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CHANINNUN NUNTASENA: SHEAR INTERACTION BETWEEN
RECYCLED CONCRETE AGGREGATE AND NATURAL FIBER
GEOGRIDS. ADVISOR: ASSOC. PROF. AVIRUT CHINKULKIINIWAT,

Ph.D.

This research aims to study shear interaction between recycled concrete
aggregate (RCA) and natural fiber geogrids in term of particle size distribution of
recycled concrete aggregate, tensile strength and aperture size of natural fiber
geogrids. Two particle size distribution curves of RCA samples (recycled concrete
aggregate with lower particle size distribution curve and recycled concrete aggregate
with upper particle size distribution curve) were prepared based on the specification
from Department of Highways, Thailand. Two different aperture sizes (7 and 21 mm)
of natural fiber geogrids (plain pattern in machine direction) were used in this study.
The laboratory tests on RCA sample carried out in this study include specific gravity,
compaction test under modified Proctor energy, CBR and direct shear tests. Direct
shear test on RCA and interface interaction between natural fiber geogrid and RCA
were conducted using a large-scale direct shear test apparatus. The interface shear
strength was found to be highly dependent upon the aperture width of the natural fiber
geogrids, D, as well as the RCA particles finer than the aperture width of natural fiber
geogrids, Fp. Based on the analysis of test results, a linear relationship between
interface shear strength coefficient (&) which is the ratio of interface shear strength of
natural fiber geogrids/RCA and shear strength of RCA was proposed, with respect to
the D/Fo ratio. The proposed relationship will be useful for a rapid assessment of the
interface shear strength coefficient of natural fiber geogrid-reinforced RCA based on

the aperture size of natural fiber geogrids and gradation of RCA.
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Engineering Properties RCA CB WR RAP FRG MRG Typical Quary
Materials

Gravel content (%) 50.7 53.6 447 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 5.2
USCS classification GW GW SW GW SwW SW -
Los Angeles Abrasion (max) 28 36 21 42 25 25 < 40
Modified Compaction: Max dry density 1.99 >1.78
(Mg/m?) 1.96 2.02 2.23 2.00 1.78
Modified Compaction: Optimum moisture 12.0 107 93 a1 100 8.8 8-15
content (%)
California Bearing Ratio (%) 118-160 123-138 121-204 30-35 42-46 73-76 >80
Unconfined Compression Test: g, (kPa) 310-378 86-130 153-207 100-117 - -
Direct Shear Test: Apparent cohesion (kPa) 154 61 285 9 é 14 >35
Direct Shear Test: Friction angle (degrees) 45 52 48 49 45 49 >35
Triaxial Test (CD): Apparent.cohesion (kPa) 45 41 46 33 0 2 >35
Triaxial Test (CD): Friction angle (degree) 49 49 51 37 35 41 >35
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pavement) FRG Aoun 33 la1faaziden (Fine recycled glass) ltag MRG Avun3 lafavuianaig
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A1319% 2.2 astlszneumaniivediednudulesssuma (Methacanon et al., 2010)
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A15199 2.3 ANYALTNINMENINVDIAI881UdUTE5TIUMA (Methacanon et al., 2010)

Natural fiber  Length (L,um) Width (W,um) Aspectratio (L/W)

Sisal 201.1+ 51.3 132+ 1.9 153
Roselle 164.6+ 52.9 12.0+ 33 13.7
Reed 108.8+ 29.6 51+ 1.3 21.5
Water hyacinth 1299+ 324 81.8+£ 7.9 1.6
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311 2.24 anduiinavululIad a3 uA8 Geogrid (Berg et al. 2000)

ATTUIUMSLET NAE1A8 Geogrid 1/52NDUAIBNTZLIUMS 3 NTZUIUMST RO
= & 9 9 .
1. NIZUIUNTIATIATUU (Lateral Restraint)
2. NIZUIUMINUMAIUNNIU (Improve Bearing Capacity)

3. ATZUIUMTINUSUINNUITY (Tensioned Membrane Effect)

2.8 IEMINATOUWIANNRIUMUISUNOUVDIAITTHINSAUIAZ Taquadniae
2.8.1 Mmanaaaulaedtineulaunsa (Direct shear Test)
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Natural fibers
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Kapok Hemp  Sisal
Jute Henequen
Kneaf  Abaca Rice

Remie Maize

Jun ﬂ 2.25 Classification of natural fibers
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Tae2 1138031 Limited Life Geosynthetics (LLGs) e Inaanfitientoaf LLGs 13
Lekha andKavitha (2006), Dinu and Saska (2007), Mwasha and Pertersen (2010) & MTUMSIETY
ANMULTINTIVDIAY msmuﬂ11mwzﬁ'wﬂ”wmmmzmﬁzmﬂﬁw uaﬂ%mﬁﬁ”a@
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Geotextiles §38111a10¥iafi n191m&ulo@ Y 91 ¥ n?17 (Subaida etal., 2008) UYonTL191
(Chattopadhyay and Chakravarty, 2009) %11 888 (Dinu and Saska, 2007) 1du o535 50918151
Faunadenii liifusuaseuazFanmitdesaasld dagiuinauen deuda nn uazthu
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Water Hyacinth

3“1]17] 2.26 Different types of natural fibers
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3.2.4 msnaaevlaedBineunsa (Direct Shear Test)
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Vertical Load
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Upper shear Box Geogrid
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Front Ny Back
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—e— Large size simple
—a— Small size simple| 4
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M3190 4.1 guauianug e aulan1aIfINIIuYesd lensadulosssuna

Single rib
Rib Aperture tensile Strength
Product Type thickness Mesh type Size (mm) (MPa)
(mm) (ASTM
D6637/D6637M)
Natural Fiber Kenaf 3 Plain square 7x7 43
Geogrid
Natural Fiber Kenaf 3 Plain square 21x21 43
Geogrid

k4
wa

A13191 4.2 UANTANUF LA TULANIIAINTTUVOINIATINABUNTAT IBIAD

Recycled Concrete Aggregate (RCA)

Parameter
Large sized Small sized

Bulk specific gravity 2.6 2.6
Soil classification (USCS) GP GW
Average particle size (mm) 17 3.7
Optimum water content (%) 10.60 10.60
Maximum dry unit weight (kKN/m’) 18.25 17.80
California bearing ratio (%) 122 116
Internal friction angle (degree) 70.54 63.67
Cohesion (kPa) 557.63 419.32
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|
| | Vertical Load
|
|

Load Cell

Vertical LVDTs| : Vertical LVDTs

Steel Plates

Grip lock geogrid

Load Cell
Horizontal Load
Upper shear Box

Geogrid
Horizontal LVDTs ¥

Lower shear Box

Front Back

** Not to scale ~— Lower shear box movement
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Large sized sample
—0—RCA : 5, =50 kPa.
—4—RCA: 5,=100 kPa.
—8®—RCA : 6,=200 kPa.
Small sized sample
—0—RCA: 5,=50kPa.
—A—RCA : 6, =100 kPa.
—0—RCA: 5, =200 kPa.

Shear stress (kPa)

0 & . I . I . I . I
0 10 20 30 40 50

Horizontal displacement (mm)

~ v o J 1 4 @
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T T T T T T T T ]
~ 4 | (+) dilation Laree sized 1
000® ge sized sample
g —8—RCA : 6, =50 kPa.
= —A—RCA : o, =100 kPa.
- 3 F —®—RCA : 5, =200 kPa.
= Small sized sample
L —0—RCA : 6, =50 kPa.
g 5 L —£—RCA* 6, = 100 kPa.
59 ~O—RCA: 6, =200 kPa.
<
a .......
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=
=
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> -1 F (-) compression 1
. L . L . L . L .
0 10 20 30 40 50

Horizontal displacement (mm)
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strength parameter) %915 NOUAIYAINTIAINE (Cohesion, c) uawmaﬂﬂmumaiu (Internal
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friction angle, d)) mmﬁau“lmﬂ"mummmﬁ—@a@u‘u (Mohr-Coulomb failure criterion) NN
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AUIRBUGITA 1aadadg N 4.6 WU MyudgamuNIIuNAINNUALABUGIFA (Peak
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250 |- -

@ —— Large size simple RCA ¢ = 70.54°, ¢ = 557.63 kPa.
O - - - Small size simple RCA ¢ = 63.67°, ¢ = 419.32 kPa.] T
0 L | L | L | L | L
0 50 100 150 200 250
Normal Stress (kPa)

~ a do o Y Y A a A a
gﬂ‘ﬂ 4.6 W13mm@sﬂ1aqm1Lm1uﬂ3”mmumaummmaimﬂauﬂmﬂwma
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tazisianmsiasul lensa

Shear strength, T (kPa) or
Normal stress

RCA sample Aperture size Interface shear strength,
(kPa)
Tinterface (kPa)
50 731.76
- 100 790.90
200 1,139.16
50 679.51
Lower bound
7x7 mm 100 790.40
(Large sized simple)
200 935.44
50 702.23
21x21 mm 100 767.06

200 1,045.51
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A1319N 4.3 (919)

Shear strength, T (kPa) or
Normal stress

RCA sample Aperture size Interface shear strength,
(kPa)
Tinterface (kPa)
50 503.36
- 100 646.37
200 814.44
50 398.32
Upper bound
7x7 mm 100 525.11
(Small sized simple)
200 669.21
50 452.52
21x21 mm 100 569.77
200 727.15
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Ysrnmsasud lensadulesssuya Fanganssumsoadiuazversidludnyusil
9 & Aaan ' A ' o = a
aunsonylan ldlumsnageulfnsesumonszvieidauiasivneruuazilonsa
(Arulrajah et al. 2013, Arulrajah et al. 2015 1482 Suddeepong et al. 2018) el e 910
o [ [ = a d'd < 1 1 = a
MITANUITHIND TBNTALazoYNIAY0INIaTINANVUIAENNIFoTavedd TonTa
v 1 [ Y
1115199 4.3 o N3N NAIAUAININATAGINY WU ANUAUINDUFIEA (Peak shear
S A a a A a 9 Y- 1
stress) YBAWIATINADUNI AT lwAad M siasud Tonsardulesssuaaiaiganin
Yy A A A A A o A ] AR Y] o
ANMAUID O UUDINIATINADUNTAT bsIAaLaI N TonTadulessTUBIATIToAAADIN L
NATen 1d5eau Tagin 3989119170 (Liu et al. 2009a; Liu et al. 2009b; Abu-Farsakh et al.
] a J
2007; Ling et al. 2008; McCartney et al. 2009; Lee and Manjunath 2000) W11 W1T1NAD T
895 2A0U (Interface shear strength parameter) Y93A LA TANIATINFIRNIEAT U107 TON3A
1] ] Y 1
MnadeulagganadouusuRouasIIzinmniiaguugnlannnsaasuilonsia
111099 INHAYDINTAAAIVDIMIUANU (Interlocking) 5243 19OUNATAALIATINNNMIEATLA TonTa
A 1 1 Y A Y v ' 2 g a A A 0o q ¥a
VINWUTDIABYDINADIANMIAUROUAUDULAZA AN FuTunTnangnmienilnina

= s g}/ A Aa = ~ a o 1 J o w 1 A
FEUIUROU (Shear plane) DNNIAINUANUIZIVVDID 10N3 ATITIHANDNMTAAAIVOINIAITINROU

9 ] 7
1200 T K
Large sized sample
—0—RCA : 5, =50 kPa.
—4—RCA : 5, = 100 kPa.
PR 1000 —3—RCA - o, = 200 kPa.
< —O—RCA+LLG 7x7 mm: o, = 50 kPa.
i 800 —4—RCA+LLG 7x7 mm: o, = 100 kPa.
~ ——RCA+LLG 7x7 mm: o, =200 kPa.
17} e
0 ~ [—®—RCA+LLG 21x21 mm: o, =50 kPa.
L 600 —4—RCA+LLG 21x21 mm: o, = 100 kPa.
2 —8—RCA+LLG 21x21 mm: o, =200 kPa.
=
o 400 -
<
n

200

Vertical displacement (mm)
(3]

LU .
(-) compression

2 . 1 . 1 . 1 . 1

0 10 20 30 40 50

Horizontal displacement (mm)

A A ann 1 = 1 A A a = a
5UN 4.7 wanagouLsIROU LLﬁ%‘]Jj;]ﬂiEﬂi’Jllmf’]Ll§$‘W’J"I\‘]ll’Jﬁi’Jilﬂ@uﬂiﬁihlgﬁlﬂmm%’ﬂiﬂﬂiﬂ
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' T ' T ' T ' T "| Small sized sample
800 —0—RCA : 5, = 50 kPa.

—A—RCA : ¢, = 100 kPa.
—®#—RCA : 6, = 200 kPa.

]
—O—RCA+LLG 7x7 mm: o, = 50 kPa.
600 —A—RCA+LLG 7x7 mm: o, = 100 kPa.
——RCA+LLG 7x7 mm: o, =200 kPa.
—8— RCA+LLG 21x21 mm: o, =50 kPa.
—A— RCA+LLG 21x21 mm: o, = 100 kPa
—— RCA+LLG 21x21 mm: o, =200 kPa

400

Shear stress (kPa)

200

Vertical displacement (mm)

0 10 20 30 40 50

Horizontal displacement (mm)

d' = aan 1 = 1 A A a =) a
5UN 4.8 wanagoULTINDU LLE‘]Z‘]JQﬂiEﬂi’mm’ﬂuig‘ﬁilNlﬂﬁiﬁllﬂﬁluﬂiG]ill"mﬂauagiliﬂﬂiﬂ
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1000

800

600

400

Shear stress (kPa)

200

Large sized sample

—O—RCA+LLG 7x7 mm : o, =50 kPa
—A—RCA+LLG 7x7 mm: o, = 100 kPa
—+—RCA+LLG 7x7 mm: &, =200 kPa

—0— RCA+LLG 21x21 mm: o, =50 kPa
—A—RCA+LLG 21x21 mm: o, = 100 kPa
—8— RCA+LLG 21x21 mm: o, =200 kPa

Vertical displacement (mm)

(-) compression
. l . 1 . I . l

(+) dilation

10 20 30 40

Horizontal displacement (mm)

50

d‘ a A 1 a = a 1 a 1 = S A
q51‘1J°I/I 4.9 f]“l/l‘ﬁWﬁGU’éN"UHWWD'@QL‘IJWU’EN%Tﬂﬂiﬂﬁ@Wf}ﬂﬂiﬁNﬁﬂulﬂ@umﬂﬂh’lﬁﬁﬂuﬂﬂuﬂiﬁi

lmAanTvuianazauU IIYAA1NUBINIATTIUNTUNIHA I WT Tonsaidule

FITNWA
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800 T T T T T T T T

Small sized sample

—O—RCA+LLG 7x7 mm: &, =50 kPa

—A—RCA+LLG 7x7 mm: o, = 100 kPa
—+—RCA+LLG 7x7 mm: &, =200 kPa
600
—@—RCA+LLG21x2]1 mm: o, =50 kPa

—A— RCA+LLG 21x21 mm: o, = 100 kPa
——RCA+LLG 21x21 mm: &, =200 kPa

400

Shear stress (kPa)

200

Vertical displacement (mm)

" (-) compression
-1 . 1 . I . I g 1
0 10 20 30 40 50

Horizontal displacement (mm)

71N 4.10 anTNavRIIATEUAY0IR ToNTARENGANITTUT IR BUYDINIATINABUNIT AT
lmRaniivuinnazaure U UAUUYDNATTIUNTUNIANEI R Tonsardule
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