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2.2 winnaiio skl (Basic Concept)

FaRTUAY (Earth Reinforcement) findnmindrwnfatunounianiumin Al
dunnfnlpmumanifvesiulimuisasuusedn 9 Wunduondu Teedmuals
w0AuA 148l Semi-Infinite Mass, Cohesionless tinz Isotopic  An1osUndidleuly 14
Juuzaduludmdra m.huu:wﬁnﬁxﬁm?funw‘luaunm’ln 9 wilunasaiaine

- -
WM (O, uae ) Mg 2.2

z 10‘,=yz

........

T 0,= KO, +u

Element A

o ] v A a J J. -
UM 2.2 mizsusandniiiatu oA (Blement A) fianmsyni

J - - r . o 1 - 1’ U -
0N 22 Avreaniu A dhegdronszduuAuoifuszes z vandufiou

' a 4 : W - i &
fexgnnaziidaomissuss huataidesnmiminussdudauiegmidetu luifusse:
z

Fefirwiniy o, = Yz uesmizounalunnyddinviy o, - K, O, +u
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ile Yy = AMuMUIinyouiindv

o
w39AuT 1uuI0AY (Pore Pressure)

u -
o, = mizeusasniunluunans (Vertical Effective
Stress)
= G,-u
K, = fudednivesneiumedmdlunnmaiod

(Coefﬁcicnt of Earth Pressure at Rest)

Jacky (1948) 1dfmunsi1 K, ¥84 Cohesionless Soil 14l Empirical Formular #oi]

L s U wel2.1)
4 -
ie ¢ = yudeamunoluvesdiaiu

i Idfu 8 uusamed i (Lateral Barth Pressure) sxvi1 ifamatave
F g 190Ul 30R (Failure State) Sufat14 2 SNVNILAD Active Failure 1Y

Passive Failure

2.2.1 Active Failure

a - 1 -l ' 3 y
Wvnzfimisasashunnnaldmsiunsmisous shunnrusnaneouied
- P 4 w oyys -
wilsithidauiiRdesnnusadon Tnetimamtous ludnuois Tiing Aegaldl 23 @
o ad g y \ y ) -
auftogluanmilezeglumnmiliFon Acive stte tnevmur i dulu

. ‘r L] [ J . ] W
TAM Active State TUT ond1 uzadumedudwveadiuunnz Active Seiifuity

G, = KO e s 2.2

4 . « v -
e _ K, = outhstntvssusmunidudrtveduly
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tN17% Active (Coefficient of Earth Pressure at

Active State)

L] 1 | A ] J L] L L 4 "‘
Rankine (1857) 1§ munmi K, SmivAui lifinnu@ouniu s

K, = tn (45°-0/2) (2.3)
= (1-sind) e (2.4)
(1+ sin¢ )

2.2.2 Passive Failure
ad < a4 : av & 4 .
Tvasiimizenssuiuwadsdnnsfiuns misousslunrnuls sy outm
- A 4 W o N v - o
nilfimbiauitRidesnusafion Tnolinmnfousaludhuas Titing Mgt 24 @9

4 S o ; ‘ ) -
AuneglutnmilezedluanmiiTends Passive State Wnzwiiaousuuuanuvesdiuly
»
£ Passive State Tif on usaduniedudvesiutueniag Passive dafiduviniy

o, = KO, B NS (2.5)

o v -
Fudrefintuouisamumaduidnnadiulu

4
1o Kp
t1N17¢ Passive (Coefficient of Earth Pressure at

Passive State)

Rankine (1857) 1Afimunfi K, dmiuauit e mdeuniv it

K, =  tn (454 0/2) e 26)
= (1+sin) — 2.7

(1-sin¢)



Wall
MOVEMEON! eti—

to left
—jArf— 45+ mf\ 5+ 9/2
FaY et
X X X X X

4 2
AN Z N NN S,

XX Xy
Pa— / 4 T
\/\V/\/\V/ z
z N\ 4
NSNS ¢
LA
SN AN/
4
N S

Rotation of wall
about this point

(a)

Shear

Normal
o, a Ko, o, stress

{b)

d : -
Jun 2 3ustemizeusfidndulumnne Active (Das, 1995)
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Direction of
wall movement 45 — $/2

Rotation about
this point (a)

Shear stress

1

Normal
stress

1 o=
gh-Koan o\ T A ?

(b)
o ' oo .
1U7 2.4 uermanasussinaYu luan e Passive (Das, 1995)

Worrihmaindutnniaiy (Reinforcement) i ludn faqal 2.5

Reinforcement

?

TV KN R e LT

SOIL

iBRRARARRRRA

S N A

J - - » -~ : -
U7 2.5 unmstnuur maeTuTnge T udiuduameludu
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zﬂ'ﬂ 2.6 ANHATNSTLHIZTITIUNUIZH TN Steel NU Rubber

yingueziiul@iuilo 1 steel inz Rubber Fuuasluidaodiu Towil

Epa > Eoe
Fl >> FI
S F = F unz F, dnfesmnntedwiiy o
e E = i lugan
F, = usafigniuTay Steel
F, = isafigniu Tao Rubber

a0zt u 13 msFunsaunznsdadaezgnraguTasTagiifinsmudausann
i Fedioulu Inseae S uiwiuifods Srmey (Reinforcement) Yhuea warfu
miBadafanunfliieduffemBagivosinquesudsdsnlosuinuns hilwosems
aldmaninamizousshiu daussmaiipntuidesninusiudundmdoegaiuTae
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F.S. = RFg+ R Fi+RF;+ RyFy
W

it 27 Hernai Factor of Safety fifuduves Insandnioqmiuiu
(Johi Steward, 1990) '

o/ J A L w - .'
Fandnnsiugruis el Tn'.Nﬂf'mﬂﬂm?unuﬂmﬁammmuumﬁmmm‘lﬁ

w1 1 TAunINANBLILL Direct Shear Test (Jewell, 1988) Aauaasluguld 2.8 unzamire
aqlidh
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1. mandousveslnssrdrdudunnldifaussds (p,) #umu'luﬁ'ﬁﬁqm? o

2. The Tangential Component Yo au33aaneuToainTy (B, sind ) szae
anussfoufidhimimquesmainane

3. The Normal Component ¥8su3snan1tluinaudu (P, cos0 ) w30 fur

ANLUAUNUABLS sfouN LAY

o =

/
/

¥ X

cvampem T

A TN

(b) bhs

T e

PRsm a

The eftect of reinfarcement is twaofold:

{1} To reduce the slresses causing failure
P sin8

.t _ R
Te Ty, - S

{2} To increase the stresses resisting failure
' P.cos®

g=0 «-R

Yy As

a y ' - oo - - o -
Iﬂ'ﬂ 2.8 Nnﬂ’:“UﬂaHuquui\‘n'w1uu1nﬂunlﬂﬂ“1ﬂui~3ﬂ\1n1ﬂ1u1ﬂﬂlﬂ1u

TrenmInAtOULUY Direct Shear Test (Jewell, 1988)
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10f Wnd1uda e 18 3dmivInrsndsduiihinmnedudrges ud
Y seiiEnanssnusesmurmsnlunddeusadon  aamdeiilin:
prduyudoisaouves InssadadsuAuundy damnltTnsaedemuiud
wfornmimuinines  Feeshilfonmumsd 280 29 Seuemeinmdmnu
sonsaifonvesTazsndren hildiouTanindy (Unreinforced) fuTnssedraiivimandy
ST dafl

The Total Shearing Resistance in Unreinforced Soil is

Py =  Pmd (2.8)

102 The Total Shearing Resistance in Reinforced Soil is

Pce = Pand +P, (sin0 + cosGand), ) cuveevrerrn (2.9)
we | SO Shearing Resistance Force
P, = Normal Force
Py = Reinforcement Tensile Force
= Angle of Friction in the Soil

o o
I

= Angle of Friction between the Reinforcement and
Adjacent Soil

0 = Angle betwe?n Reinforcement and Direction

Nommally of Shearing Soil

Wold i ui angR nsruvesSagued uitsrsdus mmuemnse lunumioe
wsaloudinszvidenu1¥ec1e¥iou Schiosser tiny Long (1972) vhnimaneslauld
MINATBULLIULIISA 3 UNY (Triaxial Compression Test) Audaothams w1y 1fiaTy
Jauedy  unedrosrnneinduiaqedy Tnolduduegiidiouihfogqueduadudly
s q Fauomelugiifl 29
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4 .
;ﬂﬂ 2.10 Strength Envelopes for Sand and Reinforced Sand (Schlosser & Long, 1972)

NHOMINANOY ﬁqzﬂﬁ 2.10 92t 1816w 5UR Confining Stress (O, f q
v motuihnmeduloquiussruaiuussdagega ganiwaet il 1ind
Soquedy unzdlevhdoynvonta 2 #2061 A Confining Stress Amils Tienunaml 2anou
w3 w7 (Mohr's Circle) uda faguffl 2,11 seiffu IRt mindaedeflu Winduftqndy

»
LA IMUA TN NNASUT AR s UTA UL

O'tand)

A L] d - W - t'r * ) o - 4
unstmivdeiificTufopnTudn. dwnudwunudensafienluyToni

Minmnoufnquersussiiduniiy

T = it otnd, (2.11)
4 '
e T = AINIIAUNUIINRDU (Shearing Resistance)
G = Normal Stress
c R = Apparent Cohesion Generated by the Reinforcement

(Tnefl b unz ¢, T lndifieari)
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fatiu Schiosser oz Long Taquihins 1¥inquTunTudh W udu szvauhnd

o ' P 1 - - L4
m‘mtrnmn'lun'muﬂu'wumiaunm:ﬁ‘maﬂu'l# Tavoinaunmei 2,11 'nzlﬁu'lﬁ'n

r J 14 A 4 -' J ) v A J 1
daufihifanudumudeusadeulisuisiuife f ¢’ e S ¢, WFonh

Apparent Cohesion

Schlosser 1oz Long (1972) IRinuenumaitel9m M1 Apparent Cohesion

(ol fafl
c'y RVK, R T (2.12)
28, 2SAK,
lﬂﬂ R, The Tensile Breaking Resistance of Reinforcement
(Commonly take the unit in Force per Length)
S, The Vertical Spacing between Horizontal Layers of
Reinforcernent
T4 S i ¢
o
-
L —
gl ~
N
~
and N\
ey , \
L~
Ry = ™ -

- ' . o y P |
1% 2.11 unAeA1 Apparent Cohesion il m i s afiowdiiunuiu

(Schiosser & Long, 1972)
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Geatextile iunBrius Indweiilnn  nmadunsedas Indweidman
Polypropylene , Polyeter, Polymide W0 Polyethylene B TnAwedmdiidiu Indwewon
ﬁﬁmwnumun’umsﬁﬂniaumnummﬁn?ommﬁdwq fofu Geotextileduiinmy
manzemierdun1luaumedn Geotechnical Engineering ¥4 4TUgIUIIN , 4
Inssrdadumedudu nfonu Inssodnduoy Hudy

Exxon (1989) 1én9unls Geotextile soniflualszinndnqamsyunsntald 4
Ussiming q fio |

1. Woven Geotextiles (il Geotextile NTiAnyzmIdnd vsivoaduleInfiued
unumeda@oshyudifunns v @i 2.12)

2. Nonwoven Geotextiles 11l Geotextile  AnNmzmItniTsiavouduly
Infied iurfy (Random ) (Fagfi 2.13)

3. Knitted Geotextiles 1114 Geotextile AAnMzAIITAG ai2wouduloIndwed
meﬁwﬁouﬁﬂﬁmﬂuoqnmﬂdnqmw?omnniufu (Ul 2.19)

4. Composite Geotextiles 17 © Stitch-bonded Geotextiles Fuhy Geotextileﬁlqnann
v Taemadn . Woven , Nomwoven 0 Knitted Geotextiles unSaiiiushy
o Fu Tnousdne Fussdnnfudeiuss e Stitching- bonded
(FagUt 2.15)

Fruonon 2 dszinfrebundaiimunnuts Geotextile 0on1dBnAmARYLY
3 1aemz# HurFundt Geotextile Related Products 13

. [ P Py [ » - o W
L Grid  duffuimqeiuidfnmusdudesdavining firnnnntsafuees
Transverse Members 11 Longitudinal Members Tasiatuersnsouisennd 3
Yz Ing q fio (faaffi 2.16)
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tape wail

=il

A==
s = §tfl..§

monofilament warp

warp threads

”_mm \

‘ lﬂﬁ 2.12 NWEIT YO Woven Geotextile (John, 1987)




11]#1 2.13 finuQzvsd Nonwoven Geotextile (John, 1987)

UGG

7U# 2.14 Snuairved Knitted Geotextile (John, 1987)
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]-—-— about 8mm -——-I

i e
s —

multifilament
stitching ‘

= = = —
ot Xt
RERRN
:-:':-:
..'-'-. -—-‘-—-—.‘_
e e

e
,-

e

— — g multifilamant
L waft yarns

——— e
- ll .
u.

highly alignad thermally bonded
multifildment warp yarns non-woven base

;ﬂ'ﬁ 2.15 iNYME Y03 Composite Geotextile (John, 1987)



0Be00
: Doool

(a) Punched shect

{b) Welded bars

=

{c} Tensar polymer grid

o
717 2.16 UsLLMue3 Grid Reinforcement (Jewell, 1984)

- Punched Sheet
- Weldéd Bars
= Tensar Geogrid

- v [ 5 . ] 1 - '
2. Net #afl ¥ nuniendendsfy Grid Reinforcement uAszveadanfivuimdnni
P 0 o
WNNBIMLUAUYATAYOS Grid Reinforcement (mmﬁ 2,17)

longltudinal rib

Q.;.f- .,’,Q_!_Q_L.

A

nsverse
'3 longitudi

channel

transverse channel

P o
1% 2,17 Anueizvoa Net Geotextile (John, 1987)



Famaurialszimuns Geotextile TnonzBonozuaaslifsgudl 2.18 Tauvinguse
Wu1dh Geotextile sz gnuvsanithu 2 ngulng 4 mudnunzveadulodi$ie

1. Natural Fibers (J4 Geotextile finfnmuinidulof Ioins11umd whmanle Quee
Grid), UOUNITATY (Paper Strip), Hiu 1Y (Wood Shavings) iudu

2. Synthetic Fivers iU Geotextile TndpnonidulefilfninmIdanazrimaiman
Infodriiafims msonviaoenld 2 Yszinnde

2.1) Conventional Geotextile 1RUf Geotextile $1M9N Woven, Non-Woven Une
Knitted (1wn*mmmn'l#nm'mmﬁo) Felunilues Woven 1ng Non-Woven Saerman
iladhunlszimeos q ne R8sl

1 ] | 4 oy J 1]
Woven Geotextile mxIau0on ldmudnwauzvoadule Indiuein 1 dua
- - - - ' 3
® Mono Filament @uniinaataoms19idule Indwe fiteen iy
® Multi Filament untsutiaTaons 19idulo Tndme T naweiiasmuiy

- A » W
® Siit Fim iunstalnemalfiduloIndwedf 185umdndloluiiney
wen Wi Envaedudulefuuuunzem

Non-Woven Geotextile 11103910 Non-Woven Geotextile Urznouludronsdaides
Wulvotsliduszdey Fadon Woven Geotextite HmMImuduludagnsuesrdiy
sedoy  Mflusuaounmsdetdestimsdumsdaniniiiudulete  dufis
AUNINNYIZIMYEY Non-Woven Geotextile AMANYMZYEITT Matiuussdam eIy
fudulofed

® Mechanically Bonded w3l7znoyTudemaldimnAfinuueadrodurae

unay (Needle) iinqunnuisnsuadylondwed %uﬂu'lunzgnﬂ'l'lﬁﬁnmﬂm
fudaememnuvesionflaidaluiuios Tunnenfaeeon Geotextite A
YUY mmt‘i AU Needle-Punched Geotextile

® Chemically Bonded i ldszqnih W@mmilenduTaeifmimanil daTauday

ngisineevion1dmamiléman Acrylic Resin wunsvuidule
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® Thermally Bonded ifulusyldTuussdunnzanudeouivoyi lidulovaoy

(] - H .' J
oy unzm'lv’r'mﬂmm%uuuumnw

2.2) Geotextile Related Products 1706000 Iamdnuaz U ammzdfl

® One Dimensional 1% Strip, Tie

® Two Dimensional #395tniteanmudnueizyesa1niy18illi Open Mesh (107
wuuidla) 1UN20 Grid, Net Ung Close Mesh (A19101111T1A) 19UNIN Web (A9
71# 2.19)

® Tivee Dimensional M Mat (R 2.20)

N.Richardson (1990) Ifusdnwaiznmisliueny Geotextile wUATUAHAYOA

. o ' o
Geotextile LDEDNARMUSITUAN 1#“1”“111*1“ 2.1

o 4 o
INAITIN 2.1 2191 Geotextile LinE Geogrid e mufiszl w1 lunu

[ Y] - - -l
ArIRuYINAY ( Soil Reinforcement ) 'ﬂqmqnnﬂv’h'lﬁ Geotextile 102 Geogrid tMuzHier

o
g uiinde

. . v v
1. Geotextile AT Geogrid HuimaRindaut IASATLYLIUMIALRUAUNTHATY
L] ]
wirTigH MR Ta e nunu
2. Geotextile Iine Geogrid HARMI9 NI IndiedFalinaamumusieusanszi
i - v 3 il P aAm
ANANIITLNA AniuTanngies i1 usifiogaueuué
. : v da? ‘
3. Geotextile 10z Geogrid iTufegnilhminu mlinvainlumsvuds nie
4
nheudy
. . o J- o . L4 4
4. Geotextile W0t Geogrid (Hwimghllaamudwrahlimnioduniude

' ] 4 - J ] - - :
ummmn'Nqnomnmm:zm'nn'mhnu 'Hiﬁﬂ'l‘.lﬂﬂﬂ‘ﬂﬁ
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e

intarwoven webbing of }—-—- about 50mm —-‘
polyester filaments

encased In polyclelin

U7 2.19 Snuaizyes Web Gestextile (John, 1987)

71 220 Snyerves Mat Geotextile (John, 1987)
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17 2.1 numenI1$riuveGeotextile LA ITINVOIGeotextileDEANNULITU

AN 7 (N.Richardson, 1990)
Section Application Area Geosynthetics | Function For
Involed Performance
1 Subgrade stabilization GT,GG S,RF
2 Embankment on soft soils GT,GG R,S
3 Slope reinforcement GT,GG R
4 Retaining walls GT,GG R
5 Drainage and Filtration GT ES
6 -Drainage-prefab.composite GC,GN DFSB
7 Erosion control-reinforcernent GC R,S
8 Erosion control-rip rap GT F,S
9 Erosion control-mats GT F,S
10 Sediment control-silt fence GT B,R,S
11 Asphalt overlay GT,GC B,R,S
i2 Geomembrane protection GT SR
Note GT = Geotextile S = Separation
GG = Geogrid R = Reinforcement
GC = Geocomposite F = Filtration
GN = Geonet D = Drainage

B = Barrier

KX



Tumssondalnssadeiulas3s ma Wamiedundy ushagagritiatuifiosnn
ussnuAun A G gnivlneioqe Ty -ﬂaﬁ'ﬂ#’maﬁaﬁsﬁnfu‘lu’iﬂqnﬂ?uuﬂns:mu
Wugdrumsunsfinggaiirmonlaseads un.-:'lﬁu:qﬁuﬁui’ur‘fluﬂﬁnm‘lﬁumq
furauBnsuRnafussdudndisvesiu St 221 fussiumdmdrevesiudu
fvJ1A1 Rankine Active Earth Pressure q::'lﬁ’fiumﬁaqéqnﬁnﬁﬂfu'luunu’z'ﬂqm?uﬁmm

-_) » -’
finzlnq asil
- PP 1 Y - - L.
o udqaaitatuIniMminyssRuinesafen

Pams = KYZWS, — (2.13)

o wmgaganiiniunmitaineesiu  +  dminonmouenludnuaizus

nIzeIn
Prmw = K (YZ+QIWS,  nan (2.14)
flo  Proy = usmegegelutanudulund Tnseate
ToraTaAntegndta (o)
w = Width of the Reinforcement (m.,)
S, = Vertical Spacing of the Reinforcement (m.)

L 2
q = Aminonmeuen S nuuzIANIZNY (Ym)
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J T [ - U. e =)
U 221 urrmﬂuwmmum«ﬁmﬂuﬁmn5u'lu'[mmfmnqmmﬂu
(Bob Barrett, 1990)

unﬁ«ﬁtﬁn#ﬂlu%’ﬁqm?urdowmm:mr‘muﬁ'mwé’m%wm'[mmf*nﬁmfu
srgninmudnusdamefiatussniniufuionety  dedestumaiimmouss
Tnnsehdaneduiy Sausedaime (Bond) MiDaTuitzAnsinnsdeinmisuiely
Tnnsrdwinqaiufiu Tﬂunzaﬁuunn'm'luﬁsﬁﬂ#u:zninﬁuﬁuﬁnqm?u 2 wiin flo

Friction Force {in1¥ Passive Soil Resistance

SutmiuSoainsuidanuazidiu Sheet uman Geotextile Fu nadeiumiae
U399307y Friction Force i03nnirquniuaiiniiisnazdhuriunmdoy uAlu
Somudufidfnvardy Grid (Geogrid). iu WosnnduTemnTuntsaums iduw
uuuﬁuuﬁaﬁdmﬁuuﬁum Fahumadadnimizeusess 1180 Friction Force (s
061a(AH2 U8 1FBUITIT 8N Passive Soil Resistance A2

35



36

2.5.1 Friction Load Transfer

P [y [ - [ - :
N 222 nnumzm:ﬁumwwﬂanunmmuom]mn (Henri Vidal, 1978)

t‘r‘woﬁxﬁuﬁanﬁnn'mfufmunqnmﬁmmtﬁuﬁmu (Friction Force) I$M7 0L
Toqiufudnaulfetednm  sehmifnsudatufucouvesfrqeduRendly
71t 222 Inthmﬁ'tﬁﬂ1'f'u1:uimﬂﬂﬁuﬁmmﬁmm?nﬂwu1ﬂ q FUITUNIRINYDY
"J'm]m?mfu 1 tan O < tan ¢ uﬁqﬁzﬁﬂﬁ’wqﬁmmﬂtﬁﬂﬁuwﬂinunui’ﬂmﬂ?ur'fu
defulfnuuedquil 223 Aosifeussdnnetulneusedanefidaduilifouss

J L] ‘ ) - o~ - ] &
Fremuinosd iy hildiiandou InasznhadafuiimoySogesuthues

J - L L ] ] - L A -~
17 223 ngAnTsuveamstausaszniteduiu gy (Henr Vidal, 1978)



Reinforcement

F1 - F2

J L ) - LA -
W 224 mrdanuunasznieauduiogety Tneofsusafoaniu (Mitchell, 1987)

‘lufmduhuu-mzﬂ'J'wﬁuﬁu"a'trqm?uTﬂﬂmﬁﬂumﬁmmmfuﬁut':'nm:r?‘iﬁru
ogotrmidsdahndnnrvesSaqmiuanangnonudomatu a0 fiwnldifedy
wduiuiife  WoWifanudeiuslnsorfousadonninf  usedamotuuoy
FomerTuesdoaiiilined duanslugiil 224 Wau 2 grefriniuduszes d useied
| nﬁnfumu'lutmu%ﬁqm?uﬁqummtﬂu F1 uoe F2 awédieu uns 1 oF = Fi- F2 010
& Tfuursduemuveadiaduiniues uddduemdu ity 9 wunIn
Anchored Ties L7 u‘nﬁqﬁtﬁafu'luunu"a’ﬂqm?mzﬁfimaﬁnnaﬂ Ml lifinedesim
usszniedufuTaqedy @F = 0) Reiuluniddee Widausdnnerzniadanudu

w0y

. v d
SednunizyeuTBANIZULY Friction Force weras Videgain 2.25
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A< ! AN
{
Fauie plane Deveiopmantof :
Tensde lcad in |~ Shear resistance forces
tenlorcement due 10 nchion o myr
ot L I NN T
/ \ R
b L' ]
¥ | Geatexiile rentorcement
!

1a)

Outward theust of slope

’ A7
A—-—- Cnbeal faaure plane

'*7“'\-'_‘3— Bond siresses

developed beliween

a,

Geal.ﬂhlc renforcement ang

XEQN tenlorcement.  SurrGunaing Lo

(b)

711 2.25 Reinforcement and Soil Bond by Friction (Exxon, 1989)
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1 ¥ o o - - J »
nngdwiriuifIusufeanuszningu fufoedy sedatulunuavuiufiy

HIvo TRy

- & ' -l 4 » P ] 1
Aauussdmmdenssf st atumolud oo udlosnamadadnuseIng

‘ ‘ L J -~ ¥ t o
efsusafoanu wedlesfunsionloaves Inssadingaduduselnwidy

Prioe= 20 Lywtan®, e (2.15)
4
o L, = Length of Reinforcement Bond (m,)
- .
Tauh tanQ, =  fwd (2.16)
4
we f, Coefficient of Interaction

L) J L3 J iy » - -l 1 v . -
Exxon (1989) W £ YusgiuriiavesSoqiaTy uns Sty 1.0 Auae
Bluarui 22

J 1] - - e ¥
ATINN 2.2 LRI Interaction Coefficient (f,) YOIITATINYUAAN 9 (Exxon, 1989)

Type of Geotextlle | Interaction Coefficient (fb)

WOVENS 0.5 - 09
NONWOVENS 0.6 <08
KNITTEDS 0.8 - 09

STITCH-BONDED 0.75-0.9
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2.5.2 Passive Soil Resistance

fMTULIBMMTUUY Passive Soil Resistance ﬁtﬁm‘fuwm'wﬁuﬁui’ﬁmﬂ?mfu
mﬁn{ﬂ'lumﬁﬁﬁ'ﬂmﬂ?uﬁ'lﬁﬁnumwmﬁa‘lﬂum.ui‘unTﬂunnoﬂmmma floeziidu
ﬁqm‘fum‘luﬁ'num:ﬁfqmnﬁu:smwm"iﬂqm?mfu HuFeni1 Bearing Member Tnoft
#7 Bearing Member fioatezhmifluns Develope W34 Passive Soil Resistance u &

wernalugldi 2.26

ANAN 3
Deveiapment ol Passive
{ alure plaae / Soil Resistance

Farced z

Teasile Icad in ¥ .

ntoicement } L, T 3Ty 9. T2
porae= "% 1N

Py 4— - i 1 ¥ 4 )
/ =i~ Bearing Membe
/ — _i. | iﬂs ember

//' reintgIcement '

P . . . .
711 2.26 Reinforcement and Soil Bond by Passive Soil Resistance
(Exxon, 1989)

L 4 A A []
WnitlvesdngnTufiofuissdaimsiuy Passive Soil Resistance 194 Geogrid
I d 1 ! v g - . . - .5 » ﬂ ]
ruttau Ing)esBusdamZuLY Friction Load Transfer 3m8¢A7n Swilummilionnnn
- - - A ] L] U’ -
vinaveSaguedulueuin 1ily Bearing Member tiuios faqaii 227
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————— — -~ o m— -
— — ‘_‘.

B) Soil Passive Resistance gn Reinforcement Surfaces

4 » o
117 2.27 Snwnizvour i AN IZiUY Friction Load Transfer fil
. . v al - y a w .
Passive Soil Resistance mnnfm:m*munu Geogrid

(Jewell, 1984)

4 : 1 -4 :! : A a J ) a A L]
fatuussdiumudoussnaamuainatunelufaqa Tuitesninmadeiiuugs
. . . A 4 o 4

Ine Passive Soil Resistance Lo Friction Force tWofloanumndoulonveslnandia

ToguTuAues iy
P = P +P S v ¥ )

iile P —  Shearing Resistance Developed by
Passive Soil Resistance (ton)
P, - Shearing Resistance Developed by
Friction between Soil and Piane Surface (ton)
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v o |
Busdmussusdamebrgeufidaninusdanzuny  Passive  Soil

Resistance (P} sl
P, = O,wtG,n e (2.18)
& ' d .
ile O, =  Availsble End Bearing Stress (t/m )
t = Thickness of the Reinforcement (m.)
n = The Number of Transverse Bearing Member
a, = Fraction of Width (w) Available for Bearing

Tat#t  : Transverse and Longitudinal Members are in different horizontal
plane such as Welded Grid O, = 1
: Grid system , such as Tensar which all member are in the same
plane Of, < 1 (For Tensar Geogrid Type SRS5 use Cf, = 0.38)

Rowe (1982) Wimuenufuiiusyesih Available End Bearing Stress (') 94
musadeusglugiitadtures missashumnfalizining (Vertical Effective Stress)

Vol

vessosrsersannsac 2.19)
il F, =  Soil Bearing Stress Ratio

untm o, 1fu Rowe & Davis (1982) une Jewell et, al, (1984) Wierusna

weRen 2T tURLUEs TN 191 Soil Bearing Stress Ratio (G7,/G”,) U Friction Angle (() 4
uormalugald 2.8
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/Dﬂation During Shear
}

100

I

.

e

/
_Lz}-_—:—_
i |
/ /

Prandt1 (Addpted
Jewell et al.( 198

by

P

A ‘f\ Punching Failure

] (Jewell et al.( 1984 )

10 e

7
[~

A
/% Rowe and Davis (982 )
=

h Y

s

vk

AN

~Constant

Yo lume

20

30

40 . s0
Soil Fricton Angle .

o
UM 2.28 Relationships between Bearing Stress Ratio and Soil Friction Angle
(Tewell, 1984)
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donnnrmuanmamduiuilugd 228 7 exfiunnuduiudiidnenms
Inzidaendnmamangug 1usmsTinneridaondnnimie Finite Element Method
Yilidiosnimi Jewell et. al. (1984) Whmssausaumanivaness q ARG
vanesfugredeefae reunthil Tnel¥iaquTutizion  Anchor unE  Grid
Reinforcement #7¢N13MAROIILY Pullout Test UAE Direct Shear Test ovhnaR 1dn
i ewfeufuwadt 1ennsTimaeinamguf faummelugyd 220

1000
Anchor test data v
1. Oversen & Stroman{ 1§37 ) /7
2. Oversen & Stroman{ 1972 ) /
Neely et al.{ 1333 ) /

Das & Seely( 1975} / |
(¥ ]

160 ) - .

Grid test data

3. Hueckel & Ewasniewski{ 19&¢
da,b. Chang et. 2i. ( 1973}
5a,b, Peterson {.1980)

6. Jewell ( 1980 )

, 1|

20 30 40 50
Sofl Friction Angle @

- .
U 229 Comparison of Test Result with Predicted Value of Bearing Stress



vinkanTINAaodlunItinld Grid Reinforcement Wu  gN1&vnTmaneae:
tsznouluda0 Hueckel and Kwasniewski (1961) $avhmanasouTneds ultout Test A

ol “ '
Grid Reinforcement iAot 4 ldio113n10lud20619n370,Chang et. al. (1977) and.

-t w w v al '
Peterson (1980) $ahimanaaeuTao3s Pullout Test fludotuniivunling unz Jewell
(1980) Sehimannaen Tas1455 manAeou Direct Shear Test

onsanTsnAnes (Uit 229) sl A ldnnmamARouIY Puliout Test
#30 Direct Shear Test 1fun:ﬁdmdmu'lwauwmmnnﬂ;ﬂ'ﬁ 228 Rofudeeniold
nymilugul 228 donsnaeh o, 14 Teudfonstud Friction Angle @) vonawild
uds sinmaszanasiinioluns U 2.28 oz 1861 Soil Bearing Stress Ratio (67, /G”.)
FudonswamuiinlugsitRenafiamisons o', Weldlumsdnnum o, un
uns 2.19 sl 14

. o dad
tinfunsed i usoussfamelulagiaduiuy Grid Reinforcement AHAYLIIN
»
UsIBAMEUAY Friction Force (B) teodaifieniu selifuvify

P, =  2A0,0, tand, rervmsemsnrsonn(2.20)
P .
il A, = ArcaoftheGrid(wl) (m.)

O, = Fraction of Grid Surface Area that is solid

(For Tensar Geogrid Type SRS5 use Q, = 0.54)

dmiulunidlues Grid Reinforcement MIZ0EH3ENIN Transverse Bearing
Members i 1n@fumin mamniote1dh du une Yooy Semvazsaufudiy shee
fifienumn ¢ unedmunuesmuseusRRR g AumimIvesRi1d
91 Friction Load Transfer #41) |
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tﬁﬂ S, = Longitudinal Spacing of Transverse Bearing Members (m.)

finVUENN Geometry Y03 Grid Reinforcement Lierae 1 Ieg1il 2.30

S Transverse Bearing Member

Direction of axial
force and relacive
movesent

Longitudinal Bar
Ar=WLYL Grid susface area
s Traction of grid surfage area that i3 solid

ap Fraction of grid widath b available for
beiaring

117 2.30 Geometry of Grid Reinforcement (Jewell, 1984)



2.6 Ai ﬁ - ) o o -

ad v oa= ‘ )
D 1982 ww TS. Ingold Mhmmansafefuimamadeuienisnam

@oanmiszninnoiuioqeiy  Taoldiimnaaey 2 38fofufie Shear Box Test

Une Pult Out Test 19635 Shear Box Test szuunoon1fdniiu 2 35 doofin Fixed Shear Test
NS Free Shear Test (BIBNNWZYOIMINANOIN 3 wuunena Vi 231 uasld
"J'rrqm?u'lun'nnﬂnaqrfmua 3 %iin Ao Woven Geotextile , Nonwoven Geotextile U0
Geogrid f12u%111A¥84 #) Shear Box 1 15 lum naneuszileg 3 vun A

wn60*60mm  HlumInANoUULIY Fixed Shear Test
¥179 300 * 300 mm W lUMINATBUNLY Fixed Shear Test LA Free ShearTest
vm 285 * 500mm 1¥lumInaaonuu  Pull Out Test

(s l“.x_ it

AT TGN | B
{a} FIXED SHEAR BOX TEST
T T 7
BLOCK g Geoteriile
H

L4

o —
U {b) FREE SHEAR BOX TEST
S0 '.r—

VT S S S

Clisonl

Sl d () PYLL OUT TEST
ﬂ’r’""”.”""" ’l”’

Wi 231 ueAdiTmanaseuiRon i m I RuAMUIEN I
AV TARATULULANE (T.S. INGOLD , 1982)
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Fammananpaummalfituioqi 232,233,234, 235,236,237 vnwnms
nanesziin1dh supadormuszniumswiuiogaiu (9, ) samnsamidnnna
Taefl ¢, = tn” (T/G,) unzqmﬁunmm:m'iwmwﬁu’fﬂam?u'ﬁo::‘.ifhviamfwm
Aumamagowuy Shear Box Test fanlumMInAtoULLY Pull Out Test 1fuvhqmﬂtm
muszuimneiuionn iy \1:f‘uaﬁﬁuﬁmﬁaunu‘luumﬁl"emn fosziinnanadle
miuasRemndnuiuiy Sarmaihiormacdouuuy Pl Ow Test éM
yuisanusenirmmetySamaduiia lined w énpnfimmauiennam
mnsalunnadnga ( Extensibility ) ¥99 Geotextile MlMIRsToqTroentinmIw
1uMINATOLLLIY Pult Out Test Hutps

Fnilgmisnandredusziiuldi desnnmanneeunuy Shear Box Test §
WenudvanuseninmetyTameiuindeudend Mldionemsdinseidoyn
Wofvufummnaciomay Pul Out Test ﬁqﬁuﬁ'uﬂummq'lﬁ'lunuaﬁ'im‘fo:tﬁan'l‘ﬁm:
NAOY Shear Box Test WY Free Shear Test ovimusaeanmusznirmnedy

- -~ -
AT uuDy
209 - e : l
-+« §0s60mm Fiagd Shear ;
—— —— 300 2 300mm. Fired Shear !
—+=- 300 300mm Free Sheor :
1504 Pull = Out !
1

Tivnrmt)

Ty AN/ mE)

T
2N 232 Comparison of test result : Woven Material (T.S. INGOLD , 1982)



200 e

— GO 60mm Fized Shear
——— X0 0Omm, Fired Sheor
s mem 300 % IOOmm. Frea Shear

— Pl Qut

1504

T (kN /m?)
g

0 0 100 150 200 250
0, (kN/mit

ol .
31U 233 Comparison of test result : Nonwoven Material (T.S. INGOLD , 1982)

200
EQ160mm Fued Sheor
e == 300 % JO0mm Fized Shear
— e OO 300 mm Free Shecr
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1504 .
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P
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On { kN/m?}
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3% 2.34 Comparison of test result : Geogrid Material (T.S. INGOLD, 1982)



Apparent Angle of Bond Stress, Degrees
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S
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d
71 235 Variation of angle bond stress for pull out test ; Woven Material
(T.S. INGOLD , 1982) | |

220

~N $ F. (4] 4]
e 2 e <

‘Apparent Angle of Bond Siress, Degrees
B
1

@ sond= 34°
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P
11J'n 2.36 Yaﬁation of angle bond stress for pull out test : Nonwoven Material
(T.S.INGOLD , 1982)
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31 2.37 Variation of angle bond stress for pull out test : Geogrid Material
(T.S. INGOLD, 1982)
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2.7 1eAURURA MM (Facing Element)

umefuindamd  Facing  WudmeneuitdwgydnmiiuTnsed
'Ttrmﬂ?uﬁmﬂawmrhni'u'[mqtrﬁﬁ'aam?uﬁuﬂﬁmwmmﬁuwaﬂmmﬁqu'mq
Tu ulusedoalunefududmnmy Weflestumagnimezunsmefownavesiu
oomn  Boausiududmmiiliehidanusemreiinensufugalnre
afndae unmaldoumsh Wustuduiundidgfessinheonsniudae

v - 4 w - w d Y ' - o
umtuAudmhisensahunnnTaguasiisdetu - Felrqudneiind
wriifonuns doiftuuansaniuly ifuoq'ﬁnﬁnumzmﬂinu vnvelanade une

L] - L 4 J » A
qindnyazves T ld a3 luanai 2.3

-l I ' - o »
a13199 2.3 uaasdofunzfodevosingsing q Aldhusstuaudumd

(Colin Janes, 1985)
Materials Potential advantages ' Potential disadvantages Other considerations
Aluminjum Dureble Requires experience in Littie used to date
Easily transported and extrusion techniques for
handled manufacturer
Very vematile for erection Aesthetics (surface finish
purposes may deteriorate or distor)
Can be cast May encourage clectroiytic
action
Brick or masonry  (Good material commen to Produces a stiff facing Yery suitable for
Industry unsuitable for soft : small structures
Good aesthetics foundations or where
Very durable differential movements arc
likely
Not particularly sujted to
" tall structures
Concrete precast Technique available to - Care required over durability, Most common form of
slabs industry, no need for further air entrainment may be facing
development ] Tiecessary
Finishez good Shape of unit critical to rate
Relatively inexpensive, of production and cost
although s.steel lugs can be Rate of production and cost
expensive dependent upon the lead time
Particularly suited to large available for manufacture

construction where cost of
formwork is low

Concrete pressed Ducability and finish very good Difficult to reinforce . Little used to date

slabs Once system developed, Potential staining problem
individual units have very from reinforcement
low cost Fixing of lugs into unit
Weight of proposed units can difficult
be within the lifting Formation of holes in unit
capacity of one man difficult

Shape of unit is critical to
production technique
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M99 2.3 (AB)
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Materials

Potentlal advantages

Potentlal disadvantages

. Other considerations

Concrete
presiressed

Fabric/textiley/
grogrids

Glags-reinforced
cement, GRC

Glass-reinforced
plastic, GRP

Plastics
(PYC, ABS)

Steel, galvanized

Steel, stainless
(316)

Steel, weather
resistant

Timber (placks)

Timber (plywood)

Readily aveilable, il adopted
from existing construction
elements, e.g. Double Tee
Yery durable

Easily transporied and erected
Good acsthelica

Yery lightweight

Yery flexible

Good for temporary structures
Good for military structures

Yery resistant to impact
Finish good and economic in
materizl

Fixing of lugs presents no
problema

Factory production if spray-up
manulacture used

Durable and strong, very
resistant 1o impact

Finish is good

Yery light and ewsily shaped
Rate of unit output high

Yery light-weight, strong
Finish good

Easily shaped

Rate of unit output high and
easily tmnsported

Relatively inexpensive

Easily transported, rate of
production high

Basily shaped

Good Jor industrizl structures

Durable

Easily transported, rate of
production high

Easily shaped

Relatively inexpensive
Interesting architectural
finish

Readily available
Particularly suitable for
short life or temporary
sructures

Suitable for third workd
countrics

Readily availsble
Suitable for short life/
tempormry struciures
Suitable for small-scale
structures

Best suited to small and
medium-height structuces

Aesthetics
Durability (UY, rodents. and

_vandals)

New material which may not be
completely understood

Premix manufacture in early
stages of development
manufacturers costs can be
high

Colour affected hy ultra-
violet light

Susceptible to damage from
intense heat

Melts at relatively low
temperatures

Fairly new materizls, life
expectancy unknown

Some materials susceptible to
ujtra-violet light

Creep characteristics not known
Durability

Durability
Aesthetics

Speciat surface treatments
increase coat significantly
Can be expensive

Thin’ sections lead to great
Rexibility

Overlapping thin plates
corrode

Acsthetica
Susceptible to termites, ete.

Not suitable for long life
Durability

Most durable form of
facing

5\

Covering face with
soil or vegetation
eliminates problems

Little used because
of cost

Used in maintenance

Used in maintenance

Nommaily used with
industcial
environment

Roman structures ,
recently discovered
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2.9.1 Local Stability Analysis
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For Geotextile Reinforcement
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2.9.2 Qverall Stability Analysis
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31N 2.40 Indicates the Loads and Forces to be considered in the analysis
" in case of Rankine Failure Plane (Colin Jones, 1985)
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1. Self - Weight of the Fill in the Wedge

Uniformly Distributed Surcharge (q)

Vertical Loading (S)

Horizontal Loading (F)

The Resultant Force (R} on the Pontentail Failure Plane

Total Tension (Ty) in the Reinforcement intercepted by the Potential Failure Plane
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For General Case T, = [h' tanf} (yh+2q)+2s:| R (224)
| 2tan (¢ +f)
For F=0,S=0 T, = h*anBYh+29 (.25
2tn (§+B) |

® n3d Failure Plane 118n¥0:=101% Bilinear
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=4 .
UM 2.42 Indicates the Loads and Forces to be considered in the analysis

. in case of Bilinear Failure Plane (Colin Jones, 1985)
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Joeeldh P

The Active Force per Unit Length

1K,Yh, — (226)
2

The Force per Unit Length from Uniformly Distributed Surcharge

Kgh, (227)
P,+ P, — (2.28)
IKYh + Kghy e (2.29)
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® n14l Pull - Out Failure

For Geotextile Reinforcement
T 4 = % P
resistance fa | resistance
a
= ?312 G, Lytand, e (2.34)
For Geogrid Reinforcement
o
T rotatanc = b2 —
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adReRiRn Ty (Tp)

dmiuntdives Pull-Out Failure WnsdiftSomadunldifansnntudonn
dhafu T dinredeshnslnneiindfouduiiintinnudatdu AoAnswnio
uwmd’mmmfwummi’ﬂqm?uv'f'wmﬁ'l# Mosezonudufivield Tnoesliith
winsweglumumadefisenifan v ssdmuiomuatiies



2.10 mil§TonaTudnlamily

, .
dmium 1 Fiogrduduiue o 1 ummamlisinndedu 1ud

1. AN (Bridge Work)
L J J » (... ] - W e T )
dnvoummutny 19 iogeT vinssdiumnoTulogwd uiud
TwuTnuvesastionenu (Bridge Abutment) fauems lugalfl 2.44

P
2. 1MMIYOU (Dams)
L J ‘ - =] - - -
ﬁ‘lmm‘luwamzﬁmmﬂ:mtrqmm'luusnmﬂti'lumnﬁou Aaneraalu
4 ,
Jun 2.45

3. AIUAUNY (Embankment)
Turuoududagieduduiihnmed wdl W nerdduseiifIng
ﬂfwﬁmfummmﬁ‘lm:nuﬁu‘lﬁmmn1m‘r’uﬁﬁfi1qw1nq (Steep Slope) Mauemalu
117 2.46n. unﬂun:t‘u‘ﬁnzd'mﬁ‘lnnnuﬁuuufvﬁuduuﬁmmmﬁvz1§’:’ﬂam?m1~um
Vdnunwosduduson  udafsoninoudutuadhl  dimmaduludovasiite
FudundesnmiiiuTnssadrenuonld famraaluguil 2.46v.

4. MUYIUIIN (Foundation)
'lunin'iﬁvzﬂ'ln'mitmf'néqﬂqnﬂf1qd1qq1fu SinmvesdurToaiitd
vmsnoedraduusou i limnouiee lidugunniy m3 e matunielu
ﬁuu?nmﬁn:ﬁ'ln'l:riouf'nﬁ:ﬂunutﬂ?:._lﬁ‘lﬁ'ﬂﬁﬁuau'lﬁ szt muostuning
Tumefe Wdupunnumshmsdonfedely Fauieraaluguil 2.47

5. 3TUNN (Highway)
»
] LS -~ L - 1 -~ J-.
Tumsneafumaiuine: ¥ meTuiufunmsdent s luuT na i
'Y - ol v o
dnvaizaamgilszmmdugn fauenalugii 2.48



d
Zzu!ﬂ"‘ﬂm”hndl X 3
| E‘n:
1
| !
oL 2.44Jn1111'f'5'm]tﬂ?uﬁu1unuﬂzmu (Colin Jones, 1985)
/7

;ﬂ'ﬁ 2.45| 313 duautuamdon (Colin Jones, 1985)

65



11)?'1 2.46n.Jinn'l‘i’i’tmm?uﬁu'lunuﬁunu'luﬁ'num:um Steep Slope

(Colin Jones, 1985)

qulit 2464, na 1T uiuluaiduoyludnuazveams iy

[
wrtornmfusuAugou (Colin Jones, 1985)

66



67

s

o ke S M W mw k SE e e

~-r l"'!":"l"'r
[}
[}
'
[}
'
L]
+
H
F
-

O Lt

h&&S§§&§S\

L]

4 - -~y
247 ) 3 1853 1An U Mg MIIN (Colin Jones, 1985)

1985)

2.48 /M35 Tenuo T A lua MM (Colin Jones,

i



	บทที่  2 วิวัฒนาการแเละทฤษฎีที่เกี่ยวกับวัสดุเสริมดิน
	2.1 วิวัฒนาการของวัสดุเสริมดิน�������������������������������������
	2.2 หลักการเบื้องต้น (Basic Concept)�������������������������������������������
	2.3 ผลกระทบของวัสดุเสริมดินที่มีผลต่อความสามารถในการรับหน่วยแรงเฉือนที่เข้ามากระทำ�����������������������������������������������������������������������������������������
	2.4 ประเภทของแผ่นใยสังเคราะห์และผลิตภัณฑ์ที่เกี่ยวข้อง  (Type of Geotextile and Related  Products)���������������������������������������������������������������������������������������������������������
	2.5 แรงยึดเกาะระหว่างเดินกับวัสดุเสริม  (Bond  been  Soil  and  Reinforcement)�������������������������������������������������������������������������������������
	2.6 วิธีการหาความเสียดทานระหว่างทรายกับวัสดุเสริม��������������������������������������������������������
	2.7 แผงกันดินด้านหน้า (Facing  EIement)����������������������������������������������
	2.8 สภาพการวิบัติของโครงสร้างวัสดุเสริมดิน�������������������������������������������������
	2.9 การวิเคราะห์เสถียรภาพของโครงสร้างวัสดุเสริมดิน���������������������������������������������������������
	2.10 การใช้วัสดุเสริมดินโดยทั่วไป����������������������������������������


