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Effect of dry density and matric suction
on shear strength properties of unsaturated volcanic soils
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Abstract; In order to study the effects of dry density and matric suction on the shear strength characteristics of
unsaturated volcanic soils, this paper takes volcanic soils in Antu County, Jilin Province as the research object,
and prepares soil samples with three dry densities and six water content levels. The soil-water characteristic curves
of volcanic soils with different densities were determined by the pressure plate instrument method, and the soil-
water characteristic curves were fitted using the Van Genuchten model. Direct shear test was used to obtain the
shear strength indexes of the samples under different water content conditions. The results indicated that the SWCC

of volcanic soils were influenced by dry density, and the matric suction of volcanic soil increased with the rising of
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dry density under the same volumetric water content condition. The dry density of the soil has a good relationship

with the VG model parameters (the reciprocal of intake value @, parameters n and m, and residual water content

6.). Both the internal friction angle ¢ and cohesion ¢ increased with dry density, while they increased initially and

decreased with matric suction. The shear strength of volcanic soils is affected by the combination of dry density and

matric suction. An rising in dry density not only enhances the occlusion between particles, but also reduces the in-

ternal pores of the soil and increases matric suction, which leads to an rising in the shear strength of volcanic soils.

This study established the relationships between the internal friction angle ¢, cohesion ¢, dry density and matric

suction in volcanic soils, providing a reference for selecting strength parameters in geotechnical engineering projects

in volcanic soil regions.
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Fig.2 Particle size distribution curve of volcanic soil
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Table 1 VG model fitting parameters for volcanic soils with different dry densities
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Fig. 5 Relationship between dry density and VG model fitting parameters
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Fig. 6 Relationship between shear stress and shear displacement of volcanic soil samples with dry density of 1.1 g/cm’

under different water content conditions
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Fig.7 Relationship between shear stress and shear displacement of volcanic soil samples with dry density of 1.2 g/cm’

under different water content conditions

JERBLN S AR SC R (B 9) o MR T3 Y
BURE, B R MO, P EE A ST KR
AN, WRISHRIRw/N, R RW IR, AT
SRR BT, ORI oK e, 4N
B7E, WEEEMESNRIBUN, HEKRER, &

JRWE IR Ny, R R AR AR A R, b
RLIA] A FAE AL 0 o, DT 5 1 b A 40 BT 5
JE, BEE TR IR, 5K R S B Ok
ABANME s, Kl 2w LR RF R I Z T
B, PRI, ol 470 Y o BE O F A 2 B s g Y



8 A M R htp: //sjdz jlu. edu. en

500 500
2 AAAAAA |1 b
—®— 50 kPa = b —®— 50 kPa
—*— 100 kPa w7 —*— 100 kPa LA A
400 ~—+— 200 kPa = a4 400 [=—a— 200 kPa A
¥ 400 kPa vv' ~¥— 400 kPa v,v'
v . 4
< o < vvv
g 300 - v & 300 |- Y7
v
'E v AAAAA -E yv
vv AAA““AAAAA v’ AAAAAAAAAAL
H 200 - aadat & 200 v AAAAA Adaa
o v' AAA‘ 000000000000000004,,, R v AAAA‘
¢ A‘AA v AA::..........................
v JA% vv '
100 XAA:.. ..llllllll““““'llllllll 100 VAAO. aEENEEEEEENEENEENEENEEE
X o® gunt” Ae®  gmmmmRif
PO L Ao "
pase
0 1 ] ] | 1 ] ] | 0 1 ] ] ] ] ] ] ]
0 1 2 k) 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
BIYIH#/cm BYIH/cm
500
c 500 [~ d
—a 50 KPa PYYYYYYYYYYYYYYYYYY l— . 50k vvvv"vaVvVVVVVVvaVV |_
*— 100 kPa Y —— 100 kPa v
400 [~—4— 200 kPa w7 |~ 200kPa Y
T 400kPa v 400 = 400 KPa o7
v
] y ] v
£ 40r y & 300 i
-E vv AAAAAAAAAAAAAA -E VV
v e
12 AA‘ el v AAAAAAAAAAALLL,
= 200 [~ v AN = 2 | NS AAAAAAA
=R " “....oooooooo............ =R 00 v AAAAA.........oooooooooooooo..:
v 2 4 A" g0®
22 At o0
L v 2 A o
. Xt"ll ..-l.--I-IIIII---.------------- 100 _'Azz::::l"'.........'.“"“IIIIII----
° .u® ' ut
0 - ] ] ] ] ] ] ] 0 " ] ] ] ] ! ! |
0 1 2 3 L 4 . 5 6 7 8 9 0 1 2 3 o 4 ] 6 7 8 9
BYIH#/cm BP0 /cm
500 500
c L£]
—®— 50 kPa —=— 50 kPa
—&— 100 kPa vv"vyvvvvvvvvvvvvy —o— 100 kPa
400 [=—&— 200 kPa w7 400 =—4— 200 kPa S
¥ 400 kPa vvvv —¥— 400 kPa e vvvaVVV
< v < v
& 300 v & 300
v
-E vv AAAAAAAAAAAAAAA WE
A
B 00} ' antt E 200
v A
:ER v AAAA ﬁR
v ...........
wol ¥ A‘o " ...°"o.o.o. 100
v ‘0“‘-.-l'““.....““lllllll----l
O Lo
0 | | | | | | | | 0 1 1 1 1 1 1 1 Il
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Y2 /cm BP0 /em
o HEKE,

a 0=10%; b. 0=15%; c. ©=20%; d. @=25%; e. w=30%; f. w=41.7%,

8 ARAESKEZUTFEEL3 gom’ TALTKXHEITNA-FYEBEXRE
Fig.8 Relationship between shear stress and shear displacement of volcanic soil samples with dry density of 1. 3 g/cm’
under different water content conditions
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Fig. 9 Relationship between cohesion, internal friction angle, matric suction and dry density
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Fig. 10 Nonlinear fitting surface diagrams of cohesion, internal friction angle, matric suction and dry density
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