNRFETE Kol# 25 1 58— B
BYR iR BRSOk, 13 HIE 100, 200,
300 kPa B 1R 1) B [a) 57 7% 73931 94,397, 4.416, 4.306
mm. 1% 777450, 100, 200 kPa i}, iFELE Kol 44
B B P B [ A A5 1.186~1.590 mm Z Ja], t/NFifl
AR BRI FE . RFEAE Kol 5B BB A AL A5 10K,
PR S, FEBY IR BEBY B Dt 2 0K .

o D e

SO o0 kb

—5— CD, 7HE FE200 kPa
—&— CD, I E300 kPa

K372 KoCD & CD 58 [l 1a) B4R — 44 W AR ¢ R
ek, MEIBRTLLE H, KoCD RIS EBI PTG M B
BRMMBIIKILG, (HHFAIE, FHRREA NET4E,
CD RIGZ AP AT B4R . MEW TR, 15
JEAINRRE BE A 00 AT BY 4R A BTSSR
71280 kPa FE AL A B AR 1)K T 150, 100, 200
kPa (PRI RN A . SIS LAE H, 2% J153 9
450, 100, 200 kPa B, BRNHIRFE (77200 kPa.
15 FE 200 kPa FRARFE) A1, 241 ARG AR B (1) 14 AR 22
HAK.

2.2 EBRIWBEMTEESH

W 1 LRI AR R B T (g, pp) BUE S T3R
3, HAEp —q FHINEHREZERLWME4. HE40T L
E S FE R — 4R s LR R — B E, A

—— K,CD, HHEJE100 kPa
5 - —8—K,CD, Y% 200 kPa
—&— KoCD, ¥t[EI[E300 kPa
—o— CD, M[HJE100 kPa
4 —a—CDp, Y200 kPa A
—&—CD. BR300 kP ugcd 2

.........

6 N oA
E‘ 4 0000 OO TIOVIVRRT é: AAAAA
£, 1
0 - ol 18
RIS % -1 Bl ie B AE /%
-2 (a ?ﬂgjgj:%ﬁ,a (b) %1=50 kPa
5 —#—KiCD, HHIE100 kPa
5 = KoCD, HHHIEI00 kPa Iﬁi:; Z’/ﬁmﬁ%&‘} o
= KoCD, HHHJE200 kPa ——CD, HHHIEIO0 kPa
+§‘;§3')ﬂ7ﬁ_l”ﬂ_¢§002]“’" 4T —s—Cp. 7#fHIE200 kPa
r—e— CD, i ]k Pa ~ Al D,
4 —8—CD, Y#HJE200 kPa 3 A CD. HIHE300 kP
| —A— CD, #tFJE300 kPa R e o
$3 S8g 8
2 - op
2 3 =2 Mo 2 VN
< ¥
1f 1
0 , 0 4 6 8 10 12 14 16 18
16 18
-1 Bl 1k RS /% -1 Bl A5 /%
(¢) BH1=100 kPa (d) M%J1=200 kPa
3 K«CD R CDiRIEM ¢, - ¢ XFBHL
Fig. 3 Relationship between ¢, and ¢
xR 3 THEHMBESH
Table 3 Strength parameters
%Y o-u q; 'kPa p; /kPa tanw o' /I(°) & c/kPa
Koa nape Ko BE K BE K BEM K BE K BE K WK
Fs g m4 me Bs % WS ms RS Es ES R
100 367.7 2013 226.6 167.1
0 200 596.2 4009 398.7 333.7 1.21 1.05 31.39  26.51  86.01 33.86 41.63 16.11
300 831.0 521.5 5937 4738
100 312.1 276.0 204.0 192.0
50 200 503.8 4245 3679 3415 1.15 1.08 2893  27.13 7772 6534 3725 3098
300 686.9 610.8 529.0 503.6
100 333.0 3255 211.0 2083
100 200 557.7 5251 3859 375.0 1.20 1.12 30.04 2821  84.15 9579  42.07 47.90
300 733.0 683.8 5443 5279
100 4333 4093 2444 2364
200 200 666.0 6054 422.0 410.7 1.27 1.17 31.61 29.2 1252 1350 62.61 67.50
300 873.8 7903 5913 563.4
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Table 4 Parameters associated with E;

(0,~03),, /kPa R; k n
Wy O3~ U, K, [l 15 i 45
kPa  /kPa Ko P i e K Rk K o Bk
A% ES el vl el vml S B EE E
100 454.5 285.7 0.81 0.71
0 200 666.7 476.2 0.86 0.80 0.84 0.78 108.4 100.1 0.45 0.27
300 1111.1 666.7 0.75 0.78
100 344.8 312.5 0.91 0.88
50 200 625.0 526.3 0.81 0.85 0.81 0.81 161.3 136.4 0.53 0.28
300 833.3 833.3 0.82 0.73
100 370.4 312.5 0.90 0.91
100 200 666.7 625.0 0.83 0.85 0.84 0.83 192.2 153.8 0.54 0.25
300 909.1 1000.0 0.81 0.73
100 476.2 425.5 0.91 0.86
200 200 769.2 740.7 0.87 0.88 0.79 0.81 2399 190.2 0.61 0.28
300 1000.0 909.1 0.87 0.79
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