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Applications of Statistical Model in Proportioning of Concrete Block

to Minimum Cost

*
Sontaya Tongaroonsri and Asawin Kunajamjarus

Abstract

The purpose of this study is to apply the statistical design of experiment in the field of civil engineering. The
advantages of using statistical experimental design are the reduction of the number of samples, shorten the experimental period
and save cost of the experiment. The results obtained from statistical analysis have more reliable than the traditional method. This
study used the statistical experimental design to find the mix proportion of concrete block that conform the TIS 58-2533 standard
at the lowest possible production cost as the case study of the research. In each year, demand of concrete block is increasing
throughout the country. Since there are no standard mix proportion for concrete block, commonly sold concrete blocks in the
market do not possess properties as required in the standard. Statistical methodology is applied to predict compressive strength
and calculated optimum mix proportions for concrete block. From test results, it was shown that the using of factorial design and
central composite design were suitable for the optimization of concrete block. The simulated model can be satisfactorily used to
predict compressive strength of concrete block in the test program. Four optimum mix proportions have been found. For concrete
block which uses Chipped stone as raw material, suggested mix proportion was 1 : 3 : 8 : 4 [cement : coarse sand : crushed dust :
Chipped stone] by weight for machine production (non-hydraulic type) and 1:3: 10 : 5 [cement : coarse sand : crushed dust :
Chipped stone] by weight for machine production (hydraulic type). For concrete block which does not use Chipped stone as raw
material, suggested mix proportion was 1 : 2 : 10 [cement : coarse sand : crushed dust] by weight for machine production (non-
hydraulic type) and 1 : 3 : 13 [cement : coarse sand : crushed dust] by weight for machine production (hydraulic type). All
suggested mix proportions require less production cost than normally used mix proportions in the market. It can be concluded that

the production cost does not necessarily increase in order to produce a standard concrete block.

Keywords: Concrete block, Compressive strength, Model, Mix proportion, TIS 58-2533
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M5 4 1aAIA coded variable tarA1uauily
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Value of the coded
Variable
Mix variable
X, X, X, C S'M F/R

—_

058 058 0.58 6.7 0.83 1.79

2 0.58  0.58 -0.58 6.7 0.83 1.21
3 0.58 -0.58 0.58 6.7 0.37 1.79
4 -0.58 058  0.58 33 0.83 1.79
5 0.58 -0.58 -0.58 6.7 0.37 1.21
6 -0.58  0.58  -0.58 33 0.83 1.21
7 -0.58  -0.58  0.58 33 0.37 1.79
8 -0.58  -0.58 -0.58 33 0.37 1.21
9 0.97 0 0 7.9 0.60 1.50
10 -0.97 0 0 2.1 0.60 1.50
11 0 0.97 0 5.0 0.99 1.50
12 0 -0.97 0 5.0 0.21 1.50
13 0 0 0.97 5.0 0.60 1.99
14 0 0 -0.97 5.0 0.60 1.02
15 0 0 0 5.0 0.60 1.50
16 0 0 0 5.0 0.60 1.50
17 0 0 0 5.0 0.60 1.50
18 0 0 0 5.0 0.60 1.50
19 0 0 0 5.0 0.60 1.50
20 0 0 0 5.0 0.60 1.50

Note: X, X, and X, are variable number 1, 2 and3,

respectively
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Cement Mix proportion by volume
Unit weight Number of Cost
Mix R content (% by Crush chipped
(kg/m’) Cement Sand block* (baht/ 1 block)
weight ) dust stone
1 2150 5.0 1.0 2.6 8.4 42 141 1.66
2 >2220 4.1 1.0 32 10.3 5.1 167 1.56
3 2050 5.8 1.0 2.1 10.1 - 128 1.64
4 >2150 4.6 1.0 2.7 12.9 - 153 1.54

Note: *Number of concrete block produced from cement 50 kg.

5. agUwamsIdeuazvarauenus
nnramseamnsoailldlimsesnuuunisnaaea

Taoldnanmaneada swnsniwnlszgnd l¥fuanudu

AeanssuTes18iTueded uuusraeed ldausasinne

o ¥ w = < 9 Y A Y
ﬂ1@\1@ﬂﬂl@ﬂﬂﬂuﬂiﬁﬂﬁﬂﬂqﬂiﬂamENﬂ’UNﬁﬂWi‘VIﬂ’dﬂ“U

4 v
=1

pazdrunaui ldvinauideliidununissaadinid
dyuwaudm g addszneumsldegluilagiiu Faueaaa
1 a =} < I ¥ 1o o Y Y
Nmskaaneuniavaen i iduiasgiu lusuiludeald
dunulumseaaganndunauialyl  drunanves

< ! g 2 \
ADUATAVADNTUIHUIZANUNIAY 4 FIUNAN AV

4
=2

M ANVRIARS AIUNTUIUBYY

3

@

A A A
dauazingoion s
a 1 H a I o ] a
lumswan Tagadrunauninumnaa oasau laellsuag
y ° o A
Auuzihfo 1:3:8: 4 (QuBwud : nsrwne : iudu :
A 3 A a g A v =
NUINAA) IWONAAAIBAT DIV VN UKD Az 1:3:10:5
A a g A a o [ 1 ~ =
wenandransowu laasean dwmsudunayn luliiy
< A = 4 a 1 A
NAAAD 1 :2: 10 (YuUBuud : n9eveny : Huy) e
a v A Y A A a9
NAAAIIATBADLINUHTED uaz 1 : 3 : 13 1oNAnAIY
ey laasedan nmsdsenunlunszuiumsnan
ApunsAUADNimATiamInaauazdoauanudmTudh
Y
ahaumannmMiIve 1 lFanudad
a =} < ] aw d’l
1) Mywanneunsauden lasldaiunannauIeil
9 a d' 9 1 o c?;’
l¥ns1elulsuaitesniiuiasivveruuin asriuly

AAa

I Aq YA (a a < K
ﬂﬁﬂ!1/]14‘LlI?Ju‘VlGlGIﬁJTJiNWmﬂl@QﬂuﬂlLﬂﬂ!ﬂﬂWﬁN@gu@ﬂ 919

0o q ¥ - g o~ Yy a & gy P v
mldaeunsauaenisesirunavuld awrsoud lu'ld

TasmsaaliuiaruduuasmulTuiamsie uasnu,

10

o 1 1 = v ~ 1 A

sasdusznINuduanuniasiuliad wu nsdin
' ~ a Aa A o ' 3

¥ drunani 4 udunasesdnnadldnlasudasiannilu

=) 4 a 1 d! o ] d’l

1:4: 11 (uBmud : n51eveny : iudy) Fanmsdusuil

a a 4 A dgl I Y
YFnafusuasziiniuaniios

@

o o aov dy a < o w
2) MaavanIasansdIved e lumsinsiziiiusida
' Y

v A @ @

ane1y 28 Ju auiulumsdadimihensensiilylgau

a

9

\ o ' <
ﬂ’ﬁﬁ’fﬂq’ﬂﬂﬂuﬂﬂ 28 U E]EJNlliﬂ@I'lll MNFNANITINAAD

nuNludrumauniIuLIATgIL Mavanely 14 uay 28

v
Su daenenuilesnnn daiudeenasatieens Mg

o

1dn01g 14 Ju mindeamssiefieny 7 Tu dwnsoi

o w

R A A ~ S & ° ] o
qﬂ!LﬁﬁﬂﬂLWNﬂiquﬂuu%’muG} %Q%'ﬂﬂﬂﬂﬁwmummﬂ

= < dg‘ ' A
UDIABUNTALIIVY AMNHANTITNAADINUITNIUNY

@ [l

=) Y :’ o =
ﬂ“umuumaﬂaz 6.1 Tagtimiin uaziionsiaiu 1 :2:10

@

v 3w wudw) Tasd5ues Imdedaneng 3 Ju

10U 29.74 NAN/AT.BY.

6. nadAnssnlszma
YYD UAMIATOUIONTIEN A ToADUANFNINIIY
ANZNITUMIRANANET NeiuayuRunuIdeluTnsams

9
~
U



UNANNIY

7. 19NAN301999

(1]

(2]

(3]

(4]

(5]

(6]

(7]

P. Vorasunttharosoth, “Construction Materials”, SE-
ED Co., LTD, Bangkok, 1995, pp.136-141. (in Thai)

P. Soonthonsmai, “Engineering materials of
construction”, H.N. Group, Bangkok, 1987. (in Thai)
U. Kanchanaworawong., “Materials  Testing”, Sky
Book, Bangkok, 2002. (in Thai)

TIS 58-2533, “Standard for Hollow Non-Load Bearing
Concrete Masonry Units”, Thai Industrial Standards
Institute, [ISBN 974-8111-71-7. (in Thai)

C. Leh, G. Andrzej and L. Pawel, “Optimization of
Polymer Concrete Composites”, Final Report NISTIR
6361, Warsaw University of Technology, 1999.

A. Ghezal and K.H. Khayat, “Optimizing Self-
Consolidating Concrete with Limestone Filler by
Using Statistical Factorial Design Methods”, ACI
Material Journal, 99, 2002, pp.264-272.

M. Lachemi, K.M.A. Hossain, V. Lambros and N.
Bouzoubaa, “Development of Cost-Effective Self-
Consolidating Concrete Incorporating Fly Ash, Slag
Cement, or Viscosity-Modifying Admixtures”, ACI
Material Journal, 100, 2003, pp.419-425.

11

(8]

[9]

[10]

[11]

[12]

[13]

N3ensINMama Tuladgaamnssy U 8 p1fuf 1 unsIan — wmeu 2555

The Journal of Industrial Technology, Vol. 8, No. 1 January — April 2012

M. Sonebi, “Applications of Statistical Models in
Proportioning Medium-Strength  Self-Consolidating
Concrete”, ACI Material Journal, 101, 2004, pp.339-
346.

P. Chutima, “Engineering Experimental Design”,
Chulalongkorn University Press, Bangkok, 2002.
G.E.P. Box, E.G. Hunter and J.S. Hunter, Statistics for
Experimenters, “An Introduction to Design, Data
Analysis, and Model Building”, John Wiley & Sons,
New York — Toronto, 1976.

S. Ghosh, “Statistical Design and Analysis of
Industrial Experiments”, Marcel Dekker, Inc, New
York, 1990.

TIS 109-2517, “Standard for Sampling and Testing
Concrete Masonry Units”, Thai Industrial Standards
Institute. (in Thai)

S. Tongaroonsri, “Research and development of the
manufacturing process of concrete block to be highly
effective and accountable strategy of investment,
Final

quantity and profit”, report, Rajamangala

University of Technology Lanna, Tak, Thailand, 2005.



