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Comparative Analysis of Test Results of Different Nano-Clay Improved Loess
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Abstract: The orthogonal design test was used to quantitatively analyze the influencing factors and influence
degree of compressive strength, shear strength index, and permeability coefficient of improved loess, and the
optimal content of improved loess was obtained. In addition, the improvement mechanism of nano-clay
materials on loess was explored by scanning electron microscopy. The results show that: (D The factors
affecting the compressive strength of improved loess are the content of nano-clay, water content, and curing
age, and the factors affecting cohesion, internal friction angle, and permeability coefficient are the content, dry
density, and confining pressure. @ Under different influencing factors, nano-montmorillonite can effectively
improve the compressive strength of loess than attapulgite. 3 When the material content is less than or equal to
1%, the shear strength index of improved loess by attapulgite is generally higher than that by nano-
montmorillonite, and the permeability coefficient is opposite. However, when the material content is greater
than or equal to 2%, the situation is different. 4 When the attapulgite content is 1%, and the nano-
montmorillonite content is 2%, the surface of the improved loess is the densest, and the porosity is the smallest.
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Table 1 Physical properties of attapulgite and

nano-montmorillonite

Wk HERE R HK
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M+ 5~20 142.63 <3 KAf@HmA 7.0~8.0
kR 10~50 3.36 <3 MR 7.0~8.0
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Figure 1 Pictures of on—site extraction of soil in

its original state
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Table 2 Basic physical properties of loess

PN T/ R AH X B R/ SHER/
KE /% (geem ™) i3 % %
14.97 1.557 2.71 32.68 16.74
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Figure 2 Particle gradation curve of loess
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Table 3 Four horizontal design of three factors

K AOKRF B4/ % TR0 R /d
1 1 5 1
2 2 10 7
3 4 15 14
4 6 20 28
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Table 4 Orthogonal test design

s Je A BRI 5 B /kPa
A&A' BR.B' c&.C'

i s LIPUE e P <
1 1(1) 1(5%) 1(1) 169.3 165.7
2 1 2(10%) 2(7) 152.6 132.4
3 1 3(15%) 3(14) 138.5 113.7
4 1 4(20%) 4(28) 117.4 86.2
5 2(2) 1 2 150.6 202.2
6 2 2 1 130.5 154.3
7 2 3 4 136.8 160.8
8 2 4 3 88.1 102.3
9 3(4) 1 3 160.4 174.2
10 3 2 4 152.3 171.5
11 3 3 1 95.5 108.4
12 3 4 2 57.8 72.8
13 4(6) 1 4 171.7 182.6
14 4 2 3 126.8 132.6
15 4 3 2 90.1 94.6
16 4 4 1 47.3 50.7
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Figure 3 Relationship between influencing factors of two nano-clay improved loess and test indexes
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Table 5 Variance analysis results of orthogonal test

) LIFLY ot g4 o ARSI R+

" W#-p-J5An AmE 5 FfE wEE WIS AmE B FlE 2

MOERIT  21891.486 9 2432.387  207.236  0.000 26416.125 6 4402.688  17.549  0.000

T 246 437.781 1 246437.781 20996.137  0.000 276 939.062 1 276939.062 1103.874  0.000

ML EELSE 2825632 3 941.877 80.247  0.000 3458.943 3 1152.981  72.061  0.004

RIS 16 080.722 3 5360.241  456.685  0.000 20936.559 3 6 978.853  465.257  0.000

FRAP I 2985132 3 995.044 84.776  0.040 4728538 3 1426.179  95.079  0.033

B 70424 6 11.737 2257913 9 250.879
Bt 268399.690 16 305613.100 16
MIESIT  21961.909 15 28674.038 15
TrZES AT N RO SR PR RS, EA 14 ZHIREERX

B EGE R T A BL.C3 MR, RSP &R
WEMpEATLE AR E R B SRR Rk
SO0 8 B B T B 4R A AR

XHAAREREAT [ 25 A HE KRS, 1 4.5 73 51 ok B 3
LW p~q 5 p'~q i K K' 5 K 535375 30 )
AR BN J2 0 2 5 N ) B AR O BBER SRR T 4R



DRSSP EE TR S-S EX TS S PN 59

225
- < 180
& g
= = 135
3 S 90
™ )

S
D

0 200 400 600 0 200 400 600
(p&p')/kPa (p&p')/kPa

(a) p=1.35 g/em’ (b) ps=1.45 g/em’

200 400 600 800
(p&p')/kPa
(d) p4=1.65 g/em’

(p&p')/kPa
(¢) p=1.55 g/em’

B4 1%MOBETHRELNENBERE
Figure 4 Stress path of improved loess by 1% attapulgite
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Figure 5 Stress path of improved loess by 2%

nano-montmorillonite
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Figure 6 Comparative relationship between shear strength

indexes of improved loess by two nanomaterials
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Table 6 Four horizontal designs of three factors
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Table 7 Orthogonal test design
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Figure 7 Relationship between influencing factors of two nano-clay improved loess and test indexes
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Table 8 Variance analysis results of orthogonal design of improved loess by attapulgite and nano-montmorillonite

‘ 1 A I
T E TS Pt R IRTRM AmME )7 Pt B#H
W IE R 954.959 9 106.107 88.862 0.000 1113.613 9 123.735 94.155 0.000
e 1200.796 1 1200.796  1005.637 0.000 1225.175 1 1225.175 932.290 0.000
Bk 289.046 3 96.349 80.690 0.000 398.023 3 132.674 100.958 0.000
T 501.744 3 167.248 140.066 0.000 510.240 3 170.080 129.421 0.000
Fil 164.170 3 54.723 45.829 0.000 205.351 3 68.450 52.087 0.000
22 7.164 6 1.194 7.885 6 1.314
it 2162.919 16 2 346.673 16
B IE S 962.123 15 1121.498 15

RS AZERNSRE LB E R, £
BN E N F A B.CHIA B .C' 64 HZE., H
QAT H 6 RN R R L0 pEH N0, /N T
FMEIKF 0.05, BEBH PR A9 K 2 AR T % B L FlE
X B B A B 5 R 1Y) 5 e R A R
23 TALBEERKWERIILL
231 REHE

WAR K Sk 8 i g0 R 1Y T 5 4 i o 1.45
g/cm’, 1.55 g/em’s 43 il #% R 61.8 mm X 40 mm Fl

39.1 mm X 80 mm il {4, FR 4 A Sy 1 d, Skl
FE 160 4l FE o
232 IERIRBES R H

P8 H1 oun paw 23 3 7R M 5 £ 4 K 52 £
R T

H1 & 8 T 1 Y b kB /N T 45 T 1% B MY
Bt R+ BB RBUN TR H SR
BB RB UL 1% M B 4 H 1% 9K SR T
ARMB R E L WBEN; Y EHBERT 20 0,



62 ¥ 4k

A S 2024 5

—a paa=1.45 g/cm®
+ﬂdA=1 .55 g/Cl’l’l3
—o— pam=1.45 g/cm3
—o— pan=1.55 g/cm’

BBERE/(10°cms)

0 1 2 3 4 5 6 7 8
YR B LB E/%
B8 MARFLIBREITAKLSERBIE
Figure 8 Comparison of permeability coefficients of

nano-clay improved water head
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Figure 9 Improved loess specimen loading

after metal spraying
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Figure 10 SEM images of plain loess after magnification

at different multiples
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Figure 11 SEM images of improved loess by 1% attapulgite

after magnification at different multiples
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Figure 12 SEM images of improved loess by 2% attapulgite

after magnification at different multiples
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Figure 14 SEM images of improved loess by 1% nano-

montmorillonite after magnification at different multiples
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Figure 13 SEM images of improved loess by 4% attapulgite

after magnification at different multiples
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