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Compressive and Flexural Strength of Cement-treated Sand Reinforced
with Palm Fiber

Phermphom Buathongl* Sompote Youwai” and Chutkamon Dac:hrueang3

Abstract

Cement is commonly used as a stabilizing agent to improve engineering properties of soils.
However, the cement-treated soil exhibits more brittle behavior than non-treated soil. To overcome
such a brittle nature of cement-treated soil, either natural or synthetic fiber have been included in
cement-treated soil. In this research, the influence of palm fiber on the mechanical properties of
cement-treated sand was investigated. A series of unconfined compression (UC) and flexural tests (FX)
were conducted for different cement content (5 and 7%), fiber content (0.5, 1.0 and 2.0%) and fiber
length (10, 20 and 40 mm). The results from the UC and FX tests indicated that the inclusion of fiber
changed the brittle behaviour of cement-treated sand to a ductile behaviour and decreased the loss of
post-peak strength. The compressive strength of cement-treated sand reinforced with fiber presented
an initial increase followed by a decrease with increasing fiber content. The optimum fiber content was
found to be 1.0%. The addition of fiber content slightly increased the flexural strength of cement-
treated sand. However, the residual strength and toughness significantly increased with the increase in
the fiber content. The equivalent flexural strength ratio (R$,150) indicating the performance of fiber after
cracking showed increase as the fiber increases. It was observed that the change of cement content
slightly influenced on the value of R?,15o~ This indicated that the flexural performance of the cement-

treated sand reinforced with fiber is controlled by the amount of fiber rather than the matrix strength.

Keywords: Cement-treated sand, Palm fiber, Compressive strength, Flexural strength, Toughness,

Equivalent flexural strength ratio

Received: September 5, 2019
Revised: October 17, 2019
Accepted: October 29, 2019

! Lecturer, Department of Civil Technology Education, Faculty of Industrial Education and Technology, King Mongkut’s University of
Technology Thonburi

? pssistant Professor, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of Technology Thonburi

: Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of Technology Thonburi

*Corresponding Author, Tel. +66 2470 8532 e-mail: Phermphorn.bual@kmutt.ac.th

_20-0528(001-204).indd 79 22/7/2563 BE 13:45



Vol. 11 No. 1 January - April, 2020

1. Ui

Jagtuianniinaunmamanzdmsuihunlddu

fanlumsneadstumaiimauaauluuisiui i
Tdoudoarldaglurudeianainunasduinds
anufineains [1] nedutansssuafisisagn
warannsamlde udegnslsAnuuiionzinunld
Dutanlunisdeadrstums o1asndudesding
USuugsqaunniauliigaautinuiidenis Tag
Yududiduianmaniufifonldiuunsanelunns
Usuugsnmua iy esmnyudiuudiduTaniivle
fouazilnuaudiaiiae
nswanyuBuid AUz iefinfidesy
U399 (Compressive strength) uaglugdataneu
(Modulus of elasticity) usiognalsAnumseiud
FLUAAINGANTIUANILAU-ALATEA (Stress-strain
behavior) ﬂﬁﬂﬂﬁﬂi’ﬁ@ﬁﬁm’]mﬂiw (Brittle material)
Iﬂ&JLawwﬁﬂ%mmﬂvu%muﬁgq 2, 3] iedums
UFuusmmginssudenandsladuuifatunisindu
lodaasiesi (Synthetics fiber) wisaldulosssuyif
(Natural fiber) u W@ UNISIOTLUS [4, 5, 6]
TnodulofiaSudilazteilifaussdamien
(Bonding) wazusadunniu (Friction) szinsduLas
dule Feszdaelimmeduuiannsasuusddiely
LLﬁ’ijﬁmmigszﬁ&JLm%mﬁm'ﬁzijgu%l,uuﬁﬁu
deAuudafinny venvniudulefiunumddaly
nsUABLNGANTveRLTLUATILANIAUTY
(Brittle) TdingFnssuauwiles (Ductile) [7, 8, 9]
AT mUIS N asaseE TR A
\Hutlidendniidmadenginssunssuiddnuay
Adnvosiuiiasuusededule [10, 11, 12]
Santhi et al. [13] YN IMAEBUMASIBARNUALIUDA
saegrsRunautdulaUiuasuisival (Sisal fiber)
wuIESuLsiSnvesiuiut uauUSunauas
ANEIvRLEUTE
firgegafiuuadule 0.5% uazaiiuend 2.5
AR MdntuiEuusSaunuietazie
anas Wei et al. [14] ﬁﬂmqmauﬂ’amqﬂammﬁuﬁ
LESULIIAEN9TIENE (Wheat  straw)  #19917
(Rice straw) Ldulevs Uute fiber) wazidulelng

1R8I ULSIDALNULAY?

_20-0528(001-204).indd 80

Technical Education Journal : King Mongkut’s University of Technology North Bangkok

Twsiau (Polypropylene fiber) WUIIAINIAITU
u5s8nnazilangeaniiusaunandule 0.29-0.25%
WAL 30%-40% VoUUIALEUHUAUINANS
Frog9 nsAnwiefungAnssunisiuiidada
voarudwudiasudulonudn maasudulessyie
Wi masnsalun st U UvesFIoE Vil
fsgeaunsasumdalaselundinisunnin lne
‘Wﬁ]aﬂiimﬂﬂiiﬁﬂﬁﬁ%ﬁﬂﬁﬂﬁ&gﬂ@ﬂﬂ%ﬂLLiﬂ (First
peak) WUV Softening %58 Hardening ﬂsﬁuaﬁﬁu
Yunawazatinvesdule [15, 16, 17, 18]

Hagtudufimaidilssaumfuldunudule
Fuareidesnmldienuviesiu dnadiuas
Jufinsrefauden fafuemuidefideonidule
UdufaduesTanfivdonnnssdnuiduningiun
TdlumsuSuussnmaudinginssuvemsediuud
Tnennsnadeuifioussiiulszaninnveadule
U1ANRDNGANTINVDINTIETUUAUTZNOUAIY N1
NAFDUNAIDALNUALY (Unconfined compression
test) WaznN1IVAEDUAGIAN (Flexural test)

2. TauazIsn1INagau

2.1 AnaNURAvaeTEHe

nsefiihaldlunsmegeufunsiousdiid
feanhunlfduianaulunsneasaauu lnednvee
n1snszrefvedinfukazAaauURnIsnIenIw
vomefuanddugud 1 wagansedl 1 Weduun
AuMINTEUU Unified Soil Classification  System
USCs)  wurndunseiifawinaazlaid (Poorly
graded sand, SP)

100

\

—

Percent Finer (%)
3
—

I

0.1 1 10
Particle Size (mm)

UM 1 n9min1snsEneiiveiiegmIng

22/7/2563 BE 13:45



01581SIBIMSASAMEANSONANNNSSU  WS:DoUINAIWS:UASIKTO

A19197 1 MeasBERREITRANIINENNUDIAL

Soil Properties Values
D10 (Mmm) 0.634
D30 (Mm) 0.984
Dgo (Mmm) 1.689
Specific Gravity 2.66
Maximum and minimum void 0.68, 0.45

ratios (emax;emin)

Modified compaction test
Optimum water content 10%

Maximum dry density (kN/1 m’) 19.5

dlphdaiivnldlumsasuussiegmseg
FuudlduranunuvomeatsUrdy S
nsTUILMSE LA R uF e haTene EInTi
mssuliuiasianunuefidosssaansly
U 2 quantFveadulourduildlunisnaaey
WARIF IS 2

) wAungaeUNaunBULUTEN N

A R

) snwazsdulgUdunausanin

UM 2 duleddy

_20-0528(001-204).indd 81

UA 11 aUUA 1 UNSIAU — IULIEIL 2563

A15199 2 AnuauUAdEuleEy

Properties Values
Specific gravity 1.14
Average diameter (mm) 0.60
Breaking tensile strength (Mpa) 4.8
Elongation at Break (%) 29
Absorption (%) 328
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Fiber content (%)
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AuUsunanauley

3.2.3 dvonavesdulefandinnnIAng

AMNEINTO UM IS UNA R ATBIR 188 19A T
NIBTLUUANFINITUANS1IAD ANGIAAAIAIS
(Residual strength) Felumsdnenilaziasaniiszes
msls /150 Teefissoznslneiisotndaiasy
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(gﬂﬁ 10 Uag 11) ManAAIANTDY
GT?EJ&JNLa%mﬁuiaﬁﬂ%mmﬂvu%muﬁ 5% wag 7%
LLaméfagﬂ‘ﬁ' 13 uay 14 NaNMSIATIANUINNIGIWA

W DUTILUA

AsaiAtipeninidsingegaadausrlunnuiana
Yudwud Wnauduleuavaueadule uandliidiu
ImginssuveshegaudEladuwuu Softening

AdaianednadAniing unuusiiauay
ameveduly Tnedunadiulgdndegeiiay
gnudule 10 wag 20 Jaduns AawnAIA1Elea
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Vunandulefunnitediuiuiusdamionsili
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Usinandule fefuasuldiiniseiudulote
AIUANENTINMISEYdenaa  (Loss energy) vl
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gﬂﬁ 14 Mdannsdnsiiszaznisine L/150
ﬁuﬂ%mmé’ﬂsﬁﬂ%mmgwﬁmuﬁ 7%

3.2.4 dvswaveadulesonnumile)

nsasuduloazlugaedadisesunndnd
At uresiiegng vilidedesauansauiigs
fnlamaluriananisuani lneanuaunsalunis
SUNMBWIAYDIRIDENINAINITANSTUTENIT “A
willen (Toughness)  w3BANUELNTALUNTYATY
Wa39U (Energy absorption)” ArpuLAtieImle
anituiildnsnvesanuduiugsenineindedu
thwtin-msTrisdn (5Uil 5) mAdellagRinsaney
willenvosnuiiszey T?50 (1/150 ¥BIANNYIYI
AUNAEDU
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| | Cement content 5 %
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wavrmemveduleumdn [15)
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strength ratio, Ry,5,) Buwansdisusydnsamms
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T
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o
o
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Fuudiudulefiunilnduloauisaviauls
a&mLﬁuﬁiumifﬂm%’uwa"wmwé’qmmm%n
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N [16]
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3.3 AUFUNUSTZNINNAIBANUNIAIAA

ANMGIDNEIEn (Peak compressive  strength,
q.) uwazinasngsan (Peak flexural strength, f))
Yosieg1msediuuiiasudulefivsunandule
ANndendulglazUTIauBIIUAA199 gl
T S TR oL BT (PR (T (T B G BRA BT
FANUARITULTIARN NANITIATIERNITONDBBLTS
1dU (Linear regression) S¥RINAGIDALAZANEINGA
Y8908 1m1eTuunasuduleaiunsauans
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f, (MPa) = 0.3662q, @)
f, Ao AMATULTWInGER
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08 -

06 -

Flexural strength, f1(MPa)
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04 - 2
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Compressive strength, q,(MPa)
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35U (Deformation index, D) QgL usnLU3In
wazAUeTIved Ul

4.2 nsiindsunanduledaliaifidesa
Wsgulutausnudantuigddnavilidnanas Tng
Vnadulefmanzasazegil 1.0%

4.3 fegremunsediuunasuidulauia
LLam‘wqaﬂsimmﬁuﬁmﬁfﬂ—mﬂdﬂﬁmwu Softening
lunnUsuamazauenveadule lnawduludaa
fensifiutuesindsdunssiaiisadntion Fauens
Tduihdiingeanvesiiegaiuogiuusedn
mﬁmawiwLﬁmmwauaxgu%mwﬁmnmnﬁm
UfA3enlewnstu (Hydration reaction) w3orinds
YBUUNIND (Matrix) \Jundn

4.4 MaWAAIANS (Residual strength) ¥e4
Fregemunseduuiasudulefissoznislie
L/150 fiAfisgumuusinauesanuenivenduly
Fauamslidiuimsasuduletaislumsaiuaudng
NSARYEENAINUNRINTUANTT

4.5 fAasiaisuwin (Equivalent flexural
strength ratio, RY,s,) BwuansfieUseavsammnis
Vruveadilendimsupndmdauisa uansina
vouduly nefivsunandulefiminfunuin uled
1N ARY 1o, funminsediuiilunsiu
Saszmseduussudleiiun
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