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FIGERE, B TEEARIEERN, HIE
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FEIRI A & K 3 F18%, T H1.60 g-em™,
B =AM RRE o 45 4L iEURE (1 A B S B AN R 3 TR o
Wl IRARE G, AR EE ORI PE A, e A B4,
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Table 1 Physical and mechanical properties of the test soil

RIREIRZE EREEE HH % 2R 5L
Moisture e iR R S Nonuniform Coefficient of
content/% Specific gravity Liquid limit/% Plastic limit/% Plasticity index coefficient curvature

20.78 2.69 34.30 19.50 14.80 20.10 0.70
R2 EBAENYMENFESY
Table 2 Physical and mechanical parameters of glass fiber
— . i ﬁﬁﬁiﬁ% ?%"@&E %ﬁ%ﬁﬂ’t% e
Diameter/pm  Length/mm  Density/(g-cm”) Tensile strength Elasticity modulus  Elongation at break Dispersiveness
/(GPa) /(GPa) /%
17 12 2.70 2.18 87.20 2.52 el
*3 AERREEH
Table 3 Test parameters of the sample
5] T i Dry density PN RERR B4 AL I LT
Group /(g-em™) Moisture content/% Na,Si05/% CaCl,/% Glass fiber/%
A0 1.60 18 0 0 0
B0 1.60 18 5 5 0
B1 1.60 18 10 10 0
B2 1.60 18 15 15 0
B3 1.60 18 20 20 0
Co 1.60 18 0 0 0.2
Cl 1.60 18 0 0 0.4
C2 1.60 18 0 0 0.6
C3 1.60 18 0 0 0.8
C4 1.60 18 0 0 1.0
DO 1.60 18 20 20 0.2
Dl 1.60 18 20 20 0.4
D2 1.60 18 20 20 0.6
D3 1.60 18 20 20 0.8
D4 1.60 18 20 20 1.0
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2.1 NaSiO R RFMCaCLIARERMENRELE B OWEEN, TN EE MG T 71.80%.
R EALD R JENa,SiO % T A CaCl, % Wi & A= XUK ff I

J BT REBR BN a,S10, I I M S AL45CaClLys L, B T RERRBEAL . A L5 M sk dh, LA
VITONER ag = OO E N LY R u R A 1 3 N B [ Na,Si0;5 42 11 A Y1 Ca(OH), i Wik 4 4=
BO. Bl. B2. B3R HAT /00, BRBEE e WA T KA ERR S A A g . Sy #2 xC

N Mo, L4, mr.

P& 152 A [A] o1 4 73 2L N a,S10 7 i il CaCl, Na,Si0;+CaCl,+mH,0—Si0,(m-1)H,0+
W SEER N RZML, K2&ZENa,Si0F Al Ca(OH),+2NaCl (1)
CaCLF W LAT = 104 J57 £ 43 000 R I A oA EE 482 A Y Na,8i0;+Ca(OH),+2H,0—>CaSi0;2H,0+
KREMZL, Wl E AR R MmN EE M 2NaOH (2)

Yo B VWA SRR ORI A B e, o b, moy BB, RYE AR REFE

x4 PRGN R HEEIRIR

Table 4 Strength indices of the soil modified with the mixture of the two solutions

415 T B2 A ALy WA U RN WA
Group Na,Si0,/% CaCl,/% Glass fiber/% Cohesion c/kPa Internal friction angle ¢/°
A0 0 0 0 67.27 11.42
BO 5 5 0 67.83 13.58
B1 10 10 0 68.19 16.45
B2 15 15 0 68.55 17.71
B3 20 20 0 69.72 19.62

HEZMEPLEE . 23 Na,SiOF R ACaCl, 5 T + 0k 2 A EH R, 55— Fm, B
R AR AR, b A R AR REIR BRI KK i R B R 58 A - TR 72 T 1k
FREENE (SiOy(m-1)H,0 ) SR R/KGREMRE K, HIREEE M L B0RLE L R, ROk AR
(CaSiO;*2H,0) BEAL, WIHEMZE—FEURER, A LWORERES e, s 7 LRk Z W AYERER , (A
WG B ERER T BOR R T, BHTNIC, A HbIR T ORI AR G RE T, IR PN EE A A 1
2% - WORE N+ JFORE B AL AR, I R SRR, Ko (B TIRIPIFIAIA R, kR BE IR AK A5 frk BR B
BETTXHAREE— L 5T, AT 5 B B 4 52 (0 B S5 A A 4 A 5e 08, DR 266 2R 3 K i A

70 ~ - . 20 —
< -/ %
& /-’/-/ 8 -
g | —
2 g
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S 651 g 15 |
R 8
S =
& &® I
£
#®
60 . 1 N 1 . 1 N 1 . J ' 10 . 1 2 1 2 1 N 1 . ]
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Yk R B4 % Solution nass fraction/ % VAW R B 43 Solution nass fraction/ %
1 IR (1 1) YEFIXTZEER 15 i B2 PIRMEWR (12 1) AR FIXS PR A 4 52 0
Fig.1 Effects of the mixture of the two solutions (1 : 1) on Fig.2 Effect of the mixture of the two solutions (1 : 1) on
cohesion internal friction angle
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Table 5 Fiber soil strength index

215 TEE PR B AL WA Y FEN WA
Group Na,Si0,/% CaCl,/% Glass fiber/% Cohesion c/kPa Internal friction angle ¢/°
A0 0 0 0 67.27 11.42
Co 0 0 0.2 77.65 13.65
Cl 0 0 0.4 81.24 14.35
Cc2 0 0 0.6 95.77 15.52
C3 0 0 0.8 98.93 16.08
c4 0 0 1.0 96.74 15.95
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“4E8E Glass fiber content/ %
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Fig. 3 Effect of addition rate of the fiber on cohesion
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Fig. 4 Effect of addition rate of the fiber on internal friction

angle
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Fig. 5 Relationship between deviatoric stress and axial strain under different confining pressure

2.4 Na,SiO, A&, CaCLARMIKIBAHBESE

FA %t 58 45 R A0 22 1

J T HTfENa,Si10, ¥ . CaCliA il J 3% 35
LR LI A AE TR DL BT 5 B FR A s, 30 3
(A0, B3, DO, D1, D2, D3. D44/ N xR
e, SR N, A5t DU JUARE i 5 1
bR, TEWLEG,

g, Fo~ BT LIEH, TEEHT%E
H1.6 grem™, EHIKFNI18WHT, FFEEE g
TR BN 20% MR R+, s R+

MFRIMETHR . FHREZ AR, HMES4
BRAIGIN, R 450 R R R ROR R
F, BB BEIAF0.8%M, MR R, 2
AeIm i e R R R J1HH L T-20%Na,Si0- 7% 1 Al
20%CaCL MAE R K T772.39%, #E L7t
T78.67%, MLF4E#EIF0.8%)5, MEEMFRT
WE N MW . 45 AR RN EE AR
R R A T P AR FH IR AR A AR

HEENHE. £id20%Na,Si0 % .
20%CaClLyE P B R 5, AR R ik iR 458 11 K

http: //pedologica. issas. ac. cn



598 + E o iR 56 &
R6 ARMAMIARIALE G RE IR
Table 6 Strength indices of the soil modified with the two solutions and fiber in combination

25 T R A AALES W 4 #E R £

Group Na,Si0,/% CaCl,/% Glass fiber/% Cohesion c/kPa Internal friction angle ¢/°
A0 0 0 67.27 11.42
B3 20 20 69.72 19.62
DO 20 20 0.2 76.6 19.60
D1 20 20 0.4 87.85 19.30
D2 20 20 0.6 111.44 19.35
D3 20 20 0.8 120.19 19.83
D4 20 20 1.0 104.32 19.82

EERRES BRI ST 1 AR R FLB R R, i A
IS, BE— LN T 27 45 A BUR Y 4 ol T
ASNTE: N o b Y00 o O O RN SR 1143
K 5 T R 415 ) SRR 405 P2t — 2 ik 1 47 4 5+
KLz (Bl ZE S, WG T 2F 2 B - B0R RS 3h i VB
AR A J00RE S 2T A D AS TE O RE T, (845 AR AY
PRI, IER st — 25Tt Y4B
W 0.8%)5 , it 2 W AF AN K a1 - UKL 43 B
JF, UKL AL 51 0 R R 08585 DA i 2% 2R 7
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130
120 L .
< i /
& 110 . \
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z |
S 90k
3 [ //;
& U
& 70k —=—209%Na SiO Yl +20%CaCl Y5
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0 02 04 06 08 10 12
#4383 E Glass fiber content/ %
K6 4B EXEm (1: 1) R 2R 2m

Fig. 6 Effect of addition rate of the fiber on cohesion of the

soil already modified with the two solution(1 : 1)
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Fig. 7 Effect of addition rate of the fiber on soil internal
friction angle of the soil already modified with the two

solutions (1 :1)
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Shearing Strength of Sandy Clayey Purple Soil Reinforced with Sodium Silicate

Abstract

and Glass Fiber in Combination

ZHOU Chaoyun' WANG Shiji'’
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HU Dongxu1

HUANG Wei' HE Binghui’

(1 College of Engineering and Technology, Southwest University, Chongqing 400715, China)

(2 College of Resources and Environment, Southwest University, Chongqing 400715, China)

[ Objective ] Purple soil, a kind of sandy cohesive soil developed from purple sandy

mudstone of the Shaximiao Formation of the Jurassic under frequent weathering and erosion, is widely

distributed in regions of Chongqing and Sichuan. It is prone to disasters, such as shallow landslides and soil

erosion. Purple soil is closely related to engineering construction, but at present there are few researches

in the engineering field paying attention to any engineering properties of purple soil. In view of the fact

that the soil is prone to geological disasters, it is particularly urgent to study how to reinforce purple soil

in construction projects. Though the traditional cement reinforcement is not bad in effect when compared

with other reinforcement ways, it will bring about damages to the soil sources. For instance, once reinforced

with cement, the soil can never be used again for plant cultivation. In recent years, a novel soil reinforcing
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technology has emerged and is going to be more and more popular because it is environment-friendly and
very good in effect on improving soil strength. Therefore, this study was conducted to explore effect of the
use of a mixture of sodium silicate solution, calcium chloride solution and glass fiber on shearing strength
of the soil relative to ratio of the three components. [ Method ] an experiment was conducted in a triaxial
chamber that can keep the material therein free from consolidation and drainage, to explore effect of the
mixture on soil shearing strength, relative to ratio of the mixture. In the mixture sodium silicate solution and
calcium chloride solution, set as 1:1 in ratio, was blended with glass fiber varying in addition rate. [ Result ]
Results show that sodium silicate solution and calcium chloride solution acted jointly to gradually increased
internal friction angle of the soil, but did not affect much its cohesion. When fiber was added in, cohesion
significantly increased, and internal friction angle did too, though gradually. When fiber was added alone at
a rate of 0.8%, Cohesion of the soil was maximized. When fiber was blended with the soil already treated
with the two kinds of solutions at a rate of 20%, deviatoric stress curve of the soil rose gradually with
rising glass fiber addition rate, and cohesion of the soil further increased too till fiber addition rate reached
0.8%, however internal friction angle of the soil did not very much. [ Conclusion ] As cohesion and internal
friction angle of a soil are two important indicators of granular structure and erosion resistance of the soil,
the research is expected to be able to serve as a scientific basis for control of soil erosion in sand-clayey
purple soil areas though modification of the soil.

Key word Sodium silicate; Calcium chloride; Glass fiber; Shearing strength; Cohesion; Internal

friction angle
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