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Mechanical properties and micro mechanism of nano-SiO, modified

coastal cement soil at short age
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Abstract: In order to study the mechanical modification effect of nano-SiO, on coastal cement soil at short age, un-
confined compression test, splitting tensile test, pH test and SEM test of cement soil with nano-SiO, content (mass
ratio to cement) of 0%, 1.5%, 3.0%, 4.5% and 6.0% were carried out. Mechanical tests show that nano-SiO, can im-
prove the unconfined compressive strength, splitting tensile strength and elastic modulus of cement soil, but ag-
gravate its brittleness; the compressive strength of nano-SiO, modified soil is about 10 times of its tensile strength.
The pH test shows that nano-SiO, can improve the alkaline environment of cement soil. SEM micro test shows that
the change law of cement soil particle morphology and pore characteristics is closely related to the strength devel-
opment law. With the increase of nano-SiO, content, the distribution of soil particle morphology changes from
loose to aggregate, and the pores decrease. In conclusion, when the nano-SiO, content is 4.5%, the strength im-
provement effect is the best, the micro pores are the least, and 4.5% is the best content. Finally, the quadratic poly-
nomial model between mechanical strength and micro porosity of nano-SiO, modified cement soil is established.
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Table1 Physical property index of coastal soft soil

Density/(g-cm™) Poreratio  Water content/%

Liquid limit/%

Plastic limit/% Liquidity index Plastic index

1.65 1.64 30.0 46.2

26.4 0.18 19.8

1.2 AEFIERAR
1.2.1 R

Wk sdl, AwE s, B4l
g R s NIRRT BE . R KR . K
RER . 99K Sio, B R MBS B0k 4 Fr
Ro FaFKRBBAKNKRSTHRREL, 9
K Si0, M8 A R4k Si0, HK IR M R L, A

KA ZEK 5 AR & . % 4 x%nano-
Si0,/CS, nano-Si0,/CS 1RFEHK Si0, M Kiet,
x% FRFEGK Si0, JF & L.
1.2.2 FE

4+ T4 % b5 #E (GB/T 50123—2019)%,
Jc M BR PL O 3K 5 K AR 1Y & ¥ H=80 mm., H &
D=39.1 mm, H¥ZHTHL R Y & & H=50 mm,
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(a) SEM image of coastal soft soil
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Fig.1 SEM image (a) and EDX spectrum (b) of coastal soft soil

&2 M32.5 BRERHKIEEARYIEMEEEIER
Table 2 Basic physical properties of M32.5 silicate cement

Compressive strength/MPa  Flexural strength/MPa
Fineness/% Initial setting time/min  Final setting time/min  Ignition loss/%
3 days 28 days 3 days 28 days
3.4 210 295 1.4 26.9 48.1 4.9 9.0

Intensity/103

(a) SEM image of cement

Energy/keV
(b) EDX of cement

&2 M32.5 B /K8 SEM 1% (a) F1 EDX i (b)

Fig.2 SEM image (a) and EDX spectrum (b) of M32.5 silicate cement

B8 D=50 mm, PFP IR R 2,03 g/em®s K92 (3) % MR AR AL CRE Y IE G HEAR ORI R
BRI A W AT L (D) CSHLA 105°C 1 MR, iP5 () BBt 2 )5 IR & RHE
TRHEAA AL 24 b, BET S BUS#EAT IR (L AMIRERIRKEERC R A, IFRIG IS5 (5) filRE S
# 2 mm (05 5 4 RIS G €S, BBR ORI A, CREETA AR A TR A AR MESR Y 7 K
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Table 3 Basic physical properties of nano-SiO,

Color Average particle size/nm Bulk density/(g-L™")  Specific surface area /(m*g™) pH Water content/% Burn/% SiO,/%

White 20 50 25-200 3.7-4.7 <15 <1.0 =99.8

Intensity/10°

10 pm

17 /7MNOU 28

(a) SEM image of nano-SiO,

Energy/keV
(b) EDX of nano-SiO,

3 44 Si0, A SEM 1% (a) #1 EDX i (b)

Fig.3 SEM image (a) and EDX spectrum (b) of nano-SiO,

x4 FREGK Si0, BRI LN 5 EH R FINIK

Table 4 Composition and testing age of cement soil (CS) samples with different nano-SiO, contents

Sample code Water content/% Cement content/% Nano-SiO, content/% Curing time/days
0%nano-SiO,/CS 30 7 0 7
1.5%nano-Si0,/CS 30 7 1.5 7
3.0%nano-Si0,/CS 30 7 3.0 7
4.5%nano-Si0,/CS 30 7 4.5 7
6.0%nano-Si0,/CS 30 7 6.0 7

Notes: Water content—Mass ratio to mixture; Cement content—Mass ratio to soil; Nano-SiO, content—Mass ratio to cement.
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SIS DA AN A b < PP I A 0 e o N E 1 VA 2

e AR KM TSR E L, 75 P hi s B
I I, R TR e B, 48 R A T A
1 mm/min, BGRB9S TR,
2P
“=_ (1)
Arh: goeBF R PIHIR T (kPa); P& it il iy 5 K
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AT ARRE, IEH 2 mm B0 08, RIGHK
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Table 5 Average values and coefficients of variation Cy of
compressive strength of cement soils with different
nano-SiO, content

Sample code Average compressive strength/kPa Cy

0%nano-SiO,/CS 1021 0.04
1.5%nano-Si0,/CS 1 149 0.02
3.0%nano-Si0,/CS 1307 0.03
4.5%nano-Si0,/CS 1683 0.03
6.0%nano-Si0,/CS 1524 0.03

2.1.2 WA

1 4 Jo M BR Bt He 12k 36 345 19 AS [A] 4 K Sio,
Bk e R - AR 2 . K5 S TR $1
R RGBS [F] 9 K Si0, 15 18 7K U8 + 16 {f 5% 5 A1
Feavim AR . K 6 R FYN K Sio, B ik e +
Te M BR Bt e i 35 A i IR IR . &7 S R (R g ok

1 800
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£ 1600 .
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% 1000 t
o
j=H L
& 800
S 600 |
=]
=
£ 400 |
=]
S 200 t
=)

0 1 2 3 4 5 6 7

Axial strain &/%
Fl4 FABRYURIRERIAG R F AR Si0, Bkt
PO LR g -0 A8 12k
Fig.4 Stress-strain curves of compressive strength of cement soils with

different nano-SiO, contents obtained from unconfined compression test

Unconfined compressive stress
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o =
é 1200 11497¢ s 1 0 éﬂ
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g 1 20
2 200 |

0 0
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Content of nano-SiO,/%

5 ABCERRAR ARk Si0, Bkt
UL S5 ARRIE AL 1L
Fig.5 Variation of compressive strength and residual strength of cement
soils with different nano-SiO, contents obtained from unconfined

compression test
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(a) 1.5%nano-Si0,/CS

(b) 3.0%nano-Si0,/CS

(d) 6.0%nano-Si0,/CS

(¢) 4.5%nano-Si0,/CS

K6 AFRIZK Si0, £k Jé L TMERHTR B UL IR A

Fig. 6 Failure diagrams of unconfined compression test samples of cement soils with different nano-SiO, contents
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Fig. 7 Variation of elastic modulus of cement soil

with different nano-SiO, contents
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Fig. 8 Tensile strength curves of cement soils with different nano-SiO,

contents obtained from splitting test
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Table 6 Relationship between porosity n and strength of nano-SiO,/CS at different magnifications

Porosity n/%
Sample code Compressive strength/kPa Tensile strength/kPa

x500 %2000 x5 000
0%nano-Si0,/CS 1021 110 9.7 10.8 7.2
1.5%nano-Si0,/CS 1149 121 8.4 8.4 53
3.0%nano-Si0,/CS 1307 133 6.2 6.4 4.5
4.5%nano-Si0,/CS 1683 167 4.6 5.6 3.8
6.0%nano-Si0,/CS 1524 155 5.6 5.8 4.3
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