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Influences of wetting-drying cycles on expansive soils improved with
disintegrated sandstone with different particle size groups
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Abstract: Based on the project of diverting water from Yangtze River to Huaihe River, the long-term effect of the improved
expansive soils with disintegrated sandstone waste from river excavation is studied. The results show that: (1) The disintegrated
sandstone improves the compactness and strength characteristics of the expansive soils. The improved expansive soils have the
best compactness when the particle size of the disintegrated sandstone is less than 2 mm. The direct shear index of the
physically improved soils is positively correlated with the particle size of the sandstone. The direct shear index of the
compositely improved soils is mainly controlled by the improvement of cement, and the influences of particle size of the
sandstone is not obvious. (2) The disintegrated sandstone can inhibit the cracking of the improved expansive soils during
wetting-drying cycles. When the particle size of the sandstone is larger than 10 mm, there will be crack concentration in the
surrounding soils. The crack rate of the compositely improved soils is significantly lower than that of the cement-improved soils,
and has no significant correlation with the particle size of the sandstone. (3) The disintegrated sandstone has the effect of
delaying the cohesion attenuation of the improved soils in the process of wetting-drying cycles, and the effect is affected by the
particle size of the sandstone. The particle size of sandstone shall not be greater than 10 mm in the physically improved soils
and 5 mm in the compositely improved soils. (4) The microscopic evolution characteristics of the disintegrated sandstone affect

the macroscopic crack development and strength attenuation of the improved soils.
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Table 1 Basic physical property indexes of expansive soils and

disintegrated sandstone

R HERE R MR kL 2H /%
RO T
ik -+ 62 52 24 28 1.1 877 132
TR 24 36 19 17 541 352 7.7

®2 BT SERRMEE X HETHRESER (RESHD
Table 2 Results of X-ray diffraction experiment of expansive soils
and disintegrated sandstone (mass fraction)
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Table 3 Optimum moisture contents and maximum dry densities of
plain and improved soils
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Fig. 2 Cohesions and internal friction angles of plain and
improved soils
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Table 4 Cohesions and internal friction angles of plain and
improved soils
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/mm 1% /kPa 1% 1(°) 1%
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10~20 O 56.64 9701 11.65 67.14
%Ei+ b 4 14790 41443 2090 199.86
KE

< 4 13840 38139 33.38 37891
Wt 55 4 12125 32174 1983 18451
ﬂfjﬁg 5~10 4 14675 41043 31.77 35581

10~20 4  143.63 399.58 35.53 409.76

Rk, YIBSR RCR, AERARE R, S8
DIV S HRORURL 15 o7 R I 1) BE R RE K, R
BRI, ARSI P B AR A4 K0,



646 "+ T OB % M

2022 4E

HEURMBRN, KRR T+
BRI R Ao e, — R E s T b a A IR
TEMsZNT, BRIV RS ORI A A B
i 5K RAEF SO R, 5 BRI S A
Ktk

4 WRIMKBREMSEBRENXR
4.1 HRITRIE

B 3,4 5l PRI ER TSR L5854
o R AR R 1 R R R S At L. B R
F AT (R A R . A FIIR B 451

(a) RERBIFR

(b) 10~20 mm 7 B EL SR -2 BT

(c) 5~10 mm & BV B R 2L [RUT Ji

(d) 2~5 mm % BV B R T LT

(e) <2 mm 7 E PP R HZRIEIT
e WA HATRAEIS 1, 2, 3, 4, 5 REBRER
E 3 ¥R R A FEREIMER THREFRER
Fig. 3 Crack development of physically improved soils under

wetting-drying cycles
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Fig. 4 Crack development of compositely improved soils under

wetting-drying cycles
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Fig. 5 Change of crack rate of physically improved soils under

wetting-drying cycles
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Fig. 6 Change of crack rate of compositely improved soils under
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Table 5 Crack rate of physically improved soils under
wetting-drying cycles
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Table 6 Crack rate of compositely improved soils under wetting-

drying cycles
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mm

[Ty S Ry S-S

ARRAES~10 ) 05 117 168 1.60 1.65  73.94
mm

LLy Rphape 2 —

Zfﬁg*fﬁ;fo 20 134 129 141 150 1.85 72.43

x5, 6 FIEGR, MHME L EREMEL N
78.6%~88.0%, HAEMRE L REMAKIL N 72.4%~

99.4%. Ht, TR RSP BT O
IBFURERERE, X TRk, XA i
KE—k.

i b, VHS R A TRERE RS, EE
LRI R R, SEIRARREREER K, Fk
TR R BRI A TG . MR RIS 5 T R 2K
FIFRBEAMMHEIER, HERAR KT 10 mm I, 58
JUST o i) 25 SR WIS 5 o B R v o S TRE
BORKS, BB A%, SrEEKHIHALRI
H B AR R AR e /N RS IR . PRI, SERR TR
H, BRI o R T B R KR R
AEIE], SHPE/NEAIRIER KR, JREREE .

HEUR ARG, B A m R
BRAT /NS R L, JRRIEI PRI R T B AR
. BEUMRTHRERWPE/NFAUKRESR L, B
HARBERGUR TN, (HEARE RS
FARAHRIEA R .

4.2 BRI

SRR 5 AT B BTG B 7 O
PR R L (R A e s, MRBIRIIAK 7.

K7 BoR, WP R BRI TR IR
ELYIIEE VS>3 P W EZN K7L =S i) 22 -FAPNS B
s VIR B I BB 9 RO T AR Rk )

&R T
90
80 —a— 410~20 —a— F4ES5~10
70 —x— T+E2~5 —— T+E<2
o 60 —— B+

0 1 2 3 4 5
BRIz 7378

7 FRERZFG TR R TRRS
Fig. 7 Cohesions of physically improved soils under

wetting-drying cycles
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Table 7 Cohesions of physically improved soil under
wetting-drying cycles
TURAEH 5 AT 5 J1 /kPa

IR KRR OKE

AFEPRAR D 5 B A A
IR 0 ! 3 5 Hp, Fv K
s 2875 2575 22.52 2260 -1043 -21.39 2.05

HEKRIE <2mm 3440 2920 2835 29.03 -15.12 -15.61 1.03
HIERfE2~5mm 4046 3599 3255 32.65 -11.05 -19.30 1.75
SRR 5~10mm 4550 4025 37.47 36.67 -11.54 -19.41 1.68
SRR 10~20 mm  56.64 4476 4523 4270 2097 -24.61 1.17
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Fig. 8 Cohesions of compositely improved soil under
wetting-drying cycles
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Table 8 Cohesions of compositely improved soils under wetting-

drying cycles
R R YL = TR G RFEE R A kPa HIR KR KH

T A2t A2k

+Hig ik £ +4%KE 0 1 3 5 e T, R

Zh+KIR 14790 7420 76.80 64.10 -49.83 -56.66 1.14
HIERfE<2 mm 13840 77.46 7455 70.87 -44.03 -48.79 1.11
HERIAE 2~5mm 12125 63.40 68.80 68.53 -47.71 -43.48 0.91
SRR 5~10mm 14675 62.60 62.10 62.35 -57.34 -57.51 1.00

HIERIAE 10~20 mm  143.63 67.90 66.30 66.10 -52.73 -53.98 1.02
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Fig. 9 Internal friction angles of plain and improved soils under
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wetting-drying cycles
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Fig. 10 Curves of shear strength and vertical pressure of improved

soils under wetting-drying cycles

K11 08 3 THBARIA A o R R 58T 5L 5 e A e



a4l BEYE, 55 RGN A FEDRAR AL AR VERD S ORI IK 1 B 649

TR AL, B 11 BoR, TREAE, BB
MIPTET s 5 n E R IEAE 0, AT R LRHTET R
ESEBRELEERR, ARTBELTRL, 5
2 L AACORZE THRARIA IS ) 55 2 FUERAR — 2

150
120 |
§ 90 |
kSt
]
® 60
ES —a— ++10 ~ 20 mmBPA, 3K
—— 1+5~ 10 mmBPE, 3K
30 ¥ —— +42~ 5 mmfPE, 3K
—x— t+ <2 mmibE, 3K
—o— £+, 3%
0100 200 300 200 500
&[] FE J71/kPa
(a) PrHEB R L3RG
400
350
300
£ 250
=
®
g 200
I8 150 —=— ++10 ~ 20 mmfPA+KIR, 35K
—o— 145~ 10 mmiPE+KIB, 3K
100 F —a— 142~ 5 mmBPE+KIE, 3K
—x— 4+ <2 mmfE+KIE, 3%
50 —e— Z 4 4kiE, 35K
0 ' ' : :
100 200 300 400 500
&[] e J1/kPa

(b) EEHRR L3RG
" FRER 3 RERR I EES S E X FRhsk
Fig. 11 Curves of shear strength and vertical pressure of improved
soil after 3 times of wetting-drying cycles
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Fig. 12 SEM images of disintegrated sandstone of physically
improved soils after 0 and 5 times of wetting-drying

cycles
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Fig. 13 SEM images of disintegrated sandstone of compositely
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cycles
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Fig. 14 SEM images of expansive soils of physically improved
soils after 0 and 5 times of wetting-drying cycles
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