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NARONG SARI: EVALUATION OF INTERFACE SHEAR STRENGTH
PROPERTIES OF GEOGRID REINFORCED RECYCLED CONCRETE
AGGREGATE USING A LARGE-SCALE DIRECT SHEAR TESTING
APPARATUS. THESIS ADVISOR : PROF. SUKSUN HORPIBULSUK,

Ph.D., 65 PP.

SHEAR INTERACTION / RECYCLED CONCRETE AGGREGATE / GEOGRID

This research studies shear interaction between recycled concrete aggregate
(RCA) and geogrid. Two RCA samples were used in this study: grain size distribution
curve following the lower and upper boundaries of the specification from Department
of Highways, Thailand for base materials. The laboratory tests on RCA samples
included compaction, California Bearing Ratio (CBR), absorption, Los Angeles (LA)
abrasion and direct shear tests. Interface shear strength properties of geogrid
reinforced RCA determined using a large-scale direct shear test apparatus under the
normal stress of 50 kPa, 100 kPa and 200 kPa. Three different aperture sizes of
biaxial geogrid were investigated used. The engineering property test results showed
that the engineering properties of both RCA samples met the specification from
Department of Highways, Thailand. The direct shear test results showed that the RCA
sample following the lower boundary had higher shear strength than the RCA sample
following the upper boundary. The interface shear strength was higher for higher

RCA particle size and larger opening geogrid. From the critical analysis of the test




result, the equation for predicting interface shear strength of geogrid reinforced RCA

was proposed in term of RCA particle size and opening size of geogird.

School of Civil Engineering Student’s Signature

Academic Year 2016 Advisor’s Signature Sbm&_ﬁ—




Paanssuszmea

a a o’dy 0o < U 9 = A Yo 1 A ] A g’/ 9y a

Ineniinusuduiaganmed 1Heenn ldsuanuiiemioodvaes NIAIUIFINIG
LAZAIUMIANIUNIUINE INYANALAZNAUYANAAN 9 N1TNA1IVOUABIYAAANNNIUNT]
, . A 99 g v Yo 9 y ALy ay ¥
daurremae Iiasunnmutiuilulllden ditedesvesdowt w Aildre ninidlanain
UINVDINIY

4 o £ a o a a
YONFIWUDUNILAW AAATINGG A5.qUdUa veyagy Wanthainiaanisy
a o P a a 4 {
Tos1 wmaneraomaluladgsuis 01915005 Inertinus Aldlenaniensdnmn
Y o o = ' 9 Yo w 1 9 o EA)
Tnawuzinlsnw weundyrazlvimasloungiveulasnaon 39uN¥8AT9NIU
a a S dy 3 o
uf lvInerinusiauiisuasoauy ol
o a Q"l a a Ao 4

YONIIVOUNILAY T0IAAAII9138 A3.073NT FunanvtIand Uszsiunssums
~ Y o o [} 9 [} a a g 1 dg; <3 o
nldmuuzihfSo seuntyruazaieasiamu ud lvinetiwusantauaioauysal

1 4 J o < { o o

YONTIVVOUNTZAM FBIOAIAATINGG ATWNIN AUET NTTUMS N IRAwuz

1 Y [} Aa a d dy 3 4
Yinw sreudfyrnazaneasonmu ud lvinedwusiauilouassauysol

= 4 a a

YONTIVVOUNTLAN AT.OATIA ARNNY AMIBYNT dUIN0d AMLINAT gaANTY

q Q

Yy 9y A oa = s Y9 a a a4 A )
winihnRelguamsgiinamans Wimina1uInIaInssules uazie iou s
a Aa 1 Aq ¥ ] A 1 9 Yo w 1 9 o
1913951370330 Tesmnmun lnanusieniae sreundayviuaz lvmaalaungiveu lae
v Y
AapA lUN1TIIVEAT I
YONIIWYDUNIEAD 919139 TIN 851 WKHIING1eMA Tu Tagi1vuInadaIy
= a a a o = A Ay Yq Y 9
UATTIFTV ez A191IINsTNles umanenemaluladgsuis #1819 lomad
= v % =] % a R
Anpluszauiindafdnyazuiiuaafnm,
9 dy a ~ Aq ¥ dy
HazMegall VoNIIUVBUNITAY A1 M13A taziiang N1NsglnszeusuEReg

1 =y 9 = Yo w [ =)
paemIudIdIuAIUMIANE ez limasleedsanaoaun

J =
UINA 19



CRESILY

4
Hin
undadge M lney f
UNARGD (VO v
NAANTINUSENIA 3
asv )
SRR 1T i ¥
VI %
% [ 4 o 1
Mesnegdyanyaiasiego a
4
UNnh
L UMY 1
I o
L1 anudunwesanudwgvesdyvr 1
1Y J
1.2 WUSSER_ ] 3
13 WOUWAVRINUIVY 3
o"' 1 [
14 dsglewideadnglésy 4
= a v d'd' %
2 NQUYUATNUIIGVNGIVOS 5
=) <3 a 4
2.1 noERANMLYvesaulaees o 5
I'4
22 awmsvesgaewy 7
ax A
23 MSNAaRdIAEIBUSIRNOUATY 9
j d' Y o % 1 a
2.4 WUNHUUOAUOIR IO RN 11
a <3
25 AanuMUMULSAReUVeIAMTA N 12
Av aa 9
2.6 N MUIVUNID U 16
3 OBMSAWHUMT 28
G % ] % S A a
3.1 mimwumaEIN’m@maianﬂauﬂ‘im”lMﬂa _____________________________________________ 29
9
32 mInadouWInadNlANUg MLazAMaUANIIRINTSNYeTde 30
9
33 pa@uianuguazquantamamnssuvesiagilonsa__ 30



a151ity (A1)

Yy a
F1YNITD I

NARNUIN

wa 9

=
TR

Y
Hin
= % ] S A a o v
34 MIEIENAI0E1NIATINADUNTHT IsRad s umsnaaey 31
3.5 MINATDUUIIUNOUATIVINIATINADUNIAT LA
Usianinmsaiua lensanazmsnaaeulfnsensoy
A 1 A A a ~ a
MOUTEUINYIAIINABUAIAS IAauazd Tonsa 32
A
3.6 Qeuwlwlumsnesey 34
a d
waMINAaaUIAzIINNA 35
9
41 puaulANUT ULz ANENTANINIAINTTUUDINIATINADUNTAT lWAa_ 35
42 WADINOTOU 36
ey 50
50 agUWeawINe 50
52 deuuzihawddesed oo 51
___________________________________________________________________________________________________________________ 52
d‘ a d' Yo aS A 4 [
MANUIN . T1GFDUNANWINMIN IASUMTANINeUns 57
64



MIN

2.1
2.2
23
3.1
4.1
4.2

4.3

M3UYMI9

B
f !
YN A a [ =) Qy
AVUTNUAN NN INLASAUTNUANIIMNTTUVDIAUMAON 16
paauiaveITagNiinInaaeUIazenI@IuVeI L /D, 19
A o v w =) [ G a a o w
Nau"lsu”lumimﬁaummimmmaumm’Jﬁ@i”lcmﬂmﬁiilmm ______________________________ 21
4
AuauiAnuguEzguauAMIfINITuYed lonsa 30
4
AuAVIANUFILIEZANANTANNIAINTITNVOINIATINADUNTAS laAa 35

v 9 A

MAINUMULTUROY MAITIVDOU HAZBATIAIUNTVNIAIZITAVDI

A A a A A a A A Aa
YIATMABUNTAT ImAaaTud Tensauazlsaanmaasuilensa 39



€ah
.
=).

2.1
2.2
23
24
2.5
2.6

2.7
2.8
2.9
2.10

2.12
2.13
2.14
2.15
2.16
2.17

2.18

U
a150eu51
wq)
Y
¥
< a
VOULUAAVIMLUILTIUDLAU oo eees e see e eeeeseeeeeeseesesseseeseesenes 6
4 9 A
AU TZNDUAVIUATUNTULTUROU oo see e sesseeeseseseeseeseseesessenes 7
<3 a
L UUDUIUAN IIUUILTIUBIRU v eeseeeseeeeesessssssseseseeeeessesssssenseenees 8
A A Aa A
(ATOINONADDIAULUULTUROUATY v eeeeseee e seesseeeseeseeseesseeen 9
3 a ax A
VOUIUANNIMLVITIVOIAU TATNITNARDIITUTURDUATL oo 10
g { U U 1 =)
NUNMAAVDIAIE19IAUVBININABDINIANNT UMY
A ay =\
UTURDU TAITUTURDUATI. v eeeeeeessereeresseeseeeeseeeeseseeeeesseeesesssessessseeesssssesssseseseseees 11
A5INNITNAADILLTIDATIUEUIIAUUDINT VY oo 13
1<
VOLUUAAVIULLUILTIUDINT N ... eeee e sesseeessees s ssessseseeseneessesenes 14
[«] d' 1 dﬂJ d
UTINTEMTNNADIDIIIUUIUHR ..o see e s s 15
WoANITUMINFAMINTVOIDUULD AT uag a3y
o w (% [ do o %’ @
mMasmeiag ledunsizwius e ulums 1IN e 17
Y
ANUANTUT TENINANWARWRDULAZANVAUAININAIY
= a U =) a
FEUTVBGR 10N ANUNIATINT LHRD oot 18
A A X P,
HANISNATOUUTURDUATINANINTU 2 LUDTIHUR oo 20
A 2 X 23
HANISNATOUUTURDUATINAINTU 8 IUBTIHUA ..o 20
Y
AT VUTUNOUVOIAIDENNATOUNG 4 AIDGTE oo seeseenens 20
MIATH 10N ATUMITNATOUMIAITULTURDU oo 22
M DU U UYIMINATEULIATINAUAGNRIBTOU TUAT 22
b
MAIT VLT UNOUVDINMITNATBUNIATINIINMTIONOU
DIMTATHIADU TURNIT ¢ 23

[

M Q%ﬂlliﬂlﬁﬂuﬂlﬂ\iﬂﬁﬂﬂﬁ@‘um’Jﬁi?]iJi]”lﬂﬂi’)uﬂdi@

= a d’ 1
B TR E I Lo DTN 1T N VOO OSSO 24



€l
=
=).

2.19

2.20

2.21
2.22

2.23

3.1
3.2
3.3
3.4
3.5
3.6

3.7

4.1

4.2

43

ARG GR)

¢
@
CaN

¢4
Hin
MAIFUUTUADUVDINTNATDUAIILIATINUDUTY
IR DIATHIIOU LU oo eeseenene 24
9 =1 a = a [ o
BT UAIATT lsaaa3ud Tonsandiainiiing
2 R VLA RIS KA LT L1} VOSSO 25
MasFuusuRouvewIaI LA 1A lua U 10NTA e 26
MAIFUUTURDUVDILIATINUAINIATT LHAAATUITONTA oo 26
r'd
ANUFURUE T2 FU T aNsuUs AFeaMuYDg
U073 IHAaa T urEaI0) UAZANMATEAUN oo, 27
BEHUNTT A UHUQTU IV oo e e s ee e e e s s e e s s s s s s sees s s 28
g‘l (% (%] 1 = =\ =%
Tuao UM U5uU59UUIANAZAIDENUIATINABUNTAT IBIAD ..o 29
MINTLYVUIAAALVDIAIDEINNIATIUADUNTAT LB e, 29
1DNTATU GX 60/60 GX 60/30 LALGX 160/50 ..ovvvvvvvvveerrrrsrosssssssssssssssssssssssssssssssons 30
A A A A %} Y o tg’ A
120370A0UNTAS I AaNHau AW AN T3NS UETA e 31
UHUNNLEASYANAT U RNT 815 IMNOUTLHINUIATIN
S A a = =Y
ADUNTAT LA AUAZD TOMTA oo e 32
15 0aNATOVUNT 015N OUTTHINWITINADUNI AT IAaLazd Tonsa.......... 33
[ 4 1 ] 4 (Y 1% 4
ANuFUIUT TR R udoMImaeud Tt UaEANU AU
seraMsnasual luuuIfmemMInasual LIV IWIATINABUATA
3l AaN Ve UIUAB AL YD UIVALUATNUIATTIUATUN N N, 37
a o o = a
WIS IAOS AIEIIUMUANUA U D UYDIVINIATINADUNTHT LsAa
AUNTNTLOVUIANALNUB LUAVULAZ VD VLUA 1IN
WIATTIUNTUN NN oo 40

1% 4 v v 4 Y] I 4
ANUFUNUTIZVAINANUAUROUADNMTIATUA TUU LIS UaZANUFUNUS
szrIaMsnasual luuulnmemMsnas U2 LTIV WIATINABUNIA
= a A A A Ax A 1
5 lfaEud TonsaNimMIngz v IAnag NV LIUAG NATNNIATT UV

DTUNMINUA I s 41



=Y
=
=).

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

ARG GR)

¢
@
CaN

ANuFURUS I NANUIA AR UR M TAaR UM THLLIT VLA

[ Y 4 1 4 Y A 1 4 o
aNuFuRUTIzrIImanaoua lutufgemsmaoua 11
V0IUIATIADUNIAT lAaa3 1D TonsanlnmInszaeuanazi
VOUIAUUAINUINTFTIUVDINTUNMIITAI oo 42

a Jdo o 9 Y a a
Wﬁi'lﬂJLG]f]ﬁﬂ’la\?GlTL!‘VHuﬂ'J']llLﬂula@uﬂlﬂﬂuﬁaﬁﬂﬂﬂ@uﬂ%@%Ul“]ﬂﬂﬁlﬁill

v
= =

1onNTANNNINTZBIUIANAZNVDLUAA NATNUIATTIUNTUN RO N oo 44
a d o o = a a

WITNDI IIAIIUMUANWAUD D UVDINIATINABUNIAS LHAaIaTY

ToNTANUMINIZBIUIANAZNVOLLUVALUAWIIATTIUNTUNNHA N oo 44

ANHAUZUDIV LONTANAINTTNATDU 1rseeeoeeeeeeeeeeeeoeeeeoeeeee oo 45
1% v v @ a Q‘lo v 1 A

ANUFUIUT TN ANTMEIT RO ULAZANUAULUIA

YDINIATINADUNIAT IWAaIaID Tons ANTMINTLevUIAAaZh

VDUUAANATMUIATTTUNTUNM NI DN oo 46

4 v

ANUFURUTTZHIIFUT e ANTMEITINROULAZANUAULUIA

V9UIATIADUNIAT IAaa3ud lonsanlnanszalevianazi

VOUAUUA MU IATTIUNTUN TN oo 46
@ o 4 1 [ a A{o v 1 1 a

ANUTUNUTTZVITUUTZANTAAIT MR ULaz VAT UAve4

= Aa A A a Aa A a

310N AUBINIATINADUATAT BRI UV TONTA cerrr e 48

< v 1 A

o o J ' [ A Ao aa
ﬂ’ﬂllﬁll‘W‘Ll‘ﬁi8W’JNﬁ'll‘]Ji$ﬁ"VITJﬂ1?1Qiihlﬂ@ﬂlLﬁ%ﬂ%ﬂJimﬂuﬂWﬂ%M

<3 R a ~ a a A a a A a
YPNAANNNFOUTAV0 IR 1oNTAYDIWIATINABUNTAT IBANETNI TONTA. ..o 48

o v J 1 o a Q(o v 1 [ 1 1
ANNANRUSTZHINFU T2 ANTMALE RO ULAZ ORI IAINTZHIN

1 a A < o a ~ a2
vnareuanazTinaeymaniunaannNgeuillauedd lonia

S A a a A a
eummai:mﬂauﬂmi"qumammﬂaﬂm .................................................................... 49



a0 e a g Q

An
RCA
CB
WR
RAP
FRG
MRG
MSa

Pd
D

50
GP
GW

T

max

Tinterface
Tf
D

o a v v ¢ o 1V
MasUIgatyanyliasNed
o a Q{o v 1 A
duilsgansmassaumneu
v ¥
anuAnTuuIAIRIN
AMANUMUNIULT AR UVDI T
AMyuEsaMUMgluveiee
1 = A o
AT YIVDITETR
MANuMUMULTIReUYIiagla
Al A
32EzMIIAAOUA TULUIA
d’ Q
srazmIAaouA U
S A a
UIATIWADUANTAT LA
GRAIL
(YL
a & a
Aamaneaiaas lada
Y A a =
U5 liAnazoen
Y A a
A3 lAnvIana
N31BYUIANAN
ANUNUIUUIA
< A A =T
PNAHARTONAIUAZUNIIVLIANINTF I 50 10T 1FUA
d‘d v =
naanlvanaziu 1ud
d‘d v A
nIIANNUIARAZAUA
! Yy A
MANVAUADUGIFA

[

o ! = ! S A a = a
N Qi’JﬁJmi’)uigﬁ’JNlﬂai’JﬂJﬂ@uﬂi@]iul‘*]ﬂ,ﬂmlﬁgﬁliﬂﬂiﬂ

o v 9 =

mmmmmmmmaummmanmauﬂ‘%@ﬁ”lcmﬁa

Y = A 1 a ~ a
MuneNNgavoIrolavesdlonia

Y G a Aa a3 1Y A
ifJﬂa$6U’t’]\3E]1§ﬂ1ﬂ3J’]ﬁ5’JiJﬂ?JLlﬂi@]iul‘;]ﬂﬂﬁﬂﬂﬂlu'lﬂmﬂﬂ’ﬂ@ﬂu‘ﬂfJ'l’J

d' 1 a| = =Y
Ngavesroutlavesd Tonia



11 aneflusnnazanudnyvesily

' 9 vy a ] Y o w 79 9 }
ﬂ'lﬁﬂ@ﬁﬁ'N‘Vl'Nﬂ'lu'Jﬁ'Jﬂﬁi3Jﬂ'lﬁ‘V]'NFi]'ILL]JL!9’]@\1u'l'JﬁﬂaJ']aﬁ'JjJiJ']ﬂﬁgEJﬂﬁGl%@f.l'N
a A n v ' o @ Y 2 ¥ Y g X <3| £ 2 o
van@ed lild 1wy Tagoudunie Tagyusesiiuniy ddaruiunie Wudu Feiaquaa

@ Ay v a

A o 9 U [ =1 1 9 da! o Y
5'JllVIu’]ll"IGlGINWUﬁ'JuGlﬁﬂJuL[]Ju'JﬁﬂVl AVIMNBTITUBIA ﬂﬂﬂqfﬂullﬂﬁlﬁﬂ@ﬁﬁ”lQMWﬂsUu‘Vl'lﬁlﬁiJﬂﬁlﬁ

q

Y o a dg! 9 [ a 1 dsl ] a
GlﬂWlSW‘c’ﬂﬂi‘ﬁiﬁJ‘;]leiJWﬂﬂlu@HJll‘]Jﬂ’JfJ 1/]3W‘c’ﬂﬂﬁ‘ﬁiﬁllslf"lﬁmaﬂ!ﬂﬂmﬁiJﬂul‘]JLW31$‘ﬁ3§3JG]5W]

@ o

Y
Tiamnsonaatummaunuesld Jehldlusuiaadounatymmsuiaunaniagouiiun

Q

\3

[

& g IR I | Ao a2 & 2
FIAUNUNTNOATNNGIVY Gluﬂlm%“ﬂ’)ﬁﬂlﬁa@‘ﬂﬂﬂWﬂﬂTiﬁ@ﬂ@u@'lﬂTi!mgﬁﬂﬂgﬂﬁiﬁﬂa‘ﬂﬂ

q

2

] 4
v o

=Y dy 1 9y a 9 a Y = d‘ o A
ﬂﬁuwmqwu ﬁ\‘iNaGh"iLﬂﬂijfllu‘I’i'I‘VINﬂTuﬁﬂLL’JﬂﬁﬂNllﬁ%‘}jﬂgﬁﬂl']mlﬂaL!WLmfﬂ AIAALYA

@

4 (Aatheesan et al. 2010; Hoyos et al. 2011; Aruljah at al. 2012)

1%

a 2 & 2 9 ' a a a I~ 9
ﬁﬂlwaﬂﬂQﬂTﬂﬂ1§§ﬂﬂﬂu@’]ﬂTillazﬁQﬂ@jﬂﬁi'N WU IAHADUNIA AYDT YU L‘]Ju@'lu

dalnggmildiandeldouiian Fufuns19uss Temiesi lidualudeimnssy
wsngemani vazenvhlimnaymdemsneasalueuian nuisennmetlsamenaasly
W iaamaeiaisndnausahndunldlunuiamnssulesdisy waswaeuria
5 lanAa (McKelvey et al. 2002; Poon and Chan 2006a, 2006b; Debieb and Kenai 2008; Arulrajah
et al. 2012¢; Azam and Cameron 2012; Gabr and Cameron 2012) 47a73 amﬁyﬁg (Aatheesan et
al. 2010; Arulrajah et al. 2011a; Arulrajah et al 2012a; Piratheepan et al. 2013) wasLeaiad
Flada (Taha et al. 2002; Han et al. 2011; Disfani et al. 2011; Hoyos et al. 2011; Puppala et al.
2011; Thakur et al. 2012) HAZNIATINABLAT (Ali et al. 2011; Disfani et al. 2011; Arulrajah et

3 [ 1

al. 2012b:; Disfani et al. 2012; Imteaz et al. 2012) Hudu Saaaananldsumnaasy

q

v a oa [ o w < 1
auauiialuiesljiamsuag luauwniimasdunuusudounazanundas muniuae
M3 lduludnyaza19 Wahlstrom et al. (2000) 4a% Poon and Chan (2006b) Jatiaad

< 1 a wa a ' J ) [ I
Idmuwiaswnounias lmfaliguautianadmnssueglunusimasgiudmsulaiu

IS) %

Y 9 4 1
mmummawuﬁumq Ll‘ﬁ}’ﬂﬂ$3Jﬂﬂlff3J°]J@]1’]1\1’Jﬁ’)ﬂiﬁi]“ﬁ@?ljﬂﬂﬂ’ﬂjﬁﬂw’)ﬁﬁﬂmﬂ'm

Q

FITNWA



@ @ d

o L J [
ITATUATIEH (Geosynthetics) ﬁ?h?iﬂﬂ'liﬂﬂi%t’gﬂﬁi%ﬁ’)ﬂﬂ‘UiJ’mﬁﬂllﬂ’f)uﬂdSGl

9

=

1 4 v
dﬁul“]ﬂﬂaLW’é)!,WiJﬂ’JnJﬁ"IN"IiﬂﬁluﬂTﬁ‘UHWﬁuﬂ‘UﬁTIQﬂ EDITMNIUTUN LAZANUAINUVDY

aun 141 n.71. 1926 South Carolina Highways Department (Becham et al. 1935) "lﬁ)ﬂ§$Qﬂﬁ'1“ffj

@ @ @ 4

[ L I ? 1 1 a
gaduns 1z IuUmaduasasn uazwuanaﬂmms13wmaaﬂmimm%'nmmmauu

q

[ [

v g T P A < Yo Y X g X
Alueg199 'Jﬁﬁ]ﬁ\ilﬂ3']3145])"JEJLW3J?YJ"I§JLL5U\1LL5\1GLWﬂ‘]_lﬂuu FUNUNN LUASHUITDIWNUNIN

—

(Miura et al. 1990; Montanelli et al. 1997; Perkin and Ismeik 1997; Al-Qadi et al 2008; Howard
v Y 4 ' [

and Warren 2009) ad1UI¥I829ANUNUIU0IFUIBINUN]E 1udsenneIvoenus

G Yo [ 4l YY) = Qy =\ v 1 o W . Y1 I
Uszgna lg3agduns1gnI Ny IaqManNaleged19310a (Arulrajah et al. 2012) 1819213)1
A Ay ~ ' a s 2 9
FOINMIMBLArUAUAIMINIAINTIY IATHNAAT LazduIAdoN

a o dyd ann 1 A 1 S A a
NUAIBUANEUYAT 015N UTENINUIATINADUNI A LiAa (Recycled Concrete
=Y a I Jd o e
Aggregate) 1831310030 (Geogrid) tazaunilu'llldlumsdszgnataananiiluau
a =< I S a a 4 A 9
AnTsumIne Feazidluilse Terieannlupadainssy @THIMaAs uazdaIadon
N { A 9 = < 9 9 Y A A a

nudteizGudremsanyinnuiull1dlumsldauiaaulasiunouniag laaaun

L 1 g‘/ = ~ [
dszgndluuneaiwyunnlasivuianaz NUoLIVAUULAZUDVIVABNATNUIATTIU
Na.-1. 201/2544 UABAAIGNAINTUNITUADALUDFINIINIATFIM (Modified Proctor) AN

F
WIATFIUASTM DI557 (2009)  AuaudalugIvLazanauian1InINTsuYoINIasTIN
= a Yo [ Y a oA Y 9 " o o Y A
aounaas Az lasunsasiedialudewlfians ouldun masdununsuiou (Shear
14 Eol 1 °
Strength) H1015 MIPATUIT MIANNUTO HAZNITNIZIGIUIAAAE ANITANUTONING
naaou IAgiAI0a Loss Angeles Abrasion A1UNIATIIU ASTM C131 (2006) MINATDULLIN
MOUATIANHUNMTADYANATO LT UNOUATIVUIA 1YY (Large Scale Direct Shear Test) A1
WIATFIM ASTM  D5321 (2008) HamsanuuSouiieussninamaidiumunsulouyns
S A a ] =) = a 2 S A =) =) = =) d‘d 1

1Ia5IUARUATAT lasiAa laa3 1R TensanuNIaTWADUNTAS IuAaa3 Ul TonTanlvuIaYea
Wauanaienu

9 a o dy = aan ' = J = a A A

MogauITeUILANYIINTo19 1RO UITEHINT ToNITALAZUIATINADUNTAT

a 4 A a 1 a A

lanfa Tunvivesnuaniifvesdlonia (uuareuila) uaznuaulAvINIATINADUNTAS
lw@a (M3nszrgvuna ) wamsnagevaziiufSeumeunuranaaa LT UROUVDINIA

G a 1T a A A
snounIas laaa luasud Tonsa



U

Jd
12 nglszasn
¥
1.2.1 ﬁﬂmqmaumﬁugmuazﬂmamm1/1Naﬁaﬂﬁmmmammeuﬂ‘%@
a 4 o J 1 a
5 lada e lihlsegnd ldlumsneadanemuinanisuninig
=2 o v 9 A A A a = Aaan

1.2.2 ﬁﬂ‘kﬂﬂWa\1@]TL!'ﬂTL!LLiQLﬂﬁ]uslli’)\iuﬁaiﬁﬂﬂ’fJUﬂiﬁill“BLﬂaLLﬁzﬁﬂHW‘]J{(]ﬂifﬂ
! A ! GG a = a 4 ] ar A a
i’mmau‘izWmmammauﬂmﬂmﬂmmzfﬂTEJﬂmﬂluwilmmwmmmuﬂmT@ﬂsmmz
9 PR < [ [ al A a
if]ﬂﬁgﬂlﬂ\illﬁlaiflu‘i/lll‘ﬂu"lmﬁﬂﬂ’Jﬁl‘L!"lﬂ“lfi’NL‘]Jﬂﬁ]I’f]ﬂiﬂ

v 1 = G

[ R4 ' o v o
1.2.3 ?ﬂ’c’fllﬂ1’§ﬂ’)11lﬁll°l/‘ll.lﬁi$1’i’)1\iﬂ1ﬁ\‘iﬂTﬁQiﬁhlﬂﬂumﬂﬂuﬂﬁiﬂuﬂﬂuﬂdﬁﬂﬁ

o w

a A a A A a [ A A a ] a A
lafaasud Tensanazuiasiuaounsas lmaa ludiud Tensalugdvesdulsz@nsmas

$RBU O

o W
1.3 UaUIUAV9INHIDY
a o g o QIQ&J va a
NuItetazmimsAnuIauau AN ULz AUANTANIIAINT TUUDINIATIN
= =} a td'd 1 t&l a
ABUNIAT AN UUIANAZ YD VIVALULAZYDUIUAGIAIUNIATFIUAUNIIHAUAGD
= Y 1 ] %’ Y] Y ] 1
(N0.-0.201/2544  NIUNIINA9) 1A vuIanaz neIMInUAIUATALDUEINI
a dy 1Y R = 1 =2 U = so’
W93 YTHIUANUFUUATAVNIZAN AIFUDIT AINITANYITO AINITHATNUI
J o o o Y =) s A a =
AMUDMTUNIE  HAZAIAIATUMIULTUROUVDINIATINADUNTAT LA LAz dIdny
Aaan 1 1 a a 4 1 a
UPN3e15 N0 UTEHINYIATINADUNIAS laAanazd lonsa Tuwaivesviaseuia
= a 9 A < 1 1 a =1 a ~
19N3A 398ATVYDINIATINNVIUIAANNIINVUIAFOUAVDII DOATA  VIATINADUNTA
~ a 9 (] Y = a J
5 lfAalaninmsuagesdougniuaounsauuia 15x15x15 @UAWAT (MIIGRUNFN) 1Az
15 x 30 FUANAT (MTINTZUDN) 11NATNNU Te5ITATHALAANDI IINIAUATI VAN 1AL
Y a oA =1 =y a [ = =1 [} 1 =
neslPiiansneunsamalulas uiInedemalulaggsnis @2981930Ia3WADUNTAYN
[y Y 1
YSuunvuianaz 1 Iaa1uve VAL ULAZ YO UIYAGNAIUNIATIIU NA.-1.201/2544 DY
=3 a d' YR =1 ] a . 1 [ 9 1
ATUNIIHAN lensadlsanuilvuareuila(Aperture  Size) UANAIAU 3 VA lAln

Miragrid Ju GX 60/60 GX 60/30 11azGX 160/50 Batuunseuila 7x7 21x24 1@ 30x21

HaawAT MNEIAD MAUTEN Tencate Geosynthetics Uszne Ine $1na



mimﬁe1Ju,'iqLﬁauﬁ'iqﬂizﬁwﬁ’aﬂclgﬂwﬂﬁauumﬁaumwmﬂimj (NAoINAED L

Y
UYUIA 305x305 UAALNAT)  AWNINTFIH ASTM D5321 (2008) wamaaumwmﬂzgﬂﬁwm
a 4 [ v U o v o w 1 A A A a A A
NUATITHMAUMIANUTUNUTITZHIIMAINAITIVADUVDINIATINADUNTAT aAaLaTId

[

'
Tensauazunasiuneunsas lmaa luaiud Tensalugivesduilsz@nsmaisumnon o
¢ v Yo
14 ﬂﬁ%iﬂ‘ﬂuﬂﬂ]ﬂﬂ‘lﬂgﬂﬂiﬂ
QJQ&I v a
141 hlvguaviaiugiurazguauian1ainIng suyeInIasINABUNIAS
a A o L ' Y Y a
lanfia erh ldszgnald lunmsneadaneauismnssunsns
Yo o 9 = G a Y aan 1
142 MA@ Iumuns uReuvesuIaTIuaeunIas lsaatazd 1aUgazensu
A 1 A A a = a 4 ] al A a 9
MOUTTHINNIATINADUNIAS lAanazd Tonsa Tunaivesvuiazeulladlonsauazion
A < J 1 al A a
azveaNIaTWNTVINAENANVUIATEUTAT TonIa
143 @1W150839auMIANNENINTsHI1eMaImas IR e uveIuIas I

=

= a a = a S A a 1 a = a
ﬂ'ﬁ]uﬂﬁﬂ5Ul“]ﬂﬂﬂl,’ﬁiMﬂi@ﬂiﬂlla3llflai'3uﬂf]uﬂi@]ivl“b'l,ﬂahlllLﬁiuﬂiﬂﬂiﬂ‘lugﬂﬂlﬂﬂ

[ 1 =

'
NUszansmMasTIumou o



UNN 2

U

a Ay Ad g
NHHHUASNIUIVWYNINYIV

v
v =

o Y Y a = waa 1 Y 9
’Jﬁ'iﬂ“l/lQﬂu"mﬂ“lf\‘l"luﬁluﬂﬂ‘!’lﬂﬁﬂiﬁ‘JJ‘JJﬂmﬁiJ‘UGWILmﬂﬁNﬂlmHJﬂi%Lﬂ‘ﬂﬂﬁi%’ﬂu

< o 1 Yy a P 4 9 o < ~
HAZAITNLUUILITIUDIING U IUOUAUIAINT TN IASIA 199N VIN LI ANLAZABUNIA
I~ 1 [} <3 < = Y [ =
L‘]Jumuclmy ANUUTILTIVOUHANVEHNIIDIANUAINITD IUNITATUNIUNITTULTIAY

< Y
(Tensile  Strength) ﬂ’J']lJ!!fU\‘]llﬁ\jGU'EJQﬂi’)uﬂ%@]%zﬁuqﬂﬁ\jﬂjquﬁquqiﬂiuﬂ15¢’]}1um1u1lﬁqﬂﬂ

=) Y o

. a { a 3 J 1
(Compressive Strength) 9TUATUAAINTIUFIAVLINOITDINUAUNI ONIAT T UaIU WYY

=2 o w

< a Z
mmmlm'iWENﬂuuammimuuﬁ]zwmammmﬁ’mmumuﬁau (Shear Strength)
Y

1110991n9231A0INUTUNDY (Shear Failure) MAIAIUMIUITUROUVBIAUNTOTAQUIATIN

v
v A v 9

v A o YA o A A o ] v A o < A A
uuwwa']flﬂﬁ]ﬁ]ﬂﬂvnclﬁllﬂ’]a\i@']uvnuuj\uﬂ@umﬁ’]\iﬂu IFU NITIALTUINIUDIUAAUNTD

(3 A v

k4
a a <3
aquiasiy yavesaunieiaqulIaTn Yinuanudu itudu

a d
21 NYUHANUNTIMIVBIAUIALNDS

Y o o 1 v v 3 Y

mmm’emﬁumﬁmwuazaummammaﬂiﬂﬂﬁauﬁ’wmmgﬁumﬁﬁmﬁq M
Y

9}90’ [ 1 [ 3 a a o XK %’ =\ [ 9/%,}
11414ﬂuﬂym’mizw3NLmﬂumﬂmwmumuuazm%wmﬂmhlwawuaﬂﬂ"lﬂ ﬂaa&”muﬂu
[ U 1 S a ) Y v l a A Yo Yy A J &
FOIINITHINNAAUYNTSUVIIDONIUKEYA mﬂuuclwmammuullmummmuaﬂﬂmm

é Y dy o Y v 1 a a a oA A d' é o ] 9 A
“]Nﬂ313JLﬂuui]37]']1‘Viﬁ'J@EJNﬂuLﬂ@ﬂWi'J‘lJG]IﬂEJLLi\‘lLﬂEJH‘VIﬁ%'L!T]J‘Viu\T HIAIANUAUIRDU

a Ly

Y ] 9y v
(Shear Stress) azAIMIAUTLLUIAININ (Normal — Stress) MAAVUUUTLUIVNAUIIA 11

< ! g o w W a2 1A A A a o
waenaslugii 2.1 nintuhdresesauau i @uria@uuasianmmiowan) ¥1iing

l
=

' A A 9y 9 1A Y Ao A 1 a
ﬂﬂa@ﬂﬁlwulﬁuau‘ﬂﬂa'l'JsU']\‘W]ullﬁlwwﬂj’lulﬂi‘lﬂ@ﬂiﬂﬂﬁ@U(Nﬂ'lﬂ\i‘ﬂ)w']ﬂﬂj'llﬂu A1NNIT

1 v
AaAa A oad 1 =<

9 '

mam%"lﬁ’mmm&ﬁ'mﬁauuazmmmLﬁ'ﬂuummmﬂmzumwﬂmmaﬂﬂmm 1A
Yy 3 < A = ¥ Y o ' a a @ ]

mmmumﬁmmwaaﬁaﬂugﬂ‘ﬂ 2.1 9N i]leﬂﬂqﬂ B Llﬁ$W1ﬂﬁl“]5§l’J’E]ElNﬂu@ﬂ 2 AIDYN

Y H H
WININITNABDIAINAIIDN i]z"lﬁ'mmmLﬁ'ul,ﬁauuazmmﬁuiuummmﬂ‘ﬁizmmﬂﬂu

a vad 1

o < ~ o @ 3’; [l
Aiaon 2 a1 Wwndeeasluzdn 2.1 e2ldga C waz D awday nluaIMduEILge
3‘; Y3 Y g Xy sy Aa o < ¢
nanua 3z laithudulne ABCD  Fudulds ABCD UiFon11 vouuanuudanssvednos

Y
=1

< [ < a S
(Mohr Strength Envelope) t&1 IAata21 11119000 D900 Ivan s e iy Tagas

] 1 < ] 4 : a {
lusianuudanselan egmtlodulddila Fzamisooiuieldningld 2.1



dy Y I a1 9 3}4 = &
mﬂgﬂmz"lﬂmuim F B uag E NﬂWﬂTJWNLﬂu{luLLHTJ@NﬂTﬂmTﬂlmﬂ O, 19 F %40

e ece.

A Y v =

Y IS 1% ' Y 2 1 a X a
!‘WL!E]LE‘TL!I?N ABCD 32UANUAULNINU GB uaz’CF cmﬂ:mJmumz'lmmqmmullﬁkluﬂuu
g’/ dy a a oA d‘ 9y d' 1 v 1 d‘
MUNITIEAUICIVALUDINNANNAUNNINUYA B (GB ,TB) ﬂauﬁlummzmﬂ E (GB ,TE)
L 99y S 2 ¢ e Y an11 a 1
“IN’E)QGI,G]Lﬁu“ll@‘UL“U@ﬂ’J"I‘JJLL"’IJQLL?QGIJE)\‘]@HI@’IEJM’B)? ZUMANUIAURDUUBININAIAITULIAY

A 9 1 [ g’.z 1 9y A dy 1 o yJa a a oA
INDUVDIYA B (TE HaININ TB) ANUUAANNAUNYA E ui]%llllvlﬂﬁﬂulﬂﬂﬂﬁ]ﬂ@] uag

2
ansona laluauil 1

3 J
VBUIVARA ITULUUETIVDIND T D
C
TF = oF
Te [ Y B
Te [ 9 E
A
y
0] 0)
B

~ < a
q5)‘]J‘I/l 2.1 UDULUAAITULLUILLIIVDIAY

=

2 < a J Az Aa J
NOHHANUITWIWDIAUTABNBS (Mohr Strength Theory) MilunqufniszTomi
A Y= < a al 9 1 1 a ua a Y a 2
windeldAneianuudassvesdn Tasnguiilanai msivavesau lilamayuly
Aa Yy A A ' a X Aa a A 9
seuuilmanudu@oumniiga uavzinaduluszuuningaiiesninwavesnnudulu
9
HUIRININLAZAMMAURBUTINNY fagaa1e Udu TR ABCD
' a . I 1
TumsmImaNUAUAUNIUIS UROUYBIAY (Shear Strength of Soil) ztTUNITIY
< @ { VA v a
winudaudulds ABcD  1didluduaseaszili 22 saiiosninsianuiduinouvesau
H Y ! 9
wasuuadldawamanudulunuiaimin dudulds ABcD luzi 2.1 auiumswia
9y = a K 9 1 (% 9 A
ANMUMULTURoUveIAUIIReImag lugiuesailszneunnuanuMumuIs Uy

(Shear Strength of Parameter) ﬁaﬂ'mm%ﬂﬂmumaiu (Angle of Internal Friction, (I)) Haza

= ~ .
AVIALN YT (Cohesion, ¢)



= o ) A
g‘ﬂ‘ﬂ 2.2 a71sEnoUANVATUNIULTIRDY

22 aumsvesnaenll

1udl a.a. 1773 AsnanmissdSusase 3ad oondau naoull (Charles Augustin

¥ ) A o < v o &
Coulomb) ll@!,ﬁui’)ﬁllﬂ?ﬁﬂ?TN@WHﬂWHLLiQLﬂ@H‘U@Q'Jﬁﬁlclﬂc] WuaumsduasIail
S=C+GCtan () (2.1)

A Y A o

S ﬂi’)ﬂ'ﬂll@11!1/]']1!&!;3\1&11@1!"1]@\‘]3?7@1@"]
A = ~

C ADLLINYALTTUYD
A v £

(@) ﬂ’é]mmmuﬁluuuammﬂ

= =
ﬂi’)lqlll!ﬁﬂﬂ%?ﬂﬂ?ﬂiu

£t ¢

~ = 1 . & o
AUNITN 2.1 WITIN dUNITUDINADNY (Coulomb’s  Equation) — HIAUNITUY

1 [ 4 1
AT ANUAIUMULsuReuvediaalan azliesdlsenouaesaiude anummiien

I @ =
(©) wazanuia ( O tan ¢ ) vazszansadewiugins Tdasgun 2.3 Fagilnsvles
< <3| Y 2 o [ @ A 1w v ¥
mudluduase AB Beaiiyud nunuiueutazdauny S i A Tagszez OA 1MNY C Al
Y A o FY A < a & oq9d =
iduase AB azlidnvazadienainuiduveuannuudasvesay e ldiieyatinau

< a a 9 [ 1 I Y a
mmu‘nmm@u%u&m%ﬁmmﬁmﬂan!,ﬂuﬁuﬂ”lsanm



S < J
VDULUAAINULUILIIVDIND T \ B
A
C
o) o

= ) < a
gﬂ‘l/l 2.3 UV ULVANITULLUIULTIVDIAU

Y
¥

~ = 3
ANUUTUNITN 2.1 %Qﬂﬂ']fl!ﬂu

T=C+GCtan (2.2)
A A 9 A a
e T ADANUAUNIUUTUNOUVDIAU
A = A
C AouTITAN L)
Y
c AoaAu luuaInIn
=} =
) A dsan Ul

1 = A A a =< [ ' I A A
Ausagamier luaumsin 2.2 szmannmsgamziussnalaauilowInlsey
1# (Tonic Bond) Fevgfisngaluaulszianiiinnudonmin Tuvazhyudosaniuniely
a 9 A 3’; = v @ IS a = ltﬂy s
NANANVATIUMUMIAY ToansnusuFeamunaznsvatuveulaay a1tz

unluaulszmnnn ludianuaeuuiy



2.3 ﬂ]iﬂﬂﬁﬂdiﬂEIa%!!iQ!S@uﬂiﬂ (Direct Shear Test)

A3

ad A

MINAaedlaeITusUNDUATI (Direct Shear Test) N1TNAADIITH 231 lagii
aregauu ldaslundoansufou (Shear Box) Taoazldiungu (Porous Stone) Usznuau
Y A Y %} YA Y] 1 a 9 1 1 A dy
1Bive 1111 183101352 01890N91AAI9E19A NN UDUIAZENE NEDIUTURBUTIZAINITD
] I 1 1 1 U g’.z Y ] a gol ] o '
1900y 2 @11 AD AIUVULAZEIUAN MINUUNARIDE1IAUAIBINITIAINAINLA (Py)
= 9°l o dy o Y a 9 @ 1 a [ G Y A [ U Y A [
FIU1HIN NI IMNAANWAUNAAIBENNANININY 1I0 INaIAeINUAIANUAUNNAN LAY
H Y v
agluauuauaaslugii 2.4 Minturhmsmeudiedaau Tasmaminusanssih luuuiueu
o A = g’./ ~ <3 % [] a =< & 1
(Ph) &3A® 1159RDU(Shear Force) HUIBY 11az1n31N 2.4 921 UAI0819AUAIIVY (T 11
] A 1 o Y A Y 9 A o 1 Aa = 1 =< 1
naoansuReuaIuuY) vzauliideu lunnaudi Tusuziarodnaunssas (Feeglu
1 A [l 1 1 d‘ Y o FRY 1 a A
naesuRoudINa1) luawnsamaouau e hlddredeaugnmeulunuiszuy a-a
r ' v Y [l
Jaszezmsnaouad luuuIAa (Az) HaguuIueu (Ah) gwmmﬂﬁzﬁﬂuumuauﬁuﬁaﬂq
Y 1 A Aawva o 1 o ~ ~ o 1 ¥ o ~
MWNIENIA0819AUITA Jaswsensziilunuiveuigeiiga uanhanihminnansiuaz
° A A A < Y R vy ¥
usanszan luuuaveungenga (usuneugaga) wndlauiunnuAy HANUAUNITI9Y
I 1 Y A a da! Aa a wa o 1 Y Y %)
FumANUARNNATUUHIZIVNANIIA (52111 a-a) hmaNuRundaes lndonaslu
¥ 3 v g o Y A A A
n3 1 Taglvunulununuewduainnumuainin tazunuaauiumanunuRounganga
{ g}J o w 1 A a a Y ] o %’ a
widga A lusdfi 25 induhdedeansiaauioulniiinsneaesswuu@y
1 d‘ sol % d‘ Y 1 a o = ] 9 % ] 9
salasuiminnansiIdunniuay tazsininaassdnedaios 2 @19619 32 1da B
o w ' 5 g < s
1Az C MINEIAY aIdUATIAIUIANIE Y (dUATIHABIFUUD UIUAAUITIUSIVDIUDS

A 9 dy o W A = Ay <3
HAZHUMAUATIUNTEMNULUIUDUND uulﬁﬂﬂmumt’flu UAagMINITAUUDUIVAAN INTULLUILLIN

J v w g’./ A 1 =< A
UBAUDIAANUVUNUANAD ATLIIYALTUHYD

A A A a A
?jﬂ‘ﬂ 2.4 11703UDNAADIAULUULUTIUNDUANT



10

1 9 A a ax A dy o Y
ﬂ']ﬁﬂﬂaﬂﬁﬁWﬂ’]ﬂﬁ’]Nﬂ’]u‘V]’]uuﬁﬂLﬂ@u"U’[’)QﬂuIﬂﬂﬂﬁlliﬂlﬂﬂuﬂﬁﬂu ﬁ']?JWiﬂﬂﬁgvnulﬂ

Y
U v A

SuWaRudanouuazauiinaziSon FanneznaasstuAuianer Wy 510 1o n
mMsfumoieanIUAIrnwvesauianenunszi 1dn fatumaadoudiedunaasa
Sensrzinauuuasaaslundeusaiou WA e mnutarisuauluaum
naziisannaudianauannsaszmeildE dniumsnaassfuauiianesazamnsa

3
mamlleﬁuﬁmwszmﬂm

< %
VI ULVAAITULUIULLINVUDIND T \

0]

A < a asy =
gﬂ‘ﬂ 2.5 Gll’f]‘UL"lJ@]ﬂ'J']llLl"U\‘iL!,'i\1"1]’fNﬂuiﬂﬂﬂWiﬂﬂaﬂﬂﬂﬁLliﬂLﬂﬂu@iq

o [ < =~ % 1 % 1 a
dmsvauginaziten Tumseseudiegiae: l¥arossauuuunsamn uaglduniu
@AY (Cutting Ring) AAAU 1A TUIAMINUNADILTIROULAIAUAIDENAUINUHIARAALA
T lunasausauion
1 9 A a ax A dyd 9
ATNADDINIAIAIIUATUNIULTUROUVDIAY 1A8ITUTUROUATIHULIUIULE?
Y A A o q Y Y Y = Ay o1 v o q ¥
naglidoidevarolsznmsi ldins Idudadananisinaassi linesrzgndes uagiild
A 2 ) 2 Y A Ao w ) Y 1
ANulenveImMInaaestiaatiosns dedendvyannsoaglld 3 4o 1dun
Qddy I v W Y v 1 Aa A wa A o J 3}/
1. msnaaedslazlunisdeaulvaledeaudvalussuunamvuamiiu
A & I Aa o ] a Aa oA A ~ =
(55U a-a V09317 2.4) Faluanuiuaiediednauazdtialuszununesuuenga ¥9019

Tal¥szun a-a



11

Qddya} Y o 1 a ti'dti} A Y o ] 1 A =
2. MINAaIsuaely 3’6EJN@MT]‘MW‘LW]‘Hu"lﬁﬂnlﬂﬂulﬂ?l'lfﬂiﬂﬂﬁﬂﬁllﬂﬂﬂu SEINTT
d'ddy A Y o

I o 1T A l { o &
INUAIDYNAULUUAITDINNUNUNTUIA Gh”ifg 9 ﬁﬂ')']i]ﬁﬂm']ﬂ 9 ’l]gidJiWﬂ"IL!W\ﬁJ'lﬂ muu'ﬁq

A3

<3 o T an A

I () 1 a A o
@WL‘]J‘L!ﬂﬁllllﬂi]ﬂﬂL!ﬂﬁLﬂ‘Uﬁ’J@fJNﬂuLW’é]uﬂJWIﬂﬁ’t’NIﬂt’JTﬁu

v 1w

Y [ [
3. MIneaeddsi lansamysedamaidsenoudug 14 1wy manuduInsed

A A

A 2 A 1w ' I I 9 & o ' o 1 " Ay v

NN visemoasiaiutisyes uau %Qlﬂﬁﬂﬁuﬂﬂﬂﬁﬂ\iﬁﬂﬂiﬁllﬁTlﬂiﬂ’Jﬂﬂ%ﬁa"lullﬂ
= a9 A 1 A 1 Y 1 Qddﬁldw I Aa Y 1
NITUUDLTYANIIC) NNAIINILATD Lmﬂiﬁ‘ﬂﬂﬁ@ﬁl‘ﬁuﬂﬂﬂlﬂuﬂuﬂﬂiﬁﬁﬂq N3

o ¥ 3 1 ) Y} 3 A
mmmmmﬂmmm iwmﬂaumwgﬂ uaﬂwwmﬂummwa%

o v
A A 4

24 NUNHINAAYRINI0LNIAY

??m%“umﬁmammﬂqm@ﬁummmuﬁauﬂlmauiﬂﬂ‘i’fﬁumﬁaumq ve lutousi

Y
YA A

[ = Y o % ] a g}/ dy Ay d' Y o U 1 a d'
MU VUNNUNHUIAAVIAI0819A N NITINT IZRURNTAavoIRI9dan IuvaE NINaaDs
<3 A A 1 A A X o A A &’ A Y o @ ]
ZLANANIDY Gl,usllm3‘1/]ﬂTLLiQLﬂ@HLWMﬂJUﬂQLLﬁ@QiHEﬂW 2.6 WWINUNHUINAUVDIAIDYI

a A [ o o o v Yy A o Y = !
AUUYUIAIANA mﬂm]lﬂ‘mmimu’Jmmmmmmumamz‘ﬂﬂﬁmmﬂmammzmmm
Yy A

] Y [ @ g’/ Aax A =K A Y g ~ Y o
mumau'luﬁaﬂﬂamﬂu ﬂ\iuucluﬂﬁ‘ﬂﬂaﬂﬂIﬂﬁl’)‘ﬁll;i\ilﬂ?)ﬂ@]i\ii]\iuEJ‘JJI%?HWHT]‘HHW]@]GU?N

A8 19AUNDUNARDRNAUINMIAIANNA A DU

Nufiwirdanaunisnaaas = a x b Rufividanaunismaaas = a X ¢
a a MWANULIY
[P | [ S—— |
| | 101 Lo
| b | (I ¢ Lo
| | L Lo -
I I g
s 1 a I h L ¥
MDA bp ——————- NMWATULN
LUINI9LRADY
\
NOUNAAO ‘lummx‘nﬂam

v v 1 a

A A A g v A an A
gﬂ“ﬂ 2.6 WHVIWU']G]ﬂG]'J'f]81\1ﬂuﬂl@Qﬂ'lfl'VlﬂaﬂQW'lﬂTliJﬁ']Uﬂ'lullﬁ\uﬂ't’]UIﬂﬂ?ﬁlliﬂlﬂﬂu@]i\i



12

4 N &
2.5 ANUMUMMUITUNDUVDIAMNATIEND
A A & ~ 2 ) Ve ¥ o= '
iesnnauilarenuszivinadaneudalng duiudslivaasnnuainsaluns
v R o q Ya A & A T = ~ o & 9 A
imziuaei ldaustiatinSeuaioululinws@amtior auiuaanudunusafon
a <3 o = 9 A = 1 gdy % I 1
YRIAUTANEIVNNILHUIBDINNUATUNIUMITAY 10a FIMTVURYAAUANHULAIN
I a o a g ' 1w J l 1 o 1 3 a
YOURAAY UATANHUZIRNIZVOIAUUU 1Y A1ATITIUFDIIN anbuzglTvvealany
o a IS A @ IS a 1A 1
anbauzAIvoUlAAY LazdNEULNITNTZNIBVIAYOUTAAY LANTHAADNITAIUNIULT
1 1 % 1 1 1 1 1 g v a . 1 ) %}' %
MOUBENNNINAD ABATITIUTIIN tazAmsiminvesauue Fadamiaeimin
Y a a dydl é’ 1 Y = a 1 tg Y (X 3’;
UAIVDIAUFHALTAIGIVY AIANNAMUNIUUITUROUVBIAUNDITPIVUAIY AUUAINITD
5110 181nM311N10A70619 2 §10619 WINABEIAIIMITNATEVITIDATWLUIAUTING
v o ¥ 3 : @ 1 2 < I a @ 1
asmetuaziiniss11e1i (CD Test) Fangeiod1anidostivzunseyiiafeiny ua
N318A1081913192gnUASA THILY (Dense)  Hazdndadeg1agninlinan (Loose) 113

v cszl/ Y [ 9 { 1w g}/ v 1 9 { o 1 1 §
‘V]@Iﬁﬁ]\?ﬂllTli’lEJ‘VNﬁ"ﬁNﬂ’JEJLLi\‘lﬂui’ﬁ]ﬂﬂl’NﬁMWﬂu mﬂuu’mmmmmmﬁmmu I ﬁ

=

4] o { { I [} 1 1
Taanmsnaasamaenaslunsmlidasgii 2.7 Taenziin 2.7 o dumsndeaszrinem
- = . o Yy A A I [
esI¥UANMATEA (Percent Strain) AVAIANMAMDEUDY tazgdn 2.7 v Wumsnaen

' - 4 = IS P-4 A o '
sernudesuannuasen  nuandesisuanisasunlacSuiasvesn10819 (Percent
Volume Change)

~ < 9 d' [ 9 1 = . [

1ngl 2.7 n azwiu ldmaengnuacaldinivaziigasen (Peak Point) ¥09A1A 1N
~ ~ g Yy A = & I Y
WewUUNYA A 1NUUAINNUAMTIUVUIZAAAINIDIIPA B BI9A B UADAIANINAY
1] 1 Y T
WeuuugegaueInswraIn FaTenaanudulszas (Ultimate Stress) Aauuiionng

s £ o Y ) < N ¥ Yy A
NAREUATIAY 3z T0NTOYAVINAT UV VIVAA UL T IVOWDS 1A 2 1dU A
Y Aq ¥ Yy A ~ Y Aq P Y A A v ~
idunlgmanuauisanungaseataziaunlsainnunudisauungalszds aegaln 2.8
Falumshunldauszdesinsanindu lvumnzauawaninla ualagna lidenladu
Hq 9 Y A =
nynnunueuuunyagen

' 9

Y ! 1
Tupasiuliormmsnaassnunsiedlredisignuadalidnaiy szwuindunsiw

v o 1 1 I 3 o % 1 { 1 1
ﬂ'ﬂllfﬁJW‘L!‘ﬁﬁ$°Vi'J”Nﬂn‘ﬂf’]ilﬁ]iu@]ﬂ'ﬂﬁJLﬂdiflﬂﬂUﬂTﬂ?TNLﬁﬂQLUuUlNﬁﬂﬂq\iq@\ ANUUINDYIN

Yy A =2 o q I Yy A ' P 4 a A o '
ANWAULUIUVUGIFA i]\ﬁJﬂGl“])'ﬂ"lﬂ’J"liJLﬂul‘]JEJ\u‘]Juﬁnﬂﬂ"ﬂﬂ@ﬂ“ﬁu@ﬂ'ﬂﬂmiﬂﬂ‘ﬂﬂ"muﬂﬁfu

' Yy A A P-4 a 3 v ° o A 2 d
MANuAULiguUun 10 nlesiudvesanuasea Wuay dmiuzin 27 v suilunas
3 ' P-4 ~ v s I o = A o '
naoasenNudosisuannunseanuatdesisuanisilasuuiaslsuiasveanieeng

S @ oA Y 9 A~ A Y A
ﬁ]gWﬁ!’JT]J%?J”I@'I55116\1@]'J@ﬂ]Qﬂﬂﬂ@ﬂiﬂWﬁ?Naﬂa%Nﬂﬂﬂ']ﬁlW?Jﬂ'JﬁJ!ﬂuL‘]JENL‘]Ju



13

o dy < v W 1 1 1 IS A ¥ A o ]
natmsizlanseansndasias llluresiwsznnadaauldiiiosninniediog
luaamvady luvaznnsvesdledeaunuasauLuzinisanadvedsuias lusiausn
v H v v 9 '
VOIMITANANVAUTEUVY 910U ULTUINTUIAIDE1INNIUIUNTENAINANYT WA
o 1 a g’/ e [ 4 o o I~ 4 {
YOIA0E1UAY NItlnTznseuiwlognanudunszivgi liidansienseuaaoui
& ' A A ' oA A W Y= o Y a
Falusrasnoauisamasuiag llunsnlusesinimaseg ldveildlsuinsanas
A ° 1 I [P=] [ A A A ~ Y o ?x’/ < =
uaiionsnaaeene liwianitees lulvesnauvasiazmasunadldld duiudaniieda
=~ 9 (% o 9 ( ] dy 2 éj Y A [} A =y A A
Yutunum1idsuasv09919819N e THNLAIY FINTNNTUUUN NV VAT T

= = J = .
maaezizenin laaunud (Dilatancy)

A AN TBIANNNITTANY
Ac
B
— N9EUUY
— . — NFIAURIN
% AMNLATER
(n)
+

% AANNLASER

% n1svlasunilasilsunns

e e s e e m— s m— . m— w— —

(1)

gﬂ‘ﬁ 2.7 TMINARAVVUTIOATINUUANUYDING 1Y



14

4 1 [ 1 ] %,’ % [] 1 ] [
Ghv!°L|'NﬂﬁfilLﬁ@u’]@?@ﬂ’]ﬂﬂﬁnﬂﬂﬂﬂﬂﬂﬁlﬁjﬂ'lﬁ1!'JfJ‘Ll'Wiuﬂﬂgﬁgﬁ'ﬂ\uluuﬂﬂﬂaﬁﬂ

Y A ™ ' A a 3 v A ~a A Yy A
'DTIJ§NT@im@Q@?@ﬂ’NLﬂﬁﬂul!ﬂaﬂul‘].]LWfJ\‘]Lﬁﬂu'ﬂﬂlﬂJ@iJﬂ"lﬁﬂﬂﬁﬂﬁlWiJﬂ']ﬂ'J']NlﬂULUﬂﬁ!‘Uu

Y
AMOATITIUFDITNVOIAI0G U UITIN ADAITITIUFDIIING S (Critical Void Ratio)

T LZ%/WIJ@‘]_ILﬂmﬂQ’WNLL%\‘]LLNLLUU'ﬂﬂEI’ﬂﬁ

@ o
duraumamNLLILLLL s A

! o
g‘ﬂﬁ 2.8 UDUVUAAIIULUILLTIVDING 1Y

Y
LY 1 1 1 a I~
‘”l]'lﬂﬂTiWﬂa@ﬂﬂﬂﬂaTﬂﬁﬂgﬁ']il'ﬁﬂﬁ?ﬂhl@%}'ﬂ ﬂ'lﬂ'JnJGg])'IU'i/nu!ﬁQLﬁ'ﬁ]‘lﬁ]@\?ﬂu!ﬂ\lﬂ
=1 4 9 d‘ 1 1 A
Wfl'lllgllgll@\iﬂllﬁgﬂf’)‘]JGU'ENﬂ'JTJJG]11!1/]'Iuﬂ'l§ﬁuulﬂaﬂg 2 @434 A9
Y A A g’/ dy [ o 1 A
2.5.1  ANUAIUMUIHO991INANNHA NIUAWERN [AIAIDYINVDINT1W0HAIN 1agh

) A aq A2 & v’ ¥ o a
ﬂ’ﬂll@anﬂutu@ﬁ]’lﬂﬂ'ﬂiJVjﬂuﬁ]3!1]uﬂ’JHJVJ@ﬁgW?TQLNﬂﬂiTﬂﬂ'}ﬂﬂumﬂ Iﬂﬂﬁ'lll'liﬂﬂ‘ﬁﬂ'lﬂ

vy °

! & 1 dy ! 2 A A ' dyd H % " v [ g’a
"lﬂmﬂﬁﬂﬂaaﬂuwumnaguuwud@ ﬂ\‘igﬂ‘ﬂ 2.9 Taainaeduiividnemny W asiuus

aan d‘ ' dy = ' o d‘ a [ o 1 dy U )

ﬂgﬂﬁfmu'e')qmﬂﬂammwuwudmzmmu N UAZIUDNNNNITUNTISHIWNNULAZNADIN
A A~ A < [ 1 9 9 o Y ' s A a

ﬂ’ﬂllplﬂiﬂﬂ LBAULII P (NUUHIALAN) WIAUNADIATUIN m“lﬁﬂam”lumaaullﬂmumﬁmq

y 9
o v A

~ = = 3 o Y y A A E '
NUIINTENT NIUNIISULTUTIANTU F lﬂu@]?@nuvnullj WWOINNUII P YULTDY9 ALY

= 4 X A T o v R A 1w =
FHYAMUNINNUULTDY ) IFUNU IUNTTTNOIATI P VIEMINUUTIATIANTUGIFA



15

1 dy ] s o o A A A A 1 1 dy
ﬂa’f)\‘lﬁl‘ﬂufﬂgﬂQiﬂﬁﬂ?ﬂﬂWiﬂ!ﬂﬂ?ﬁﬂﬂ%Lﬂ@ﬂﬂﬂ HAagIuDINULIY P @]@ulﬂﬂﬁﬂﬁu%

A A a A o ' a ~ A
Lﬂﬁ@uﬂllﬂch‘lﬂﬁﬂ"lﬁﬂllﬁﬁ P nsgm ﬂ'lllﬁﬂlﬁﬂﬂﬂ'll‘lﬂqqq@uﬂﬂ
F =N tan (I) 2.3)

A Y X 4 1 Y
mam‘smﬂwumjmﬂaamzulﬂ

S=G tan ) (2.4)
A A ) A A Py
$V)3} S ﬂf]ﬂ')’lﬂJﬂ']ucﬂ']ulliﬁlﬂﬂulu@ﬂﬂ']ﬂﬂ'l']lw\lﬂ
9
0) ﬁ@mmﬁuimm’;mmﬂ
A = A A
(I) ﬂ@ﬂhlﬁﬂﬂﬂWHﬂ1ﬂiuﬂgQﬂq@
|
‘ Af— D
=0
o
R
N

A o A 1 A A
5191 2.9 usenszInnasINIUUNLAA
Y A v w < . o Y <
2.52 ANUMUMULDINNMSTANUUDUNAAY (Grain Interlock) AdUaad 1AIHUIN
~ 3 [} @ ] [ A a Aa 9 A q Y [ ]
N3AIv0IAIE1INTIBBAUUNAIZIN 2.7  VSnunauneylaga A veensminsiedauty

< A v o <
W UNAIBININMTUANUVDINANT 1Y

4
=

A a < a1 1 J 3 a 1 9 1 R o = Y] a
HeanInAudaeulveINs s Nudaduaeut e luy e ldiaduilszdns

) o g}l 'O 1 g 1 1
AnuFuaugs aviuluvugiiinisnaassnimanudumunsudou Wluresin
' 2 Aa 9 < ° 91 o A A X2 a0 g £
52HNUAAAUIZEINIT0TZUIw00N |8 laoiTd M ldannuau Inssimuulianiugud

9 Y
muucl,umﬁmammmmmﬁmmuLmLﬁaummﬂuﬂsuﬂu'ﬁﬂ%’m‘iﬂﬂam1uaﬂym$izu1ﬂ

3 '

. Y A Ay Y= & 1 9 A @
11 (Drained Test) l,La$ﬂ1ﬂ’3mmumuLL‘Nmau‘lflhlﬂiNL‘lJummmmmmuuiﬂmauiuaﬂ‘lelmz

~ ¥ .
UN1932U18UT (Drained Shear Strength)



16

U

a d' d' Y
2.6 JTHIVEUNINYIVDI

[

a 4 1 (% 4 I o a ' (%
nuatelitiyaanmevaniedneiamiuly 1dvesmsiszgna 143 Tonsasauny

a A a = aan J 1 =S A a = a
YIATINABUNSAS lafa wazfne1lRnse19InszHINuIasINADUNSAS laAauazd Tonsa

o ' a a a { o w
Tuwadvesvnaveuavazaaiuagvesdlonia azvuianag mmﬁ’mmuuiuﬁeu

[

HAZMIANNTO VOINIATINABUNGAS lAa UIVeNINeIToIn AU aNTANISIINTTUUDA

[

= a 1 aaa ' A 1 G a = a

aquaass lnfallszinnaen tazlisensiudouszwangd lensauazuiasis lmaa

o v 9 L <3| X 9 o ag a o ax a 4

winaue luiived FeeziluiugiudimiumseenuuuITnsITeUazITMINATIEN

HaNATOY
2.6.1 JaaMIa5INABUNSAS IIAa
9 Yo ~ A A v ] o ~ a2
mylszgnd l§3aquaasius lmAasuduannmsuadenayiagitiaenanin

"o W

Y
nuneadwaz Issnulityuaaie Juegiuanyuzms 1590 gaauianemeniniaz

4
a v A

ANANTANINIAINTTNVOITAANIATING lafalszinna1en Tasumsanulae f.as.qudua
wofiyagy Awandlumsned 2.0 ¥ RCA fewdasaunounses 1aifa (Recycled Conerete
Aggregate) CB ﬁ@ﬁgm (Crushed Brick) WR ADIANTU (Waste Rock) RAP AoRIMaLDA
Waas lyda (Recycled Asphalt Pavement) FRG Aoun3 lyfaaziden (Fine Recycled Glass)

[ )

2 . <3 1 a
uag MRG Aaunas lasiAavinana1s (Medium Recycled Glass) dztiu 1@313a93 lsAaiion

q
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navualiguanianmadmnssuaudeimuani ludmiunungn (Typical Quarry Materials)

1 Y
A1519% 2.1 ﬂﬂ!fﬂm@]‘ﬂ%‘]ﬂ18ﬂ"l1NLlagﬂil!E‘TllUﬁﬂWﬂ?ﬁ?ﬂiiﬂJﬂlﬂQ’Jﬁﬁ]Lﬁﬁ@ﬂﬂ

(fL.AT.qUiUA HoN1AgY)

Engineering Properties RCA CB WR RAP FRG MRG
Gravel content (%) 50.7 53.6 44.7 48.0 9.2 53.0
Sand content (%) 45.7 39.8 45.1 46.0 85.4 41.8
Fines content (%) 3.6 6.6 10.2 6.0 5.4 52
USCS classification GW GW SW GW SW Sw
Los Angeles Abrasion (max) 28 36 21 42 25 25
Modified Compaction: Max dry density (Mg/mS) 1.96 2.02 2.23 2.00 1.78 1.99
Modified Compaction: Optimum moisture content (%) 12.0 10.7 9.3 8.1 10.0 8.8
California Bearing Ratio (%) 118-160 | 123-138 121-204 30-35 42-46 73-76
Unconfined Compression Test: g, (kPa) 310-378 86-130 153-207 100-117 - -
Direct Shear Test: Apparent cohesion (kPa) 154 61 285 9 6 14
Direct Shear Test: Friction angle (degrees) 45 52 48 49 45 49
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(A.A3.qUdUA HoN1ag) (so)

Engineering Properties RCA CB WR RAP FRG MRG
Triaxial Test (CD): Apparent cohesion (kPa) 45 41 46 53 0 2
Triaxial Test (CD): Friction angle (degree) 49 49 51 37 35 41
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ARINTTUMINN (Arulrajah et al. 2012)
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M13199 2.2 AUAVTAVEITTRNTIIMINATRUHALBAT AUV L / D,

Test No. | L/Dso Wateg (;)())ntent Norr?]flll;tress w 5;1 ) Iy
M1 2.21 48.73 1.881 0.665
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Gos o cter Recycled concrete aggr egate sample
L ower bound Upper bound

Bulk specific gravity 2.65 2.67
Soil classification (USCS) GP GW
Los Angeles abrasion (%) 36.4 38.6
Average particle size (mm) 17 3.7

Absorption (%) 6.07 7.02
Optimum water content (%) 11.9 12.5
Maximum dry unit weight (kN/m?) 20.1 22.4
California bearing ratio (%) 122.4 116.3
Internal friction angle (degree) 60.99 61.47
Cohesion (kPa) 109.65 68.41
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ABSTRACT

The interface shear strength properties of geogrid
reinforced Recycled Concrete Aggregate (RCA) were
determined using large-scale direct shear test (LDST)
apparatus, Three different aperture sizes of baxial
geogrids were used to investigate the effect of aperture
size of geogrid on shear interaction between geogrids and
RCA. Comparisons were made between the results of
RCA reinforced with geogrids having different aperture
sizes and the unreinforced RCA. The LDST results
indicated that the interface shear strength properties of
geogrid reinforce RCA were less than the shear strength
of RCA, The mterface shear erengTh coefficient, o is
dependent upon the aperture sizes of geogrid and particle
size distribution curve of RCA,

KEYWORDS: intferface shear strength, large-scale
direct shear test, recycled concrete aggregale, geogrid

1. INTRODUCTION

The engineering properties of soil vary depending
on the particle size. Generally, for the determination of
shear behaviors of clay and sand, the small direct shear
test is performed using the shear box with the size of 525
om. For gravel, which 1s larger than sand shear strength
parameter is obtained using the large-scale direct shear
test (LDST) apparatus, LDST apparatus could be also
used to evaluate the interface shear strength between
geosynthetics <and  seils (Lau et al. 2009a, b;
Kazimierowicz 2007 Araujo et al. 2009, Rowe and
Taechakumthorn 2011, Palmeria et al. 2010). and other
materials such as municipal selid waste (Zekkos et al
2010), foamed recycled glass (Arulrajah et al, 2015) and
construction and demolition materials (Arulrajah et al
2013a, 2014). Geogrids are used as a reinforcement
material in various geotechnical engineering applications
such as roads (Palmeria and Antunes 2010) and railway
embankments (Arulrajah et al. 2009, 2013b). Many
researchers reported that interface shear strength
properties between soil/aggregates reinforce with geogrid
materials is lower than that of the unreinforced control

materials (Liu et al. 2009a, b; Alfaro et al. 1995; Tatlisoz
et al. 1998, Kim and Ha 2014). Kim and Ha (2014)
reported effect of particle size on shear properties of sand
that internal friction angles of unreinforced soil increased
as maximum particle diameters increased, However, in
case of reinforcement, friction efficiencies decreased as
maximum particle diameters increased. Bergado et al,
(1993) stated that aperture size of geogrid had significant
influence on shear interfaces of geogrid reinforced soil.

In mfrastruchure works, virgin aggregates from
quarries are used as construction materials. In order to
reduce the negative environmental effects caused by
virgin aggregates extraction, waste materials that
produced from construction and demolition sector have
been used as an alternative material. Recycled concrete
aggregate (RCA) has recently been found to be viable
alternative material m civil engineering applications such
as pavement subbase and other road construction
(Arulrajah et al. 2013a). However, its properties are not
fully understood compared to natural quarried materials.
In order to use this material for a particular application,
the usage in reforcement with geogrids is focused in this
research. LDST apparatus is used to investigate interface
behaviors of geogrids reinforced RCA,

2. EXPERIMENT
2.1 Materials and Methods
2.1.1 Recycled Concrete Aggregm‘e;}?(?,‘!)

In this research, 15%15+15 em” conerete specimens
were obtained from the Department of Public Works and
Town & Country Planing, Nakhon Ratchasima,
Thatland  Specimens were crushed and sieved to a
specific size to produce Recyeled Concrete Aggregates
(RCA). In order to mvestigate the effect of particle size
distribution curve on the interface shear strength
behaviors between geognds and RCA, two RCA samples
with gradation similar to the upper and the lower
boundary for base/subbase material (DOH 2001) were
prepared as shown in Fig. 1. The lower boundary sample,
is classified as poorly graded gravel (GF) according to
the Unified Soil Classification System (USCS). The bulk
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specific gravity is 2.65. The water absorption i8 6.07%,.
The maximum dry unit weight and the optimum water
content of compacted sample under modified Proctor
energy is 20.1 kN/m® and 11.9%, respectively. The
California Bearing Ratio (CBR) values is 122.35%,
which is higher than the requirement of Department of
Highways for base/subbase matenals (typically a
minimum of 80%) (DOH 2001). The Los Angeles
abrasion (LLA) value is 36.4%, which is lower than the
maxunum LA value of 408 typically specified for
base/subbase material.
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Fig. 1 Particle size distribution of RCA

For the upper boundary sample, 1t s classified as
well graded gravel (GW) according to the USCS. The
bulk specific gravity 15 2.67. The waler absorption 1s
7.02%. The maximum dry unit weight and the optimum
water content under modified Proctor energy is 22.4
KN/m3 and 12.5%, respectively. The CBR value 13
116.3%, which is also higher than the requirement by
Department of Highways for subbase material (typically
a minimum of 80%). The LA abrasion value is 38.6%.
which meets the requirement for base/subbase material,
The LA and CBR results for both RCA samples indicate
that RCA is suitable for pavement base/subbase
appheations,

2.1.2 Geogrid

A commercially. available biaxial geogrid used to
reinforce RCA mn this study is made from high tenacity
polyester yams, which are covered with a black
polymeric coating. Three types of geogrid with different
aperture sizes are used in this study: 1) GX 60/60, GX
60/30 and GX 160/50. Physical and mechamcal
properties of these geogrids are given in Table 1.

2.1.3 Large-Scale Direct Shear Test (LDST)

A LDST apparatus, with shear boxes having 305
mm in length, 305 mm in width, and 204 mm i depth,
was used to evaluate the interface shear strength
mteraction between RCA and geogrid reinforcement. The

shear fests on wunreinforced RCA aggregate were also
conducted to compare and the results are compared with
those on the geognd remforced RCA. These tests were
conducted as per ASTM D3321 (ASTM 2008).

There are two boxes in the LDST apparatus: a [ixed
upper box and a moveable lower box. During the sample
preparation, the lower box and the upper box were
clamped. The sample was compacted in the shear box in
three layers by using hand tamping with a plastic
hammer to attam the maximum dry density obtained
from the laboratory medified compaction test. The
sample was then submerged to commencement of
consolidation stage, by filling the entire lower shear box
and half of upper shear box with water. The
consolidation stage was for 12 hows with three normal
stress levels of 50 kPa, 100 kPa, and 200 kPa, When the
consolidation was completed, the connection between the
lower and upper box was released to provide an
approximate 2 mm gap between the upper and lower
boxes for friction mimmization. The shearing was then
conducted under the same normal stress levels of 50 kPPa,
100 kPa, and 200 kPa. A constant shear displacement
rate of 0.025 mm/min was maintained throughout the
shearing stage. The horizontal displacements, vertical
displacements, and shear stress were recorded. The tests
were eliminated once the horizontal shear stress
displacement reached approximately 45 mm. The room
temperature was maintained at 20 4 1 +C.

Table 1 Geogrid geometric Characteristics

Miragrid | Miragrid | Miragrid
BAmuct GX60/60 | GX60/30 | GX160/50
i’ff‘““f“‘m”g WOVEN | WOVEN | WOVEN
rocess
Polymer Type PET PET PET
Coating Type PVC PVC PVC
MD 7 21 30
Aperture
Size (mm)
aD 7 24 2]
Short
Term MD &0 60 160
Tensile
Strength
(150 CD 60 30 50
10319)
Elongation
ot Short | MD 1 1 12
Term
Tensile
Strength % & ° B ”
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3. RESULTS AND DISCUSSIONS

Figure 2 shows the LDST results of unreinforced
RCA samples. For lower boundary sample, relationshup
between shear stress and horizontal displacement
mdicates that the shear stress mereases with horizontal
displacement and the maximum shear stress reaches at
approximately 20 mm displacement and the shear stress
15 then almost constant with increasing horizontal
displacement until the end of test at 45 mm. With
inereasing normal stress, both the maximum shear stress
and the shear stiffness increase. Relationship between
vertical and honzontal displacement shows that for the
lower boundary sample, with increasing vertical
displacement, the honzontal displacement mcreases, This
shear response is consistent with the typical shear
response for typical loose geomaterial. This is because
this sample is poorly graded gravel (GP).
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o 10 mn 30 an 30
Horizontal Displacement {mm})
Fig.2 LDST test results of unremnforced RCA

For both upper and lower boundary samples, the
shear stress increases with increasing  horizontal
displacement and the maximum shear stress 1s reached at
approximately 20 mm and the shear stress 1s then almost
constant with increasing horizontal displacement until
the end of test at 45 mm. The upper boundary sample 15
found to exhubit completely dilatant behavior n the
vertical and horizontal displacements relationship for all
normal stress tested. While shear stress  is. almost
constant with the increase m horizontal displacement
after the maximum stress. This shear response is n
confradiction to the typical shear response for typical
dense geomatenial, where dhlatant behavior 15 associated
with strain-softening behavior. The constant shear stress
after the maximum dilatancy ratio is caused by the
rearrangement of crushed particles (fine crushed particles
are driven into the voids or pores). The shear response of
upper boundary sample is found to be similar to that of
recycled glass cullets that has been used as aggregates n
pavements and designated as having dilatancy associated

stain-hardening response (Arulrajah et al. 2014a, 2014b,
2014e, 2015), Tt is also observed that for a particular
normal stress, the shear strength of the lower boundary
sample iz observed to be higher than that of the upper
boundary sample.
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E A Thper bound BOA d= 6147, c = 6841 5%a | ]
0 i 1 i 1 i
0 100 200 300

Mormal Stress (kPa)
Fig.3 Shear strength failure envelope for wwemforced
RCA

The cohesion, ¢ and friction angle, ¢ based on the
Mohr-Coulomb failure eriterion at maximum shear stress
for the lower and the upper boundary samples are
presented in Fig, 3. The internal friction angle of the
lower and the upper boundary samples are almost the
same. In other words, the grain size distribution curve
does not affect the internal friction angle. However, the
upper boundary sample has higher apparent cohesion
value. Granular soils, such as dense sands and gravels,
typically  specified in  geotechnical engineering
applications generally have peak friction values of 40 to
48 degrees (Sivakugan and Das 2010). As such, both the
lower and the upper boundary samples meet the shear
strength requirements for usage as a construction
matenal in civil engineering application.

Figures 4 and 5 show the interface shear response of
the geogrid reinforced lower and upper boundary
samples. respectively. For both samples, the gecgrid
reinforced RCA exhibits constant interface shear stress
after reached the maximum interface shear siress, which
is similar to the unreinforced RCA. For a particular
normal siress, the maximum mterface shear stress s
abserved al approsimately 20 mm displacement and then
the interface shear stress tends to be constant, The
maximum interface shear stress and interface shear
stiffness increase with inereasing normal stress.

For the relationship between vertical displacement
and honzontal displacement, all the geogrid remforced
RCA samples exhibit completely dilatancy behavior. The
relationship between vertical displacement and horizontal
displacement of geogrid reinforced lower bound sample
is completely different from the unreinforced sample.
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Fig.4 LDST test results of unreinforced lower bound
RCA and geognid remnforced lower bound RCA
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Fig.5 LDST test resulls of wnremforced upper bound
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The dilatant behavier in vertical and horizontal
displacement relationship of geogrid remforced RCA 1s
caused by the interlocking between geogrid and RCA at
the boundary between the lower and upper shear boxes.
The maximum interface shear stress of geogrid
reinforced RCA is found to give results that are lower
than that of the maximum shear stress of unreinforced
RCA. Many researchers (Liu et al. 2009a; Liu et al
2009b; Abu-Farsakh et al 2007, Ling et al 2008
MeCartney et al. 2009, Lee and Manjunath 2000) have
reported  similar results  for soils and  aggregates
reinforced with geogrid materials. For a particular
normal stress and RCA sample, the maximum mterface
shear strength increases with aperture size of geogrid
inerease. This can be attributed to the interlocking
between geogrid and particle of RCA. which is finer than
the aperture size of geognd The geognd prevents the
movement of the finer RCA particles; hence the RCA
particles reorientate around each other, as these particles
are unable to slide on the geognid. Consequently, the

interface shear strength is mainly contnibuted from the
interlocking between geogrid and aggregates,

Figures 6 and 7 show the interface shear strength
parameters for geogrid reinforced lower and upper
boundary samples, which are obtamed from Mohr-
Coulomb failure envelope line. For the same type of
geogrid, the mterface fmction angles of lower bound and
upper bound samples are almost the same. The upper
boundary sample has higher apparent cohesion value
which 1s similar to that of the wnremforced RCA
samples.
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Fig.6 Interface stress falure envelope for lower bound
RCA

500 - ;
400 -
=
= ]
&
a
e
g 200 4
@ Rk § =S4T, ¢ = B4 3P
oo~ . ® B Shan oA b o 513, ¢ #3485 1P
2 REAWIRERO0. REA § = 619¢" o = 310 i
& EAMGIE1000 REA § - %6 41% ¢ = T330 KTe
o ' 1
(1} 100 200 300

Mormal Stress (kPa)
Fig.7 Interface siress failure envelope for upper bound
RCA

The interface between geogrid and RCA can be
expressed as the interface shear strength coefficient. The
interface shear strength coefficient is obtained from the
following equation:

Tred -
= reinforced (1)
Tunreinforced
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where o is the interface shear strength coefficient;
Trcinforced @11 Tunrcinforced are the interface shear strength
between geogrid and RCA and shear strength of RCA,
respectively.
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Fig. 8 Relationship between o and normal stress

Fig B shows the relationship between geogrid and
normal stress. For a particular RCA sample and type of
geogrid, the o value varies in a narrow band and can be
considered as constant based on the linear regression
analysis. The o« values of the lower bound samples vary
between 0.823 and 0933, While, the o values of the
upper bound samples vary between 0.746 and 0.900. For
a particular RCA sample, the o values are found to
increase with the aperture size of geogrid It is also
apparent that the « value of the upper boundary sample is
lugher than that of the lower boundary sample for the
same {ype of geognd. These results mdicate that the
iterface shear strength coefficient changes with the
aperture size of geogrid and particle size distribution
curve of RCA,

4. CONCLUSIONS

The interface shear strength of geogrid remnforced
RCA 15 determined from LDST apparatus. Tests were
also undertaken on wreinforced RCA for compansons.
The following conclusions can be drawn:

1) The shear strength of the wnremforced RCA was
found to be higher than the interface shear strength of
geogrid reinforced RCA. Similar to the result of
unreinforeed RCA samples, the mterface shear strength
of the geogrid reinforced lower boundary RCA sample is
observed to be higher than that of the upper boundary
sample at a particular normal stress.

2) The maximum interface shear strength of geogrid
reinforced RCA increases with aperture size of geognd
icrease. The interface shear strength coefficlent, « is
dependent upon the aperture sizes of geognd and particle
size distribution curve of RCA,
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