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Yielding Curve of Isotropic and Anisotropic
Consolidated Compacted Weathered Granite Soil

AA 4 - A YT
Jeong, Jin Seob - Yang, Jaec Hyouk

Abstract

During this study, various stress path tests in previous isotropic and anisotropic (compression and tension)
stress histories are performed on weathered granite soil sampled at Iksan, Jeonbuk. Yielding points are
determined from various stress-strain curves(stress ratio-shear strain, volumetric strain, normalized energy and
dissipated total energy curves). The shape and characteristics of isotropic and anisotropic yielding curves are
examined. The main results are summarized as follows : 1) Yielding curves defined from stress ratio -
normarized energy and dissipated total energy curves show almost perfect ellipse. 2) Directions of plastic
strain incremental vector are not perpendicular to yielding curve. 3) Normarized energy and dissipated total
energy spread with similar tendency with respect to yielding curve in stress space.

Keywords : Weathered granite soil, Stress path test, Isotropic stress history, Yielding curve, Anisotropic
stress history, Yielding point, Stress-strain curve
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Table 1 Physical properties of decomposed granite soil in Iksan, Jeonbuk

K No. 200 Proctor test Specimen
Gs Cu Cz percent
(cm/s) fner(%) | Yamax(gf/cm®) | OMC(%) | 7s(gf/em®) | w(%)
2.63 73x10° 1347 1.66 10.30 1.80 14.00 1.54 18.00
CLAY Fine M:::-m Coarse Fine ;ﬂ::g:m Coarse Fine GMRT\IIUET Corase COBBLES BOULDERS
100
90—
80 |~
2 o lksan weathered granite soil
Y sl Uniformity coefficient = 13.47
E Gradation coefficient = 1.66
g 50 =
5 w0l
30
20—
10
| Ll Lol el Ll R

olt}. Fig. 1< YERZIME B

A4 Cu=13.473%
B R A
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Fig. 1 Grain size distribution of Iksan weathered granite soil
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Fig. 3 Stress-strain curves for O-A-B-1 and O-B-1
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Table 2 Test results and obtained yield stress ratios
Test Final strain® Yielding stress ratio
Stress path
type e | v | k% | wki/m)| €% | v%) | k%) | W (k)
0O-A-B-1 23 (5.7) 0.8(25)1 33(195)|  660(3900) 161 1.61 1.64 1.64
O-A-B-2 06 (42) 10(51)| 16 (9.6)]  470(2680) 1.24 1.25 1.26 1.26
0-A-B-3 | -03(-02) 1L7(47)| 15 (46)] 550(1610) 0.60 0.61 0.60 0.60
I 0-A-B-4 | -05(-04) 20(40)| 17 (33)|  660(1300) 042 041 0.40 0.40
0-A-B-5 | -13(-23) 32(67) 30 (64)] 1300(2160) 0.03 -0.01 0.00 0.00
O-A-B-6 | -22(-37) 24(32)] 34 (51)] 680(1300)| -0.56 -0.56 -0.60 -0.60
0-A-B-7 14 (21)] -20(-12)] 06 (1.8) 0 (190) 1.90 1.9 1.92 194
0O-A-B-8 12 (68)| -13(-1.0) 0.7 (98) 100(1550) 1.79 1.70 1.79 1.80
0-C-D-1 8.5(10.2) 05(22)| 12.0(14.3); 2400(2900) 1.29 1.25 1.30 131
0-C-D-2 2.1 (48) 41(67)1 58 (9.7)] 2000(2900) 0.75 0.74 0.73 0.73
0-C-D-3 04 (1) 39(47) 38 (49)] 1470(1680) 0.35 0.34 0.34 0.34
I 0-C-D+4 -1.3(-2.1) 2761 31 (57)] 1180(1910)| -032 -0.34 -0.33 -0.33
0-C-D-5 -6.7(-7.1) 28(46)| 69 (9.1)] 2250(2550}| -0.57 -0.53 -0.56 -0.56
0-C-D-6 -51(-8.1) 09(23); 50 (84)| 1000(1690)| -0.76 -0.80 -0.74 -0.75
0-C-D-7 -20(-37)| -1.3(-07)] 01 (3.2) -30 (260)| -0.95 -0.89 -0.97 -0.97
0-C-D-8 35 (28)| -37(-1.8)| 22 (1.7) 80 (90) 1.56 170 1.60 1.60
O-E-F-1 95(14.2) 1.1(31)| 129(185)| 2500(3700) 1.32 141 1.32 131
O-E-F-2 33 (37 29(50)| 42 (59)] 1430(1960) 0.01 0.20 0.24 0.25
O-E-F-3 1.3 (L7 23(35)| 23 (35)] 870(1200)| -012 0.01 -0.02 -0.01
O-E-F-4 0.2(047) 15(38)] 15 (39)] 550(1320)) -0.27 -0.30 -0.26 -0.27
I O-E-F-5 -0.9(-6.8) 03(30)] 07 (81)] 200(21000| -0.77 -0.78 -0.77 -0.77
O-E-F-6 -0.7(-4.1) 05(L0)| 07 (4.0) 150 (800)| -0.87 -0.87 -0.87 -0.87
O-E-F-7 -08(-28)| -13(-1.1)] 03 (22) 10 (280)| -1.03 -1.03 -1.09 -1.09
O-E-F-38 50 (85) -24(-35)| 35 (48)| 150 (240) 151 1.46 1.24 1.26
Final strain : ( ) is primary loading.

110

s 2 Ehs| A Al44d A1E 2002



B

o
o0

jpod
—

N~
17MO

B
z
<
L]
g
5
=
2
2

|

Compression (0-A-B-1,2,7.8)
Tension (0-A-B-3,4,5,6)

v

200

.
,
)
/)

700

p ol F7kete] 3
SHAR O-E-F-49 75— 33} 1)

600 [—

o

a

500 —

Aol F&e ¥ A

T

1.

SHARANNE AR

g

B
o}

1

~

h

7h v Aol ol Ayl
[e]

=)

-100 — g

(®d¥) b ‘ssans aojerrag

-300

L

229 of

Lo

HAZ A=

L‘_

ReR
°
2
A

300

Mean effective principal stress, p’ (kPa)

100

o]
5%

]

el

ddo] AojH o]

Sk
™

ol
H =

)

=
-

GE

&

(a) Type I

=
s

g
BT

ol

ok
A k9 ke

4

I3}

olu
i

2

Yicld stress

¥
H
&
K
H
i

C

n=

4

5 Compression (-A-B-1,2,3,8)
‘Tension (0-B-4,5,6,7)

6

R/

7
&
%,
"’l\l

500

|

|

100

F3L iz Tt

&l

el ~]

*

15

x
o

L8

W=

Type [, 0, M9

300 —

2 ©
®d) b ‘ssans aoeiaaQg

&

2o o

o
™

olo

-
T

Table 2

8

kX

ol vehd wkel o), k9 wE

i

o

100 —

7— W=

1)
~
Aol v gelgoles

2
3
i
pl
o] 4/
% 70
ﬂAlO
oo
~ o
o %R
(3 3
el
o7 ®
= ¥
o ol
oo TJ

200 —

A
o

ofi

-300

600

300

Mean effective principal stress, p’ (kPa)

200

(b) Type 1

=g
&
oll
ol
=
70
zl
0
ujo
.m el
- X
ok —u__l
0 Ir
ujo 70
=

3
3
2

D,

“

E
Compression ((-C-D-1,2,3,4,8)

5
Tension (-C-D-5,6,7)

“y

KN

500

Mean effective principal stress, p’ (kPa)

o
L.

Fig. 6

of 100 |— 3

|
° 8

So41S JOJBIASQ

oo Bl oF
LN
MMﬂﬂ
& E
Y of
)
OELMIMVI
koo 3
r O
o~ "
oV - X
ﬂ_.maﬂ
N oty —
Nofee o
oy 3
o
©8 2
‘)Al(
7 W v
5w g
=N E
[ e
& oW

300 —
-400

foll shEE vehiith

400

300

200

100

|

3|

(c) Type Il
vield

[e)

<

HAZ of

Type (17 2
9] ke Yasufuku £(1991a)e] Eoho

=

[e]
H

Type 1(

obtained from

curves

Fig. 6 Experimental

&

1

)

stress path tests

Journal of the Korean Society of Agricuitural Engineers, 44 (1), 2002.1

111



S uEw 4ud gREs g Ry
R }2‘118‘:4'2:51- A% FARHA LHQ'E E}'odﬁgo]x]?" d ” Stress path (0-A-B-18)
gge) gagzel Usl HvEel, 2 o mE g | e
A —O— L5%
S 47e FEIAL H e FUL Holn O “r A 5
o, 58] Type 9 A%E Fyol S5t o g,
7 o] FEJNE wlHA AstAze Wl n| A .
3 L B
2F3] Uoprki gled, ol tRISIEIES 5 "
_ N 5 S o
PuRAY WHL 5E U WSHEE L 9D .
5 = = A a o=
WA Adze) sdoldel 4Rl oas B
200 |- ompression -B-1,2,7,
7}1% L]'E]'IHJ—_’_ ‘ilﬁ} Fig. 63] 7—}‘7—}'9] %Q%’ioﬂ Tension (0-A-B-3,4,5,6)
a00 -
A a2 SRS BAR AYNEE 3 LN
400
T?fti“ '](dvp/ dep)«] t}}ﬁ}% 'C]—%-E]L/‘\joﬂ ﬁZ}é‘}-X] ° 10{}3{ean2?ffecti::/o: prin?i?)al s?::ss, pcfo(okPa)700
wed Hep| A gshieel $9-duRE Type 1
2 s geEn THRES A o0
J—J—Lt:’—_]_' X]H}‘H ___ 01]'—1“3}'7] _ﬂaﬁ H ‘LC_' %E 94 i"é,‘lj_ 500 (— fﬁ:ﬁiﬁﬂ?fﬁ&”ﬁ«i’;
w7 Foshhs 248 & & o g T & B
f 300 — v‘é. 1 —A— 60%
o LYy
_ - 2 0l 3
V. HESfK] p 2 A4E HH| LA £
wel SojiAx|M ]
2,
- e Compression ((-C-D-1,2,3,8)
oko]] ’} A3 H}‘ﬂ- Zo], ‘H‘z—ﬁ}oﬂl:]?(] kﬂ- P 100 = D Tension (-C-D-4,5,6,7)
A9 AU we GEFIES 569 RN :
2 Ak sdold A dpagolE, olF N
UH7H 2 g i/\é :F.A(—)]Eré]q]}\i %ﬂtuHlﬂ.{[\_i T m me o a0 s 0 7o e
) Mean effective principal stress, p’ (kPa)
A AF gk webd pEstedA] k9 24t (b) Type II
600
2 AA A we SRS Type I, O, I St g (O 19)
500 |— iormalized encrgy.
= 3 3 N —5— 15%
o) utst gl vehdel Amslsich 5
400 — 2
Fig. 72 54 2 w5uH(eE 2 a9 vE R N
B - %
A Astold g zke Type 1, I, M 448 3 S L
Azol i 543 248 FEIUE wel A il 3
olt}, Fig. 7= Type 19 A=A $¥A=Z g ,
9 27|14 BEHY 449 $H4Z(0-A-B-1~ 5wl 6 )
- _ _ - 7
8ol Wigk 1.5, 2.5, 4.0%°] tisske T rAE xol
ANG E
L}E}ﬂ 7)4\013-’-, Fig. 7(b)$]' o+« Type T, IHQ] 4300 {"1\,[ gg;r:ﬁ:':‘(::l;:lgbfﬁl;)l’uﬂ)
A42A S84 2704 D, FERE 747 PRI s M B
1 4
%Q%E(O_C_D_l ~8 O-E-F-1 ~8) oﬂ EHf;H Mean effective principal stress, p’ (kPa)
(¢) Type M

2.5, 4.0, 6.0%° thg3l= F xS UERA Fo

.

112

Fig. 7 Contours of equal normalized energy
observed yield curve

R

and

T3] =] A44d A1E 2002



12
o
0,
2
o

YolA 1l whe} gol, k7ol Al@Fefel o
o o | 3 %—mt p—a9 9 20914 $41% Ao
S 2 A el 2 BAAE A¥o] k. 22 Type 1, 1, I
A : of e 5 A 27 5 9 uEsgE 9 A
) el wldd At olgel olEste] ol
s s e, ol ca¥sadEd] tE S
) 5 H9) Gaol AYH PARU BB 35} 4
. A B1E ol EhR: AE & 4 Sk
-200 1~ Compression (0-A-B-1,2,7 = o =
L N S A P B%ol 5 ezt 22te] ARehel e P
T Ao e A Akl BAAE AFo] Qe
L e e e W, o= - $HFNNN HHEFHREY
(a) Type I gEe AANasEy AvHdse) =7l gzl
“ o whyEths A uath. 2 AHE] B
= R Dl . w19 spw zhzre) Alddeo] e FEEo gt
R R L FERIUAY e o A tEd, oy
Sy e GERNE T4 M7} Y| AR eherhs A
5 nﬂila—}x;}
c @9 Fig. 8 Type 1, I, M) Wed Asi]
Somroeion 0-CI 133 52 gt SHzRe Y S wid AP ¥
m 0R ) FA3 A e Foldh Sedd Lol Sw
ol N NE AR 2714 B, D, FRYE 479 ¢
ool L gzl tis]l 2ate AAduA we 2.5, 4.5,
Mean efFective principal stress, ' (kPa) 6.0kI/m’el TheAA BRI F WAk 5 —q
- ) Tyee 1 o] S 37 1 4 AEeR AAAE
ol glom wldE dFAstel Qs Pao] A%
o BN 5 gen, wy 5 Wﬁﬂ} FEIAS Fie 79
fml Gy St BAA, BERAS 5w §85) 9
= | a4 ghech
510()‘8 3
g 100 - Y 4
ot N ., B QTN A% U0 Y FRIRE
RN of sl SRRZAE Arsel, T @ wisY
T m w e ow owow m Aaggolde] ot FEPS s T Y
o MER BAIUY S4E AEHOA, o3
Fig. 8 Contours of equal dissipated total energy and e AEE Itk
observed vield curve ) BEGEFSY » 7t 9 S SRR

Journal of the Korean Society of Agricultural Engineers, 44 (1), 2002.1 113



IFspt s GuIY

A5 ]
o) F2e) W] 2 YL oA $Y
M- HEEE ~e, 7=v)

=
ofl
o
o
rx
olo o)%:
i
B
o
T o
= —
2o
=
J
1o

=
Auj
&
)
o [lo
o l
2l
o2
=L
ol
ol
offl
2N
1o

2 8
.=
~ iR
1>l
ally! e
o O
L il
>
N

fui
2,
ofel
toly
tole
ol
KTl
1o
ok
Jf
i
X
Ao,
ofl
oy o
oft flo
) Oln
1o oL
i
ol HE
Suin-3

3
LAY E SRHE (d"/de”) Y BT

gRons tFsdEs

root

A 5
#A3-F9 2 (Non—associative  flow rule)
o}, webx R Fsel e Jwdt A|uks)

ko1 e r

References

1. Barden, L., Ismail, H. and Tong, P., 1969,
Plane Strain Deformation of Granular Material
at Low and High Pressure, Geotechnige,
Vol.19, No.4, pp.441—452.

2. Chan, C. K., 1990, Automated Triaxial
Testing Manual.
3. Miura, N., Murata, H. and Yasufuku, N.,

1984, Stress—strain Characteristics of Sand
in a Particle—crushing Region, Soils and
Foundations, Vol.24, No.1, pp.77—89.

114

10.

11.

12.

13.

. Moroto, Y.,

. Nova, R.

. Poorooshasb, H. B.,

. Poorooshasb,

. Miura, N., Yasufuku, N. and Yamamoto, T.,

1982, Yielding Characteristics of Sand under
Triaxial Compression and Extension Stresses,
Technology Reports on the Yamaguchi
University, Vol. 3, No.l.

1976, A New Parameter to
Measure Degree of Shear Deformation of
Granular Material in Triaxial Compression
Tests, Soils and Foundations, Vol.16, No.4,

pp.1-10.

. Murata, H. and Yasufuku, N. 1987, Mecha—

nical Properties of Undisturbed Decomposed
Granite Soils, Proc, of the 8th Asian
Regional Conference on SMFE, Vol.1, pp.
193-196.

and Wood, D. M., 1978, An
Experimental Programme to Define the Yield
Function for Sand, Soils and Foundations,
Vol.18, No.4, pp.77-86.

1971, Deformation of
Sand in Triaxial Compression, 4th ARCSMFE,
Vol.1, pp.63—66.

H B, Holubec, I and
Sherbourne, A. N., 1966, Yielding and Flow
of Sand in Triaxial Compression, Part I,
Canadian Geotechnical Journal, Vol.3, No.4,
pp.179-190.

Poorooshash, H. B., Holubec, I and
Sherbourne, A. N., 1967, Yielding and Flow
of Sand in Triaxial Compression, Part I and

I, Canadian Geotechnical Journal, Vol.4,
No.4, pp.376—398.
Schofield, A. N. and Wroth, C. P., 1968,

Critical State Soil Mechanics, McGrew—Hill
Book Company, New York.

Tatsuoka, F. and Ishihara, K., 1974, Yielding
of Sand in Triaxial Compression, Soils and
Foundations, Vol.14, No.2, pp.63—67.
Tatsuoka, F. and Molenkamp, F., 1983,
Discussion on Yield Loci for Sands,
Mechanics of Granular Materials : New Models

ST H38kE x A448 A1 2002



A - FAE
and Constitutive Relations, Ed. Jenkins, J. T. 1, pp.759-764.
and Satake, M., Elsevier Science Publishers, 15. Yasufuku, N., Murata, H., Hyodo, M. and
pp.75—87. Hyde, A. F. L. 1991, A Stress—strain
14, Yasufuku, N., Murata, H. and Hyodo, M., Relationship for Anisotropically Consolidated
1991, Yield Characteristics of Anisotropically Sand over a Wide Siress Region, Soils and
Consolidated Sand under Low and High Foundations, Vol. 31, No. 4, pp.75~92.

Stress, Soils and Foundations, Vol. 31, No.

Journal of the Korean Society of Agricultural Engineers, 44 (1), 2002.1

115



