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IRIN LIMRAT : EFFECT OF HYDRAULIC PROPERTIES OF
BACKFILL AND GEOCOMPOSITE DRAINAGE MATERIALS ON
SEEPAGE RESPONSE IN MECHANICALLY STABILIZED EARTH
WALLS. THESIS ADVISOR : PROF. SUKSUN HORPIBULSUK,

Ph.D., 74 PP.

MECHANICAL STABILIZED EARTH WALL/ GEOCOMPOSITE/ DRAINAGE

SYSTEM/ NUMERICAL MODELING/ HYDRAULIC PARAMETERS

Mechanically stabilized earth (MSE) wall is widely used to enhance stability
of a wall placed in steep vertical cut. The prospered design of these structures requires
a drainage system to prevent the reduction of effective stress in the reinforced zone.
This research aimed to investigate the hydraulic responses of the wall with installed
drainage system. Influence factors being investigated were coefficient of permeability
and the water retention characteristic of the relevant materials (soil, geotextile, and
geocomposite). A welled calibrated numerical model was used for this purpose.
Results from the parametric study shows that the water retention characteristic of the
soil outside the reinforced zone plays no role in the hydraulic response of the soil
inside the reinforced zone. However, the coefficient of permeability of the soil outside
the reinforced zone plays an important role to the level of the phreatic surface inside
the reinforced zone when the capacity of the drainage system is not enough to collect
the whole water flowing from the upstream side. Hence, the coefficient of
permeability of the soil outside the reinforced zone must be taken into account when
designing drainage system.
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ADR = amplitude domain reflectometer method
AEV = air - entry value

BRE = bearing reinforcement earth

FDR = frequency domain reflectometer method
FEM = finite element method

MSE = mechanically stabilized earth

OoOwWC = optimum water content

SWCC = soil water retention characteristic curve
TDR = time-domain reflectometry

USCS = unified soil classification system

VG = van Genuchten

VGM = van Genuchten — Mualem

WEV = water - entry value

WRC = water retention characteristic
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Yasadsdunmsivaiiesainmisgasen bitesnin 1.5 luaniigaia (AASHTO, 2002)



10

o & ° o '
RoonuuusuiludesdinnuaniolumsmuIunusImagIgaLagd LnUIUDITINAFIEA

Faulsumuriaveiaqiasuma

1) MUNUIUBTINAITALALTZUIVIIA
a o v A a o w 1 I Y A
wraaumelumunanududsuiaigouisesniludod o laun Txundou

(3 . Y A (% . a A v Aa
67 (Active zone) aE THUAIUNITIAABUA D (Resistant zone) VIaAU U Ty UIAADUAIAY
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Taquasumaciiziussuvitavestmenudwaiuidealoszuruiiatgina
uananuaIuuaaaiuaveTaqasuiias 31 2.6 uaaeszuIuInan laen

<
Coherent gravity structure hypothesis (18 Tie-back theory Anderson et al. (1987) L& aal¥iiviug
NILUIUMITITAVIRIUNINUAUIET uAa 10 Taaas uiash luamisoda laanse
Usz1na'1891n Coherent gravity structure hypothesis VYoug N Juran and Christopher (1989) nam
NizuAtRve st N uAuET AT uianaunsnoa laaansolszunald
. R AW I 9 o A A =

910 Tie-back theory BINANHULITUHUNTUATINYY 45+4/2 9971 11D ¢ ADYUITIANIY

meluvesauonlulsuasumas

I 03H |
>
B S— ———————— L T ———
Active «—— Potential failure plane Active <— Potential failure plane
zone | — zone — o
H H /
,,,,,,,,,,,,,,,,,,,,, Resistant / Resistant

zone / zone

H/2

- I E* |

0=45"+¢/2
(a) Coherent gravity structure hypothesis (b) Tie-back structure theory

319 2.6 szUMINIAvEIRUET UM
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1w A o w ] H 1w A @ a £ o Aa
ﬂizﬁmma@miumaﬂmmaz%uilmmum"umﬁ’ucluummﬂmﬁ’aﬂﬁuﬂizﬁmmwmuﬂu

9 9 1A A . é v a [ a o w =)
AUV (ﬁmazaguwm Active) “]Nﬁlzl,!,‘ﬂiWuﬁ"lllﬁﬁV\ILuﬁﬂlﬂ\ilﬁﬂlﬁiﬂJﬂ1aﬁ Tunslves

A
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AAAUFAINN Qﬂﬁ"lllﬁﬂflﬂ‘lﬂ MIAAOUAIATUVINILNATUBI NN TAYIMNIZ0E198IUT I
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Aaruuuvest e uay deralianuauauaiudisluigqasuiidannrueglu
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ANZ Active A91Y U5RazUTIRageganinaduluidqas uMhasnamsoda ldvzminy

)

T=K,0,5,5, (2.10)

! 4 : ' W
e K, Aedusz@nsanuanaumudnluanig Active iy tan? (45°-¢/2) uag s,

Y

uaz S, ADTzezH NIz TagEE UM LN UIAZIIAY MNEIAY
o [ [ =Y o W 1 A 9 [ =) 9 9 = 9 1
fT"I‘Vii‘]J’Jﬁﬂlﬁillﬂiﬁﬁlm‘ﬂllwﬁ"lllﬁﬂElﬂhlﬂ mmﬂuﬂumumnmmﬂummgiu
' H 9
AN1ITUN (At rest) NAIUVUVBIMLNINUAY uazﬁmaﬂmmummﬁﬂ ANUU LLSQﬁQLLﬁSLLiQ

A a 49@1 [ a o w A ] A F) [
pagegannavuluiaqasuiai higwnsadaldazminy
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T=Ko,S,S, @.11)
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1 Pl [
e K Aeduilsz@nsanuauau dualsdumuanuaniazlizinnvedidgaiumag
~ [ v d 1 [ a Q‘f v A k) 9 [ =
31N 2.7 uaasn U U EHINdNs L ANTANUAUAUAIUTNNUANINANYDY
<3 a a 1 3 Y A o = o a o w A [} A 9
manEsusiaa e 9 azru laNszaunnuan 6.0 was Jaquasuhasi luawnsagalann
a A o a £ v A ) 9 [ Y 3 = A
Az IdNlszAnTANNAuANAIUINIANIN K, snrduazunsuransaszinnilszm 1.5
RRUER K, (Christopher et al., 1989)
{ o o Y4 1 o a £ v oA [
517 2.8 nuzihldlFanuduiusznindulsz@nsanuauaududresnuanu
= = o o [ a o w a [ P A
an lumsasnaeuadssnmmeludmiumandsumaamnria Tasmmuald laa K =
= v a a A . = o = '
K, NIeAUMIAU Wo K, =1-sing uag K = K, NIZAUANNANNINNT 6.0 1UAT AN

aasunilasves K s 6 was Wavudiluanuduwusizadunsa (AASHTO 1996)
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v
Depth (m)

~ [ v 1 [ a Q( v A 9 9 [ =
gﬂ‘ﬂ 2.7 ﬂ')'lllﬁllW“L.!‘ﬁi%“Vi'J'l\‘iﬁwﬂigﬁﬂﬁﬂ’ﬂﬂﬂuﬂuﬂ'lu"U'Nﬂ‘llﬂ'J'mﬁﬂ

AT UMANETUSIAAN ) (Christopher et al., 1989)

o
v

Depth (m)

7_

\4

{ v o J 1 @ a £ v a [ ) [ 3 a
'i‘]J‘ﬁ 2.8 ﬂamﬁm\m‘ﬁszw:mﬁuﬂixﬁwﬁﬂmuﬂuﬂuﬁjmﬁjwﬂummﬁﬂmwi‘umaﬂmm

U

nﬂ%ﬁﬂ (AASHTO’s Standard Specifications Highway Bridge Section 5.8)
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f) MaIdumuUmMsAnIa (Rupture resistant)
)

sanaautasademumsinnaveidqasumawuaazsuamsomuInla
INBATITIUTZNINTIANT NV TAQATUMAIROLTIAIgIga dnsraIulaoanodiuns
Anviansiia ludesndt 2.0 aasaeigmsldau (lidesnd17s 1) Tunsdlvesiaqiaia
o w A ] A 4 . . o v 9 =
manllﬂJﬁ”lﬂJﬁﬂEJSﬂIIQ (Inextensible reinforcement) ﬂmdmmmmmmﬂmmmmmﬂizmm

Y 1w Y Y Y X A Y o @ a o v o & A 4 Y o K
Tamnuanuduasinvesidgguasiuinindaveidgeiuiat sl Aunnihdaadg
I o o A = Y = dy A Y o dy o 1
AudmlsvdnnaruguadesmMuamumumMIanyIa NUNHINAATLIZaAaINIUMINANTOU
@ a o o A a A J = o & oA = Y = =

YRITAQAINMAUL0INNANY HIDNA1IDNUBHTHIAD 1ADIININUMIAIUNIUNIANVIAILT
Araaasaunat Ty maliaie I iuwsduduiiatos o binfdeunlamsenlasunilag
Weonual nsnanseuvesiagi@sumiasdinisonszyiilaalenisindeudensd

(Galvanized) §9N2AAITUANUUUININNIATYIY ASTM A123 Aquaadlumsnam 2.1

M15199 2.1 ANUHUIVOITINZTINADY AMUIATTIU ASTM A123

@

[ = =
a9 anunveadanzdnaey (lulaswasg)

a

9 2 <3 a a
ANITUANVHUIVDIHAN (UaalunT)

<1.6 1.6-<32 32-48 >4.8 64 >6.4
’Tﬁﬂiﬂidﬁ%}N (Structural shapes) 45 65 85 85 100
IMANLAY (Strip) 45 65 85 85 100
19 (Pipe) - - 75 85 75
a9 (Wire) 45 45 65 65 85
AASHTO’s Standard (2002) nauraNas uisanITAdoudany d

= o o Y =2 = o Y9 ¥ o v
UANUHUINEANINATIIY AT Uo1gM I T¥ 0 75 99100 3 Tasuuziilvlysasinmsna
' . o Y o 3 A 9 @ ’:9/
38U (Corrosion rate) TUMIAIIUMININAAMANND1YMNT L51u]A 9 Aall
[ [ 1 1 U a A = ) o 1 9 =}
® 9a3ININANTBUNMINY 0.015 Nadwnsaell KT uree1gns Igau 2 Jusn
® §A3INITNANTOUNINDY 0.004 Hadiuasael) d1mius21901gn15 19911
N8990 2 %)
[ [ 1 < [ [ @ J
® 903 1N1INANIBUYBIHAN (AN INTINTAQANANTBOUNNA)

911A1 0.012 Uaatuasaoll
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3) ﬁwﬁ’qgﬁumuuiqgﬂ (Pullout resistant)

@ = v 9

figquasumaelimasdiuniumsanviagauinne wwdesnimnieluves

Y
Taseasruasumiasezivegnulfnsersiuseninnaunaz Taqiasuiigs nalnnan
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Mumnuauasuhassadulsz lugdnansszuudva Tagesuidimundsszuuii

- )

(A g A) vzinana lni §A58159uu U599 (Pullout interaction mechanism) ¥tz 1
(@wniia B) vzinana In1§ase15mnuunsudouasa (Direct shear mechanism) MNATOU
UTUNDUATA (Direct shear) 1agN1TINAADULITINA (Pullout) mmmi%’ﬁmmwmﬁﬂﬁm
3’/ 9 a 9y aan 1 I o = o
niaeld Tasdnaudinalnlfazersauununsenazidludiaiuguadosninueatiung
AUAULE TR

1) I

o . < ' < [ A A o .
ATV ANLDU (Strip) tranttWy (Sheet) triannay (Bar) LaginantasulNay (Rib)

1 a

aan J < a o v T a a o o <
ﬂa 'ﬁ811'5'Jilﬁ314’)']\1@‘Ll!l,ﬁZWiﬁﬂLﬁﬁiJﬂ']ﬁ\ilflJuuﬁﬁlaﬂ@ﬂ'luﬁxﬂ?'lﬂﬂullagW'JﬁiJWﬁ"ll’E)\uﬁaﬂ

[ [

o A @ g‘/ o o 9 = 9
Fuias awaaalugli 2,10 Asumasdumuusgaieaniu (p) amsadssuwla

P, =(c, + o, tano) A (2.10)

A A ' = .
¥\)3) C, A0 UUIYLIYALNTS (Cohesion)
A = 1 a < a o w
o A9 HM!ﬁﬂﬂ‘VI11!5118(11!5SW’JN@]uLLﬁzmaﬂ!ﬁiNﬂWaﬂ
A F) @ A
o, fd mmmuﬂwﬂuumm
A 1

= dy Aa [ a o o =X @ o [ < 1 1w
Ag A0 WUNHNIVDIUU AN TUNIAIBINAUNINY ZbLe AT UARANUNY LLaZININY

9 o <
7bL, AMIVannay

/ T K
T . .
Potential failure surface
/ A/

5U7 2.9 anwuzmsitavesInsead wiuauEIuing
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Frictional Force Normal Pressure

Soil partical

Pullout Force

— \4 —— Strip reiforcement

Normal Pressure

{ a < v
gﬂﬁ 2.10 WQG]ﬂiillﬂﬁ{;ﬁuﬂWHL!iﬁgﬂﬂJﬂ\Hﬂﬁﬂ!LW‘L!

Tuns@ifi ufinamsnaaeuusean wisussdameamusadszua l§nnnueuss
MAeveAY (Cohesion) VesAuFI0TA Yz 0.5 59 0.7 veantsusuniieni
ym%mmuizwjnﬁuuazmﬁmﬁnﬁwﬁqﬁmeﬁuasjﬁ’mamsugmazmmmﬁmﬁ?uﬁﬁmawn
@oamumeluvesauTaenall tans Halszma 0.5tang §9 tan g AASHTO’s Standard
uuzih 1919 tan s lamu 0.4

v
o w A

o Y < . . . I <] a
FIuaziunIunan (Grid steel reinforcing system) L‘IJULﬁﬁﬂlﬁﬁuﬂ'lﬁﬂﬂﬂﬁgﬂ@ﬂﬁ}')ﬂ
<3 . . I
Wan® v (Longitudinal bars) {agtHanfIuUIN (Transverse bars) ﬂa"lﬂﬁ'muﬁqgﬂ?ﬂmm
1 I <3 ] 4 ' A I <3 a
UANATNITINIUANUDULASIANLAU Lﬁ@sﬁﬂﬁlﬂﬂﬁﬂlu']ﬂmﬂ ATUNITIHANISHTAAINANTTY
A <3 ] A 1 al A [ < 1
U ULIYaNILNY (Sheet) meﬂ‘lf@ﬂlﬂﬂﬂﬂlu’lﬂslﬁmu IMaNNIUVIN (Transverse bars) VL FIY
2 1 1 <3
INULTIUNNTY (Bearing resistance) Chang et al. (1977) N2131984NTUHAN (Steel grid) i
o o 9 1 I N = 1 A a dy A Y o
N1 Q@TH%THLLSQQﬂgQﬂQTLWﬂﬂ!l,f]‘]_l (Steel Strlp) ‘]J'igiﬂill 5036 N IUBNINTUINUNHUINA
M Taelszuuiosas 851990 - 40T 1AIRIUMULTINANADINUTIAIUNIY Passive

Y 9 I
AMURUURANANINVIN (Transverse bars)

=) a o > =) =)
2.3 WE]ﬂﬂ§‘§N!‘U\‘lﬂﬁ‘llQQﬂH!WQﬂHﬂH!ﬁﬁN!ﬁQ
Y= o o 9 Y Y A oA

Bergado et al. (1993) laanumasdiuusagaeenniluiosljianmsuas luauiw
VOIAUIFDNUUULALAUFTIANIY (Cohesive-frictional  soil) 3 ¥ &4 1aun AuKileD

Y
(Weathered clay) A1QN34 (Lateritic soil) tazauNIwluAuLItien (Clayey sand) AUNIAY

a A o o Y 3 . ~ 1Y) o [ 1 S 3 4
FUAYILETUMAIAIBNANAZIUNTI (Steel grid) NIzAUMIUADA TiTRENI1 90 1lo5IFUA Vo9
WALUMIUATAUUDNIATTIL 3UN 211 uEeennuduNuTIEHIaNTIRAeNLaTN1S

A @ I A a = v 9 Y Q dy A
Lﬂaﬂu@ﬂﬂlﬂﬂlﬁﬁﬂlﬁiﬂiuﬂulﬂuEJT]Jﬂi’)ﬂﬂ"I‘LlLWi\i‘ll’E]Q’]JiﬂJ"Iﬂ!ﬂ'ﬂ?J%HLﬂiﬂ%ﬁ?Jﬂ‘Vlﬂﬁ@ll(lu
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a wa 1 1 4 <] a
ol fUANT 9nHanIINATEUNDI UIIAIUNIUNTAIeoNIE A Igegalomaniasy
] 9 v Y
indoUAI0NUTZUI 20 HABINAT UONIINUEINUILTIAIUNIUMIAIDONGIGATIA NN

AN L T LIUIAHT AU IAUDUMUHATT N

T
STEEL GRID IN WEATHERED CLAY
Dry side of optimum
Grid size: 150 mm x 230 mm
6 Bar diameter: 6.5 mm

Pullout Force (x10 kN)

Normal pressure: 10 kPa
Normal pressure: 30 kPa
Normal pressure: 50 kPa

Normal pressure: 70 kPa

o » D> e O

Normal pressure: 90 kPa

0 5 10 15 20 25 30

Pullout Displacement (mm)

{ v o d ' 4 @ <
qﬁ;ﬂﬁ 2.11 ﬂ'JHJ’ﬁ'iJ‘W1!‘ﬁi%’ﬂ'JNlljQiqlﬂllﬁgﬂ'limﬁ@u@'ﬁl@\‘uﬁﬁﬂ@]gllﬂﬁﬂ (Bergado etal., 1993)
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noad v luaumlaglduiuaivied Tonsa (Geogrid) 1Huiagaiuias 1Faunsiedu
o Y . I 1 ~ 1 0o < Y o 9 1%
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Maa39091)32d8 (Ultimate tensile strength) 71195 1un1500n011U 91AMIANYIAINA1IVIET 1)
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MmN IagITHugIY
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. o a I3 v A a <
Horpibulsuk et al. (2011) TavhnsfinymgAnssuvoamumenuauasuman

A gy 2 A @ = = 3 A o o & 3 A
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I ] ' 1 @ < °
MU Facing 1utrunsuniavaslunyuu 0.14 was uaziaqauiunsievinaainawe wa
MIANBINDIIMINFAMATUIINA NN MgIgamnY 95 Jaamas tazusnumunasdia
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g‘]J‘ﬁ 2.12 MINFANIVOINUNINUAUA TN ANLUNNIU (Horpibulsuk et al., 2011)
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M3INFAAIATUNUILAIGINNAUNAUNDINAUIHUNIEBIFUE (Eccentric load) Hay
1 o v 3 A Y I =K = 1 @ ' v A
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senanmsngaad TuTouaiutas wag Ta T3 umiae (5 masnnuHuR W) MINgaa-
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o [ a v o I 1 Y o [
funenuay sazauounassnaiulassadeauazdriuny vaziiunanuaundag
a I @ [ < 1 @ A y a ' ' @
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g’/ d‘ a g’; a = 9 1 a g’; a
TurUg143510 (Ground) titeanaavhualusuauouiasennania luryuaugiu

Y
510 (Ground) Mingadd TuguauoulianvazmingaaIndenaan
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End of construction
—o0—  8days

—e— 10 days
—a— 11 days

—a— 13 days

Depth/Height (m)

—o— 17 days
—a— 26 days

—v— 47 days

8 10 12 14
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g‘]_]‘ﬁ 2.13 fﬂiLﬂﬁﬂu@]'ﬂ,ullu')ﬁ'l‘lJ"UfNﬂHW‘Nﬂu@ulﬁﬁlllfﬁﬂﬂl!‘ﬂﬂ‘ﬂ’]u

(Horpibulsuk et al., 2011)
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(3) Amplitude Domain Reflectometer method : ADR
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Soil surface

Water content
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h=—= (2.14)
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A . Primary draining curve
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q:k%A:kiA:vA (2.16)
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Parameter Symbol Steel reinforcement Lean concrete Acrylic facing Unit

Material model Model Elastic Elastic Elastic -

Young’s modulus 2.04x10° 25.5x10° 3.3x10° KN/m’
E

Area 3.53x10° 0.05 0.02 m’/m
A

Moment of inertia - 1.04x10° 6.7x10” m'
1

Poisson’s ratio = 0.2 0.3 -
Vv

Density y 1 235 12 KN/m’

4 1 a P o [] 1
GﬂiNﬁ 3.2 ﬂ'lWWiTJJm’E]iﬁGlGIﬂULLUUiﬂﬂENﬂRJﬂTWEJE]ﬁ"Ju e)a g

[

v [ 4
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Parameter Symbol Sand Lateritic Geotextile Geonet Unit
Mohr- Mohr-
Material model Model Mohr-Coulomb Mohr-Coulomb -
Coulomb Coulomb

Type of behavior Type Drained Drained Drained Drained -
Unsaturated weight Vs 16.7 18.30 5 5 KN/m’
Saturated weight v, 20.4 21.33 12 12 KN/m’
Lateral permeability /. 17 0.3456 320 69120 m/day

lat
Longitudinal -

. 17 0.3456 2,000 69,120 m/day

1 ong

permeability
Young’s modulus 20,000 50,000 50,000 50,000 KN/m’

E
Poisson’s ratio v 0.3 0.328 0.3 0.3 -
Cohesion c’ 1 19 1 1 °
Friction angle ! 40 30.75 40 40 °
Dilatancy angle w 0 0 0 0 °
Initial void ratio e,. 0.6 0.45 0.98 0.98 -

van van
Flow data set - van Genuchten van Genuchten -
Genuchten Genuchten

Later earth pressure K 0.36 0.49 0.36 0.36 -
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Case Inside Outside Drainage direction
Geocomposite Remark
No.  Protection zone Protection zone (deg.)
I Sandy Soil Sandy Soil - - Calibration
II Sandy Soil Sandy Soil Use 90 Calibration
1T Lateritic Soil Lateritic Soil Use 90 Parametric study

v Sandy Soil Lateritic Soil Use 90 Parametric study
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