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Influence of net normal stresses on the shear strength of unsaturated residual
soils

A 23" Sang-Gyu Sung, o]¢12? In-Mo Lee

"mEusty EESHEZE T AL A Graduate Student, Dept. of Civil Engineering, Korea Univ.
P pEgstny E28AF8 3 w4, Professor, Dept. of Civil Engineering, Korea Univ.
SYNOPSIS : The characteristics and prediction model for the shear strength of unsaturated

residual soils was studied. In order to investigate the influence of the net normal stress on the
shear strength, unsaturated triaxial tests and SWCC tests were carried out varying the net normal
stress, and the experimental data for unsaturated shear strength tests were compared with predicted
shear strength envelopes using 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.

Key words : Soil-water characteristic curve, Unsaturated shear strength, Prediction model, Net
normal stress
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T 54 FA(SWCC, Soil-Water Characteristic Curve)S 73l th. £3], 29 AFo|M= 7|29 2
AU EE lFste] oo &AdATHE dAGNA FAS Ayl A SWCCE Fatozn Fdzgod
of Walo] w2 SWCCH WS de 9dad £ Uty £33 AddsE A4S 7129 35 o=
Edo &% HdEFdaet nlu AESe FAHAA eddSHo e FZ-5£8 EA Wge padd $
di- Bk AAY BEIE AQAE dE2rde Fotstux s

21 73

drAozr ExFES AGAEE HAAste FIHNE F 7FA7F duh = YA ¥ 4 (independent
state variable) H 2% (Fredlund %, 1977)% & & ¥ (effective stress) 9 (Bishop, 1959)ojc} A x}
NMe SHAZHHTE A SER FUEY Yoz Uy AdAEE oS Ao o8 Hridoh

;= ¢ + (0,—utang’” + (w,— u,)tan’ (1)

od7]1M, ¢’ FAHo] e ABFT Z71u&S YEhE Zolth IaE ExsEe] dUPEE 2
A3l7] st Z7) ARG E HIWHoeR e gEAHHsE e 2o Yehdn

0 =(c—uy,)+x(u,— u,) (2)

A7, 7L FESE, x5 FELIHEAFOIG. AR HIEHL e AT (Gan T, 198%;
Abramento and Carvalho, 1989; Escario and Juca, 1989; Vanapalli, 1996)¢} =&dlA A 2350 9

1 ooy, EAALE AAseEd Wdstn AlARZE B A de] By, Adq a7 E =

AE7N %o FFo] gtz At e 8 wrisln o], AFAA HEsEUE i o
Hgol Aok FAe wige AL F5A, TG M WHgstE AVHEE sl A
o] os) ABAP oM AFAAM o]lF HEstr|/F BARE B, xE 2R AN E ALY
Fo A44EHS AP T3 ARl stE WARE] gtk HIo SolME vE H¥Ae £
AE il Vet A AB4L y o] Bz FA8 Fozn B pHs A BxsEe] Ady
2 &% 4 & W o] Khalili and Khabbaz (1998)5o 2l AQts]n ). o] Alokae BAe
28 Be8 Azel ¥ Fo FHIF ol FHHo) ol AP o2A Ao Yemr Fr4HQ
HAATIE Qlojob & Ao Bl Vanapall $(1996)& Aol daye #Fso, bz aye
8 M2 A Folk SWCCS xFA 9 ArAswons EIZES AUPAEE 4258 & U
Ao Bdg AHAstrh, o] EHL matric suctions FELH 3 FHE BT o°F o2 Wy
ANE EdAe Bae EUR(ANY AE ) ¥gze o gAdozs FRHoRE F49
daws 598 o224 wwg oA HUrh

2.2 is2Y
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o 5748 1eskA] ofystie o] &3
g3 dIdFEE dFse Aol ¥ AR dEwd. wel
S &3l Vanapalli 5(1996)2 A
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e AFEE FolM o4 7wt 7Hd F4T Aolg & + Utk
T3ES AUREE FUYHol 71 wet vHdgy ez Frtste Aoz 2elAd Yok (Vanapalli
,1996) ol 71 AFT uheh Zo] FUH] Tl wel FEHEFBVAHAWC] FaF 71T A
dl, Vanapalli 5(1996)9 ZddXe B39 4 304 B vitep o] SWCCE ol &dte FUH
shol] W2 X3te] WBtel olo 7[A% FEZH TEAEE F ez o

H~l

rE o ot mMr r&
ot

= c+(o—utan¢d’ + (u,— u,)(O)tan ¢’ (3)

3714, @ A FstdE AR EFuE I3k} FALS ZHE/85)°1H, x+ fitting parameter©]th. ¢ 9
Ao @ APAHRE HF-T8 SAFTHAA dd FA B 7% SWCCE F3 7+& & U
EXgEe AFE HdEsr] Y3l $8% wAAZ ALEEHE SWCCE A3 BEsH] A% &-F8
ELFTHALE o XARFEAE 95 Atdo] HIJY2w, Leong and Rahardjo(1997)e <3t¥, o1 F
ANME &7 22 Fredlund and Xing(1994)¢] A kA o] 713 HEAo] & AoZ Yeyd

6 =C(¥) - (4)
{In[e+(¥/a)™} "

%

o4l
jued

A71A, = AFETFy], 0.5 EFAS AHTrH], a, n me fitting parametere]d, C(¥)E B3R
T2 g Yoz FdEHT,

0<¥ <10° kPa (5)

o374, Ue BRG] 4o FAFolTh
2.3 7I1E dlS2He| +Huws

AF7AAE it o s EXIE @%70 Hrtsl7l i e €948 (net normal stress)©]
021 JEfellA T8 W ZX(drying)Al e SWCC ALEste g} EAIRE A gEol FrkEd, ARy
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A gHol FFE SWCC A2 F7]8 gk (air-entry value)ol F74stm, T 7] €771 &9ha)A
U3k FAHAAN FFul(EEE Frtete A2 YEst(Vanapalli 5, 1998, 1999; Ng and
Pang, 2000) wetr, & Y4Aet 29 HFHAHo] Sojvtrz FIHA g3 AR ALo] ZsHo
A a Vanapalli $(1996)7 Rassam and Williams(1999)2] Aa@a Ao A%

o} F7}gtoll wet 17]°%’J%}°] Z7tetn AEXEgA e 71€7|7F A g Ae g B
A EXES EF-F8 EAo ¢dF & g dEHolgte AHANA & W, B
2 g3t @‘378*504]é A E 71€9 oA o]l £AAEHo 0% AHA T3 ©de
Holol ZA AFSE Zo] olYel Ao £AFEHEs A T T
SWCCE Atgstodor & )ﬂ‘ﬂ‘:}. stA| gk, o] FA & A oo AR SHstoA ZHzte] SWCCE
A7) YA Bohe Azt daid Adgo] aFHoE EXFGE AGAEE v|xH FI7] A E3E
9] =49 SWCC ‘i‘l ol g&ted 73] FERIA e dE=2do 7B FHxld ZEHoZ 9
g, agzg, B JdFoME Vanapalli §.(1996)2 Atale] deje] FAHAY AHEFu7 &
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AH A Wsle] F5E & UEF BANL A% A2 A Wl we} AZe] SWCCE HE
37 RotE £AH S| F-5R Eqol MAE 9L AT + A=F FASAT

3.1 &8 EHH|

B AFoAME AEdE2EH SWCCE F73H7] A% 3712 A¥S T3 EF 471x o 4P 33t
Gth I ZF9lA Pressure controlled extractot test® 7|£¢] Pressure plate extractor test Y Tempe
cell testobe @8] do9 F&HUAE 71 AHlAA SWCCE 78 = JAE MEFH AFolg. o AY
o] AuZz%e 29 13 Zov Pressure controlled extractor?] EAEE 2@ 29 o}
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. o —
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dried) A12) ¥ EFAZ ZA FE& AL 100 A& FHAANY Ao2A ZHES FHo] oig #Hst

o Az 7B e g g 13 gow Alge gAEA 92 JA5EIE 47 a9 37 49 e
U gk B Agd AR E dRAAEE AR E(relative compaction, R)7F 90%71F = Al FH] 3 o)

x LAY 7B &4

Soil Porosity O('I::;C (::;:):\ Percen.tpasstlg) 7200 PSQ ‘;‘: 0;; Gs | USCS
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A7) Aol A, FAE A dAFY AFRE A ot UMV 10%7) HEE SFFHFE 229
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Vanapalli 5.(1996)9] mdoiM= Haxetde] 71¢7[8 Y3l AHE&sido. ¥ 82 EXIE
Azgeddor 73 EFJH WE AAAEE WESE-FAE HAd T35
P AE Vanapalll 5(1996)2) A St

T3 3709 SWCCE Ztzhe] 93
Ebgjo] HExet F =X E nlus] Z¢ 2}
AR ANE 230 o curve fitting & A3, fitting parameter{ )= 1.34 7} 71 HAHG go=z
ebydk o} (program “SOIL VISION” Ab&) uwrebr, o} fol= AB/AHQ viwE s} fitting parameter, « &
BT 1348 AL43¥nt. 298 82 BE, #4938 Ho] 0 AHANA F3 SWCCE dEHor Edo
Heste Fo Gz Bos £9432 38 Wgle RFo] Zhzhe] SHAAH A 78 SWCCE T
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ol e Bl BAd ostd FH W2 AARE AFAHRIt eAA Lo 04 WY SWCC
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Williams(1999)+ 1&9] At ZdoA wf 9 & FA ¥ F IVFYHAEVIZAAY 98 9
Aol e "8 o I FdsA AgaAt olE, FUIHUG oA FUH HHdME "Eioﬂﬂ 2
o] Aol whAurtA] ol X3t FEiE 7”‘“ F ALER FH JANY] HES fdste ol 4%
FaEeEoz 43E & Aus Ao ZAST A, B AFdA Add FAERLDAME TV KA E
77}1]'] T8 HYANME9 "B ¢ ' F BLaA HEAT o, £A3F$HH AEVE BAHAE HFH

2 238to] Rassam and Williams(1999)¢] A<tk A(24] 6)& 192 A &3t9
AEV= AEV, + AEV(0;— ) (6)

if (u,—u,) < AEV, then

(7)
r = ¢ +[(6—uy)+(u,— u,)tan ¢’

if (u,—u, > AEV, then
r = ¢ +[(6—uy,)+AEV]tan¢’ (8)

+{[(ug— u,) —AEVI(O*)tan ¢’} v+ A(0— u,)]

A7|M, k, v, A& fitting parameter o]t} &, o AAL AA FAH HYA FEE R
obUm 27 6olA He vt Zo] £dAgH i A5 Y EEVE HIsteE 2 FUE ¥
A er HLo) 7lEdT. a2eluE & Fogel W odlAE Vanapalli 5(1996)¢] 24 A &3}
o gt} o] AkA S E AT AP AL FAFIHTAES] Ty g dis] AL 2 23
a7 99} o] AVRAE AYPAFYG mS B AXNFE Aoz Yelhgon, ARAS RES ok 0995 o

t}. oluf, 2 &3} fitting parameter® X 29 Zth

400
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| (resut o tests)
350 )
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v _
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200 N . -
5.0kPa
<

100

Shear strength (kPa)
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50 M AEV; | AEVs | « 7 A
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0 50 100 150 200 250 300 25 0.025 1.34 0.91 12x10°
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