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ABSTRACT
This research aimed to study the mechanical behavior of concrete mixed with fragments of
ceramic ware factory in Phayao by replacing fine aggregate and coarse aggregate with
ceramic fragments in a ratio of 2.5, 5 percent of cement weight and replacing coarse
aggregates as 5, 10 percent of fine aggregates weight by comparing with the control concrete
samples. This study tested the compressive strength at 3, 7, 28 and 56 days and flexural
strength testing. The mixed concrete was designed as the 210, 240, 280 ksc. The study
found that the ceramic fragments mixed in the concrete compressive strength were
increased. At the same time, adding more fine aggregate of ceramic chip decreased the
compressive strength. The optimum ratio that producted a maximum compressive strength
was ceramic fragments instead of 2.5 percent of fine aggregate, and instead 10 percent of
coarse aggregate, which had more compressive strength than controlled concrete,
representing 103.43 percent. The average flexural strength of concrete beams mixed with,
ceramic fragments was 113.15 percent more than the concrete examples of concrete mix

design control ratio. And the study of the properties of tensile, torsion and shear strength on
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concrete mixed with ceramic fragments and to compare the properties of tensile, torsion and
shear strength on ceramic fragments mixed concrete with normal concrete through the tensile
test of cylinder specimen with size of @15.0 x 30.0 cm, the shear test of concrete beam
specimen with size of 15.0 x 15.0 x 50.0 cm and the flexural strength and torsion test of
concrete beam specimen with size of 10.0 x 10.0 x 50.0 cm. The mixed concrete is designed
following ACI 211-1 standard at the compression equals to 210, 240, 280 and 320 ksc. At
the age of 28 days. The findings show that mixing ceramic fragments in concrete increase
splitting tensile, direct tensile, shear and torsion strength of concrete when comparing with
controlled concrete. The optimal proportion for splitting tensile, direct tensile and maximum
shear strength is the substitution of ceramic fragments for fine aggregate at 5 percent and
for coarse aggregate at 10 percent as the percentage of 102.73, 127.26 and 163.42 of
controlled concrete, respectively. In addition, the optimal proportion for maximum torsion
strength is the substitution of ceramic fragments for fine aggregate at 5 percent and for
coarse aggregate at 5 percent as the percentage of 120.02 of controlled concrete.

KEYWORDS: Mechanical Behavior, Ceramic Fragments Two Size Replaced in Aggregate
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3.4.4 NMINAFAULIIAA (Bending Testing)
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3.4.5 NMINAFOULIIRILALISHITN (Test for Splitting Tensile Strength of Concrete)
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3.4.6 NINAFIUUITIAINIIATY (Direct Tensile Testing Strength of Concrete)
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3.4.7 NMINAFAULIIRAK (Test for shear Strength of Concrete)
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3.4.8 mMInagauusIlia (Test for Torsion Strength of Concrete)
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4.2 HANINAFEUNIAITULIIDNVDIABWNIA (Compression Strength Test of Concrete)
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4.2.2 HANAFDUNIAITULIIDAYBIABBNIANATINITODNUULNIRITUNIIOA 240 ksc
INNNANIINARDURIRITULIIAA éﬁuam’lugﬂﬁ 10 WRAIFLAUNITNAIWIRIRITY

LIIAALNBAAUNIANFNLABLTINNA 2 mumlum\‘lmqﬁau 28 1% ARIRITULIIBANINNIN
a o \ ' a A Ao A A

ABUNIANILANNNOATNTIUUIT WU IINBUNIANFNLAMTTITANEANEIU $2.5-CO10 Hidn

{ ] A A !
Masiuussdavednanniadngalasidrag 304.15 ksc Taunnitnauninaugu (OPC)
Aaflusasas 100.96 Naney 28 Tu uazAaluiasas 103.59 Nay 56

UNADIUINY ACUDADNSSUANANS UKIDNYNAYINBUUNUAQ



] 7 E Kasem Bundit Engineering Journal Vol.9 No.2 May-August 2019

MAITULSIBNADWIT61 240 Ksc

400
—~ = ope
E 350
) w825 - cob
[+:]
< 300 % s2.5- co10
BG 250 —
i% &= sD - cod
= 200 % s5-co10
=
&= 150
£
aim 100
@
- 50 —
=

3 7 28 56

DAV IIADUNTA (314)

I

31110 wanadauIBUNELNNIRITULIIOAVBIABHNIAINNAL 240 ksc NTWBYAW <)

4.2.3 HANAFDUNIAITULIIDAVDIABBNIANAINITODNHUUNIAITULIIDA 280 ksc

INNNANIINARDUARIRITULIIAG @”ﬁLLam’Lugﬂﬁ 11 LRAILALRWAIIN AW ANRITU
LIIDALNBAAUNIANRNLARLTINNA 2 mumh"ﬁnmqﬁm 28 1% U89ITULIIAANINAIN

a o \ ' a A Ao ' A
ABUNIANILANNNOATIEIUUATHUIINBUNIANTNLAMLTINTANEATEI% S2.5-CO10 dei
o @ o o A ' LA A '
Masiuussdavesnaunniadngalasddrag 361.20 ksc TaunnitneuninaIugu (OPC)
Aatdusasaz 102.06 ﬁmq 28 M warAaLusauay 104.94 ﬁmq 56 %

MAYSULFI0AAaNNTA 280 ksc

— & ope
L]
E " i s25-c05
E ]
x s25-co10
&
@ I 55 - cod
b3
= - % s5 - co10
=
C
e -
=
3G
@
3
=

3 7 28 56

DD IIADUNTA (T1)

]
~

3N 11 wanagaulIBunauiIRITULIIONVBIABWNIAINNAL 280 ksc NB YA )

Faculty of Engineering, Kasem Bundit University Research Article



3ronssuAsINuUULUZa UR 9 aUUR 2 wouNMAU-avKIAL 2562 ] 7 3

ﬁnngﬂﬁ 9, 10 48z 11 wRAIALFARIINIININATINT AT I UNUANIRTINRLIV LAY
A s 0 ‘dl o vV o @ s [ =t n' ‘3 d' = =

1287082880 IaaTNEIRNRUNERUYIN IR ITULIIOATaIAa WD I LT WL aLS ULy
ﬁ'uaauﬂ%@]muquﬁmﬂqﬂaun%ﬂ 28 7% LLazLﬁamwaau@iﬁﬂé’a%’uLLidé’@Sﬂﬂ%’dﬁmﬂq
ABWNTA 56 1% WU AAWNIANNFNLAMLTIINALINNIINMWITNAITULIING laanInannIea

A A o A a ad da Aa A P ' =
muqmwm:mmmmﬂﬂLmvlﬂLLﬂuﬂluuaaiaua:Lamuwuwmgwmm;ms: i

A ' a A o ar af Ao o =2 A '

mawqumnmwmmma:mﬂ@ﬂ"l,m*mﬁim"mmwwuﬂmmumm@mumnm'}ama
A & & a A o o 2 A | A & cal
TINUBLTLUBALNFANIN AINAL1UILIN AN T ALARIITEAININIATIN AT LU UALNFA OV

0o 8§ vo o @ ad o
WAy AR ITLUTIVDINDUNI AU AL

4.3 HANAADUNIAITULIIANYDIADWUNIA (Bending Testing)
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4.4 Nami'nmaafumsgzyLﬁﬂmwmmmmléfmmmaun‘%m (Workability)
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msqum"’a 0.5 cm N32821I87 75 w1 waztdatnudSunmawasdartiluluaasigin
$2.5-CO5, S2.5-CO10, S5-CO5 as S5-CO10 Wuindszuziiainisnadqlnatfsany
ﬂauﬂ"?‘mmuqu I@Uﬁmmsﬂqmﬁ 0.5 cm ﬁs:mnmnﬂsﬁamﬁagluma 75-90 U1 LWazNAN
NN30ANLUURNRITULIIAA 280 ksc ﬂauﬂ’%mmuquﬁmﬂ"ﬁquﬁa 0.5 cm N8R 75 W

waztiaRndsunoamiosndatldlusasidiu S2.5-CO5, S2.5-CO10, S5-CO5 LA

]
al

S5-CO10 ﬁ@hmsﬁaﬂ”’aﬁuﬁuagﬂuma 8-9.5 cm 1@ ﬂﬂmmsqm‘"ﬁmaaﬂauﬂ?magﬁ 0.5 cm
ﬁszﬂzl,’;a'lﬂ'ﬁﬁa@”aa%ﬂuma 75-90 w1

@391 3 manadaunisgytdzainaainisamnlazasaauniafiainiseanuuy

NNAITULIIDM 210 ksc

ANMIYUAITBIABUNIA (Cm)
. F2HZINMINAFL (W17)
AT IBNFL
0 15 30 45 60 75 90 105
OPC 9.0 7.0 3.0 2.5 1.5 0.5 - -
S2.5-CO5 10.0 7.0 3.0 2.5 1.5 1.0 0.5 -
S2.5-C0O10 9.5 5.0 4.0 2.0 1.0 0.5 - -
S5-CO5 10.0 5.0 4.5 2.5 2.0 1.0 0.5 -
S5-CO10 9.5 4.0 2.5 1.5 1.0 0.5 - -
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@13191 4 wanadgauNIFYREANAEINITAN IAVBIAaRNIATIAINITENUULAES

SULS9DA 240 ksc

@hnﬁﬂquﬁwaaﬂaun’% (cm)

I2HZIANINATIL (W)

AT INHEN
0 15 30 45 60 75 90 105
OPC 9.0 5.0 3.0 2.0 1.0 0.5 - -
S2.5-CO5 95 6.0 55 4.0 2.0 1.5 0.5 -

S$2.5-CO10 10.0 4.5 25 20 1.5 1.0 0.5 -

S5-CO5 9.5 5.0 3.0 25 1.5 0.5 - -

§5-CO10 10.0 3.5 3.0 2.0 1.5 0.5 - -

@13197 5 wanadaun1sgatisanasansamlavasnannsanainisaanuuuiigg

SUK399A 280 ksc

ANMIEUAIYBIAELNIA (cm)
. ILHLINMINAFDL (W17)
AATIRIBHEN
0 15 30 45 60 75 90 105
OPC 9.0 4.0 2.0 1.5 1.0 0.5 - -
S2.5-CO5 8.0 55 5.0 2.0 2.0 1.0 0.5 -
S2.5-C0O10 9.5 5.0 3.5 2.5 15 0.5 - -
S5-CO5 8.0 4.5 3.0 2.0 1.5 0.5 - -
S5-CO10 8.0 5.0 2.7 2.0 1.5 0.5 - -

45 WHANAFOUMINITUUIINIVDIADWUNIA

451 HANAROUMAISUUIIAIHIBNVBIRBUNTANAINITDBNULANEITLNTISA
PNHANTNARIUAAITUUTIAIHTNTBIAUNTAAINNIATZIU ASTM C496 Lilo

ﬁmimﬂmnmuﬁ‘ﬁ'ﬁﬁq@mwﬁ'umwi”aﬂa: 5 uasindanaz 10 (S5-CO10) BaaaunIaf

g 28 7% WUIAINNTENLUUAIRITULIIAAWNNY 210, 240, 280 kas 320 ksc AFNRITU

LLiaﬁam%ﬂ@mdﬁﬁ"aarhamuquﬁmﬂu%aﬂa: 10.69, 10.88, 11.64 Laz 12.40 @INS1AU A9

LLETG]GELHE‘]J'ﬁI 13
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= = o oad ) = = w210 ksc S 5%C0 10%
HWEHASUMATUSIIA T TUNWANTIH 5% Wik 10%

T 240 ksc.5 5%C0 10%

& 280 ksc.5 5%C0 10%

=

o= 320 kse.S 5%C0 10%

16 :l
14 11.58 1240 Upper

11.64

10.69

=

o oo

ATATAIY LN SIAIUDIADHAYA (% )

HANAFOUNAITULTININITN2DIADNNIANAIDDNUULARITULIIOAAY 9

v
=
).
-
w

452 HANAROURAISTUNIIAINIIATIVDIABWNIANAINITEDNULLANITULTIBA
mﬂwamim}aauLfiaﬁmsmwé’@ma’aumnmuﬁﬁﬁﬁqmvﬁﬁumwsﬁaﬂax 5 Uz At

Tauaz 10 (S5-CO10) mamaun%‘m'ﬁmq 28 7% WUINAIN1I08NUUURIRITULTIEN YA

210, 240, 280 uaz 320 ksc AMaITuuRAINIaTIgINIIMetwaLguAaLluiasas 8.88,

9.50, 9.85 WAz 8.61 ANFIAL @Tauamlugﬂﬁ 14

210 kse.S 5%C0 10%
4 . e o o - 240 ksc.S 5%C0 10%

WS R UM AIFUL FIOAMILNUNTTI 5% H1 10% H se
= 280 ksc.S 5%C0 10%

18 W 320 ksc.S 5%C0 10%

16
0 Upper

9.50 9.85 8.61 :l
: . ' )

HANAFDUNRIIULIIRINIATIVDIABWNIATNA1DDNUULNIRITULIIDAAT 9

=

=

Qs W

)

AR TUL I CRIAFTITDIR D UN T (% )

1Y)
e
).
—
>

Faculty of Engineering, Kasem Bundit University Research Article



3ronssuansinuuUnuZa UR 9 alun 2 wnUNMAU-AIKIAU 2562 ] 7 7

4.6 WHANAFDUNIAITLUIILDHDWVDIADBNIA
Namimaauﬁnﬁ'ﬁuLmLs’iaumaaﬂaun?mﬁmmiaammuﬁnﬁh%’mmé’@ﬁmﬂq 28 1%
I@]Uﬁﬁﬂimﬂé‘mwmumﬂmuﬁ'ﬁﬁﬁq@Lﬁwﬁ‘umm%”aﬂa: 5 uazAMI08az 10 (S5-CO10)
P2IABUNIN WUTIAINITEONULLLRAITULIING LYINND 210, 240 280 Waz 320 ksc AR89
wsaReuganitaladimuquaaliuiouss 14.88, 15.78, 16.16 Uaz 19.25 MUFIAU 64

LLaﬂdluEﬂﬁ 15

= =1 o as as 2 = o
WTHUINIUNIRITUUINOANTITUNWANTIE 5% N 10% 210 ksc. S 5% co 10%

W 240 ksc. S 5% co 10%

=

== 280 ksc. S 5% co 10%

19.25

14 320 ksc. S 5% co 10%
18 14.88 15.78 16.16

ATNTAITU LTI R DU TDIADUNTH (%)

o as

o

3UN 15 HanadaUMAITULIIRHVDIABWNIATIAIBNUULAAITULIIDAA )

4.7 HANISNAFAUNIRITULIILAYDIADWNIA

a

o o o A o @ @ o y a
wamsmaaumaasume‘uaaﬂauﬂ%’ﬂfﬁaaamm‘ummwmaaﬂﬁmq 28 1% I@]FJ

] ]
Aadad ]

WITNaaN UM IUNUNNaNgaLinnunIwTasaz 5 uaz Audauss 5 (S5-CO5) a4
ABWNIA WUIIAIN1T00NUULANAITULIIEN LYINND 210, 240, 280 WAz 320 ksc ANNIRITU
wsadagenidratseiuau (OPC) Aaluiasas 22.10, 22.83, 23.24 uaz 25.30 WAL

a9 LLa@alugﬂﬁ 16

UNADIUINY ACU:IAINSSUANAQS UKIDNYNAYINBIUUNUAC



] 7 8 Kasem Bundit Engineering Journal Vol.9 No.2 May-August 2019

o0 as as as = =
L']J%EI‘UL'?‘I HUNTRITUUTIDANTITUNUNNTIE 5% Wb 5%

o

50

i 210 ksc.S 5%CO 5%

40 H- 240 ksc.S 5%CO 5%

25.30

30 2210 22.83 23.24 Z= 280 ksc.S 5%CO 5%

=

20 EE 320 ksc.S 5%CO0O 5%

Qs

10

o

ATNIRITUNIIUADDIAUNTO (% )

31116 WanAFaUMAITULIILALBIABRNIANANDBNULUNIAITULIIOAG )

5. ajdwanisdnm
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e ugasliiduisdslomivazenuaansalumsinasondafmasgainlsenn
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WNUANI8 TN 2 EINal AN ITUII8A WA ANSITULTIRaTaIRIWNSALAN D NTt
Lﬁaaﬁ]mLsnﬁﬁﬂﬁﬂ'awd’m‘]’%ww:ﬁaUn'jﬂmasmauﬁwLLa:Lﬂmmwﬁﬂﬁﬁuﬁaﬁm;mzﬁ
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