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Hussaya Singsri 2013: The Development of an Energy Saving Concrete Block from
Plastic Drinking Water. Master of Architecture (Building Innovation), Major Field:
Building Innovation, Department of Technology Building. Thesis Advisor:

Miss Sopa Visitsak, Ph.D. 78 pages.

Concrete blocks are widely used as a building material normally for building envelope
and internal walls. However, when considered as an energy conservation material, the limitation
of heat transfer properties is its weakness. This research aims to develop a non-load bearing
concrete block by applying used plastic water bottles to allow the flow of air within the walls that
are built by natural mean with regards to the stack effect to help decrease the heat transfer into
the building. The process is to develop the model, as well as finding the appropriate proportion
and size of plastic bottles to concrete blocks. The concrete blocks are then supplied with used
plastic water bottles inside. The results are compared to the normal standard concrete block (TIS
58-2533), regarding physical properties (weight, dimension, compressive strength) and heat

transfer properties (field experimental comparison to common concrete and autoclaved blocks.)

The results showed that the energy saving concrete blocks with the aspect ratio in terms
of weight of cement to stone as 1 : 6 along with water at 30% of the total weight of cement could
support compressive strength at 31.75 kg /m’ (higher than TIS 58-2533). Weighing 5.85 kg. or
1,026.32 kg/m3, the energy saving concrete block was 18.66% lighter than a regular concrete
block. During daytime, the average flow rate of air through the underlying concrete block was
6.76 m'/hr or 21.125 m’/hr/m’ when the average wind speed was 0.82 m/s. The average
temperature inside the house model with energy saving concrete blocks was 43.65 °C , 2.77 °C
lower than that of common concrete blocks and 1.44 °C higher than that of the autoclaved aerated
concrete. Therefore, the results confirm that regarding the ability to reduce heat transfer, the
energy saving concrete blocks is better than regular concrete and come close to the autoclaved

aerated concrete.

Student’s Signature Thesis Advisor’s Signature
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1301: Lechner (2009: 269): After Art Bowen (1981)
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1.6.6 U5NQMT0l Venturi effect
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1301: Lechner (2009: 269): After Art Bowen (1981)
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1301: Lechner (2009: 269): After Art Bowen (1981)
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1301: Lechner (2009: 270): After Art Bowen (1981)
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1.6.7 U5ngmM3al Stack Effect

LﬂuﬂWiLﬂﬁ@uﬂﬂl@ﬁ@WﬂWﬁiuﬁﬂBﬂ!‘”ﬂWi‘WWﬂ’Nlli’t]uﬂlﬂﬂﬁﬂﬂﬂ’ﬂiluﬁﬂﬁ%iéll@\i
Qﬂ!ﬁﬂll Iﬂﬂ@WﬂWﬁi@uilﬂ’Nilﬂﬂ@WﬂWﬂﬁW () uay umummaaﬂaﬂmuuu YU mmﬂummﬁ
Lfluilﬂ’ﬂilﬂﬂﬁﬂﬂWﬂﬁ\i (+) uay ‘LHWL!ﬂlﬂﬂ’t]flﬂTL!ﬁN ﬁ]\uﬂﬂﬂWiﬂWﬂmﬂ’Nlﬁ@uuﬁ fﬂiLWI‘LWI
VDIDINIA ‘ﬂﬁ]ﬁ]ﬂVIllNﬁ@]’t]ﬂWiiziﬂﬂﬂ’ﬂili@uIﬂflﬁll‘ﬁiilﬂﬂmﬂuﬂ’ﬂilﬁll‘W‘L!‘ﬁ“l/llﬂEJ’JL‘L!’ENﬂ‘L!
i$W’J'Nf’hﬂ’ﬂlﬁgﬂ’ﬂll%)@uﬂl@\i@Tfﬂﬂ, é’mwmiméauﬁmmmmmmzmmgmwhﬁwdm

gargimolutaznoueneims (@mui 12)

>

A
77

"\

DIFFERENCE

. OUTDOOR TEMPERATURE
F DIFFERENCE
INDOOR TEMPERATURE

) ¥
MW 12 yevesreula szozrinaluuunds anuuanaszINgagingly nazme
3 (% H 1 a %
woneas Huiladeniinasemsszunsanusoulasansssusaluanyae Stack
Effect

1301: Lechner (2009: 270): After Art Bowen (1981)

M 13 JUdae1msiimIszu1ee1mMalagdi 53 uNAlUENBUSNAUNAIUTENIN Stack
Effect, Bernoulli effect L461% Venturi effect

1301: Lechner (2009: 270): After Art Bowen (1981)
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17:00:00.0 34.61 39.46 35.66 39.85
18:00:00.0 32.82 36.14 33.31 37.14
19:00:00.0 31.71 33.56 31.78 34.75
20:00:00.0 30.86 31.57 30.59 33.01
21:00:00.0 30.40 30.60 30.07 31.83
22:00:00.0 29.98 29.90 29.61 30.96
23:00:00.0 29.73 29.45 29.29 30.38
20/03/2556 29.64 29.19 29.13 29.94
00:00
01:00:00.0 29.26 28.81 28.77 29.53
02:00:00.0 28.99 28.56 28.53 29.20
03:00:00.0 28.84 28.36 28.35 28.93
04:00:00.0 28.66 28.18 28.18 28.66
05:00:00.0 28.43 27.96 27.99 28.43
06:00:00.0 28.25 27.82 27.87 28.24
07:00:00.0 28.27 27.78 27.87 28.28
08:00:00.0 29.14 28.80 28.79 29.37
09:00:00.0 30.63 31.15 30.55 31.38
10:00:00.0 32.11 33.84 32.62 33.70
11:00:00.0 33.83 36.99 3491 36.27
12:00:00.0 34.85 39.24 36.23 38.26
13:00:00.0 35.65 40.71 37.22 39.97
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14:00:00.0 36.68 42.88 38.18 41.50
15:00:00.0 36.24 42.81 38.28 41.81
16:00:00.0 35.17 40.69 36.72 40.80
17:00:00.0 34.40 39.03 35.65 39.12
18:00:00.0 33.42 36.49 34.17 37.02
19:00:00.0 32.01 33.86 32.08 34.83
20:00:00.0 30.85 31.86 30.84 33.10
21:00:00.0 30.30 30.79 30.17 31.93
22:00:00.0 30.14 30.18 29.82 3111
23:00:00.0 29.84 29.72 2952 30:53
21/02/2556 29.63 29.38 29.23 30.08
00:00
01:00:00.0 29.38 29.09 28.97 29.72
02:00:00.0 29.19 28.85 28.78 29.41
03:00:00.0 29.01 28.63 28.58 29.13
04:00:00.0 28.88 28.49 28.45 28.91
05:00:00.0 28.68 28.25 28.21 28.66
06:00:00.0 28.50 28.01 28.01 28.44
07:00:00.0 28.43 27.98 28.01 28.47
08:00:00.0 29.22 29.05 29.05 29.60
09:00:00.0 30.79 3152 30.81 31.59
10:00:00.0 32.06 33.86 32.47 33.85
11:00:00.0 33.27 36.12 33.92 35.72
12:00:00.0 34.26 37.69 35.17 37.15
13:00:00.0 34.98 39.33 36.31 38.69
14:00:00.0 35.52 40.75 36.94 39.78
15:00:00.0 35.15 40.70 36.78 40.49
16:00:00.0 35.32 41.25 37.22 40.74
17:00:00.0 35.04 40.40 36.61 39.74
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18:00:00.0 33.61 37.38 34.17 37.59
19:00:00.0 32.54 35.08 32.96 35.59
20:00:00.0 31.37 32.74 31.38 33.87
21:00:00.0 30.68 31.46 30.61 32.54
22:00:00.0 30.18 30.50 30.03 31.50
23:00:00.0 29.71 29.79 29.49 30.68
22/03/2556 29.03 29.29 29.16 30.07
00:00
01:00:00.0 28.83 28.91 28.86 29.58
02:00:00.0 28.63 28.60 28.59 29.15
03:00:00.0 28.44 28.32 28.34 28.82
04:00:00.0 28.34 28.11 28.17 28.57
05:00:00.0 28.18 27.94 28.02 28.36
06:00:00.0 28.04 27.74 27.82 28.12
07:00:00.0 28.02 27.66 27.83 28.20
08:00:00.0 29.22 29.09 29.23 29.47
09:00:00.0 30.44 31.51 31.11 31.63
10:00:00.0 32.11 34.04 32.77 34.12
11:00:00.0 33.57 36.87 34.83 36.47
12:00:00.0 34.41 38.73 36.16 38.37
13:00:00.0 35.93 41.40 37.68 39.57
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19/03/2556 35.21 43.10 37.51 40.39
13:00
14:00:00.0 36.76 43.78 38.35 42.53
15:00:00.0 38.45 45.56 40.07 43.31
16:00:00.0 36.46 45.48 40.79 41.63
17:00:00.0 34.61 42.90 39.41 38.90
18:00:00.0 32.82 39.35 36.89 35.88
19:00:00.0 31.71 35.80 34.49 33.66
20:00:00.0 30.86 33.17 32.63 32.24
21:00:00.0 30.40 31.54 31.49 31.33
22:00:00.0 29.98 30.54 30.75 30.66
23:00:00.0 29.73 29.88 30.21 30.22
20/03/2556 29.64 29.49 29.87 29.86
00:00
01:00:00.0 29.26 29.12 29.58 29.49
02:00:00.0 28.99 28.79 29.25 29.20
03:00:00.0 28.84 28.54 28.99 28.97
04:00:00.0 28.66 28.32 28.77 28.71
05:00:00.0 28.43 28.11 27.99 28.49
06:00:00.0 28.25 2791 27.87 28.32
07:00:00.0 28.27 27.80 28.23 28.64
08:00:00.0 29.14 28.35 28.44 30.44
09:00:00.0 30.63 30.49 29.69 32.76
10:00:00.0 32.11 33.16 31.55 35.10
11:00:00.0 33.83 36.04 33.73 37.34
12:00:00.0 34.85 39.56 35.75 38.76
13:00:00.0 35.65 41.76 37.13 40.33
14:00:00.0 36.68 44.00 38.55 41.71
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15:00:00.0 36.24 45.29 40.30 41.40
16:00:00.0 35.17 44.36 39.45 40.20
17:00:00.0 34.40 42.25 38.37 37.99
18:00:00.0 33.42 3931 36.62 35.80
19:00:00.0 32.01 36.33 34.70 33.69
20:00:00.0 30.85 33.66 32.84 32.25
21:00:00.0 30.30 31.95 31.67 31.36
22:00:00.0 30.14 30.87 30.90 30.78
23:00:00.0 29.84 30.24 30.42 30.31
21/02/2556 29.63 29.78 30.05 29.97
00:00
01:00:00.0 29.38 2941 29.74 29.64
02:00:00.0 29.19 29.10 29.46 29.37
03:00:00.0 29.01 28.85 29.22 29.14
04:00:00.0 28.88 28.67 29.03 28.93
05:00:00.0 28.68 28.45 28.82 28.70
06:00:00.0 28.50 28.20 28.60 28.52
07:00:00.0 28.43 28.06 28.44 28.84
08:00:00.0 29.22 28.57 28.66 30.76
09:00:00.0 30.79 30.74 29.93 32.95
10:00:00.0 32.06 33.33 31.64 35.02
11:00:00.0 33.27 36.11 33.33 36.38
12:00:00.0 34.26 38.32 34.81 37.42
13:00:00.0 34.98 40.15 35.85 38.94
14:00:00.0 35.52 42.28 37.16 39.73
15:00:00.0 35.15 43.00 37.87 40.65
16:00:00.0 35.32 43.56 38.79 40.81
17:00:00.0 35.04 42.98 38.93 39.10
18:00:00.0 33.61 40.45 37.38 36.32
19:00:00.0 32.54 37.05 35.17 34.47
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20:00:00.0 31.37 34.62 33.58 32.92
21:00:00.0 30.68 32.76 32.30 31.82
22:00:00.0 30.18 31.48 31.42 30.96
23:00:00.0 29.71 30.51 30.69 30.33
22/03/2556 29.03 29.79 30.11 29.84
00:00
01:00:00.0 28.83 29.28 29.67 2941
02:00:00.0 28.63 28.87 29.30 29.07
03:00:00.0 28.44 28.52 28.98 28.82
04:00:00.0 28.34 28.27 28.73 28.61
05:00:00.0 28.18 28.08 28.56 2841
06:00:00.0 28.04 27.88 28.38 28.20
07:00:00.0 28.02 27.69 28.19 28.76
08:00:00.0 29.22 28.35 28.53 30.86
09:00:00.0 30.44 30.51 30.07 33.33
10:00:00.0 32.11 33.25 32.03 35.71
11:00:00.0 33.57 36.26 34.11 37.52
12:00:00.0 34.41 39.21 35.95 38.94
13:00:00.0 3593 42.03 37.50 40.00
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Testing Report

Load [ kgf ] Stress [ kgffcm”2 ]
4000 600.000 Peak ||
3000—’////\——@ 500.000] Break |+
% 400.000 Yield  |y™r
2000 v( 300.000-
1000~ e 20000
100.000-
0 1 [ 1 1 1 0.000 1 1 1 1 1
1 2 3 4 5 6 1 2 3 G 5 6
Elon. [ cm ] Strain [ % ]
0.25-f 10.00
0.20-] 8.00-
0.15-] 6.00-|
0.10-] 4.00- =
0.05-] 2.00- -
0.00 T L T T T 0.00 T T T T T
1 2 3 4 5 6 1 2 3 4 5 6
PeakLoad PeakElon. PeakStress PeakStrain BreakLoad I Br
Filename kgf cm kgf/ecm”2 % kgf m kgf/em”~2 %
1.Block1.tst 3162 0.24 505.855 9.64 864 0.21 138.222 8.40
2.Block2.tst 3704 0.21 592.617 8.44 1803 0.20 288.507 8.08
3.Block3.tst 3020 0.15 483.279 5.88 1383 0.13 221.222 5.36
4.Block4.tst 3081 0.15 493.018 6.00 1498 0.13 239.703 532
5.Block5.tst 1435 0.14 229.632 5.48 679 0.14 108.674 5.44
6.Blocké.tst 2579 0.14 412.674 5.44 1224 0.12 195.879 4.84
Average 2830 0.17 452.846 . 681 1242 0.16 198.701 6.24
Standard Devi. 704.912 0.041 112.786 1.624 378.662 0.036 60.586 1.430
PKM(Ca) 5658.574 -Inf Inf Inf 2481.764 Inf Inf Inf
DPK(Cp) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CV% 24.906 23.842 24.906 23.842 30.491 22.919 30.491 22919
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Testing Report

1.Customer : Wau 9.Specimen : 21D

2.0Operator : WaeN 10.Spec.Length : 2.500cm

3.Lot No. : Block 11.Spec. WxT : 2.5000x2.5000cm
4.Date 1 1/14/2013 12.Spec.Area : 6.2500cm”2

5.Temperature: 30 C

13.Total Energy: 12]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 10207.801kgf/cm”2
¥ 7.Test Style : Compression Test 15.Notice v.21D
8.Standard : ASTM
Peakload |  PeakElon. Peakstress | Peakstrain BreakLoad BreakElon. BreakStress BreakStrain
Filename kgf cm kgffem~2 % kgf cm kgffcm~2 %
1.Block1.tst 3162 024 505.855 9.64 864 0.21 138.222 8.40
2.Block2.tst 3704 021 592.617 8.44 1803 0.20 288.507 8.08
3.Block3.tst 3020 0.15 483.279 5.88 1383 0.13 221.222 5.36
4.Block4.tst 3081 0.15 493.018 6.00 1498 0.13 239,703 5.32
5.BlockS.tst 1435 0.14 229.632 5.48 679 0.14 108.674 5.44
6.Block6.tst 2579 0.14 412.674 5.44 1224 0.12 195.879 4.84
Average 2830 0.17 452.846 6.81 1242 0.16 198.701 6.24
Standard Devi. 704.912 0.041 112.786 1.624 378.662 0.036 60.586 1:430
PKM(Ca) 5658.574 -Inf Inf Inf 2481.764 Inf Inf Inf
DPK(Cp) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V% 24.906 23.842 24.906 23.842 30.491 22.919 30.491 22.919
Load [ kgf ]
3800 =
0 ‘1.Blockl.tst |~
3600
2.Block2.tst
3400
200 3.Block3.tst
3200
-3l 4.Blockd.tst
3000
5.BlockS. st
2800 J
Block6.tst
2600-| / 5 e
2400-] ,/
200 / /
2000 / ¢
1800 //
1600 e /
/ /
1400 4
1200 //
1000 /
/
800
600-
400
200
U . § — P S T B T T T i
0.0 0.1 02 03

Elon. [ cm ]

d' U QJ ] Q X 4 o o o Q
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Testing Report

1.Customer : Waen 9.Specimen : 21D

2.0perator : W& 10.Spec.Length : 2.500cm

3.Lot No. : Block 11.Spec. WxT : 2.5000x2.5000cm
4.Date 1 1/14/2013 12.Spec.Area : 6.2500cm”2
5.Temperature: 30 C 13.Total Energy: 20]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 10057.030kgf/cm”2
7.Test Style : Compression Test ) 15.Notice : 21D

8.Standard : ASTM

Load(kgf) Elon.(cm) Stress(kgf/cm”2) Strain(%)
Peak 3162 0.24 505.855 9.64
Break 864 0.21 138.222 8.40
Load [ kgf ] Y¥=0.0 X=0.000 2=0.0 X2=0.000  Mr: NaN
3250
30001 //Peak
2750} e
2500 7
2250}
2000}
1750
1500} /
1250 e
1000-] .
750~
500~
250}

= T T 1 T T 1 T T T T T 1 J T J T T 1 1 ] T i T T i
000 001 002 003 004 005 006 007 008 009 010 011 012 013 014 015 046 017 0.8 019 020 021 022 023 024 025
Elon. [cm ]

d' U QJ ] Q X 4 o o o Q
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Testing Report

1.Customer : Waen 9.Specimen  : 21D

2.0perator : W& 10.Spec.Length : 2.500cm

3.Lot No. : 70 NOHEAT 21D ACID1% 11.Spec. WxT : 2.5000x2.5000cm
4.Date 1 1/14/2013 12.Spec.Area : 6.2500cm”2
5.Temperature: 30 C 13.Total Energy: 23]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 13269.090kgf/cm”2
7.Test Style : Compression Test 15.Notice 121D

8.Standard : ASTM

Load(kgf) Elon.(cm) Stress(kgf/cm”2) Strain(%)

Peak 3704 0.21 592.617 8.44
Break 1803 0.20 288.507 8.08
Load [ kgf ] Y=00 X=0.000 2200 X2=0.000  Mr: NaN
3500 feak
3250 2
3000-
2750
2500}

2250
2000
1750+
1500
1250
1000
750~
500
250-]

T T T T T T J T i T 1 1 J T 1 i T T T
000 001 002 003 004 005 006 007 008 009 010 011 012 013 014 0I5 016 017 048 019 020 021 022

Elon. [cm ]
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1.Customer
2.0perator

3.Lot No.
4.Date

6.Speed

: Waten
Waen

: Block
: 1/14/2013
5.Temperature: 30 C
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Testing Report

9.Specimen  : 21D
10.Spec.Length : 2.500cm
11.Spec. WxT : 2.5000x2.5000cm
12.Spec.Area : 6.2500cm”2
13.Total Energy: 14)

:Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 11941.571kgf/cm”2
7.Test Style : Compression Test
8.Standard : ASTM

15.Notice ~ : 21D

Elon.(cm) Stress(kgf/cm”2) Strain(%)

Load(kgf)
Peak 3020 0.15 483.279 5.88
Break 1383 0.13 221,222 5.36
Load [ kgf ] Y=0.0 X=0.000 ¥2=0.0 X2=0.000 Mr: NaN
3200~
3000
2800-] =
2600~
2400
2200 /
2000
1800~
1600-
1400}
1200
1000~
800
600
400~
200
0.00 0.’01 D.‘DZ 0}03 0.104 D.‘OS 0.‘06 ﬂ.|07 0.‘08 0.‘09 0.‘10 0.‘11 0.'12 O.ll3 0.‘14 0.‘15 0.16
Elon. [ cm ]

d' 1 2 o Qo Q 4 Q o Q o
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Testing Report

1.Customer : W& 9.Specimen : 21D

2.0perator : Waien 10.Spec.Length : 2.500cm

3.Lot No. : Block 11.Spec. WxT : 2.5000x2.5000cm
4.Date : 1/14/2013 12.Spec.Area : 6.2500cm”2
5.Temperature: 30 C 13.Total Energy: 13]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 10795.074kgf/cm”2
7.Test Style : Compression Test 15.Notice : 21D

8.Standard : ASTM

Load(kgf) Elon.(cm) Stress(kgf/cm”2) Strain(%)
Peak 3081 0.15 493.018 6.00
Break 1498 0.13 239.703 5.32
Load [ kgf ] Y=0.0 X=0.000 Y2=0.0 X2=0.000 Mr: NaN

3200

3000
2800
2600
24001
2200
2000+
1800
1600}
1400}
1200}
1000
00|
600~
400-]
200

T 1 v, T T T ¥ T 3 T T 1 1 T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15

Elon. [ cm ]

d‘ 1 o o e o/ 4
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Testing Report

1.Customer : ¥aen 9.Specimen  : 21D

2.0perator : Waen 10.Spec.Length : 2.500cm

3.Lot No. : Block 11.Spec. WxT : 2.5000x2.5000cm
4.Date : 1/14/2013 12.Spec.Area : 6.2500cm”2

5.Temperature: 30 C

13.Total Energy: 9]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 6539.641kgf/cm”2
7.Test Style : Compression Test 15.Notice : 21D
8.Standard : ASTM
Load(kgf) Elon.(cm) Stress(kgf/cm”2) Strain(%)
Peak 1435 0.14 229.632 5.48
Break 679 0.14 108.674 5.44
Load [ kgf ] Y=0.0 X=0.000 ¥2=0.0 X2=0.000 Mr: NaN

1500

1400 Peak
1300~ s

1200

1100~

1000}

900~}

800

7001

600

500}

400~

300

200

100~

VO.OO 0.‘01 0.‘02 0.‘03 0.‘04 0.‘05 0.‘(!6 0.‘07 0.‘08 0.‘09 0.'10 0.‘11 OAIIZ 0.’13 0.‘14 0.‘15

Elon.[cm ]
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Testing Report

1.Customer : Waen 9.Specimen : 21D

2.Operator : Waten 10.Spec.Length : 2.500cm

3.Lot No. : Block 11.Spec. WxT : 2.5000x2.5000cm
4.Date 1 1/14/2013 12.Spec.Area : 6.2500cm”2
5.Temperature: 30 C 13.Total Energy: 12]

6.Speed :Single Speed V1= 0.50cm/min 14.Elasticity Modu. : 10207.801kgf/cm”2
7.Test Style : Compression Test . 15.Notice : 21D

8.Standard : ASTM

Load(kgf) Elon.(cm) Stress(kgf/cm”2) Strain(%)
Peak 2579 0.14 412.674 5.44
Break 1224 0.12 195.879 4.84
Load [ kgf ] Y=0.0 X=0.000 ¥2=0.0 X2=0.000 Mr: NaN
o //)
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