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Influence of cement on mechanical strength of administrator
residual soil
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Abstract: The cement has important influence on the mechanical properties of granite residual soil. Kaolinite
powder, montmorillonite powder, illite powder and red clay powder are used to replace the fine particles of

granite residual soil to remold soil samples. Compression, shear, tensile and disintegration tests are carried out
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respectively to study the effects of different cements on the mechanical strength of soil. Results show that the
soil particle aggregates after kaolin treatment are increased, and a skeleton structure with high strength is
formed between the aggregates. However, the existence of large number of pores between the skeletons
provides a channel for water intrusion, resulting in enhanced water absorption of the soil. Benefiting from the
swelling property of montmorillonite in water, the treated soil surface has fewer pores and dense structure, and
the expansive body provides high strength cementation capacity, making the mechanical characteristics of soil
significantly improved. The mechanical strength of the soil sample treated with illite is low, but the soil surface
appears relatively dense. From perspective of particles dispersed on the soil surface, illite powder is more used
as fine material to fill the pores between large particles than as a cement with high strength between soil
particles. After physical compaction, the occlusion between particles is enhanced due to compression; At the
same time, after a long time of hydration reaction, the cement formed bridge cementation on the particle
surface. Under the combined actions above, the mechanical strength of soil has been greatly improved. The type
of cement would have a great impact on the mechanical properties. On the one hand, it depends on the
characteristics of the cement itself, such as the water swelling characteristics of montmorillonite. On the other
hand, it depends on the binding effect of the cement on the soil. The compressive, shear, tensile and collapse
resistance of the soil samples are controlled by the binding mode of the cement and the soil sample.

Keywords: cement; granite residual soil; mechanical strength; microstructure
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Fig. 3 Changes of unconfined compressive strength with cement type and content
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Fig.4 Changes of shear strength with the type and content of cement
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Fig. 6 Changes of disintegration strength with the type and content of cement
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Fig. 8 Influence mechanism of cement on mechanical strength

TRE. 2) WO BB R RS FLBR LR UKL D7 9]
IR A SY R FRB  REAR TR A K KA
Ty ALk o R RERE R 1 5 R S AR S R A A
KM EA WY SRR, LLR AR 45 WK 1 4
SR, SRS ALE P SR N 1800 AL R R AR
TR, HBEE A5 & A 3, 2528 0 e 2%
VEE 540 52 JEC 45 W) R =2 [ 25 5 7 3 AL B o A 25 5
Wi o 2 aad vy U - Ak Y b A BORE P SR A £ SR
PR 22 8] 8 B B B2 B e ) B 2R A, R B MR B
F B0 8T K AT B o B A5 B W 4R EE A ) O
FLBR A7 A5 g K B ARG T 3l 18, 5 B R A IR
JKPE 3 S BT A RE I8 . 52 4R T S A I UK
2 G A P FG Ak IS 1 A 3 T AL B R D 2
S¢, HR K A B it 1 e otk B B9 I A R L A4S AR
(4 25 R 3 27 R AR A 2 B 00 R ) 2 L i g

T, 2 oAy e R TR Ak B b R B BT o O R A Ak
(19 A% Bl g 2 50k BE AR A, (HL - MR i A0 R
A S, N AR T o) B MOREOR L 7R R
B 2 R S AR D R B R 25 3RS R BORE 22 18] B FL BT
T AN 2 A S 5 2 88 e 14 B 45 0 A7 A T b R B0k 2
L1 IS A PR TR i DI B S A S LI 71 1
Fif it RE 7 2 4 B b BE R B 22 Y o

4 G

D)t Yy By 52, T 52 B R4, UKL 22 [] g
B I3 5 5 TR] I, 228 5Kk 1] 69 7K A6 BB IS 45 )
TE WURE R 100 T8 AR AR T 45, 7 4 B A = S [R] £
T, R ACE g 2 50 AT B R MR S T

2) ook vy e - b Y A A BORE P 2R 1A £ | A
AR Z 012 n o B2 A58 i ) B RS . 2R TS



% 24

FEAEF RS IR BEER LN PR A IXER 37

A Y I8 KR K R P A PG Y AR 5% T AL B 4
A GER S B A Ak TR R A T g o o A
B, (H R e T A0 A R R PR S, N b iR R T
o3 R BORLR &, R 7 6y 5 22 B9 02V O 20 6 )
FIRCFERBURE 22 18] 14 FL L, T AN 2 A1 DAy 5 B8 458 1o
JE A5 A7 AE T A BURE 2 6]

3) e I - P e 1 B AR BB ST Kb
it JIE Y 8 R T {FLE SR TR] O LB B A AE S K R IR
ASRAE T I8, T B AR WK P SR BT i BE
T3S o H S AT R IR R B T
SR B0 RS A5 RE 0, S 2 R B 45 ) SRR A A B
WS A3 R SR TR R BE D o DR Ak B Y A
PURE (PUBT UL K B i Ak BE T J2 B AT B A P A
2.

4) JBE 25 Wy ) Tl 28 X 7 2 P R R WA AR R, — T T
W T RE 45 Y A B Re b, 0 5 A 09 38 K R K
P, 55— 5 T R TR S5 W0 3k T AR S5 A AR AT
SRR PR PO PR B i BE T R RS S
TR S5 T S R

5% 3k
(1] =g, B4, EEA . LK ERB LR o H &
TREFFHEOFFELI]. P UL T4 B2 4, 2004(4): 1-4.

WU N S, ZHAO C, HOU W S. Study on the origin,
distribution and engineering characteristics of granite
residual soil [J]. Journal of Pingdingshan Institute of
Technology, 2004(4): 1-4. (in Chinese)
(2] s, Vg, Wik, & MATE KA R B iR
AR 1 TR B O A 5 [T A B 4 s (T L 43), 2017,
69(2): 54-60.
HUANG Z P, SUNJL, CAO Y B, etal. Temperature
effect on strength evolution of saturated granite residual
soil [J]. Nonferrous Metals (Mining Section), 2017, 69
(2): 54-60. (in Chinese)
T . TIRAG IR 1 T K 8 B0 R AE i1 5 2R AR 4 i
PERIGBESEID]. W m W IR KA, 2021,
GONG J.

—
w
[a—

Experimental study on shear strength
characteristics of cement-improved granite residual soil
under dry-wet cycle condition [D]. Xiangtan, Hunan:
Xiangtan University, 2021. (in Chinese)

(4] %, REW, HEAR A R BORLR 53 X 48 5 4 5% PR

B B 1 SRR E M RS M [T, 28 % 5B, 2019(4): 62-
64, 69.
ZHOU Y, WU M L, LONG Z D. Influence of different
particle composition on stability of granite residual soil
embankment slope [J]. Highways & Automotive Appli-
cations, 2019(4): 62-64, 69. (in Chinese)

(5] L, skoefs, BT, & [ b 4R AR L A9 Tk 4
AR TG B SO AL [T]. A & 12, 2021, 42(12):

3291-3300, 3314.

WANG G, ZHANG X W, LIU X Y, et al. Compres-
sion characteristics and microscopic mechanism of Xia-
men granite residual soil [J]. Rock and Soil Mechanics,
2021, 42(12): 3291-3300, 3314. (in Chinese)

[6] NVRG, WA, XV . AR - OS5 1 5 kL ] W )
RIS HE RS [T]. 55 42012, 2020, 41(4): 1095-1122.
SUN Y L, TANG L S, LIU J. Research progress on
microstructure and inter granular suction of unsaturated
soils [J]. Geotechnical Mechanics, 2020, 41(4): 1095-
1122. (in Chinese)

[7] HAO D H, QI JF, WANG B, et al. An experimental
study on the mechanical properties of soils of the
landslide induced by rainfall [J]. Applied Mechanics and
Materials, 2011, 90-93: 1303-1306.

[ 8] 3K W . AT N R B 4 SO00 45 4 R AE 5 25 08 ) 2% M Joi 56

FRWPRID] B BTV, 2017.
ZHANG Z H. Study on relationship between microstruc-
ture characteristic and macro mechanical property of
Hangzhou soft clay [D]. Hangzhou: Zhejiang University,
2017. (in Chinese)

[9] LOGINOV P V, SALIKHOVA Z R, SULTANOV K
S. Experimental and theoretical method for determining
mechanical characteristics of soils under dynamic loads
[J]. Mechanics of Solids, 2019, 54(6): 915-928.

[10] ADEDOKUN S I, OSUOLALE O M, APATA A C,
et al. Geotechnical beneficiation of the strength indices of
lateritic soil using steel slag and cement [J]. International
Journal of Engineering Research in Africa, 2022, 59:
101-117.

[11] QU J L, TAO H. Strength and deformation behavior of
Shanghai andesite under various strain rates in uniaxial
loading test [J]. Geomechanics and Geoengineering,
2021, 16(1): 44-51.

[12] WANG M M, LI Z H, SHAO X Z. Ultrasonic veloci-
ty, attenuation, and mechanical behavior of Longmaxi
bedded shale under uniaxial compressive tests [J]. Arabi-
an Journal of Geosciences, 2020, 13(19): 1009.

[13] DAVARPANAH M, SOMODI G, KOVACS L, et al.
Complex analysis of uniaxial compressive tests of the
Moragy granitic rock formation (Hungary) [J]. Studia
Geotechnica et Mechanica, 2019, 41(1): 21-32.

[14] RIAD B, ZHANG X. Characterizing and modeling the
coupled hydro-mechanical cyclic behavior of unsaturated
soils using constant water content oedometer and direct
shear tests [J]. Transportation Research Record, 2022,
2676(10): 173-193.

[15] YIN Z C, ZHANG Q S, ZHANG X, et al. Shear
strength of grouted clay: Comparison of triaxial tests to
direct shear tests [J]. Bulletin of Engineering Geology
and the Environment, 2022, 81(7): 261.



38 T AR5 x ¥ T F RGP E ) % 47 %
[16] STACHO J, SULOVSKA M. Shear strength TANG L S, XU H S, LIU Q X, et al. Experimental

[19]

[20]

properties of coarse-grained soils determined using large-
size direct shear test [J]. Civil and Environmental
Engineering, 2022, 18(1): 244-257.

Wik, RilgE, BB R, & LIRBURLK )y SRR
FEkRE[T]. s BRFR 2, 2015, 30(3): 297-309.
TANGL S, SANGHT, LUO Z G, etal. Advances in
research on the mechanical behavior of the tensile
strength of soils [J]. Advances in Earth Science, 2015,
30(3): 297-309. (in Chinese)

ViEA, ER, IMEE, . TR e K iR L
P o B AE ik 5 ). &+ 715, 2022, 43(7): 1749-
1760.

TANG L S, WANG H, SUN Y L, et al. Change of
tensile strength of granite residual soil during drying and
wetting [J]. Rock and Soil Mechanics, 2022, 43(7):
1749-1760. (in Chinese)

TN, Wik A RO WAL B A R AR R LR aR ) o
Rtk sz ma [J]. ool R 2= 2 4 (A A B2 R0), 2018, 57
(3): 7-13.

SUN Y L, TANG L

composition on tensile mechanics of residual granite

S. The effect of chemical

soils [J]. Acta Scientiarum Naturalium Universitatis
Sunyatseni, 2018, 57(3): 7-13. (in Chinese)

WA, T, N, L SR ALK A R TR L R
FirtE g ot s (0], o A B4, 2022, 35(10): 75-87.

[21]

(22]

(23]

(24]

study on disintegration characteristics of improved
granite residual soil [J]. China Journal of Highway and
Transport, 2022, 35(10): 75-87. (in Chinese)

SUN Y L, TANG L S. Use of X-ray computed
tomography to study structures and particle contacts of
soil [J]. South
University, 2019, 26(4): 938-954.

IR . BUR DA WO 4y TR R AE BT E[D . YL g
bi: AR LB B, 2022,

ZHANG C Y. Study on the microstructure fractal

granite residual Journal of Central

characteristics of dense sandstone [D]. Langfang, Hebei:
North China Institute of Science and Technology, 2022.
(in Chinese)

A, AR, BT, 55 . SEMFET )2 4 b i 1o
HEJELIL TN T, 2014, 42(23): 30-32.

XU W, CHEN S Y, TIAN Y, et al. Development and
application of SEM in mineralogy field [J]. Guangzhou
Chemical Industry, 2014, 42(23): 30-32. (in Chinese)
LU L F, MA Q, HU J, et al. Mechanical properties,
curing mechanism, and microscopic experimental study
of polypropylene fiber coordinated fly ash modified
cement-silty soil [J]. Materials, 2021, 14(18): 5441.

(4 9AH%)



