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Soil water retention and pore water pressure variation of

vegetated slope

PONGSATHORN  SUKKHABALN ID 60010643
RATCHANONT SRISUCHINNAWONG ID 60010856
SAMAWIT SENAPINN ID 60011019

Advisor: Asst.Prof.Dr.Viroon Kamchoom
Academic Year 2020
Abstract

Soil-bioengineering using Vetiver grass (Chrysopogon zizanioides) has been
recognized as a green and eco-friendly slope protection alternative for shallow slope
failure. There have been significant advances in research and applications for using this
particular species to improve slope stability in the last decade, considering both
mechanical (i.e., root anchorage) and hydrological (i.e., transpiration-induced soil matric
suction and hence soil strength) reinforcements. However, early studies rarely considered
soil and vegetation interaction, especially for soil hydraulic properties. The presence of
roots can affect soil pore space, resulting in preferential flow. This can lead to instability
of natural slopes and civil infrastructure in urban areas (e.g, road and railway
embankments). In order to develop better and more sustainable mitigation strategies, the
effects of root on soil mechanical and hydraulic properties will be considered in this study.
The outcome will improve the stability assessment of vegetated soil slopes and provide

better information for applications of this green slope technology.
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212 onffuazdunesd (2013) wwigsamvasaanuiugnuiudnluaniieay
ANULUUINARIRMIRAEAS(Stability of Soil Slope with Vetiver Grass

Subjected to Rainfall from Numerical Modeling)
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213 gnand,3n1n1,AsUsEnn (2019) HaNTENUYBINTRIYAUTAYRIIINADHNTUR
13elalnsanuasiu(Soil water retention curve and hydraulic

conductivity function of vegetated soil)
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Compare SWRC

= Drying fitt Bare soil

=== Wetting Fit Bare soil

30 = Drying Fitt 2 month

25 === Wetting Fitt 2 month

20 Ssao

~

~

15

10

Volumetric water content (%)

0.1 1 10 100 1000
Matric suction (kpa)
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Compare Hydraulic Conductivity Function using IP method
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——Predict Bare soil
® ~Measured Vetiver Soil

== Predict Vetiver Soil

Hydraulic Conductivity (m/s)

1 10 100 1000
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(Transpiration) asgaganussruilulnssiulunafselaiosnn ursniguasAuIFUsTUBIRT
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2.3.2 aulddufanaeun
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2) USunauanudunulaeusuns (volume water content)
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2.3.6 Ldudnnanenivafu (Soil Water Characteristic Curve, SWCC)
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gﬂﬁ 2.3.6 L@USRRaNWAIYe9RU (Soil Water Characteristic Curve)
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3.1 NSLASIUAUAY
3.1.1  msauduadedlay
MnsauAuliiautu 2 A1 Ae 1 fe 2 way 1 e 1.5 lngAududivuiausyunu 9
A3 A 17 wies utagaeuduazuiaiuiidy 3 Teu Taevhnsugnudusn 2 Tou (oui

v
o

Judden) uaghuan 1 leuleundiunna) sumanuiasileudgnueuiniaonun 4 lou
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3.1.2  NISHSeNAUdUNTE

-NAgau Field Density Test lagld Sand Cone Method

gﬂﬁ 3.1.2.1 Field Density Test lagla Sand Cone Method

-Nadau Atterberg Limit

U7 3.1.2.2 Atterberg Limit
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-NAgdU Hydrameter Analysis

Gradation Curve

”
£
»
]
3
>
2
o
c
“

Diameter (mm)

gﬂﬁ 3.1.2.3(n) Hydrameter Analysis gﬂﬁ 3.1.2.3(%) N3 Hydrameter Analysis

-NAgdU Specific gravity

gﬂﬁ 3.1.2.4 n1snagay Specific gravity
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-NAsdu Compation Test

a a A ea o a o aa 1
- ﬂu@umﬁﬂmu’]uqism‘l‘lﬂqi'lﬂﬂ ﬂﬂu'ﬁﬂﬂ UNWGL‘VIN?)6 ﬂ?\iLWWN‘VﬂUﬂi

F

JUN 3.1.2.5 MUASARY

g/cm?

DRY DENSITY
>

% WATER CONTENT

JUN 3.1.2.8 n3ANNENRUSIEWINS Dry Density fiu Water Content
1. daudunsdluaud 100°c Wuwan 24 92lus ndsantiuthluseurunswnss Iagli
HUAZHNTIUDS 200 IUUATIUIU 15 NN,

2. viaeanniu diAunsouunzun s lunageunnnau Rt

- Grain Size Analysis ; ASTM D-422 (un1aRwIn)



Compaction Test ; ASTM D698-78, ASTM D1557-78 (11UN1ANUIN)
- Max Dry Density = 1.504 g/crn® 7l OMC = 23.8%

- 70% Degree of compaction = 1.10 g/cm?

JUT 3.1.2.9 wsBnRulagNSToURIUAZINSS

22
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3.2 nawdsuieiasile gunsaluazinas
3.2.1  A15LM388 Sensor waz Data logger
- Data logger
- ndesdwiuiutoyatilssuaneues 4 i Wueliavi Tnetfudoyayne 10
i
- Moisture Sensor
- hlumalusAURuTiRuuduYinAUNSIse waziinUSunani 5 A ieada
aunsUSuieu 1nTan 1Wu Volumetric water content (AsasuSuiieulu

ANANUIN)

J
o M:U]@"ﬁ@“\‘"l\““‘“‘;\‘“‘- i
J Fa |
il

) 1 ; 2\ 2
Hm’vh‘ri I "v!fllﬁ}:h’ lhilll'lm‘l“!‘v[\lh\\\\h\l\\7\\!\\‘\’\\\1

JUN 3.2.1(n) vwmwuiees Suction  3UT 3.2.1(v) IN1sAIALUREeS Suction

- Suction Sensor
- ¥n73 Saturated WIAA LA LWUDS
- dlendue A ddugeainie dnaiauiuen lUuazuingu 0-600 mmhg 9

Afiay 100 mmhg teassaunisusuisu a1nlasi 1u kpa

i 1L LGS
e i R

e .
|t vl
|.I.1|IJ.I.|.7.|.1ml,u'ul\" 111

cm

. i
SUN 3.2.1(p) YW@ Moisture JUN 3.2.1(9) 38N13AEUA LwuLgasmoisture
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3.2.2 HAAY Sensor

viemnadurinEugnae 2 T

X

vipsupuduAuTnan 180

. . - 4.
vismunpduruaAudnateeio

JUN 3.2.2(A) AUMIINITIN8 Sensor

3.3 maassamgudnuazUan
3.3.1  NISsENRgILen
- e wnihanlglunmegeufeaeiugawan 3 vsenugnIEs 1IN

1. dwguinduseu Tuuwddn Tufisu wWisldsineen Wuan 2 Au



2. thinngideduAulgn@uyaldidon) lulsemzduwuudn Wunan 2 1iieg

dl' 1 <
LW@I‘WS']ﬂ NINIYPN

Y
< v =1

3. UIAULIAININTEONE AN9RUDBN LﬂU"UE]E;IJai’lﬂLUEN(;lju (AUENITIN LAZLAUNIU
ALENa199IN) MNUuARAUTTsINIwozuaze anmuduss Tugnlunssueniu

Y A & v a a
ATLUDNAY 2 AU L‘WE]TEJLﬂusﬂai{!awqﬂiﬁiﬂiaﬂ‘ﬂ@ﬁ@Iu@]@lﬂ

JUN 3.3.2 ayunalufuyaldifiou 2 aniing
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3.3.2  nsugnusduen

JUN 3.3.2.2 A MiENgANYNge LieanstastAulnvema) s
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uni 4
=
NaN1IANE
4.1. nswasuuUasas Metric Suction wag Volumetric Water Content #ataan

- auliddivgduin(Zone 2 1:2)

Suction-time Slope Zone 2

100
90 +
g0 £ y =-0.1072x2+ 5.1011x+39.838
=
a
3
T
S
s
3
1%}
2]
E
(7]
=S
30 +
fogt O 23/2-4/3 Bare Soil —— Bare Soil Fitted
10 +
0 t t t t t t t
0 1 2 4 4 5 6 7 8 9 10

Time (days)

JUN 4.1 n9muananuduiussendng Metric Suction fuaa ; lufunldfive/ueln (Zone2

1:2 dept 50 cm)

VWC-time Slope Zone 2

a5

I A 15/1-24/1 Bare Soil O  15-25/3 Bare Soil
40 L E = =

L O 23/2-4/3 Bare Soil —— Average Vetiver Soil

& A

L A
35 + L 4 A

L A A A A

o9 Eegilge gl g 378 B B

y =0.0188x2-0.3433x + 33.284

Volumetric Water Content(%)

25

20 T S S S S S S S

Time (days)

JUN 4.2 nsvluananudniugseninavolumetric Water Content fiuiaan
; TuRudliding)ueln (Zone 2 1:2 dept 50 cm)
JUN 4.1 uansmsiudguuUaseasen Matric Suction luksiagyiaaan 3 4.2 uananis

wWiguwUaswese Ysadiluaulaey3ues luwiazdiian Tulwuilidvguin (gu2) deeg
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Tualad 1692 NszAUULYDSAN50URIATAINRIAY Funalainel Matric Suction L

X a ' a H a a o
YUAINLIAT ey N1StUALULURUBIAN ﬂsiJ']mu’]é‘LUWUI@IEJﬂiﬂJ']mi HUATANAINTNLIAN

Auiifiveludn Sudgnile 7/9/63 - 6/3/64 (Zone 3 1:2)

Suction-time Slope Zone 3
100 —
™ y=-0.1149x%+ 9.6525x+16.77 -1
*t u]
—_ &80 B m}
P £
% 70 + =1
% 60 —E //
r a
a F )/
o 50T S
% 0 F //D/
s 0% P
30 + o
20 £ _ _ e —
Ei/ O 23/2-4/3 Vertiver Soil Vetiver Soil Fitted
10 +
o 144 | e e e e e e n r—— ;
(0] 1 2 B, 4 5 6 7 8 9
Time (days)

10

JUN 4.3 nsmluanapnudiussendtaMetric Suction fiunial; TuAusivgueln (Zone3 1:2

dept 100cm)

V WC-time Slope Zone 3

45
40 +
35+

30 T

Volumetric Water Content(%)

25 +

A 15/1-24/1 Vetiver Soil 0O 23/2-4/3\Vertiver Soil

O 15-25/3 Vetiver Soil ——Average Vetiver Soil

B \‘_é - Ls L .. Vi A Vi A
A o [ e

@ 3 i e |
oY I
¢ e} i & G i}
@ c} o o
y = 0.0646x2- 0.9559x + 31.351

ZO-|||1= Illl\:llll:rilIIIII\:IIII:\IIIIIII(:II

0 1 2 3 4 5 6 7 8 9

Time (days)

10

JUN 4.4 nsmluanaanuduiugseninevolumetric Water Content fiutaan

 TuAufifivieiuen (Zone3 1:2 dept 100cm)

JUN 4.3 uanansiuaguuyadvesdn Matric Suction Tuudazdiaian 5 4.4 uansnis

wWaguwdasvesan Ysalufulaey3ues Tuwsazdiaaan Tulounivgudn (o) deeg

Tualad 1692 AszAUWLLYASAN100URINTANNRIRUY FunnlAd1A Matric Suction tRSTU



aganmualiesnnmuldtadnsnududnlavinnisgaun waz nswWisunasuesen

Ysuanhlufulneusuing dananasniunian

V W C-time Slope 1:2
45
A 15/1-24/1 Bare Soil A 15/1-24/1 Vetiver Soil
O 15-25/3 Bare Soil O 23/2-4/3 Vertiver Soil

20 4 O 23/2-4/3 Bare Soil O 15-25/3 Vetiver Soil
IS —— Average Vetiver Soil —— Average Vetiver Soil
= i A
2 a A y =0.0188x2- 0.3433x+ 33.284
S 351 A X vy
o A A
g ¢ Y
® @ )
2 30 E @ é %
£ e}
17} (€] ] =]
£ c) 5 - o B
351 & © IS e

y=0.0646x%- 0.9559x + 31.351
20 } t f t t t
0 1 2 3 4 5 6 7 8 9 10
Time (days)

s

JUN 4.5 nsmluanaauduiugsendng Volumetric Water Content fiubian

; TuRungngueln uaghudan

Changing Matric Suction and Volumetric Water Content

100
90
g0 Y=28.328x-6.1216
70
60
50
40
30
20
10

Metric Suction(kPa)

Suction-time

y=4.1363x+ 41.124

;AR
——
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JUN 4.6 9 MuanInNudIRuEsEINe Metric Suction fiuian; TuAuninaudnuasiualag

v
a A a

MduddufefuUauazdttuAeAuan lae Limit Y83 Suction Sensor Jalagaan 100 kpa
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W3suigun1silagundasuasSuctiontazV WCAULIaIU2 Nty

SUTl 4.7 wamsnsiAsuntasuesen Matric Suction luusiazdrsnavesisandlyy JU7
4.6 wamsmsAsuuUasuasa Uinauluulneuiiing lusastisnanesisaoday Feog
Tualay 1692 Aiszfuiwuigesan 50 lwufuns uag 100 wuftuas NfaAY dnnainnsl
wansNENITUS sErine metric suction Aufuaziuldiidudufelsuiuaidn metric

suction (MsgathluA) udey s iindu widudihAsleufunugnuajAl metric suction

< = o

iINTUBENTINGY Bedunalaainarnnuduvensiiaes deudsagulainisdeddinlunis

v
Y A o v 6

WiAulaRunsiveinsganildiessndt Aunlduagnnel wazannnsmkanInNEuRus
5¥%I19 water content futuanulaandiidududolyufuilandn water content (Aaduluiu)
HureeqanasuadudihAsleufuiivgnugfial water content anadagesanss Gsdunaldain

AANNTUYDINTIMTSERs Aty Aullivgdnnurulesnninfunlilgnue

- aubigivgduin(Zone 5 1:1.5)

V WC-time Zone 5

40
X 351 y=-0.0063x%- 0.1258x + 33.545
T4 A A A
‘g o o o) 5 b d O
© [ O
8 301 o fo)
= L
2
A=
2 L
g 25 4 A 3/2-12/2 Bare Soil O 24/2-5/3 Bare Soil
o
>

O 13/2-22/2 Bare Soil ——Average Bare Soil
20 e f f——t f e e
0 1 2 3 4 5 6 7 8 9 10
Time (days)

JUN 4.7 n9uanaanuduiussevdng Volumetric Water Content fiuvaan ; Tusudlsiiivg

WHN (Zone 5 1:1.5 dept 100 cm)



Metric Suction(kPa)

Suction-time Zone 5

40 T
35 +

30 £

10 £

y =-0.0443x%+ 1.6431x+16.596

O 3/2-12/2 Bare Soil

—— Bare Soil Fitted

0 1 2 3 4 5

Time (days)

JUN 4.8 n9NLARIANNENTUSIEWINS metric suction fulaan

S luAufilifiviegun (Zone 5 1:1.5 dept 100 cm)

fudifingdusn L'%'uﬂgmﬁ'a 1/9/63 - 6/3/64 (Zone 4 1:1.5)

Pl
QU

U

a
N

Suction-time Zone 4
100, -
90
80 £
Bl F y =/5.706x+ 28.678
~ 70 1 e A A DK S
T \1 — i
o [ 2 ]
= 60 Sr
2 o) &%
g 0t P \
5 + A o
2 40§ ~e
30 /
20 ¢ 4 3/2-12/2 Vetiver Soil —— Vetiver Soil Fitted
10 -
&
O_ |=||||‘||||=||||=||||=||||=||>|=>r||11||4:
0 1 2 3 4 5 6 7 8 9
Time (days)

10
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4.9 NTMLAAIANFURUSTZNING Metric Suction Autan ; TuAunludivguin (Zone 5

1:1.5 dept 100

cm)



Volumetric Water Content(%)

V WC-time Zone 4

45
20 1 y=-0.0106x2- 0.052x + 37.18

g B & & & A A A A A

G 2]
ne

[ —a— 5
35 4 =

f €] ] €} c] €] €] €] €] €}
30 il

[ A 3/2-12/2 Vetiver Soil 0O 25/2-7/3 Vetiver Soil
25 —+

r O 15/3-24/3 Vetiver Soil —— Average Vetiver Soil
20 4+ T T R E A

0 1 2 3 4 5 6 7 8 9

Time (days)

10

g‘d‘ﬁ 4.10 NSINLENIANUAUNUSSZIING Volumetric Water Content AuLan

luduilifvgudn (Zone 5 1:1.5 dept 100 cm)

Volumetric Water Content(%)

a5
40 i y =-0.0106x2- 0.052x+37.18
i B [
: & & i é A A A
L A J 9 —B 445
35 1 &
; @ 2 a 8
L 8} 5] o)
30 + y=-0.0063x2-0.1258x+ 33.545 Q o 0
A 3/2-12/2 Bare Soil A 3/2-12/2 Vetiver Soil
ol O 24/2-5/3 Bare Soil O 25/2-7/3 Vetiver Soil
i O 13/2-22/2 Bare Soil O 15/3-24/3 Vetiver Soil
r —— Average Bare Soil —— Average Vetiver Soil
20 + e e B L B o S
0 1 2 3 4 5 6 7 8 9

VWC-time Slope 1:1.5

Time (days)

10

JUT4.11 Juuansliiuindoyaianain
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WSsuigun1siUagunlasuaeSuctiontazV WCAULIaIu2 Nty

SUT 4.8 war 4.9 uansn1siUAsuulasmaar Matric Suction Tuustagtnaiavesisaes
Tow U7 4.7 waw 4.10 wamsnswBeunasuase Uinaniluulneuiuins luisasgisna
vossanslou Tvaglualay 16015 Aseduiruigesdn 100 wufns 9nfadu duneannsl
LansPLEITLS S8ie metric suction Autuaziiuldifidudufelsufuatdn metric
suction (Msgathlufiv) dudesquistu uidudihAelsufuiiugnugiat metric suction
FiuFuatnenngs Sedanaldananuturesnmiisass uien water content ves Tsufuil
U@uﬂmﬁ’]ﬁu 24761 water content ¥esAua1 LHos9nanmeINIALYTUTIU uaza sensor

Mivafidyvnddnnuds IsliamnseasUnavasdeyaiiliundagy
4.2 Wudananealvasiu (SWRC)

Tuduves effective stress 1WUKaNI31N soil moisture wag soil suction variation @315
mualalag suction stress characteristic curve (SSCC) lagn1snaaauLsidou %Nmﬁ%
dgauandlifiudn SSCC ansaidonlosiu soil-water characteristic curve (SWCC). tendnwal
989 SSCC i munainiia shear strength LLazﬂ’liVW]aaUﬂ’liﬁJﬂLﬁUﬂ?’]ﬂJ%ﬂuaW\]%Qﬂmi’Jﬁ]ﬂ@U
FusuRunatoundlunng ndnves effective stress wandlriiiulaouandliiiuil effective
stress SUSEANSAMAY SSCC a3 UNeLNNT failure Rl iuuLReafunae saturated
failure. A1 SSCC dauanan1sAIANIsalued soil-water retention curves lunmangiuasigus uag
A SWCCs oIAUWaNT MuuAlAEATI9INNISNAGEU soil moisture retention tests Seaanndes
U SSCCs AitnumlasRs4aINNNTVIAGDU triaxial shear-strencth tests faBAULANASTUMaTY
kPa ﬁﬂﬁ?umﬁﬂl,l,aﬂﬂﬁl,ﬁu’h suction stress characteristic curve %39 soil-water retention
curve LﬁsmasmLﬁa’ammmi%’l,ﬁaa%maﬁy’q effective stress Wag soil-water retention

characteristics U99AUNDUA

MNi3es Relationship between the Soil-Water Characteristic Curve and the Suction
Stress Characteristic Curve: Experimental Evidence from Residual Soils %aﬁéﬁau Seboong

Oh, AM.ASCE; Ning Lu, F.ASCE; Yun Ki Kim; Sung Jin Lee; and Seung Rae Lee, M.ASCE
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x Oedometer
o Filter paper
s Hanging water column

Degree of saturation: %

0 T T TTTTTT] T TTTTTI v G T T T TTTT00 T T LTTITT0 T T TT1Trn

1 10 100 1000 10000 100000 1000000
Soil suction: kPa

JUN 4.12 Bvignaanndnsdiutesiraidusnndnualvesiunievunsngudunda
(Jotisankasa et al.,2009)
MsasuLkUaIdnsIdIutINlinas LU e Nl (SWRC) Tusnwaziglfutimin
naviu (Overburden) Wufe oA e anas (Fiuluulu F09319amna9) A1 BS (38 porosity |
s Y o ¥ . . a1 é’ U b4 [ . L4
n=e/(1+e)) dfntioeas vyt /1 Air-entry suction flfAngadu uarAuduveddudnnnyl =

(d6/dlogs), devasiiues
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- fuiitiveusnuazAuan (Zone2 1:2, Zone3 1:2)

SWRC
50%
;\; 45% -
E 40%
c 35%
o
O 30% ¥
8 F o
g P e
- NS -~ -
o 20% + =~
g 15% ‘ Bare Slope 1:2 Fitted(2) VetiJer Slope 1:2 Fitted(3)
§ 10%
5% 4 = = =Bangkok clay(A. Jotisankasa, 2011)
0%
1 10 100 1000
Suction (kPa)
Zone 2 Zone 3
Saturated VMC(max) 41.21% Saturated VM((max) 38.21%
GS 2.571 GS 2.571
Dry Density(g/cm3) 1.101 Dry Density(g/cm3) 1.101
Void ratio 0.962361962 Void ratio 0.892307466

SUN 4.13 n51LLEAIAINAUNUSIEIIN9 Volumetric Water Content AU Metric Suction

Y

; Tupuilismausnuazdivefuen e Limit 989 Suction Sensor $aléizean 100 kpa

9n3u 4.13 Hunsrluanadusandnuaivesiu Saisuondsrmduimasiudaiinisade
Metric Suction Sensor Wag Gravimetric Water Content Sensor 1ag sensor agvina1ulagenfy
nannsieunsvesdygalnil Tuasidygrannasiiang zLﬁﬁaulﬂLﬁa@mauﬁaawﬁw
Fuaaddeuly Inuldfududuniwesameiidymio Tnensvii Fit Curve #ae Van-
Genuchten model wazUSinaniluivlaeUsinasiinudusa Ineuszanas 35-60% e
Wisufsuiuagdunalain
1 gaiinuBusade lwufuiariien Volumetric water content snnninleufiugnue
Lﬁ@@mmmmﬂwﬁmi@ﬁ%ﬁw
2. 97nn5MAEILIN Volumetric Water Content Tumsuisusuvesiuiivgnugilrdesninfud
lﬂﬂgnmﬁ’]Lf‘i@ﬁﬁ]'}ﬂﬂiﬁﬁﬁﬂﬁﬁﬁfﬂﬂiﬁ?j’ wadlanSeufisutiunsn SWRC finuaanasogng

' v
al Y = o

TISazduSWRCYIRuUgnAsqanasi i losanlulsuiuignivedsvihudiguunvinli
aunsasnwAuTeleanIAuUan
3. NNSMEU SWRC HANUTUNAL @ TURLNgAINUINAULAINUARLNANI NI ILLANIINTINVD

negiunsnluludu



Volumetric water content (%)

W Vegetated soil (Measured)

==\egetated soil (Fitted - Median)

1 10 100
Suction (kPa)

JU 4.14 uanaiieg1ans1vl SWRC vessiulgniiy Schefflera heptaphylla

36

SWRC
50% T
< 45% -
= 40% +
2 35% §
o L
O 30%
2 25% +
© °E
= 20% +
g 15%
S 10%
§ 5% _E ——Schefflera heptaphylla Vetiver Slope 1:2 Fitted(3)
0% H——————— .

[N

10

100 1000
Suction (kPa)

JUN 4.15 nuluansrnud@uiugsening Volumetric Water Content fiu Metric Suction

;Tuﬁuﬁﬁuﬂqﬂﬁﬁn Schefflera heptaphylla fiu auﬁﬂgﬂmﬁmmﬂ
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SWRC

50% -
;\3 45% ‘E
< 40% £
8 35% +
c E
63 30% -;
o 25% ‘g
g 20%
o 15% ¢
*é 10%
S 5% = = =Bangkok clay(A. Jotisankasa, 2011) Schefflera heptaphylla
S 0% ¥ . .

[Eny

10 _ 100 1000
Suction (kPa)

JUN 4.16 nsmuanIruduiusszning Volumetric Water Content iU Metric Suction

;Iuauﬁauﬂqﬂﬂﬂi Schefflera heptaphylla iU Bangkok clay

4.3 1541 Soil-Water Retention Curve U190

wdandilensan Soil-Water Retention Curve SdansaztiiA1ues Van Genuchten #3e
waonA1 Volumetric Water Content W&y Suction w89 SWRC lUlgnulusunsy Vadose/W #58
Hydrus %QLﬁuIUSLmimﬁagﬂLﬁulﬂmq Geotechnical Engineering gelUsunsumanianunsaldly
n13
-ﬂﬂiaaﬂuuuuazﬂqsmiaaaauﬂizaw%ﬂﬂwmaaau%iuﬁaawéaﬂawSﬁﬁmiaUﬂqmﬁaﬁwu38ﬂaﬂm
grainvauuiesasvoadalulunmauia
- ASWAIUINITATEANY poreﬂNaterFwessure‘ﬁﬂ?ﬂﬂméhﬁﬁiYﬁNQﬁaﬁﬂ?ﬁiﬂ&ﬁiﬂ%?ﬁiﬁmmﬁaﬁ%a
fangudairviudielilunsinmginnuatios
- MSIAERTINSTLENUNTTEIILAENNIABL AN NSRS IFNTSLTAUSEN UM DS EUY

FITUVIR

- ﬂﬂ’iﬁ?ﬂ’]EJﬂ'lﬁLLW’ﬁlﬂ’iziﬂ'lEJLL’ﬁ3?’]’]5?1@'18(53%80@@?]%&]14%%@Liﬂ@uﬁhu@i\lﬁﬂﬁyﬂsﬁ
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Analysis Name
[¥](@ Transient coupled Solved 02-Feb-2012 ...

A WANAY

dy < a Y o [ v A = | g_J/ 1 Y o 1 & Y v
nanstiluwenansianubidwsunisldnunenisnywinuu eygelihluldusslovinunisen
Ldnsdllagsau dnneinudilvsauUasion waghasweddiadvesenalsynasaminisiluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.
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5.1 Uni

I1NHANITANYINANTENUIINNITAZQYLAUIATaIINFenuantfdslalnsdnoiu 1ng

(%
v Y o

msnasumidusandnuaiiaranuduihuesiuiliduised lusufuiivgnfiouasfuuaily
deanudufie 1:1.5 uaz 1:2 Ineveaeuruiudunid fiundadae 70% Degree of compaction
TaeAnwisnvesvigunngs Wugaswan 3 videwudwszmemu As1assnisugnusiazaauty
wuvsiuiu 3 Tou Tnevinisugnusiudn 2 Tou wasduan 1 Tsusuieiuiasiflsulgn
neudnvianun 4 Tou uaglsufuan 2 Touuuuddeslunusssued fiongnisugnussunm 5

Fou Tnesjatufnuilugalou 2 waglou 3 fAnudu 1602
5.2 @3Unan1snaass

1. agldhmssyivimvemdudnlufudsuidasmaandivesiulasnisansnaius
WU

2. flenndisduimasydulnnnsnlumufuiihald SuasEsusandugwiuias
AnauTATednaredusndnunivesiu (sndaeens fo mafuiudiluiy uazauauT?

NIVAANENSUDIAU

'
a

3. Aundiveaniaudailusnunissnwanuauludu iewinvatiegunlufuy

SWRC

50%
45% +
40%
35%
30%
25%
20% +
15% +

Bare Slope 1:2 Fitted(2)

A Bare Slope 1:2 Measured(2)

Volumetric Water Content (%)

F [ Vetiver Slope 1:2 Measured(3) Vetiver Slope 1:2 Fitted(3)
10% 1 Vetiver Slope 1:1 Measured(4) — — Vetiver Slope 1:1 Fitted(4)
5% i ® Bare Slope 1:1 Measured(5) Bare Slope 1:1 Fitted(5)
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Gradation Curve
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VMC by time ; Zone3(Vetiveri1s)
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