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The Influence of Net Normal Stresses on the Shear Strength of
Unsaturated Residual Granite Soils

4 F Sung, Sang-Gyu
o] ol 7" Lee, In-Mo

Abstract

The characteristics and prediction model of the shear strength of unsaturated residual granite soils were studied in
this paper. In order to investigate the influence of the net normal stress on the shear strength, unsaturated triaxial tests
and SWCC tests were carried out by varying the net normal stress. Experimental data for unsaturated shear strength
tests were compared with predicted shear strength envelopes obtained from existing prediction models. It was shown
that the soil-water characteristic curve and the shear strength of the unsaturated soil varied with the change of the net
normal stress. Therefore, to achieve a truly descriptive shear strength envelope for unsaturated soils, the effect of the
normal stress on the contribution of matric suction to the shear strength has to be taken into consideration. In this paper,

a modified prediction model for the unsaturated shear strength was proposed.
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T 5ol o8l W3l BE3tE9] gtz AL
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WEE wdh e FA9] FoB rn Aoy

Ze o2 Ao o3l Freict
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AZIA, (0~ u) = AR, (u,—u,)E FU9E,
¢"= FAol whE AP F7H|RS Yehjs
Zbolt}. A= BXHEY MUY= E A3 Y3t
o 2710 AMIIRE FIHLE AT Eo] A o
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HhHol gt vjal EAjofl &Js}H, Vanapalli 5(1996)9]
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Fl= o] HLollA, BEXIIES HAAHFE AZAof=
20| BHsHA HAPAFE g8l SWCCE 34|
ot Fdt Ao yERFtHLeong and Rahardjo,
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742 =27 BE 3 X(pore-size distribution curve)& o] &
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£ Aol BERA A3, o|2F TAY
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#7))9] 712717} ¥l = Esta FUgt 7j27]
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olof 7|Rlst, -8 B4 gt FEkx|A "ot o
AutgstatEo] o) 7| 8 A+ Ao o5y, F
4t AR stH e ARG 55 SWCC 4
9] F7]- U2 air-entry value)o] F7FetaL, 49 7]
717} LA FYst EelgoAe] Faul(Ese)r)
2718 A2 YePgtiVanapalli £, 1996, 1999;
Ng and Pang, 2000). watA|, & UA1et E9 JE5HH
o] ZojuE g FRlE o gt YAp7te] Aol #sly
of A3 =7t F718HA Hoh Vanapalli 5(1996)3}
Rassam and Williams(1999)2] ATHA|E Ao Az &
A2geo] Friste] wel FrlRdgtel kst
FEMS 9| 7]-&7]7} tha ¥idkeh= S & 4 ok ot
A, BX3EQ] -8 EAo] «dZ32d u$ 9
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& M e 7189 2ot do] £dx-gFHe] 02l
Aefjoll A 731 T o] SWCCE AA| ¢ 7-2-89] e
of A3 AR&E Aol o} Y] ¢=AZ-§Y dtofA
T8t Z}2ko] SWCCE ARg-stojof & Zlojth. Vanapalli
S(1996) = 2A1E0] AQbgt el o] kA4S dF3HH
A, A A &S AAE @AY AF 45U
Atz Hrg3t SWCCE ARS8t Aol Wf¢- F28E
7423 vh Stk ohA] A, 729 orEw Agew
£ F490] 0A4E Q) SWCCHES: 73 atto]] gloma
4SS 28 5 Y=E AU E APgsER], &
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g AlHS FYshe Ao] et A A st Sl 5t
Ak, o]gA & A, A «AASH sfollA 2zt
°] SWCCE 7] YA Hhebsh AjZkat dafigt Aol
a7EEe B¥3tE AWYEE H|ad 1h7] 32
2 3LE 9] 7w Aol SWCCTHE: o]-§-stof 7hs| 13f
B3z} 3= dj& mdlo] 7]E o] LEH o 9l
ok ®at ofyzl, ojygl o R ARG E-E1Y
BAAro] £AZSHE st th4 8] FEMSE %t
o1 slojEte EA3E SAR-gEstAY &Y

B A= A, 3k 3 999 gy
£A215g3tof A9 HAAPEE A5 = Ao 1
Ho g, 2 HAofAl= Vanapalli 5(1996)9] A W
o] ArstE A HTeu|( 9)7F £H A o] Wl F
48 5 JEE FAE Ut ¢-AZ8= o Wt
of whet ztzhe] SWCCE M= & 8-381%] gote ¢ 4]
So| F-R EAT EXIE] AW Lo| vA=
IS 1Y ¢ UEE £ &, 71EY 2
A& £AZSHI Flgo] A SHH s
2 AR 7t S FakE 5 AR & Aol

st
3. ALl AIE
3.1 AL

2 AFoH s APFEE F8h7] H3 Ex3tE o
-ufj4= AFE9lEAj @ (unsaturated consolidation drained
triaxial compression test)} SWCCE 3}7] $J3+ 37}14]
AlgE Alg, "Hoal Alg, CPCE A& (confining
pressure controlled extractor test))2 38} 5 471412
F2 ABE $ABUL, olh Hie] A9 FEEA
< welsty) figk EAJAIR O] AU SWCCE +
s17] 918t g aTsie B9l vislel wat 71]
o2 A¥o] SEch 1S el HM9Y(F, S kglem’

olsholl A HmA AlFo] BT, thh & Fol

B 1. ARZ ABEH #2) 7|2 249

29) WY(5~15 kglem?)oll Al Aeju A B L ASTM
D2325-68 Ei= ASTM D31520] QJAste] £=8atith
3, CPCE A|@2 7]&9) Qe Ajgolut i Al
A= g gojo] &S 7 AejollA SWCCE
T 4 AT AFE AP OZ 0~5 kgfom’ 2] F21E H
QoA Aol =R £ Aol 2E SWCC
2 Azl AdE B3l Lok AEUSAES
Fredlund and Rahardjo(1993)7} A|QHst & 7| Ho 2
3l 0.0001 %/seco] £E2 33 ch

32 AR

Aol AMgE AlRE FUolA A HE +
817 E 812 A E(residual granite soil) 24 429 Al
oA s cE B Ao AMgE AEe AR
HHE AAARE BAZE A 2A ] & ARy
A & AL 109 A 2mm sieve)E FHAIT] A=
A z2YEol g7o] uje Fsict. A i,
srEse RS e 2YER FAE A Ee
AGEZof| FEIE S8 Aok Aol )
oF Zo] & 13|11 oof FakE Hh= FRlEo] A
Fee v|2 A2 IA I g e UEh
tHFredlund and Rahardjo, 1993). =3}, A& o2 et
517 Wi Qo] wste| o AAMst A2 A
o2 ER}(Vanapalli 5, 1996) AdAEFS & #+=
o] ¥3h= 140ke] gl g A o2 /P 4 qlch
A9 718 AL thgo 3 13+ 2oL, AR Tl
A JdeRzs 2z 9 29 39 e Qlok &
A2} Aol AMg-E AR EL AT =71 90%
7} =A Eujstch thA]7] ol $-4, FAE W 44
o] Al7E Wl ot 27|47t 10%7} HEE 5
FrE AXgo|2 BEAIRE & & 42 h AlB7E AR
SRR A 108 A2 ohA] A FHAIITE 1 o
S5 A FAE = U FEE7I Fol FHo
Z 2447 B FpuE 53 ARt #5-871004
nAol W ARE ARAFEE B0 o Avds
gtk AlPY] FR w2 AR AV]s & 29 AT
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Grain size (mm)
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Specimen size

Tests for SWCC

Conventional pressure
plate extractor test

Tempe cell test

Pressure controlled
extractor test

Triaxial shear test

diameter(mm)

50.2

63.8

70

50

hight(mm)

10

255

30

120

3.3 AlE 3|

2 TN AME AP E ¢ oA olu] o
Fe el 2ol 7R 2A e % Ak olFAA
SWCCE 3171 sl 285 AT AI-7]7](Soil-
moisture Equipment Corp., USA)\} &) 1] Al(University of
Saskatchewan, Canada)2 E3Z3IE AlE-E 93l vty
o8 AMNEEIL AujEolug ApA|e A2 Al

st} o, 220} FEAEAS e V120 HEY

ol
AT

con niwa :;1

A -—

C -—

5. Sumple(? 70mmX30mm) 9. High air emtry disk

6. Grooved water compartment 10. Glass fiber disk

7. Bass plate 1. Rudber O-ring

8. Rubber O-ring 12. Smull bore polythene tmbe

1 Tep port
2. Tep

3. Lucite cylinder

4. Two rubber membrane

2 ta coustest mir pressure regulatar, alr pressure ceatroller or reservior
t to diffused sir velume (DAVD

i to cemstamt water press ator and volume change trassducer

: e cell pressure c v

i to coastemt
¢ o resarvior
¢ ta pore-water pressare tramsducer
: ta cell pressure tramsducer

FEEL LS

33 4. CPCE 2AZ

32 BIXLIDSE=2F

M9 H2s

SAE AHE BXIE Aol 9A MNF E= F7F
A 213t A © 2 A] Fredlund and Rahardjo(1993)7} & )3t
UHES 7182 2 sttt $H, CPCE: Ng and Pang
(2000)0] 7)&9] =T A|F7]71& NFshe] Ko Al
9] SDSWCC(stress dependent SWCC)S #3F A= L
FEA SHFEdS LA KRR Aol 4 SWCC
& 78 4 AT FE Aot} SHAEUE AR
ol 74571 $18hA 7] At RESE ARSI B
o FARHA 7129 A2 NgFsforet ok

/ FI lf line
ushing lin
From air supply Constant water-pressure ¢F
regulator
@3¢
Reservoir Volume change Reservoir
Constant air-pressure transducer \
regulator
Air Air
|
‘Water. Water
6,
/ «a— Cell pressure I E
control line | b

Diffused air
volume indicator |
(DAVD)

water pressure’
., |control line —a|

Volume
! <_ic.‘i‘i':;'.etm- Pore-air pressure
| D «— 1,, control|line
Flushing line —»
B

Legend
® Pressure regulator & Shut-off valve
@ Pressure gauge @ Three-way valve
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7|20l A&UAEAYE Auc) JHL EPon, E 2
oA Bz upe} T2 A|R0] A7)0 g0 ahE HjTlA

& AFsta F7144gkol 5.5 keg/em’Q] HAEDE %
st o, xsol A AHUE Z4st7] 9j8)]
&9 2l EMAEAE dAAstgch CPCEY 2}
Ag BARE T 49 o, A Auzge 1
4 59} gk

3.4 AEYY R 1y

71&9] =T Aoy Hnjd A|HY HLole &
Ao & ule] s AgY AIRE EFT A
o] FAE AN AT 2A 279 aglo] HSirt. 5}
A9k, CPCE A|¥¥} Zho] A|2 9] A& wskel ghapn) ¥
3= A A4S AXAsie} A R2EE 2EEHE Y
¥ Fo AR FHoF sl Aol AlY9
qgdol ke A 4= ok R EAHe R
4, B 220 gl wet #islsle fA1Y] A A
A3} T3 24 GAlo] B2 ek Al Yol &= 5
HES E 5 Utk 2 A AlgdAE oled 4

=5 Ha3ksly] fiste] ZHEs] AR $29
=%k s s At olF o® 44 F
oz &As| Aloje 4= Uen, 5719 4k DAVI
(diffused air volume indicator)E ARE-3}o AR T,
Aol A ARgEE fAlE §E37 AARA Y A3
HE=2 F71E AAS FRTE Mo, A8
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SW200(10) 7 5 5~0 2 0~5
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Air entry value (kg/cm?)

Normal stress (kg/cm?)

& Vanapalli et al.(1996}, glacial till, wet of optimum

o Vanapalili et al.(1996), glacial tilt, dry of optimum
mRassam & Willlams{1998), gold tallings, sampled at 150m
ORassam & Williams{1998), gold tailings, sampled at 50m
A Weathered residual granite soil (this study)
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Matric suction ¢ c
(ka/em?)

(kgfem?) ©)
0 414 0.193
0.5 423 0.290
3 1 42,6 0.401
2 43.2 0.518
3 43.7 0.603

Matric suction

Shear strength (kg/em?)
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Net normal stress (kgicm?)
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Predicted failure envelopes

Net normal stress

Air entry value
=0.065 kglcm

Shear strength (kg/cn? )

|=0.023 kgfen?__e-~--~
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- 77" Using SWCC with 0 net confining stress

Using SWCCs with different net confining stresses
1 1 .

0 1
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Net confining ¥,
stress (kg/cm?) a n m (ka/cm?)| *
0 3.2935 | 5.5878 | 0.3087 | 0.129 |1.34
1 7.1951 | 3.3159 | 0.3967 | 0.402 |1.36
2 13.2882| 2.4237 | 0.4797 | 0.927 |1.38
3 22.4849 | 2.2241 | 0.5165 | 1.613 | 1.40
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