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The Strength and Deformation Characteristics of Jumunjin
Sand under Low Confining Stresses
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Abstract

The shear strength and deformation characteristics of granular soils at low confining stresses differ from those with
high confining stresses. Thus, the clear understanding of geotechnical problems related to the low confining stress state
such as the stability of shallow foundations, embankments, slope failure, debris flow characteristics and liquefaction as
well as the various laboratory model tests is needed. In this study, drained triaxial compression tests with the cell pressures
from 5 kPa to 300 kPa were performed on dry Jumunjin sand. The results show that the internal friction angle and
deformation modulus are dependent on the confining stress. Also, the correlations between them on the dense and loose

sand were established.
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Table 1. Physical properties of Jumunjin standard sand
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Fig. 1. Distribution of internal friction angles (¢) on the relative
density (D,) for Jumunjin sands

Uniformity coeff. (Cu) Specific gravity (Gs)

Min. dry density, v, ., (kKN/m%

Remarks

1.0~1.93 2.60~2.67

13.80~14.38 See Legend in Fig 1.
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2. Distribution of internal friction angles (¢) on confining stresses (") for various sands
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e . axial strain
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Hoop tension theory(Henkel and Gilbert, 1952; Evans,
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Table 2. Physical properties of Jumunjin sand in this study

Specific gravity (Gs) 2.65 Dy, (mm) 0.42
Uniformity coeff. (Cu) 1.48 Dy, (mm) 0.62
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Fig. 3. Stress-strain relationship on Jumunjin sand (A; failure point)
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Fig. 4. Stress paths on p-g space
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Fig. 5. Comparison of internal friction angles (¢) and confining
stresses (o,') on Jumunijin sand
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HYPE 20%)0] 2gsto] F2k8-22] 9.5%(0,=5.0kPa)
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HEE(F Y 17.6%)0)| 4] ultimate strength7} AFY E o]
membrane®] Y7} I A 28511 9101, peak strength

3.0
—— ASTM D4767-11
25 |- Greeuw(2001)
...... Evans(2005)

= Mean value

Membrane stress, g,,(kPa)
- B

ast
1

0.0

Axial strain, £;
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Fig. 7. Stress (¢,') - strain (e,) curves after membrane correction
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7|14, a2 ZFe zW mao] A 494~56.2kPa W -
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membrane effect

@Dense (Dr=80%): corrected
AToose (Dr=30%): corrected

50.0 r
45.0

y=-1.518 In(x) + 49.369
R2=0.972

A
y =-1.604 In(x) + 45.373

Internal Friction Angle, 6 (*)
.
(=]
=}
=y

R*=0.934

= A

H W2 S oA Membrane;ql_}ﬁ} 73} o
2A] Fig. 102} Zro] =31 AJAE 2|4 FLSIAPH(ZHA}
2430°, ®5] 1.0m, 0,=18kPa)o] T3t 2Hg ) 4(Slope/W,
2012) =343t A3} Membrane & 1}of| Tjgt BA A, 5
o] obdgo] o7} oF 0.1 AL o|7} Qli= Ao
B71= Ak

rsi'ﬂ

4.3 B H|4(deformation modulus) S

e F5-8(0,) StollAl membrane®] AIE H A
gt &(0,)) - HAE(e) TA(Fig. NN o=FE A=EH
27| A IS(E;; Initial elastic modulus T+ Young’s
modulus)@} W& Al<(E;, Esp; Deformation modulus 22
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stress; corrected)2] 12 ZF2 WHEEC] gt v|2Hg &
Ashoic.

o TiEt W S PAsto] Janbu(1963)
é-%aw;m 27) SAARE)S) T

A]
0.552 A|Q+51% 2.1, Duncan and Chang(1970)£ A1 (7)

300 L
0 s 00 150 200 250 300 I} FY3l unloading/reloading elastic modulus(Z,,)
Confining Stress, o.'(kN/m2) elastic unloading/reloading parameter( &, )& A3} )
Fig. 9. Influence of confining stress (s,") on the corrected internal
friction angles (¢,) for Jumunjin sand
Table 3. Regression results of internal friction angle (¢) on confining stress (o)
type Dr. (%) Relationship Determ. cof. (R H 1
90.0 —2.544In(x) + 56.212 0.968
Hostun sand Lancelot, 2006
15.0 —2.108In(x) + 44.918 0.976
93.5 —2.251In(x) + 53.693 0.993
Karlsruhe sand Kolymbas, 1990
29.0 -2.219In(x) + 42.295 0.953
74.5 —0.774In(x) + 43.923 0.852 )
Toyoura sand Fukushima, 1984
47.5 —0.432In(x) + 36.877 0.846
) 94.0 —1.960In(x) + 47.545 0.781
Uniform quartz Ponce, 1971
5.0 —1.803In(x) + 38.387 0.782
- 80.0 —2.444In(x) + 53.963 0.970
Jumoonjin sand Park, 2002
25.0 —2.332In(x) + 49.905 0.955
) 80.0 -1.518In(x) + 49.369 0.987 ,
Jumoonjin sand This study
30.0 —1.604In(x) + 45.373 0.942
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Fig. 10. Application of membrane effect to slope stability analysis
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Fig. 11. Relationship between elastic modulus (5, &) and confining stress (o, /p,)
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Table 4. Input variables of modulus (£, &) on ¢,'/p, for Jumunjin

sand
Elastic Modulus A n
Dense Initial elastic modulus (&) 64 0.61
Sand Secant elastic modulus (£) 45 ’
Loose Initial elastic modulus (&) 39 0.47
Sand Secant elastic modulus (&) 18 '
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