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YINGYOT BOONYANUNT : ECOSYNTHETIC APPLICATION FOR
STABILITY OF ROAD EMBANKMENT IN AYUTTHAYA PROVINCE :
ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., P.E.

Ayutthaya province situates on an alluvial plain around center of Thailand.
The soil deposit is soft clay with high plasticity index (CH). Thus, the infrastructures
encounter with the geotechnical problems such as large settlement and lateral
movement. Failure of the road embankment is always recorded. The factors
controlling the failure are height of embankment, engineering properties of foundation
and piezometric drawdown. This research attempts to study the settlement behavior of
embankment reinforced with the Geotextile - Polyfelt PEC 150 and the measured
settlements of both unreinforced and reinforced embankments are compared and
reported. The settlements were measured from settlement plates and settlement points
for 50 days after construction. The settlement of the reinforced embankment is
uniform while the large settlement of the unreinforced embankment is found at the
center. The settlement of reinforced embankment is insignificant after 14 days of
construction whereas it still increases for the unreinforced embankment. The
measured data show the effectiveness of geotextile in increasing slope stability of
road embankment. With-geotextile, the stress on the foundation is more uniform and

lateral movement is minimized

School of Civil Engineering Student’s Signature

Academic Year 2013 Advisor’s Signature




a A
naAnssulszmea
= v Ado I My v v 7 o &
Tﬂi\i\?']uﬂ']iﬂﬂ‘]ﬁ']ﬂ‘U‘UUVIﬁHﬁ‘DUlﬂ VINRIUBUBUNIEAM  AIANITIITY AT.FUAUA
Aa s (R A Yo o o a 0’/‘ dy 09/’
nonyagu @'l‘ﬂ']ﬁﬂ‘ﬂﬂﬁﬂ‘m ‘Vlcl‘wmuuzuﬂumimmmmmm FIUMIAUSNIIUNITADU
A a Y av \{4?} s a 1
Tﬂ5\1\11‘L!‘V]fi’r]ll1J§$Lllu%i:ﬁ]ﬁ@ll(l‘ﬂQTU’J?]?JET?J“]EIJTEMGUH VYDVDUNITSAUBIANITUIHITAIU
Y o ~ Ay v =< ' s A o A A
i]\?ﬁ'JﬂWiguﬂiﬁﬁ'E]Qﬁﬂ'l T]hlﬂ‘]quﬂ'lﬁﬁﬂi&lTU'Nﬁ")uuﬁ3@1§Lﬂ51gﬂlﬂiﬂ\1ﬂﬂiﬂﬁ!ﬂﬁ@ﬁllﬂﬁ']\?”]
;I 9 @ J ~ Y ] A 9 a va y
fl"JlIVI\ieU'li']G]fﬂ'lﬂLﬁg‘W‘L!ﬂ\ﬂunﬂﬂ1uﬂSl'ﬂﬂ')'lll53“%@1“ﬂ'lﬁi“lﬂl.i\?\‘l'lﬂiﬂﬂ'ﬁﬂa‘]J@ﬂ'gflﬂ')'lll
~ Y
L38UIDY
ady [ =2 A A Yo o 09:
GUE]"U'O‘]J‘W5$ﬂmm1ﬁwuﬂﬂﬂu1uﬂﬁﬂﬂﬂ535’)11ﬂ\u‘1/‘|9‘11!5'] nﬂﬂu%ﬂ@ﬂiﬂﬂ’lﬁ\‘liﬂﬂﬁiu

Y = v 9 Y
mumiﬁﬂmuazmmﬂnwuﬂuwummsqm

a o &
HNELG | YUITUUA



ey

9
w1
ndmdewlne f
UNARGOMIMON Y Y
NAANTSNUSEMIA. fl
My 3
MUY n
ensveygdow ¥
~
UNN
1 un¥h 1
o w I
L1 anudwyuazanudvwvesilyvn 1
12 daglseasd 2
1.3 weuwamsanyl 2
P 1 o
1.4 sgleminanaeglésy o 2
=) Av A A 9y
2 ngRuaznwINeneVe 4
2.1 awngmswievesuy 4
2.1.1 eanmwhzueaemsiua o 4
212 MINFAVOIAIDUM 5
213 MINFAUBUVRIAUMN 6
214 mIngedasesae 7
22 @ogsmwaAnyalevesdy 8
221 wyuvesmswInens. 9
= a d‘d d‘ ]
222 MSHUADIIMNANVAIRAUNNANMFONMUY 9
223 madsvlyuadesamanyare 10
23 Saqlodunsied 11
wvAa I
231 dsedaenwdvwn 11
4
232 dsupnvazdseloyd 11
2321 wiwleduwasess 12
2322  QZUATIFUATIER 12



] o o (%% 4
233 ﬂ’lﬁi%\ﬂ“&lwuﬁlﬂﬁﬁLﬂi’]gﬁllﬁgﬁgllﬂﬁﬁﬁﬁlﬂﬁ'lxﬁ

Twhwme
-Q' % I Y] 4
24 mamuEdsInnvesaun e laedaqduasgd
2.5 madiuadesnmvesiumalaemsasuauaud e
2.6  mslszwvamanulasansvesnumsuvausew
aA o a =
30 2BRWHUMSARYY
3.1 msdswdunaangeda
32 awmwANUderIevesAume
Ad' A d' 9 o
3.3 @seswenl¥lumsdis»
o dy d’o a 9 d‘ A o d‘
3.4 MIdsRNUNAUHUMIAeATeIledIs e UY
o [ 09/) a dy d‘d‘d
3.5 mseizdIswanBussUAuN LAY
a J
3.6 MsIATIEHuazes MUY
y
3.7 quaseildlumsneaeos
o Aq
38 Jagnleweaes
am 9 Yo o o A = o
3.9 Asminaasslizgnalsiaaduns iz lumsmuades nmyoIaun1g
3.10 UWUMSAUHUMSINY
4 msARvweEIRIRYRe
41 UNU
42 Jaquagdtmsaudumsdse o
9
43 FueouMIfeAsWAMANY
44 WAMSNAEOU
45 MmAIgVRanadgey
5oaglwa
1ONA1TD1904

va 9
sz Taneu

12

13
14
15
16
23
23
24
26
28
28
28
28
29
33
38
39
39
40
42
48
50
52
53
55



a3UYMIN

A
M3 NN
2.1 uauiavewnuloduaziduaaimms ldau

2 v
41 auautaniugueiuledunzin1¥5u Polyfelt PEC 150



sy glomn

Qo
=
=)
=
=
)

ANYAULNITIVALUUFoundation Failure

0
=

22 WOANTINNIINIAAIVDIAUNNUUAUFIUTINDDU

23 MINTALBUAIVOIAUNN

v A 9
24 MINTAAINIT0309
25  ANYAULNIINAIDIAD Tension Crack tazHeave Failure 910NT00UOVDIAUNIG

2.6 NHANITUANNODULDUDIAUNN

2.7 HUVUDIMIWINAY

2.8 puvveIMIwInareluausianianuouLY

29 mMsUsuaNvaIn

2.10 MIDVAUMUMGVIANUAIA

2,12 PANNMIEIuLsaluaunig

A 1 o Y a wva =) v A
2.13 ﬂﬁU],ﬂﬁﬂﬁ!fINllﬂ1BllGQIMLiJLlGW]TL!ﬂTi’J“LIﬁiﬂﬂﬂﬁ!ﬁﬁJﬂuﬂugﬁu"lﬁfN

2.14 AANAUTMININAYUDIAUNNUUAUDOU

2.15 nswlanuduiusserdng N, S nazNd

2.16 dwalslumsiszanamanuiasans

A Yy A =
2.17 N13RA8N C;l‘ﬁﬂﬂﬂ@]ﬁf]ﬂﬂ’)'lllﬁﬂ D

218 awalslumsiszanamanuiasansueansasunsaluaunig

A4
3.1 uHUNNAeIATINg

32 ANUEIHIEVOIANNI

33 ANUEIHIEVOIANNI

34 NAOIAIIN

35 lidael

3.6 wmiiasses

37 NR090gNIN

3.8 UHUNIAAD

3.9  ANHUSURIAUNIAA



3.10
3.11
3.12
3.13
3.14
3.15
4.1

4.2

4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4. 11
4.12

4.13

4.14

AUDUIINAUNIUAY

. ' 9 ' ) a ] 1A
Boring log 1A54M13A8A3NN0A3 NALWIUABUNIALATUIHAN W7 3

Muaautuda 6 1NoYIIY I IANTEUATHTDYTE

4
naalaaaon
Y

ﬂluﬁﬂuﬂ1iﬁ6ﬁ%}1ﬂﬁu%1\1

4 '
msaadaHungadd luanaasi 2

4 H
maaadaHungadd lulamaaodi 1
myauAunlunlainaasei 1 vaguilaimaasan 2 uazuade

1 @ c’u’j A A
maurulodunsizrnsun 2 Tunlaanaaoun 1

[ 1A Y o
msUsuunsrvithauneluntlameass

ywazweauanaeey.
AMINIAAANGUAVIAINTIITATIN Settlement plate lunaanaaenii 1
AMINTAAANBUAVIAINTIVIADIN Settlement plate lundasnadeudi 2
AN¥ALNMINGAMINUNIAVBIAUDUAUNIW UL Cross section

Nszezinan 50 U

30
30
34
35
36
37
39

41
42
43
43
44
45
45
46
47
48
49

49
50



1.1 anudagazanmusnvesilym
[ [ = [ [ o A 1 tﬂy A 1 g} . .
Tandanszunsasogse1ludsrianed lununsiuguaznoutinn (Alluvial plain)
' dy A 1 dyd 3 a = 1 A @ ny
vina g lumanarsveslszma Inenunnugquitiusudumilsrseuigniawininssii
[ 2 Y
AnULNNEIAINeIveInIIUUTnuiiviuenitasgnilnagualeimealugiuial 5,000
= I £ g 1 A a 1w a ~ 1 1 1 [
943,000 YnouduilugranarinansnedrveaaumHeIBoUsTHINGIINANLALs 19 ae

o ~ A dyd ng; a ~ A A o g;
ﬂlﬂﬂﬁuﬂiﬁlia“ﬁu (Holocene epoch) ‘Vl3mmﬂu%uﬂumummﬂmmmiwﬂwwmﬂimﬁuﬂu

a

Y Y 9
Franaeen1lszua 2,700 YneuszauiimeziaanaduasFuaUMteIoou TNATUNIVUD IR

P4
=

a a = A @ = =2 o 3 A A a 1 A
ﬂuﬂumum%izﬂummaﬂﬂi$311m 0932 mmtﬂuﬁnuﬂumﬂﬂmiPgﬂi’aul,ummﬂmﬁm

Y oy 9Ja 4 1 9 Y '
1azadvoIszAU1AAY (Weathered clay) Lﬁaﬁmﬁﬂaﬁﬂﬂﬂﬂﬁiwmﬁﬁ%ﬂIﬂmﬂmauu

a

I 9 3 a = 1 1 Y a 9 a di’
uazgmimazwmgﬂu@uumm@umumaamzﬂ@“hfim@ﬁ]ﬂummwmmmﬂimﬂgmmﬂu
F2 9
Hazifamsdadimeiazne ldinanisngasnag madeglaudisediauinsgr e

@ ' 1 @ (% [ 4 a 1 @ @
‘H'ﬁ\iﬂ1iﬂ@’tff‘%ﬁﬂLﬂfu&aﬂ’)ﬂuﬂﬂﬂuuiuﬂ’ﬂiﬁﬂNﬂﬂfﬁ]ﬂ@ﬁﬂﬂ15ﬂiﬁ1iﬁ’)u%ﬁﬂ’)ﬂ

~ A 1 o S a @
W‘iguﬂiﬁ‘iflq‘ﬁﬂWﬂﬂ‘i$iﬂﬂ@§ﬂu 160NV l00ﬁ18!ﬂui$ﬂ$ﬂ1\3ﬂigh1mSOOﬂIaLMGﬁﬂu‘VﬂQ

4 4 Y [ Y
aundiulugaveguusuannitivasouamuuanasuazsumiinioniggquasszaviily

U

Y Y
aaoazuiihvzaaassznadsmasi s winihdduneasasdana liiadesam
YoaRuAuanaIn AN BdRan s dogUiiud1azn1sngadednunIunsZRNe

a wa ava 1 [ a { a
NIIUAVDINNAA (Slope failure) ﬂ"li’J‘]J@]LWull??])@EJNGBﬂLiluinﬂﬂ@ﬂﬂuiu1ﬂaﬂﬂﬁlﬂﬂ%1ﬂﬂ15

b4
2 1 =2

WINA0UBIAUAUMUNAATAADITZAVANUTULTIVBINTITAMINA 1 TUBGIDANUFIVI
k4 9
AUNNENEAUAUANTAVDITUAY (FI8IATUMUITUNDULATANUHUIVOIFUAY) 1Az
Y
@ o J a 1 o o
aAaueeIzAlIeIANsUTMsdIutanianszunsasogserdoel Feud sz luns
1 1] I ) 1 =t [ 1 2 U Y A [
Fouuauaunuiusavnnlundaztuan luaunsoud luilyni ldedansieseunay

X 2 a a ua [ a { a a a % A
l18520gniiasninansitiavesdun1ed3snsudilyiniilse@nsa i nilsAonisiiu

[ Y v [ @ 4

Aasdumuns s I nuAugIuTINAIeMsasuiaqduns1e N (Geosynthetic) 992 H01N

a

[ a

fasdunmuusawunmuldnuaugiuan

2

TA5 UL

ERITMNNAIALD

ee

[ [

anUsyasAiNeANEINGANTTUNIIMINTTUVIRUAUDULET N Taq

q

v
a =

@ < v a wa { 1 v A { a o [ d [
ﬂ'\‘llﬂ‘§1$ﬁﬂuﬂuﬂuuﬂﬂﬂ@mggﬂ?@@@ﬂLla$ﬂ@ﬁ%}%‘iﬂu@uﬂuuﬁlﬁﬁﬂ3€Tfﬂﬁ\1lﬂi1$ﬁ (Wfﬂu
9 9

v A 1 J v T,
NN) ﬂuﬂuﬂuuiwuﬁ%wﬂmqﬂﬂimmammﬂﬁgm Piezometer, Pressure gauge, Settlement



] 9 9
plate 18% Inclinometer Lﬁﬂﬁ1ﬂ1§ﬂ53%’3@ﬂ'J']iJﬂuﬁW‘UfNGISL!QUﬂ31“@“1ﬁ§1u31ﬂﬂ131’1§ﬂ@’3
091’ a =2 9 9 v A 3 1 A 1 9 A o
ﬂl@ﬂ%u@uua%ﬂWilﬁt’lgﬂﬂTL!GU']\1‘1]@\‘1?11!@ulﬂuna']ﬁf]!u@ﬂ@fﬂﬂuﬂﬂ3Lﬂ@uWﬁﬂ13@]3Tﬂ’Jﬂ

ng o A L4 a A a o [ EL v A
“I/I\Wi’i]ﬂﬁ]gu'n!,ﬂ'i"lgﬁll,agﬁﬁqﬂWaﬁ\‘]‘]_]ﬁ3ﬁ‘ﬂ‘ﬁﬂ1Wﬂl@ﬂﬂ1§£ﬁiﬂ3ﬁﬂﬁﬁlﬂ51$ﬁﬁlﬂglj‘ﬂu@uﬂuualu

9
A A

A =) v A I 4 1 9 a vAa ]
MTIWULFDYININVDIAUAUITIUIYY ﬂl!ﬂigiﬂcﬁuﬂﬂ%‘]ﬁ\l1ﬂ1uﬂ15llﬂﬂmﬁWﬂ'li’lﬂﬂ‘ll@\iﬂu

~ A A o ow o =
ﬂ?ﬂﬂuuﬁluﬂl@]WEZUﬂiﬁﬁﬂ‘q‘ﬁfJ"IfJfJNfoJu@ﬂVNﬂﬁlﬂullu@ﬂNiuﬂWﬁ@ﬂﬂllUUﬂu‘ﬂNﬂuuﬂ‘ﬂg

a1l

1.2 Jngilszasa
12.1 drsndnvazanudemevessuniaounluausuRaveu090RNITUTHIS
AIUTIHIANITZUAIAT YT
1.2.2 AnEMgAnIsumadmnssuvessuauaiuiagdunsgiouldunmsnszae
ﬂ:1méfuﬁywmﬁuiﬁgmimmmﬁuﬁuﬁl&’gm51ﬂmiw§@ﬁwm§uﬁuuazmi
dogilardng

) 1 {a wa a o [ L4
1.2.3 u'll’ﬁu'f]uu')‘l/l'l\iﬂ'li“]f'ﬂﬂL!,“]illﬂu‘uﬁ'J‘UGW?]}'JEJﬂWilﬁiiJ'Jﬁﬂﬁ\Hﬂi'le

1.3 UdUIUAMIANE

A o o ) o v A J
'Ji]ﬁl%$1/]'lﬂ'liﬁ'l‘i'JFt]ﬂ'NiJL’?ffl‘l’i'IEJGU’ENﬂuVI'NﬂuuélUHIQﬂ’NiJiUNﬂﬂfflﬂﬂl@\‘lﬂ\?ﬂﬂ'ﬁ

e

=) v =

a 1 o 2}1 @ A a a wa A o §
?U‘i‘Viﬁfmu%\m’mwwuﬂiﬁiaﬂ‘ﬁUmmmﬂuufﬂmﬁaﬂﬂum\imﬂﬂmi’mmﬁai%’!ﬂuﬁu

o
L}
F
YA AR 2

= A Y Yaw o o 09!’ a N . . A v
ﬁﬂ‘HHll@llﬂWHVl ﬂi&lWLla'3&!')5]85]31/]’]1’”5'67’]3')%"]51!@“ (Soil 1nvest1gat10n) LWflﬁﬁqﬂaﬂ‘ngﬂl@Q
Y

&
Pl

F4 1
suaulddunisouuanuniidizgniosenuaznoad wlvinaunulasnisiasuiag

9
Y o o a o

o P @ 4 v 1
duaszrnladuniediverziinsaansginsaiuinsiaou 1Aun Piezometer, Pressure gauge,
] 9 Y
Settlement plate 118%Inclinometer WPMINITATIVIAANUAUIIVDIFUAUAINAUIATIUTIN
o an/ a S FY Y v A < 1 A ] 9 A o
MInadIveIFuAULazMIFegauIveIRuaLunanellipI0E1aUBY3IAB LAY DX
09// a L4 3| 9y Iq Yo @ o
pamsanyManuaunsziazaglanuiullidvesmsdszgnaldtagdunsiziluns

LESUEDETNINVOIAUNN

d H v
1.4 Uslarinaaiazlasu
(% v Aa J a ]
1.4.1 ladeyannudemesvosdunisouuluanuioaasevesesnmsusmsain

TanTanszunIAIoyse

o

142 nswdnnuiluly 18 lumsdszgad ¥ aqduasizd lumaiumadosamues

q

Y
AUNNVUFUAUI T EIDOU



143 e3ansuimsdiudanianszunsaiogsorauisound lunsitavesduni

Y 1 oAy Ay
ﬂuullﬂf)fﬂ\‘]ﬂﬂﬂuﬂ?ﬂﬂﬂﬂﬁgﬂﬂmﬂﬂﬂﬂ']



UNN 2

Y Y

2 aw A a
NYHHYUASIIUIVSNNYIVO

2.1 aunaMINUAvYeIDUY
ﬂs:u:uaﬂmu‘Vi1‘?;ﬁ'mﬁmimﬂummammuﬁumauuﬁugmiméau
mﬂwqﬁﬂﬁwumﬁ’umwuﬁugmiméaummﬁnzinmué’aﬁwmﬂﬁznauﬁ’u

Usgaumsalinerfufvouuuaumiiordeuvestszmalneamsatiunlszuaiiy

amsvealszduilymiinrsdesivsanlumsesnuuufunauudugiusneen

ﬂizgﬁuﬁﬁwﬁ’muﬁwia"lﬂfi

2.1.1 andsiznanemsdIf

mMsItAvesAunAednzitnam e Ivavesntadulugives “Foundation

Failure”aduaaalugaa 2.1

Tension
crack

T /_'/ ""'—'—\”"‘\
. ey \» j ]
N\ /

\\ //

Aamsa_ Aumiereeu
T — —

Failure surface

—~—

7

‘]Jﬁ 2.1 aNHMLNIIILALLUUFoundation Failure (’JGIﬂ k] GJJ‘Ij,2549)

[

9 A o Y a a
’c’f“‘l’iﬁ]ﬂ1ﬂﬂlﬂﬂﬂﬂ!ﬂﬂﬂ1i

g

wAa

daInglauragunindnls2ilsznmsdeanugaves

o w a

[ a =) 9 A c; a = 1 =\
AUNNW (H) mmﬂu”lﬂuaz/mammmumuuiqmaumaa@umuimm(ﬂumuma@u)31

EX)

51
QQ/QllQ/ dd 1

ﬁ'%ﬁ@l@l&ﬂ@ﬁ]ﬁﬂﬂﬁﬂ@ﬂﬁ?ﬂﬂ mmmwuﬂmﬂi 1/1T]Jui‘lL!1!1’1Nﬂ1u1ﬂlﬂuﬂlﬂﬂlﬂlﬁﬂﬂ@ﬂlmﬂ

a

Basitavendnduauluefaiinuludszmalnefaumaudnunnmseenuuuiiiins iz

= @ A A a L4 1A Y1 o 1 [ A ]
LﬁﬂEliﬂTWGIIEl\'iﬂL!“Vl1\‘11’?iﬂﬂﬂWﬁﬂ!ﬂﬁ?gﬁllﬁlﬁﬂﬂﬁlﬂfﬂWﬂﬂﬁ']ﬁ’)u‘ﬂ’l']llﬂﬁ@ﬂﬂﬂ(F.S.)‘VluliJ



[ 4 ] @

mnzan (g, 2549)uaﬂmﬂf:ifmﬂ’ﬂmﬂﬁaminﬂﬁ%qmuﬂuﬁunﬂuﬁz‘mfnmi
noad1eiliaugIuTINgNIUNIULAzIAALocal Failuredassvusunounsun luldnaug
aniaw hildmed viudesnuundesinsziiados smvesiumaliiiasasdnany
Yanass (F.S) wnne (MFUF.S. > 2) (A gWand, eamsdszneumsaon 2545)1u
dauveeanIAIANMINa319AUN1 lailiLocal Failure Lﬁwﬁyuﬁluﬁugmimu,ssimﬂwuLocal
Failurelﬁ@Gﬁl‘uﬁ%1im1aﬂﬂ’J13J@.’QﬂJ@QﬁUﬂNﬂ%ﬂgﬂﬂﬁ;\iﬂmﬁuﬁamE]Qaujpuﬂﬂ
2.1.2 MINFAVDIFIDUY
MMINTARVDIAUNUUAUTIUTINBOUYTENOUAIIFIUKAD (éfﬂgﬂ‘ﬁ 22)f8
1. MIngaalszrInemsnoas 19 luglves Immediate Settlement
2. M38AFIMBI (Consolidation  Settlement) 91T HITAVDIFUNII+ UL,
swfnhminadavesmseses

3. MINAMINNAMININTNAVINTAUANOUNINAITITIV

@+ |
00 0 g/ Nmiusinesmy
i e

WL ¢

3—[u

immediate

settiement(S )
TIUINNBATN

N.NINIARITTUINNBATN

TVININEATM

(o}

waInea™ (ilseesum)

NMIAFINIIUNA

=D+@+0®

L.NINIARIIMLA

MINgAfa

ANINTIUNINIAR?

EY
@ | Immediate settiement
‘; (TEWINNBATN)

@ | Consolidation settiement

| (OL+LL L)

mmadnaInEning
® | weinmrduazdieusn
mrerar

a Y @ a 1 a @ 4
zﬂﬁ 2.2 NHANTIUNITNIAAIVNAUNNUUAUIIUIINDDU (3%1@{1}7‘%1&,2549)



o 1 A 9 a R 7 Qy A
NITNIAAITIUN (1) waz2) ﬁ']ll'l'iﬂﬂﬁgJJT'LMllﬂsluVIE]H@]%QﬂﬁVIEﬂ@’J%%ﬁHQ’ﬂLN@
1 2 1 v A a d?‘ A a A o A
!.TﬁWN']uul‘lJigfJ%‘H‘LNLWIﬂ131’]§ﬂ§l’)1/ll,ﬂﬂ‘llu!,u®\1ﬁ]'lﬂﬂTif)‘Vl‘ﬁWﬁﬂlﬁ]\‘lﬂWﬁﬁuﬁgmﬂl‘lB) W
a & .4 P Ay a ' 1= ad a A
Lﬂﬂ"’U’L!fJfJ']\WI@!.Llf)\‘lﬂ'ﬂ‘lJL“Vl'l‘l/lfJ\‘UJﬂTi*ﬂﬁW%i’E]QLL@%%J?J‘V]’E]‘H@]VIﬁ']ﬂJ'liﬂf)‘ﬁ“]J'lfJWi]@ﬂﬁﬁJéUf)\i
(% d' a dgl 4‘ dd‘ 9 1 9 [} 9 =
NIINTAAINNAVUIUBDIVNINNTUN 3) llﬂf’)f]Niq]ﬂ@]fN 1uijmguummmmmimﬂmﬁluﬂm(3)
4 (Y a 3’ o ! <} @
‘ﬂmﬂﬂﬁ?ﬂﬂ$ﬁﬂﬂﬂ$ﬁu@gﬂﬂﬂiﬂWﬂ!Lm%ﬂluTﬂuWﬂuﬂélJfNﬂ'li%'ﬁﬂiﬂuuﬁﬁiﬂﬂlu'lﬂmﬂﬁ'iyﬁ]’i

(4 A A
iUuﬁiUi]iLLﬁgiJ‘]Jiiﬂm

9

tazlsuansesmzinaningadidinnouunisoussnaviia

N139T1TY

2.1.3 MINFAUDUUDIAUNIY(Sagging)

o

o

{ J @ o a J 4
31U 2.3 MINgAuBUAIVEIAUNI AWy ian, 2549)

9 v v

m3ingadvesnun ludnyuzivzinagenninanduniaazaatiosas launszns

9 =~ ~ Y @ @ Y a < = 9 =2 [l

HosgaNvoUAUNIININIAGIVOIAUNNAUDUAUT LT INUTI9zTvIatesunTauny i
=\ 1 = [ 1 [ 9 1 o [ Y = 1

Inansznudemsulasunilasaiandua (Crown Slope) Aunalauadmsuaumiisrsou

9
mingatilSinuguanandumaardumorsssundumai ldidud ldheuursouunas

09; Y £ g @ ' _9q ¥
SSU']EJH"I@?]ﬂ]lﬂEﬂﬂ%ﬂlﬂu@u@i?ﬂ@@lﬂi%ﬂ?ﬂﬂ"lu



2.1.4 M3NARINTBIA0 (Rutting)
o A Y I v A £ A 3 a
ﬂ'li‘l/]ﬁqﬂﬁ’J‘VI56\‘1a@ﬂLﬂi«lﬂ']iVIEﬂﬂ’J@ﬂﬂi%Lﬂﬂﬂuﬂ‘ﬂWULWHU@EJ‘UUW’J‘V]’N%S']%?LLUU
A [ o 1 9 a dgl a A J 1 =1 o ya a
ﬂﬂ‘wqumimﬂmuummamzmﬂwmnm‘mﬂuiawm Wheel track uwamﬂ‘wmauumﬂ
I 1 % 31 = J o 1 v A dy v A Y @ o Ya (=
nJu5@qmumucmﬂuaumwmmimmuaﬂmﬂumimﬂmmma@mmﬂwmauu”lmiau

Wi ldazainaemsiuvde

ZZN

9 U

A v A a o 4
719 2.4 MmIngadIngedas My imi,2549)

v 4 =

MINIAAINI 090001V A URAIINNITYUAIVOIAUAUNIINDY I UAN1IE Low
Confining Pressure M3gUAIVOIAUMHIDOULALNITYAYINAIVDIAUAUNIINIINTAAD
110991NAUMTEIBDUILTVUIALAZ TZAUANYTULTININNN NMTYUAIVBIAUALNIIToE Y

a91I¢Low Confining Pressure

Failure surface

RN = RN g .
AUNN -7 Aun

AUFIUITIN Augrusn

;W/ m ”

n. Rutting 1. Heave Failure

510 2.5 ﬁﬂymzﬂmﬁm"mé’e Tension Crack itagHeave Failure

U
4

INNTBOULDVBIAUNI (I HAU,2549)



Heave failure

r Tension crack
<

/ *L':Jﬂ& AUN1

Lateral movement

511 2.6 weANTTUANNBBULDYDIAUNI (AR Wal,2549)

Aunennead wuuAUg LT INBoUIE NddosnwAs U IR NI INAUTIUIINAES
v 9 ] Y
AMumuusaneuid e INHouURIna e UIMINUTINN (Wheel Load) 92109 Rutting
k4
30 Heave Failure Id10AI0uunuduaumilorseudsinujuszuaziisosuanodidue

1 Q' ' <
TﬂﬂLﬂW”lg’t’)EJNEN5@EJLW'Iﬂ?‘l1%813%“191Wﬂlul!ﬁ$ﬂlu1ﬂmﬂ

2.2 1@RUSAMNANNAIAVDIAY (Stability Slope)
9 [
N13AUAveIUUTNAADI YA UNTINIANTZUATAT0YTEUAADINNITUIA

= a ti! 1 ] T v oA 49‘ d' U 9 = U 9J a
Lﬁﬂﬂiﬂ?W‘U@Qﬁ?ﬂﬂu“Bﬂﬁﬁuﬂlﬁifgw‘IJ’NFI‘Llﬂucluwu%ﬂﬂﬁiTﬁMﬂ’NNﬂWﬂ“ﬁuuﬂmﬂu”l‘ﬂ

v
[

d' dy A ' A o 1 a A A 9 U 9 A 9
iHoanniui lnananidavas luensaasunsamuanuniveslvanaldiiesde
Y o w Y A Aa ¥ a o o ' = ' ' 9 9
Yo31naauMINUANRAUANNAIIIT AU NAUNIITINN Inamede liausaneahald
AUNIATFIUVDINTUNIINA N ONIAAUTANNAIAB BT 11 11921AAINMTYANT OIS
3 A A 2 a ' A Aa 4 a =
UAMNILNALT ARDUTUMY T UNIAAUHUIBUT URDUNNAVUTHANIINUIIAIGAYDI Tan
= g} I 9 ] A A a dgl Aa A a 1

pazusd Inaguvonindudumnnisousuneuiinaduluyraduiiaiguiuniin
9 A & = A ] A A
AUNULTIROY (FuTurasINveInNUFeaN LM UL ANUFOULUUYDIAY) NIAAU
LINANIINIA (WanNe3,2538) dasraruasassdiunsiaauisadiuia ldanaunisn
2.1

Y A J Y
ussdumy (w5e Tumuaveausadiumiu)

ganduaeads = —— - -
usanszin (w5e Tumudveansanszit)



2.2.1 !l‘lJ‘lJ“lJENmiﬁQTImEI(Types of Failure)
~ 1 1 A % a a Y I 1 9
ummn85(2538)ﬂan’nmimau”laammmﬂum%fmwimﬂumuiﬂwamﬂau
= 1 9 dy v Aa 9 a ~ 1 =
(Circular arc) FIUUIFIU 1A9HD199ZAANAINLIANAIAVDIAUITENI Slope Failure 130619
Aa A o ' . A o =K 9 A o~ '
NAIANUDIANAAULIINITToe fallure“l’ﬁf]fﬂﬁ]‘"l]%@ﬂaﬂfNUl‘]J1@§1Uﬂ31ﬂﬂ1ﬂﬂlﬂﬂﬂuljﬂﬂ’ﬂ Base

k4

Failure31/91 2.7 aasanyaigmsniang 3 anvay

S

(n) Slope failure ) Toe failure (n) Base failure

ﬂﬁ 2.7 UUVYDIMININAY (le“ﬂﬂﬁ 2538)

2.2.2 MIHUADEINNANNAIAVDIAUTANA 1Y DNIUY

9
Vgi83(2538) NI NARITNINAMINAIAVOIAUTUBEYAD (Cohesion) 1Az ITHA

a

U8y (Friction angle) ¥9IAUANNGIULASANVTUYBIAINAUAN UL MIITAVDIAIAAY

D

a dy 1 ' [ A A v A [
Tuaulszinniidn vyl uunuNFend1Toe Failure 130Base Failure Toe Failure A431/9
2.8 FaaAURIUAULUIT T DFHIUD 9009 18

o A o < a
Base Failure 3zifafuvesatnauiiinnuduiidesuaiagildmausumaiinay

1 A o [~ @ =
@@umumldu,ﬂugmimmuﬁﬂﬂugﬂm 2.8

“TIRNTT

/— fanmidauan

/
.//

A mmnaud

TR, . T . )
TUARUMULLINT

(n) Toe jailure (u) Base failure ;

li' - a a tﬁld tﬂ' ) =
§"1J°V] 2.8 HyuYeIMsianag luausianlaNuFe Y (UUINe5,2538)



10

2.2.3 madSuljuadasmmanyaa
UL (2535) PANMFINLADEININVBIaIAALB1 Iaa8m 1S UannuTual
A o 3 Y [ ~ ~ A " (@ A = ]
vionutudutiuladuaaslugdi 2.9 TunsdinlidSuananuaemsinadosnimaunig
o ) ¥ a Ay a A A % Y L.

919111 1d lagnisauauiniea1ndu (Berm) iy Tumuan11ud uniunms loa (Resisting

a A Y ga o A Y} o 9
moment) AuNaNMeaNua1In1v lFauimInnItnluns e liauisadlesdumsiamne
a a 9 [ Ad'
AUUINUMANNAIAAIFLN 2.10

ANUMATY 2
Augnuean iy

-

Jd | a
NUUIMAAY

/ AugmireenTy

vl
ANUMATUN N G
anuawmdunuuyuiula

miuiy
AT

Yivlgaln

3UN12.9 msdsuanuan (Wug,2535)

o .
mnimingon Ry

pa S 2
/4—ﬁ1u1541nqnn1nnnaumvaqmnau

A o
vinuhimsimysfaiu

3111 2.10 MsauAuMUBYeINIWAIA (W1UE,2535)

9
o

msudlymszauiildau (amdesamassauan) smsamlddemsasieszun

9 b4
(% 1

9 ] v v
sznethuuauouiesessihnnuInadufssnliszauganiazaadameszietir luau
A Y 3 Y v o g’ ya dy A =
‘E]ZJLWi’)cl,ﬁﬁ"liJ"liﬂiS’fU"IEJuii’J@ﬂulﬂvlﬂi’)uﬁlzaﬂizﬂ‘iJ‘Llﬂ@]ﬂuui’)ﬂﬁ]1ﬂ1!ﬂ"|i!W3JL’dﬂEliﬂ"lWﬂ’J"|3J
A 3 o qgj a o u’z} o v '
a"lﬂ’f)1i]1%’3%@]@ﬂlsllllﬂ”ILLWQﬂLlﬂL!Ti?@ﬂ15ﬂ"l‘l’il!WULl@E’)Llﬂﬁ%N"Iulslfuﬂﬁﬂi’)ﬁ%}%i’e)”lﬂ”liiu
9
'ummgmm’oaﬁ’uﬂuﬂauué”ﬁmaﬁ%’nmmsuuunmﬁ’uﬂuﬁmﬁﬂﬂjmgmmmimnm

v A ] A I Y [ A
i"I‘Ll51]?Nﬂl!ﬂ‘Llfl]SGH'JEJ!‘WJJIlll,ll‘L!G]ﬁ"lﬂﬂﬁ]lﬂﬂﬂ\mﬁﬂ\ﬂugﬂﬂ 2.11



11

v g e
szAvIn AR

=

2 A
aamwumanauunuu*nnm‘l

0 O
Faassuumssznnlaaumoan wadudaminteus

seavinlAAL uazaanuduvenn

3 !
srdnhldfunadiag i e
finszidsRuIzIIUNSIA

£

s v o .37 -
mumnunus:ﬁuamlnm anuuuMHAIR

- PR T S
mamsmmmama_guuw ! y o e 8 " 01m
AWHUINRAAATUYY

£ J Y
viealaau

: e I A S T S T, SR YO

sty esiiufusuie Junnizauau nisnedlann 3 z dmiunimg
: e

wierrudunaunaeer hianuin AN NAUMoYDININA faguuniuduay

4 < a o
MUADMTIAABUAIVEIWIDA WAV A >
A3 NAUHUINUBNULLSIM AT IMTCUITMAANVUAIR

‘ﬂﬁ 2.11 Iﬂi\‘]ﬁi”lx‘lmﬂﬂﬁLWSJLﬁﬂEJiﬂ”IWﬁU?Nﬂ’NiJaTﬂ (W ug, 2535)

U (Y d
2.3 Jagladunnzy
2.3.1 Usziannailuan
A Yq ¥a o o p . " A
Koemer (1994) 1ag, Hooi (1994) 1@l Hiendaalodaunsizy (Geosynthetics) 11710
[ ~ a .é' a 4 ) A 9 9 a =~ a
TAQNHAATUIIN INAINDT (Polymer  material) tWolFa1ud1uIaInssusIalimailn
Y Y
(Geotechnical engineering) 334319A 1 Insea 19 uAMIar OUsTUUTE I azautleady
v Y
MINANLYIMERINzIan oI UL

[ [

4 Yo Yo a 9 a Yy o w Y 9
HUBYLINZD ﬂﬂ’lﬁlﬂillﬂ’la\iﬁlcﬁ Uﬂuﬂ')&l')ﬁﬂ‘ﬁi'illG]ﬂﬂLla$vlﬂiJﬂ']§u'l'JﬁﬂlﬁuﬁlﬂﬂJ'lsl(’]f

q

9
Y

TuaussaimataduaaisTus1aiSouth Carolina Highway Department 1a3t5u118Ee7i]
' A Yo o Y v A a Y Y &4
ANy NS IRUAUMIdIemsiuuauauneuudd sueailadioum
k4 k4 9 1 9
wouuufvniuldniesunieyiudndunianeudnidumsneaswaunisluduaou
9/ 4 Y dy y 9 = Y o T =
gamedsnuuaianiaduil ldinisnaaesns 1 uila e 1935 uaznundunisainaidll
= =\ T 9 o agj dyr:,’ A 9 | o
iddosnwiisaneasuumiiithedizanisnaacsnseiilugaisudugnmisianiuaz
L (% @ J %
Uszgnaldiaa lodunsiziaunailegiu
d
2.3.2 Uszanuazilsz e

[ L4 o o 1 @ Aq Yas a Y
’Jﬁﬂﬁlﬁlﬁ\‘llﬂﬂgﬁi;’ﬂiJTii‘lmlluﬂ@ﬂllaﬂ‘]elm%gﬂ3N’Jﬁﬂ‘ﬂsl‘lf’J‘ﬁﬂﬁWﬁﬁhlﬂﬂaﬂlﬂigmﬂ

d! 1 Y A d! ] 9 a = a [ Y] dy
Glf\‘lﬂ%ﬂlf)ﬂﬁTlvl’JLWEJ\‘lT]JﬁZLfWIGINW‘U‘U@Elalu\ﬂuﬂ1u’Jﬁ?ﬂi‘iﬂ‘ﬁ‘iﬂ!mﬂuﬂﬂ\mfJUhJ‘Ll



12

v d
2.3.2.1 uHulaFUnIILY (Geotextiles )
] [ I v I ] a 9 ) .
urnulodunsigviansusidunniunaninidulosinan Synthetic
& A = 1 Y a = va 9
fiber FINANUAINUANINAUTITITUIAUAZUAUAVTAAIUAIIY
1 ° a I [} o [
ﬁﬂwquqmazﬁmmmmswamﬂmmumiﬂElmiaﬂ‘vm (Woven)
[ [] [ 4 )
%50 18nNo (Non woven) Aruledunsizianusarimleluam
Y
HeNFUIAQ (Separation) NMULATUITY (Reinforcement) 1UNTDITAR
Y
(Filtration) 91432 U18%1(Drain) nazuileadiunisfatesie
(Protection)
[ d
2.3.2.2 AZUNIITUAIIZY (Geogrids)

[

o I o < 1 a Y
azunseduasignlanyuziduniunan Ingnslsearuduian

q

o a 79 Y < 1 s 1 9
1an Inawes Iilluagunssvuianisqisesnaazvuiadu le
1 1 [ d 1 a [ o
Tanuruleduasiziuamaiianmsdssaudulomiounuiiun e
A o a I 1 v A = va Y
molse Toyulumsiasunsadudiulvaiiosnnlgauauianiu
anugaarluszazendinuazausanaaliuanuaaunsalums
Sunseaeldgs
F | (v d [y d
2.3.3 3T NUVR N UIFAATILHIAZAZUNTITUATIZH

' o ¢ w A qy s vy o a o
LLNuGlEJmm‘iwmﬂuaﬁﬂmaﬁlﬂfﬂiﬂﬂﬁvu hlm/iaWﬂchEJ‘VNm‘i!,ﬁimtﬂmilwﬂ%u

[ [

< v A wa ’q Yo o 7
'Jﬁ'ﬂllmgﬂ”lﬁﬂ'if’)\?'lﬁﬂlﬂu@]u@nﬁ'lﬂﬂ 2.lllﬁﬂﬂﬂmﬁuﬂﬁllﬁgﬂ'ﬁﬂigQﬂﬁjsﬁﬁﬁﬂﬁ\‘llﬂﬁ?gﬁiu

uYszanee

[

o J I Ao [ 9 A A 9 a =
@]Zl!ﬂiﬁﬁﬁlﬂﬁTZﬁlﬂu?ﬁﬂ1/]3Jaﬂ‘]%lﬂ!g!ﬂusluﬂ']‘L!ﬂ']ilﬁﬁll!Liﬂﬂsl‘lfml.uxﬂujﬁ'lﬂﬁﬁll‘ﬁﬁﬂ!

Q

a

a [l ) <3| 4 o w [
mﬂuﬂwmmauuuammmuwmmﬂuﬁuLﬁmmﬂﬁmadé’fmmuuﬁﬁmaﬂu@‘aﬁuaz

anudmumumsauigeniiagdunngilszannduseuilavesnzunsesdunsigainiso

v
a

naa ldnarogluuuorimursuazdmasuiuduiiannsni hldszgad 15 18 uaund

719190199



13

H wAa ] [ d v
M350 2.1 aaautavesruledunsizinuaninms l9au

JaguszaeAraanstsu

Ussnnnistgon wdduen | ae ssung | @dueny | Yasduns | Uaedu

349 n383 1h Wi | Wmars | s
auuR Lififma wan 504 09 309 - -
NUGDHHINI - - - 589 - yan
masalv nan vian - - - -
Taseadmenanans sq van - - - -
massneti 89 wan 584 - - -
Ui nan van - - _ _
NuiuaN yan 584 589 389 - -
Vertical draine - 83 wan - - -
QUMW UAY - - 584 van - -
nuglied - - wan - wan -

NV NF¥B(2539)

¥ A

U @ Jdou o a
‘Ll@ﬂ‘tﬂﬂﬁ]g‘lcb'ulﬂGniJ‘Vlﬂﬁ1’33JTLLE%I’J%TQ&M@ZLLﬂiQﬁQLﬂiT%W mm"lﬂcl%'msmﬁﬂmm

0o v o

puvaneruiyMdsTunswunmulinugiusinausounioldluaiu Tnseadvvesiy
1 o Y A v K 091’ Y o v Aa A A =

yualvg Tagsimmhiniudaigasalulassasmunafiuauiominadosnnazsunsa

[ r'd 1 9 a aa 9 9 [ [ 1

duanenuiguansaliaiyussluszunvi - 4alduazamnsaldausiuiuunule

v v v
FunszrnTeurunsesduniziemunuauiadumsueniuiaanien1snieense
Y
muguoanMsduiuveuilulassadivauan Gszmaazauiu, 2540)

(Y] d v a LY
234 mﬁﬂszqnvﬂ%’uﬁumm51zﬁuamxunsQmmswvﬂumsmsmssﬂuﬂuma

v 9
v W

4
a 1 o 4 o =Y a
miminmQﬁ’aauwuclﬂﬁumww;,gazmLmiammiwﬁﬁﬂmmuiummm Qﬁ
o 49; A a ' 9 £ I o Y a P A
1. ‘]Ji‘IJWLl‘VI‘]Jil?]il!ﬂ’t’)ﬁi”I\‘l“]NfJﬁ]L‘]_Iuﬂ1§ﬂiﬂﬁu1ﬂu1ﬁliﬂﬁjﬂElﬂ”lﬁﬂll‘l’ii@ﬂ”lii!ﬂ
Y o v Y v A gy o )
Wi’fJﬂJﬂ‘]Jﬂ”li‘]Jﬂi’)mslﬂﬁ?]llﬂTJEJLW’E)GLW]lﬂigﬂ‘]J@13J@]’8Nﬂ15
] [ Jd A o 4 Ay A 9 9 1
2. ‘]lemuiﬂﬁﬂmﬁW%Wﬁi@@]gLlﬂiﬂﬁ\uﬂiigﬁ‘]J‘L!‘V‘IL!‘VIﬂ’f)ﬁi”lﬁiﬁﬂﬁ”lﬂ%i’]ﬂllﬂlﬂﬂ
o I A o I £ o 1 dyl . A
ﬁ\‘]mﬁ%Wﬁii’]@]guﬂiﬂﬁﬂmﬁzﬁﬂﬂ’nﬂEJ”I’JTJS%EJ"IQ!ILZJG]SWQL’iEJﬂﬁ"Juu’J"ITaII INO
Wundutn luauuduma
) 1 ) Y a A Qsll A A a ] o d A
3. ‘V]”Iﬂ"liﬂi’]ﬁi”lxﬂﬂiﬂﬁi”lﬂﬂﬂﬂllmu@%uﬂu‘mﬁimLLNUiﬂﬁQLﬂiT%‘HWi@@%LLﬂiQ

o g a ] [ J @ J qu’ I
ﬁﬂlﬂﬁ?%‘ﬁll@]1’TTﬂg]}ﬂQlﬁiﬂllﬂulﬂﬁﬁlﬂ§1gﬁﬁ§@@]$Llﬂiﬂﬁﬂlﬂ§1$ﬂﬁa18ﬁ%uﬂ



14

o 9 z A 9 A A A 9 [ <3 o ]
ﬁ'nl13’0‘1/]1]1{91@]1%51]1!@@1!1/]2Iﬂ‘t’JﬂTiGl“]ﬂﬂ3@Q3J®WLﬁHﬂﬁ18Jﬂ‘UL1’iﬁﬂ§ﬂﬁ’JL 01U

msihaudude 11 (doya91n Polyfelt Geosynthetics, Thailand Co, Ltd.)

Q' = U (Y] o d
24 Maiuadgs MR UMIlagdagauns sy
A o o o ¢ o \ o s A
maasuussludaunlagdagdunsieinvlssnnunuleodunsizvivonziuns
) o ' A S Y A o ~
dunnzdazsromy Tumuddums loaionsanaugaves Tumudseuganyuolugiliz.ii

1 o A A a Y o o d o Y v dy
ﬁ?uﬂﬂ?ﬂﬂﬁ@ﬂﬂfJ!,lIE]lIﬂ15LﬁﬁﬂLLﬁQﬂ?ﬂDﬁﬂiﬂﬁQLﬂinWﬂ'luf]mllﬂﬂﬁu(Koemer, etal., 1994)

(MR+MT)
FS=——
Mp
M
FS = FSO+ -
Mp
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FS = —%_ (2.6)
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T * Xk
FS Ju«ReS (2.7)
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\ PHe
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Ll;’e) Ny = Stability number
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H, = A210gangauedaunig
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(Undrained shear strength)
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2. Slope circle
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FS. =N —+N,| — 4+ Atan
Sp 1 ’)/'H+ 2 v-H + @m
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D 0.53 a11'47
N, = 3.06(—)
H az
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@ - 1s6(2+0.5)+0.13003 L

a, - al(g + o. 5) —%(S + 0.5)2-i (cotg? +1)
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Shenbage et al. (1993) 1A1135M3¥89Low (1989) ¥1szIMAISATIEINYa0AsY
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Q, = 5.75,
d’ ! U 3’ v a 1
We  Q, = MMITVINMINUIINNGIgALUALBDY
Y '
Kormer(1994) ldungihaumsdmsviszunaaimssvimiinvesdauseuiiig 1
U dy
il
Su'NC
u:
Q FS
dl 1 [ oa/ [ [ a 1
We  Q, = mmsimihminussynilasassvesnaussu
N, = flNBearing capacity factor (Glﬁls)‘}'iai‘l/iﬁNﬁB.S §45.7)
FS = annudasanovesnuniaginsldganiiea
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Laboratory

ISO/EC 17025

Properties of Polyfelt® PEC Reinforcing Geotextile

Property Unit PEC PEC PEC PEC PEC PEC PEC PEC PEC PEC
35 50 75 100 150 200 35/35 50/50 75/75 100/100

Characteristic short term tensile strength ~ MD  kN/m 35 50 75 100 150 200 35 50 75 100

Characteristic short term tensile strength CD  kNim 14 14 14 14 14 14 35 50 75 100

150 10319

Strain at short term strength MD % 10 10 10 10 10 10 10 10 10 10

Partial factor - creep rupture

at 120 years design life 165 1565 1565 1585 1565 155 155 155 155 155

Creep limited strength

at 120 years design life kN/m 226 323 484 645 968 129.0 226 323 484 645

Partial factor - construction damage

in clay, silt or sand 1.05 1.02 1.00 100 100 1.00 1.05 1.02 1.00 100

Partial factor — environmental effects

soil environment, pH < 11

at 120 years design life 110 110 110 110 1.0 1100 1100 1100 1100 110

Long term design strengths

at 120 years design life

in clay, silt or sand kN/m 196 288 440 587 88.0 1173 196 288 440 587

Water flow rate normal to the plane mm/s 65 65 65 65 65 65 50 50 50 50

150 11058 (Iim’s)

Water flow rate in the plane (20kPa) 10°m’s 30 30 30 30 30 30 30 30 30 30

150 12958 Imh n n 1 " 1 n n n n "

Nominal mass gm’ 265 280 300 330 400 480 330 360 400 500

150 9864

TenCate Polyfelt® s a registered trademark of TenCate.
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Description of Polyfelt® PEC Geotextile Properties

1. General

Polyfelt® PEC geotextiles are engineered materials suitable for short and long term soil
reinforcement applications. They are composed of high modulus polyester yarns stitched to a
nonwoven geotextile backing that enables maximum load carrying efficiency. The nonwoven
geotextile backing provides in-plane drainage and protection to the polyester reinforcing yarns
against installation damage. Due to the composite nature of the geotexile, Polyfelt® PEC is
suitable for the reinforcement of both poor draining and granular soils.

To use Polyfelt® PEC geotextiles in long term soil reinforcement applications an assessment of
their load carrying capabilities is required. Several assessment procedures are in practice, each
adopting the use of the partial factor approach to describe the behaviour of the reinforcement
material over time under specific load and environmental regimes. The procedure adopted for
Polyfelt® PEC geotextiles is compatible with the procedures adopted by various national codes of
practice such as the US Federal Highway of Administration, the British Code of Practice
BS8006:1995 and the Australian Standard. The procedure utilises the following partial factor
approach to determine the long term design strengths for the reinforcement materials at different
design lives:

T,= T,

c

At

where,
T, Is the long term design strength of the reinforcement at the required design life,

T, isthe characteristic short term tensile strength of the reinforcement,

¢

~

is the partial factor relating to creep effects over the required design life of the
reinforcement,

is the partial factor relating to the installation damage of the reinforcement,

¢

is the partial factor relating to environmental effects on the reinforcement,

IS NN

is the partial factor relating to consistency of manufacture of the reinforcement.

2. Tensile strength-strain properties

The short term relationship of tensile strength and strain properties of Polyfelt® PEC geotextiles is
given as a master curve in Figure 1. The ordinate values are expressed in terms of a percentage of
the characteristic short term tensile strength. Thus, this one master curve may be used for all
Polyfelt® PEC grades by converting the percentage values into actual strength values for individual
grades.

3. Partial factor relating to creep, 7,

In assessing the magnitude of the partial factor f., the creep rupture properties of the
reinforcement must be known. Figure 2 shows the creep rupture curve for Polyfelt® PEC
geotextiles obtained from long term creep testing and accelerated tests. From Figure 2 values of £,
can be obtained for different design lives. For example, at 120 year design life, Polyfelt® PEC
shows a 67% strength retention which equates to a partial factor f, = 1.5 (1.00/0.67). The
published value of £, for a 120 year design life is given as 1.55.

Polyfelt® PEC geotextiles, being composed of high modulus polyester yarns, exhibit very low creep

strains even at high tensile load levels. Creep strains of less than 1.5% over a 120 year design life
atadesign load of 40% of initial tensile strength are obtained.

4. Partial factor relating to installation damage, £,

The magnitude of 7, is dependent on the structure of the reinforcement, the aggressiveness of the
soil placed either side of the reinforcement and the level of compaction performed. Values of 7, are

I~

80 4

40 -

20/
ViEEENEN

0 2 4 6 8 10 12 14
Strain (%)

Figure 1. Short term tensile strength - strain master curve
for Polyfelt ®PEC geotextiles.
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Figure 2. Creep rupture curve for Polyfelt ®PEC geotextiles



derived from either field or large-scale laboratory tests. Values of £, for Polyfelt® PEC geotextiles
placed in clay, silt and sand are listed in this datasheet. Where appropriate, the partial factor is
interpolated for different grades of Polyfelt® PEC geotextiles.

5. Partial factor relating to environmental effects, £,

The magnitude of , is dependent on the structure of the reinforcement as well as the durability of
the polymers used. The high modulus polyester yarns used in Polyfelt® PEC geotextiles are highly
resistant to soil environments. For the vast majority of soil environments the pH<10. It is only in
very extreme cases that the soil environment may have a pH > 10. Values of £, for Polyfelt® PEC
geotextiles for 120 year design lives are givenin this datasheet.

6. Partial factor relating to consistency of manufacture, f,

This factor is concerned with the consistency of manufacture of the geotextiles and how variations during
manufacturing affect the stated strengths. Polyfelt® PEC geotextiles are manufactured under strict
1S09001 quality control procedures. Quality assurance to ensure compliance with published datasheet
is undertaken in an ISO/IEC17025 accredited laboratory specializing in geosynthetic testing. Therefore, this
partial factor has the value of 1.0 for Polyfelt® PEC geotextiles for designlives up to and including 120 years.

7. Benefits of Polyfelt® PEC geotextiles in reinforcing poor draining soils

1.1 Rapid dissipation of pore water pressure

In-plane drainage through the nonwoven geotextile backing allows rapid dissipation of pore water
pressure within a reinforced soil structure after construction. It therefore allows the use of poor
draining soils or available backfills at site resulting in reduction in construction cost. Rapid
dissipation of pore water pressure increases the overall factor of safety of the structure. Figure 3
shows rapid dissipation of pore water pressure in PEC geotextiles compared to without PEC or
using geogrids.

1.2 Enhances soil/geotextile interaction in saturated soils

In-plane drainage through the nonwoven geotetxtile of Polyfelt® PEC enhances the soil/geotextile interaction
in saturated soils, thus increasing the pull-out resistance of geotextile as shown in Figure 4.

Applications of Polyfelt® PEC geotextiles

.
;

Control

HDPE geogrid

Polyfelt® PEC

Normalized pore water pressure
=)
FS
1

T T e
0.00 0.04 0.08 0.12

Figure 3. Pore water pressure dissipation of Polyfelt ® PEC
geotextiles in poor draining soils

(Ref. Large scale studies on contribution of high strength
composite geotextile reinforcing poor draining backfill, 7th
Int Conf on Geosynthetics, Paris, 2002).

204

Polyfelt™ PEC in
saturated residual soil

Geogrid in saturated
residual soil

Pullout resistance (kN)
=
1

T 1
0 40 80
Clamp movement {mm)

Figure 4. In-plane drainage in Polyfelt® PEC geotextiles
i 7 jle i jon inp d soils

(Ref. Large scale studies on contribution of high strength
composite geotextile reinforcing poor draining backfill, 7th
Int Conf on Geosynthetics, Paris, 2002).
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e @
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200 o) <
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88 - 18 a NF
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ss-22 2000 m.1 a NP
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ss-2s (sm, sP-sm) . N so1®
8520 & NF s50/1*
5827 a NP S50/10%
ss-20 s NP s0/7"
55-29 a— s NP S0/7*
et 26000 m.) 2 s0/e*
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5534 2045 e - - S0/3*
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