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Theory and Design of Geosynthetic Reinforced Earth Wall

£ a 1~ P o 2
AERTINTY ATUAUR veRYagY waz AT.BAANA GUASHRILUWIA
1,2 a o 6o Y a a a Y o o
amrimnsales drindedmnssumand iinerdemaluladqus dunedles
JaiauasTvdu 30000

E-mail: lsuksun@g.sutac.th, 2cherdsak_2526@ho’cmail.com

UVAnYe
nisuszendliTanaduirdelufuauladun

3

AAdanAITTiLA s1AAieadteiuneiy
ul,eﬁuﬁwé’aﬁ‘]’uagﬁuﬁ’aata‘%mﬁwﬁa femmiies
FaeSurindedaduiledondnlunisaurusiunu
Aneade  Jaqduleduaseidadutanaiy
adslufufifisnnidissianmie unaud
thiauanquuaznisoonuuurasiiunaiufud

wuidsheiandauane wazndnienmuaudi

D =

3

yosfanAunufimunzaslunisioadadumnstu
fu Yanduledamszsiuisesndu 2 wuu fie
wulawuudn (Woven fabric) uasidulowuulidn
(Non-woven fabric) AM3ATUIMNDBALUUATLNY
Auduasuianduledunsienusenoumenns
asrvapulafusmMwAUBnlazidigsnInAely
wfosnmnavendseneusenisaulng n1swan
Ad1 AEULSIUNNIY LazERusATNAIRRL
wtesmwnnglulsenausmenisinuiaiaznsan
sonvesiandinssd vnean unewihdiaus
spgamssankuuduwaiuuasutaqidule
Funsen

ArdnAy: Auwedufy, Tamduledunsivy,
whesnmnneuen, wilesawatelu

Abstract

The use of reinforcement to stabilize
embankment has grown rapidly two decades.
The construction cost of reinforced earth
wall depends on the reinforcement.
Consequently, the reinforcement becomes
the key factor in construction cost control.
The geosynthetic is one of the cost-effective

reinforcement. This article presents theory
and design of the géosynthetic reinforced
earth wall and suggests the index and
engineering  properties of backfill for
constructing the geosynthetic stabilized wall.
The geosynthetics are classified into two
types: woven fabric and non-woven fabric.
The design calculation consists of the
examination of external stability and internal
stability. The examination of external stability
deals with sliding, overturning bearing stress
and circular slip. The examination of internal
stability deals with rupture and pullout of
geosynthetics. A  desiecn example of
geosynthetic reinforced earth wall is finally
presented. '
Keywords: Reinforced earth wall,
Geosynthetics, External stability and Intermnal
stability
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(a) Tank filled with sand

Geotextile

B -

(c) Tank filled with sand
and reinforcement

B C
(b) Side AB removed

A Unstable (active)  Stable (resistant)
zZone zone
s
B / D
Possible failure
plane
C

© (d) Side AB removed
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Faqraduindsitonldlulssinalnous
santduaselszianniuwgAnssuaILAY-
AHLASEA (Stress-strain behavior) lAuA Tag
tauddefiaruasadaled (Extensible
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Fmanlavz (Metallic reinforcement) 19y wén
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(a) Unreinforced (b) Reinforced safnple (c) Axial stress v/s
sample axial sfrain
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WaU (Strips) twanL&(Bars) uHuLwan (Sheets)
warAzkASANAR (Steel wire mesh)¥adudang
Suidsitliansodald dasainndnian
Tupdailgauaziinstiafuazmsiu (Creep) firin
wn Yaniaudrdeiviianiduledainsisi
(Geogrid waw Geotextile) Fmuianuaduringsi
annsadald Fadneiluaziiusadanzsening
funardangs Jaqaduidulodansiev
(Geosynthetics) snldidudaqgiadunidelu
Tassmsfigenliiinsins  Jasduleduassd
mmsn'l%lﬂui’amzuwaﬁ"w (Drainage/filtration)
uarianuuaLeniy (Separation) lidae
Faquasuirdaieitldaruisadalfuas i
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Tasea¥afufiu Retaining wal) fiaadugs
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anA71und19999§1ulATeai1aAy (Earth
structure) (Eﬂﬁ 3) Wfanansadslunansld ns
foadelasarefuiulsnaniasyszudands
nsneasiumsiuAuuuyCantilever wiauuy
Gravity uana1ni Taseadrafuiuaduindad
gnnsnUseyndldfununoa¥ametudewiy
(Bridge abutment) 4MUANNLYDINIIAIUUI I
Q11 (Hilly region) sufugaluuRwEonudu
ynfifanudution sadueiosnmuasdudion
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iaa/articles/2011_3001_retaining_wall.htmU
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2. Ussinvasdaaduledunsisi
fanasuidaduloGuusnussgndldlua
tasiunsiawie (Frosion control) laeldilu
Fagmudonunuiinseatanfiavey (Granular
filter) Hothy TouduvesTandulodunszifodu
lonses (Filter  fabric)  Tutaed A.A. 1950
Yaqiduledainsreiifuidulouna
(Monofilament fabrics) #ldlusunses (Filter)
frundaiiunsnounin lalassasrsnaunin
d11593U (lomrunuAisAnLene (Precast
concrete  erosion control  block)  uazle
Taseateiiu iitedesfunisimenzsumindey
(Stone riprap) 1Husiu lutiavaied a.e. 1960
Smnsvasumaissgndlfidulowuylidnlu
nimnssuaeg Tnsawizegnedsluauady
r‘fﬁwamuuﬁlﬂﬂﬁumq (Unpaved roads) 414
wsuideafuldnueusessiesal (Railway
ballast) waznuasumdweshuauwazndeu 1y
fu nirindnvestagduledansizifonns
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Janasuidefiansadaledulngenidutan
Euloduasient (Geosynthetics)  Aivinantwnd
wes fifmiudununiadegui wiondandn
Hovilvinduiagfifiaudunuusedge sl
mmﬁﬂﬁaqmﬁﬁmmﬁa Jaodulednsnziiay
T#dule (Fabric) vmihfisunsssaufufivupsa
Tneiidulegoulfinduriuld Yanadudule
Fuanesiudseenidu 2 Ussuam ool
o ulowuudn Woven fabric) uanfiagudt
5 Fasudulowuudngnindulaeends
wAllAn13an (Weaving techniques)
Ad1eFUIVIUAISHAMEDRY nsdndl
Aefuaedls AaNISENAINLUIEIIVD
IP30efnlar NS ENAILLATIITE AT eI
£in
e Fulouuulddn (Non-woven  fabric)
LLﬂmé’agﬂﬁ 6 wulgaziinisdnSoesuuy
lafuszilou (Random) LLamé’agUﬁ 6
\Fousie (Bonded) fululassadraszuny

(Planar structure) Toideusie (Bonding
method) fdhefumaneds wail
0 uwiulndweduravatsuny (Polymer
filaments) MeULANEWILLARBUTIHIY
ludagnnasde (Heated rollen) Fanuedu
f&aUstiniaziianuuiuasiiing
wiiunndievie (sotropic  strength)
gandrdagaSuindauuudn
o  nlenuszarudanainlaenisaeudiy
Trssthodulodnlulundeadnsiiule
shaduiielmAnn1sdanzding
o nisweudszaruniuadl vlasnis
darunEuIwaLLBS v1eratelEy
(Polymer filaments) WIUAIINIULAL
naNulsIuesdIa (Acrylic resin)

U7 5 Jamasuiasuuwsiuivihannduly

AATIERUUAN (pagespeed.tencate.com

/emea/geosynthetics/default.aspx)
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3. dagauaslusulasiaiieiuiu
funndusudsndniiisninastannde
Ardainuniunsegavauniniaiudids uas
w@fosn e umeAuRuas i didluaniog
whaazdiondh Ory and wet states) Auawi
doadusuiianeuiililidenindsunla
UimAnuy %mﬂﬁauuﬂaqmquma il
azihunliidufuondeslisunisnaaeunaznig
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*  Indinvan deallarliiAudesas 30

¢ vllanmwanafnaesdlailifuiesas 6

o  FuuszAndarusinane (Coefficent
of uniformity) AesiiAuINATT 4

o armdunsa-srailennasuniy
WIATFIU AASHTO  T-289“Determination

of soil for use in comosion testing” ﬁaqag’

£W374 3 89 10 dmFufuouiildiy
Tanuuledunse '

e USyrwairsdunid levndaou
ATNUIATFTU AASHTO T-267
“Determination of organic  content
in soils by loss on ignition” Aesliiiu
Jowaz 1.0 lngana

. :quL%ﬂﬂmumalmﬁamaaumu
UMW AASHTO T-236 “Direct shear
test of soils under consolidated drained
conditions”  dw¥utaniiriunzinse
wef 10 Mhnsuadalddanuuulyl
#a8n115088% 95 YDIATURUILUY
gaga maudgnisuadakyuaenda
wmsgiu Aesdianlidosndy 32 e

o Fagidunldiiutaghuouaiudg
Feslvuinpay AmAs1ed 1

= . v _a o @ o woa oo 9 <
AN 1 wiemasvesTasAuandmiuduwsiuAuanduleduasedt (nsgui va.-u. 105/2550)

» P s
JauazvuRzInsIlaBag (Percent passing)

VUINAGLLA

37 1. 18.75 Uy,

4,75 Uy,
(1%  (3/4id) (uesa)

0.425uy.  0.150 . 0.075 ul.
(Wwes 40) ~(uas 100) (was 200)

100 - 30-100

15-100 5-65 0-15

4. FnmveanuuuMunsiufuiaiuiacly

Anavann

nisegnuwuuitkneiu waSudagidule
Fupseiezientesfunisasndauiadesnw
aeuanuasniely [3,8,9] A15ATIAOU
wiesniwanguenduisavinliuifioafuis
FuRy (Conventional  method) Tnsauu@d
Auwsfupuasusdadulasiadrafaudanss
(Simi-igid structure) Fuanslugud 7

A1SATIVEBULENBTATRNATEUDA (gﬂ‘?{ 7
Uszneugienisnsasaeunswanadn nsavlea
AEBULTILUANIY LasldhusaInaIany
UBRAERITANATEUDNLAT AuneuRuES
Wulsdunszvassiiiafiosannielu nanafe
Tandulsdunmzidesdiddsiuniumsinua
(Rupture  resistance)  UAZAIRIATUNIULTS
aa (Pullout resistance) LA awe (3U7 8)
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(a) Sliding

(c) Bearing (d) Circular slip

< Py o v a a
A 7 1@0UIMNANEUDNYBINUMINUALLASY
Mas

Rupture Failure Pullout Failure
U 8 wfesnwaneluresiuweiufuadumas

4.1 A1SATIRERULEAESATNAEUBA

FFn1seenuuudiuneduiuiaiuidule
Fupneidunsitanieuenlasily fends
auuAvuIakasgUIsvesdunanufuLasyinnis
ATIRdaULENETAINATIUBN EINUINATETATN
mMeuenvatwnauRuiiA s eliifgane A
vinswAsundasmuneuazgusndll wasvhms
m’mﬂau%‘)’nﬂ?ﬁ"’umauﬁfwgnv‘h%:'m U
wuifuneiufufieenwuuildosawifiuane
son1sldau anuenvestagduleduasiei
asfianlifesnd 0.7 Whussanugavesiium
fiufiu

AuweuRussiiafosnwnieuen finele
Aunetufulufinnsiadeusiluaniianie Su
TguA Tusnuou (msdloa) Tuwuas (Mnge
sfunniAuly waznsivRidesarnusaunniu
PORUFILNTIN)  UazNITWANATY MIDDNLULTE
Wunsasiedeuiaiosnneesnisindeudalu

anufiemail Welldshdulaeafofimuzay
nsAsITdBUNIAARuRluLLILBULASASWAN
Afhordovdnaadin (Law of statics) daunns
asndeunnAdsuiiluluIfefongulids
FunsawunnIuYesAu (Bearing capacity theory)
lunisasavasuiafissniwntousn (UM 9)
feonuuudssiansanthmdnussynasluassnsd
fio 1) dtnussynanintuiclulsumeduriga
(Reinforced  zone)  wazluleuliiadurids
(Unreinforced zone) uag 2) thwiinussynas
WatuamAulsuliatuid dwinussmnas
TlsuaSuidasdofiuaiosnmiunnsau
laauazn1swinadl udazaniadosnndiunns
AdRidesninusanunniuresfugiusan ety
hainussynaslunsdiil 2) exldlunisnsieaoy
Sasdrdasnsdesunsauloauazduniswdn
arh daudminussynestunsdid 1) aeldlums
ATaseUSaTdUaoafefun1siTRidasen
HIUUNNIY ﬁlﬂwﬁnusmnm (Live load, @) il
fpuldiulunisesnuuunwnsiuauasuiduly
fuaset dmSununvanmsiailddesnda
20 AlataAusion13994URT AASHTO’s Standard
Specifications Highway Bridge Section 5.8
wugdrhmuwsiuuaSuduledunsizvidosdean
Sasndrulasafediunisaulon n1swanada
wazmATRilesnusunnulidtosnda 15,
20 uas 25 mudwiu deagluanneadn
Sasnddasndusunisaulon Aednstdau
sswd'ml,mr}f'mmumﬁuba (Sliding resistance
force, P,) soussiviliifinn1sauloa (Sliding
force) ussFuvunnsailoa (5) whiunagaies
vhmnussnlusuaie W) fudulssaniaimg
1@ean1u (Coefficient of friction) s¥ninegIuTas
muwstuRunasiumuldsy dmiuiudioneu
waziiriunaguuestdwinuniuusadeu (S,)
fuanuninsvesiiuwsiufiu (8) dmiuduiin
wdon daussiiviliAnnisdulaasduusdly
wuaveutdnvainusefudtudievosfuny
(Backfill) wagrimiinussynas (Live load)
dmsumsimsanbminussynestunsd 2) use
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Assumed for maximum
Live load, q bearing stress and overall
TR TR sabiliy
i ] A d for overturnin|
i B>07H RRLLLISE L m"‘ i
i —
]
! - =
-1
i
! o—
1
Reinforced i |
H Zone i F,=qHK,
i W
i Fr=0.5yHK, [
W =vHB f —
r \ — |H/2
Existing ground l HA3 1 |~
___1“_'7_5:1-9_ e ; \
mr—— 7 — ]
Gui
e s
X

< o 6 1 o o A a o v a
JUN 9 ussnsevirpmumsiuAuasumiasluaniizetin

o P o a &
sumunsaulaavazussfinsyvinliiinnisau
Toaannsamla

o Y o a
S=Wtang dmsupnmniduiudeve (1)

S=58 dwmiugusnidiuiudioneu (2)

=—;—7H2K +qHEK, (3)
dle K, Aeduusvanianuduiudtudeiiane
Active Wz HABAITEAUBIRTUNIAUAY
Snsrdrutanafefunandnaildann
Snsrdruseninluiuudduniuniswanadn
(Total righting Aelususii
ﬁalﬁtﬁﬂmswﬁnﬂ'ﬂ’ﬂ (Total overtuming
moment, M,) fanny awﬂaummiwaﬂmmu
Waned wselfisenssnisAunasiumiuiuas
0gfign Toe  Waf ReTSANALAANTMYLTOURA
Toe (§19843U 9) wasiorsantmdnussynes
Tunséifl 2) Tuwudddelfiinnswinad uaz
Tuudgnunswanedausasnaldain

By
-‘ 3 2

moment, M,)

M=Wse (5)
)

Fasrdautasnfediunisitadesninuse
wunnuesiu wldanndnTdiusenindeiu
usauAnIulszdy (Ultimate bearing capacity)
Aeauduiadefinserindegiurasiunsiufu
(Average contact pressure) usdlunuIuausy
iWeannussfufugudaginneliiAnluaudly
grusnesfaunedudy Seenadenalinig
nszaemuidiligiusnliminasefuandy
sUil 10 lunsdilszandosqud (@) Trwvinfy
Aug ﬂ'mxLé’u’ls’fﬁqusmmns:'maaﬁ'n.aua (gui
10a) mmmums zarelagiusnaziiany
uanAnsfuiioszeziasgueiianunningud o
a-'nalmnmm'lmﬂumnwaﬂ (o) LLauuaawam
(Qreir) m’mmuwuaawam"umtﬂuﬁuﬂ e
iusvl.aaqﬂuammtmnwmlwnﬂaqrm:m'm
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mmgmmuqnmim?m ISO/IEC 17025 #1130
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ATTHA 2 WHAWDTLILDRINANUESMINARTENINNNTNDEATN

yuaindu PEC35 PEC50 PECT75 PEC100 PEC150 PEC200
ns1e/Aunznew/Mumdeafidaus
g 1,05 1.02 1.00 1.00 1.00 1.00
ANATT 6 . )
nsInuaziungniiiaue
* 1.33 1.25 1.19 1.14 1.09 1.05

Twainan 60 ua.

< Y v 1Y a 1Y) v o ¢
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Property PEC PEC PEC PEC PEC PEC PEC PEC PEC  PEC
35 50 75 100 150 200 35/ 50/ 75/ 100/
35 50 75 100

Characteristic short term tensile 25 50 75 100 150 200 35 50 75 100
strength MD (kN/m)

Characteristic short term tensile 14 14 14 14 14 14 35 50 75 100
strength CD (kN/m)

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

Partial factor -creep rupture at 120 1.55 155 155 155 155 155 155 155 155 155
years design life

Creep limited strength at 120 years 22.6 323 484 645 968 1290 226 323 484 645
design life(kN/m)

Partial factor-construction damage 105 102 100 100 1.00 1.00 105 102 100 1.00

in clay, silt or sand

Partial factor-environmental effects  1.10 110 110 110 110 110 110 110 110 110
soil environment, pH<11 at 120
years design life

Long term design strengths at 120 196 288 440 587 830 1173 19.6 288 440 587
years design lifein clay, silt or

sand(kN/m)

Water flow rate normal to the 65 65 65 65 65 65 50 50 50 50

plane(mm/s) ISO 11058

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

1SO 12958(l/mh) 11 11 11 11 11 11 11 11 11 11
National mass ISO 9864(g/m2) 265 295 335 390 445 530 360 370 475 550
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Abstract

Nowadays, global warming causes the
climate change and severe rainstorm.
Deforestation destroys natural soil covering.
Heavy rainfall with stream flow erodes the
bear soil until instability is reached thereby
the soil mass move downward and cover the
fertile land far beyond and damage to life
and property of the people as a
This  paper the

mitigation of soil erosion using natural fiber,

consequence. presents

15

synthetic materials or a combination of them.
However, these materials decay with time.
Therefore, soil erosion will not come to
fruition without the kindly cooperation of
nature. Original species of grass or plant
which grow afterward must be a real slope
protection leader.

Keywords: soil erosion, soil slope, synthetic
materials
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Abstract

This article proposes the conceptual
idea of bringing an additional technique into
the process of cement stabilisation in
Thailand, that of geotextile applications. The
main purpose of the geotextile application
outlined in this article is the prevention of
early damage from transverse reflection and
block cracking; common failure modes in
modern Thailand road pavements which
rehabilitated
stabilisation. There Is currently a lack of

have been using cement
advanced knowledge with regard to mixture
design and proper construction skills for
cement stabilisation associated with in-situ
pavement recycling processes. As a
consequence, most newly rehabilitated road
pavements in Thailand are facing a high
degree of deterioration caused by the drying
of shrinkage cracks in the cement stabilised
base course layer. Due to the weakening of
the base course layer, further pavement

fztz“cration takes place (e.g, transverse

== =1 and block cracking). In Australia, a
zzving fabric (e, a geotextile application
used in a pavement’'s surface) has been
introduced and been found to be effective in
the rehabilitation of cracked and highly
deteriorated pavements. It does this by
reducing the incidence of reflection cracking
and it provides a high level of performance
as a waterproofing membrane. Based on

Australian experience, the paving fabric

23

technique is a viable solution for minimising
premature pavement damage in Thailand’s
road pavements. In addition, the adoption of
this technique may be used to treat the
more severe consequences of block cracking
in rehabilitated road pavements.

Keywords: Geotextiles, Pavements, Paving
Fabrics, In-situ pavement recycling, Cement
Stabilisation

1. Introduction
In-situ pavement recycling with cement
stabilisation has recently gained popularity in

Thailand  pavement rehabilitation “and
construction.  With early damage to
rehabilitated pavements still  occurring,

Thailand road and highway authorities and
their contractors have atterhpted to identify
the causes of this damage. Cement stabilised
base course, produced from in-situ recycled
materials (i.e, a combination of asphalt
material from a pavement surface, and
crushed rock material from a pavement
base), is currently preferred in pavement
rehabilitation in Thailand due to the ease of
construction processes and no new materials
or transportation being required. However,
such cement stabilised material needs to be
factors
involved in its manufacture, mix design,

examined to discover whether
and/or construction are partly responsible for
the problem of early damage to pavements.
However, based on a series of cement

stabilisation studies carried out in the USA,
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an investigation into this problem would take
considerable time in achieving results[1].

this, a
construction technique exists in the USA. This

Despite newly developed

has been used successfully to hinder

shrinkage cracks after micro-cracks are
generated by the compaction process in
cement stabilised base course layers[2]. This
process may assist in finding a more

immediate  solution to severe early
pavement damage in Thailand. The tentative
solution for Thailand may be found in the
introduction  of  proper  construction
techniques into the existing construction
process to minimise the effects of potential
shrinkage cracks in a cement stabilised base
course layer. From Australia’s experience in
roadway have

construction,  geotextiles

successfully been introduced into
conventional roadway construction. They can
be incorporated into an asphalt surface layer
to form a geotextile fabric (or a paving fabric)
and flexible

resist potential

which provides a tough
intended to

cracking in a roadway.

membrane

The micro-crack generating technique
generally requires longer construction periods
with relatively high quality curing processes,
and this would not suit the extremely
traditional construction methods used by the
the  Thailand
construction industry. In addition, the main

majority  in roadway
purpose of this technique is to prevent a
potential crack and it does not address how
the generation of micro-cracks can adversely
alter the initial properties of cemented
material.

Paving fabrics (e, geotextiles used in
pavements) for asphalt paving have been
into modern

introduced roadway

24

construction by utilising the tensile strength
of the geotextile and the elastic recovery
properties of an asphalt binder to bridge
pavement cracks, and these inhibit reflective
cracking. Furthermore, the paving fabric
ensures a waterproof surface which maintains
the structural integrity of the road pavement.
Successful case studies in Australia have
demonstrated that paving fabrics can extend
the life of road surfaces by up to 10 years
over and above a design life of 8-10 years
[3-5]. Despite the additional costs incurred,
the benefits to maintenance programs are
found either in time savings, or in the
delaying of the application of a reseal to an
extent twice the time frame than that usually
allocated. These elements make a valuable
contribution to effective asset management.
When introducing the idea paving fabric
applications into Thailand, the advantages
should be outlined. By
technique to Thailand road authorities and

illustrating the

the road construction industry, the benefit of

paving fabrics in providing im d
pavement performance would e
understood. The implementation of g
fabrics into Thailand’s pavements g

demonstrate an immediate and viable 3
for roadway rehabilitation and lor b
improvements which are desperately n

2. In-situ Pavement Recycling

Cement Stabilisation

Pavement rehabilitation is a process
which all highway agencies require when
existing pavements reach a poor condition
where maintenance costs become excessive,
or the pavement deteriorates to an
unacceptable level of service. Rehabilitation

by definition requires that the rehabilitated
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pavement performance be superior to the
original pavement, to cater for higher traffic
demands that have evolved over the life of
the
techniques  for

stabilisation
deteriorated

pavement. In-situ
improving
pavements have long been used in the road
construction industry in many countries
around the world for pavement rehabilitation
(or construction).  In-situ stabilisation is
generally, but not always, carried out through
the addition of a binder. Common methods
of stahilisation incorporate small quantities
(1~4 per cent by mass) of binders (e,
cements such as Portland and Blended
cement, lime, bitumen, and miscellaneous
other chemicals). To date, this technique
has generally been selected for pavement
rehabilitation because it has significant cost
although  the

environmental benefits (i.e, quick recovery

advantages, social  and
and lack of disruption, no excavation, and no
or minimal removal of material from or into
the site) have also been recognised.

In Thailand, in-situ recycling with cement
stabilisation has been recently used for
rehabilitating

pavements,

severely deteriorated
Based on the mix design
procedure, the process of determining the
optimum cement and water contents of a
mixture for pavements accords with the
standard of the Department of Highway
(DOH), Thailand standards[é].

relies on an empirical evaluation of the

The process

optimum cement content, based on the
minimum unconfined compressive strength
(UCS) of 1 MPa at a 7-day curing time, and an
optimum moisture content derived from a
simple compaction test. It is noteworthy that
consideration of strength only (e, UCS
values of test samples) without consideration
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of long-term durability and performance,
would result in a very stiff base layer
characterised by a quite high resilient
This
guarantee acceptable long-term pavement

modulus. would not necessarily
performance [7]. For instance, in many roads
and highways in Thailand, shrinkage cracks
within in-situ cement-stabilised base course
layers reflect into the surface of treatment
and appear as transverse cracks with the
spacing in between 1 m and 15 m, as
illustrated in Figure 1. Even though these
cracks may not present a pavement
structural problem, they usually accelerate
degradation of the pavement by allowing
water to penetrate into the
the

Consequently, the transverse cracks on the

layers
underneath asphalt surface.
surface generally create more severe block
cracking, causing a reduction in pavement
support with moisture disintegrating the
underlying base materials.

During the process of in-situ recycling, as
shown in Figure 2, a recycler granulates the
existing paverment material while homogeneously
mixing in binding agents (e.g., cement) and
water at the same time. This method
produces a new construction material mix in
just one single machine pass. From a
this
skillful

consistently control construction conditions

construction perspective, technique

requires precise and processes to
(ie., adding cement and water, compaction,
curing) to assure that the final product can
provide acceptable short-term and long-term
performance. In the case of Thailand, apart
from a less effective mix design, there is a
lack of fundamental understanding of the
construction processes of in-situ recycling with
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cement stabilisation. This plays a major role

in causing premature damage in pavements.

Figure 1: Block and transverse reflection cracking causing from drying shrinkage cracks in a cement
stabilised base layer in Thailand

Figure 2: In-situ pavemnent recycling in Thailand

3. Geotextile Applications in Pavements They can also be used for the surfacing of
The concept of using geotextiles in low quality granular pavement materials.
pavement seals was first developed in the Geotextiles (e, paving fabrics) in
USA around 1930, and it was introduced into pavement seals are usually termed
Australia in the 1970s[8]. In Australia, the Geotextile Reinforced Seals (GRS). GRS
main purpose of using geotextiles in incorporate a layer of geotextile fabrics into
pavement seals is to rehabilitate cracked and the asphalt paving to provide a tough and
weak pavements by reducing the incidence flexible member acting as a Strain Alleviating
of transverse reflection cracking and by Membrane (SAM) and a Strain Alleviating
providing higher waterproofing performance. Membrane Interlayer (SAMI). The reinforced
Furthermore, geotextile applications have sprayed seal systems (i.e., existing pavement
been used as an initial treatment for new seals with geotextile) can then provide better

pavement in order to prevent reflection cracking resistance [9].
cracks on asphalt surfacing from the The two roles of the geotextile fabric in
cemented base course layer underneath. GRS are 1) it reinforces the binder film to
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maintain integrity and to resist cracking under
limited tensile forces and 2) it acts as a
binder reservoir to enable a greater binder
application rate which reduces strain and
improves waterproofing ability [10].

Based on Australia’s climate and road-
life history, paving fabrics for asphalt paving
were selected to bridge the gap between an
inadequate resealed surface and the idea of
complete rehabilitation which would have
been cost-prohibitive. In the early 1970s,
non-woven needle punched gectextiles were
used for reinforcing and waterproofing chip
seals and asphalt overlays [5]. Pavement
deterioration is usually the result of heavy
loading, water ingress, insufficient drainage,
and pavement ageing. Without sufficient
maintenance, paved roads can Tapidly
deteriorate. The escalating cost of pavement
rehabilitation highlights the need for cost-
to fulfill two main

effective  solutions

requirements, being 1) minor strengthening or
surface improvement and 2) substantial
strengthening and waterproofing. These two
main requirements in pavement
rehabilitation may overlap into a single
procedure to cope with both waterproofing
and strengthening of pavements. This can be
achieved by incorporating a paving fabric
(e.g,, geotextile) to form a reinforcing and
waterproofing interlayér within an asphalt
layer which will provide protection for the
pavernent layer underneath.

A rough description of the construction
of paving fabrics with an asphalt surface is as
follows. Construction is carried out by initially
applying a sprayed bond coat and then
spreading the fabric by lightly rolling it to
hold it in place. A sprayed seal (or other
paving material) is then placed over the

fabric. Figure 3 (a) and (b) shows the laying of
the fabric.

Figure 3 Construction of paving fabrics for an asphalt pavement (modified from [11]

4. Geotextile Reinforced Pavements

for Thailand

The process of using geotextiles in the
reinforcement of pavements is relatively
untried in Thailand. This is due to the use of
fairly conventional pavement design and
construction, both of which are completely
empirical.  Conventional (.e., empirical)
pavément design processes do not have the
flexibility to incorporate new materials (e.g.,
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geotextiles or paving fabrics, alternative and
recycled materials) as part of a pavement
structure. In Thailand, the selection criteria
for pavement materials only allows a small
utilisation window for commonly used
materials which comply with traditional
design and construction specifications. The
choice of these materials is generally derived
from experience in design and construction.

It can be said that current pavement analysis
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and design and construction in Thailand is
thought to be sub-standard. A number of
highways and roads are exhibiting extensive
surface damage before their designed life
expiry, as a result of increasing numbers of
vehicles. Pavement analysis, design and
construction in Thailand rely predominantly
on the empirical approach along with
experience and basic experimentation with
Thus,
explanations for the damage occurring under
are difficult to

[t seems timely

traditional construction processes.
the present conditions
determine and assess.
therefore to find an immediate and effective
solution for Thailand’s pavements without

altering the conventional concept of
pavement design and construction. As a
tentative  solution, the application of

geotextiles to pavement in Thailand may

suffice  until  longerterm  options  are

explored.

4.1 The geotextile
applications for Thailand pavements
this
presents a conceptual idea of how to use
geotextiles
damage such as

philosophy  of

As previously outlined, article
to prevent early pavement
reflection cracking in
rehabilitated pavements constructed with in-
situ  pavement

the

geotextile use in pavements is to provide a

recycling  techniques.

Consequently, main  function  of
special barrier with sufficient strength to
withstand shear and tensile stresses created
by movements of the underlying pavement
base course, These stresses are due to traffic
loading, moisture ingress or thermal effects
(expansion and contraction), where the
movements generate cracks and weakens the

existing base course, extending upwards to
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the pavement asphalt surface. Figure 4

illustrates  paving fabrics preventing a
reflection crack from an underlying base

course layer.

Reflective cracks on an asphalt surface

Paving fabric ;

Figure 4: Paving fabrics with the prevention of
reflective cracking

4.2 The proposed pavement structure
using paving fabrics

Figure 5(a) and (b) shows the proposed
pavement structure of cement stabilised
base course pavements in conjunction with
the use of paving fabrics.

Figure 5(a) illustrates the pavement
structure of the thin asphalt wearing course
(i.e., the overall thinness of an asphalt layer
less than or equal to 7.cm) with a paving
fabric. In this
incorporated into the asphalt wearing layer,

case, paving fabrics are
acting as a strain alleviating membrane (SAM)

which bridees existing cracking in an
underlying base course layer and provides, at
the same time, a waterproofing layer.

Figure 5(b) shows the addition of a
paving fabric in a mid-layer of the normal
asphalt wearing course (i.e., a normal asphalt
layer thickness of 10 cm for most Thailand
pavements). It acts as a strain-alleviating
membrane interlayer (SAMI), by which the
SAM and SAMI formed by double paving
fabrics can maintain the integrity of a wearing
pavement surface. This alleviates excessive

strain occurring from the weakening base
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course, prevents the onset of reflection

cracking and minimises its extent and

Thin Asphalt; Thickness < 7cm

Paving fabric i

severity.

Normal Asphalt; Thickness > 10 cm

w o T o m
... * DG with smaller, aggregates

Figure 5: Paving fabrics in proposed pavement treatment for existing Thailand pavements

43 Technical comments for the
construction of in-situ recycling
pavements with paving fabrics
4.3.1 Paving fabric properties and

allowances

Based on the Australian installations of
paving fabrics under an asphalt layer, a 140
and 180 g/m2 Polyester non-woven needle
punched geotextile with a melting point in
excess of 240°C would normally be used.
The binder retention allowance strongly
depends on the bond coat application. The
bond coat needs to be sufficient to hold the
fabric in place without bleeding through the
fabric and adhering to the types of the fabric
spreading and rolling equipment. The bond
rate.  would be

coat  application

approximately 0.6-0.9 L/m?' [5].

4.3.2 Surface texture allowance

It is not usually necessary to introduce
any allowance for elther embedment or
surface texture in the application of paving

fabrics. However, the application of paving
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fabrics onto very coarse textured surfaces
(i.e., generally in excess of 2-2.5 mm texture
[12]) should generally be avoided without
the application of a pre-treatment to reduce
the coarse texture.

4.3.3 Equipment

Only a particular part of the geotextile
fabric applicator is required. No additional
plants or equipment are necessary to those
normally used for bituminous sprayed
surfacing operations. The fabric applicator is
made from a built-in steel frame, with
existing items in the plant such as a multi-
wheeled roller, being used by the sealing

crew, (see Figure 3).

4.3.4 Construction

The installation of paving fabrics should
preferably be carried out in good weather
with an appropriate ambient temperature
that is not too high, in order to prevent the
consequent risk of bitumen bleeding. The
geotextile should be rolled out slowly (using
a fabric after

applicator) immediately
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applying the tack coat and as close behind
the sprayer as practicable. The dispensing of
fabric should be controlled by adjusting the
rubber spreader bar to match the road
profile to ensure wrinkle-free application. All
wrinkles smaller than 5mm can be dispersed
and smoothed by brooming [4].

Adjoining or rolls  should

overlap by a minimum of 100 mm, with the

adjacent

overlapped join receiving additional binder.
fabrics straight
alignments may be done with ease; however,

Placement  of along
caution should be exercised on curves of less
than 100m in radius due to the risk of
creasing the fabric [5]. Where the paving
fabric is to be placed around a curve, it
should be ‘cut and butted’ at
intervals along the inner side of the curve (to
thickness).
should be hand-sprayed with

regular

minimise  overlap Resulting
overlaps
additional bitumen so that the geotextile is
fully saturated. Wrinkles larger than 25 mm

should be treated in the same manner [5].

5. Conclusions and Recommendations

The early damage of reverse reflection
and block cracks on recently-constructed
based on in-situ

pavements, recycling

techniques with. cement stabilisation in
Thailand needs to be urgently addressed.
Using construction techniques to minimise
cracking problems appears to be the most
viable option as an immediate solution. This
article introduced the idea of geotextiles to
reinforce pavements. A layer of geotextile
fabrics in asphalt paving would provide a
tough and flexible member acting as a Strain
Alleviating Membrane (SAM), and a Strain
Alleviating Membrane Interlayer (SAMI), as
5. These reinforced

shown in  Figure
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pavement systems (e, existing pavement
seals with geotextile) can provide more
effective cracking resistance. -
This proposed idea is quite new to
Thailand.  Further in-depth
investigations into geotextile applications in

and more

pavements are required. This is particularly
5o with regard to the use of paving fabrics in
a cement stabilised base course layer,
Suitable types of pavement fabric, effective
and. reliable construction processes, and a
of the

proposed ideas are required, along with

long-term  monitoring  program
further studies and pavement trials to prove
whether or not this is workable for Thailand.
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Abstract

This paper presents the application of
using a geosynthetic in a flexible pavement.
the
employing geosythetics as reinforcement and

Firstly, theoretical  background of
crack relieve layer in flexible pavement is
presented. Secondly, to understand of the
reinforcement function of geosythetics in
flexible pavement, the results of scale-down
The

in flexible

physical model are presented.
application of geosynthetics
pavement can be significantly reduced the
flexible

pavement. Finally, cases study of using

permanent  deformation  of
geosynthetics for construction of flexible
pavement in Thailand is presented.

Reinforcement,

Keywords: Geosynthetics,

Flexible pavement
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A15WA 1 AnaulRves paving fabric

Property Test Standard Unit Value
Asphalt retention Texas DOT Item  kg/m? 1.1
3099

: ASTM D6140-97
Tensile swrength (md/cd) - KN/m 50/50
Elongation at break 18503341 % 3
Strength at 2 % strain - KN/m 34/34
E-Modulus of the glass - MPa 73,000
filaments
Mesh width of the glass - mm 40 x 40
filaments

Mass per unit area ENISO 9864 gm? 300

A1519% 2 AEUURAves Geogrid

Property Test Standard Unit Value
Tensile strength (warp) IS0 10319 kN/m 50
Tensile elongation 1SO 10319 % 4
(warp)
Tensile strength (weft) 1SO 10319 kN/m 50
Tensile elongation IS0 10319 % 4
(wel) b, Mm 20x 20
Aperture size
Mass per unit area ISO 9864, g/m? 335
(g/m%) ASTM D5261
- m 0.50r1.0
Width . m 50
Length
Py ' p 0 L4
A5 3 A" Fabric effective factor 8470
G RARA L LU TV
Case Fabric Effective Factor
Geotextile | Geogrid
New pavement 10.0 1.4
Overlay with slight 6.9 5.0
damage of existing
pavement
Overlay with high 15 1.6
damage of existing
pavement
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o P P
b) anadulaSuuse (asanish 2)
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