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Purpose

{ Summary >

Development of Biological Concrete Panels for Concrete Buildings to Reduce

the Indoor Temperature of 2C and the CO, of 301,374 (ton/year)

Contents

<First year>
O Selection of suitable (micro)organisms being able to root in biological concrete
under a domestic environment.
- Literature survey and (micro)organisms selection.
- Evaluation of the characteristics of (micro)organisms.
O Cement development for biological concrete panels to root (micro)organisms.
- Literature survey for preceding researches on cement to root (micro)organisms.
- Bioreceptivity evaluation of cement to root (micro)organisms.

<Second year>

O Development of biological concrete for rooting (micro)organisms.
- Literature survey for preceding researches on concrete for rooting (micro)organisms.
- Characteristics evaluation of concrete for rooting (micro)organisms.

O Development of multi-layered biological concrete panels for rooting (micro)organisms
and evaluation of their characteristics.
— Design of multi-layered biological concrete panels.
- Presentation of multi-layered biological concrete panels rooted by (micro)organisms.

Development

O Cement for biological concrete panels for rooting (micro)organisms.

sl O Multi-layered biological concrete panels rooted by (micro)organisms.
O Utilization plan
— Technical supplementation and conduction of follow—up studies through field
applicability evaluation.
— Securing intellectual property rights and commercialization by technology transfer.
— New construction market development.
— Contribution to the creation of new jobs in the construction field.
Expected

Contribution

O Benefits
— Reduction of CO, and purification atmosphere effect.
— Urban heat island reduction and local flood prevention.
— Indoor cooling and heating energy saving.
— Noise insulation effect.
— Durability improvement of concrete structure.
- Aesthetic effect of urban landscape and habitants' psychological stability effect.

Keywords

Biological Multi—-Layer Reduction of Reduction of

i .
icroorganisms Concrete Panel Heat Island CO
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80 |-

60 |-

Compressive strength(MPa)

20

[28 3.19] §H=HdT 53 25

Type of W/B 10%

AC

» MESIH 848 FTItst7| flet ZlZMel ALE™E2 PC F AC EF
0.25%~0.50% O|LH 2 At&Sto{of & A= HEChE .
80 B T oy 100 R 1 Day
[T 3 pay ) 3 Dy
70 | 7Day EIRGEINE T Dy
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At=7b ebdHo|7| 2ol otaUAlol A|MES] B2 SHSHA ZgAel 7= &4

FE
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|
R
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2
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i
mHk
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Dfau|Alot A|HIE(Mg0, Olst M2 2 2Fah) et M 121L4HH & (KHP0,, OISH P2 2f8t)

otgh) A =/ZAMeE|(olsH W/BZE <feh)ol| wE Z T 2

[

» 2 AF0A ALEE EEF ESHME XAMEM SAHAMSLUHEE 1073FH)E
AEstRen, J|ZM= =W DAL ERMALIEERS ALEsStR 20, ¢-¥7| gt
ol 2|5t 7| ZIIAE HUA|7|= 3tst gFEAIE A 3.1t EZ. F 3.5 = o
Toll AFEE Z|ZEAel ststdE f =22 EMES LERH A

HCOy + H" — CO,+ H,0 (4 3.1

" 3.172 HO|AE AHY A& A W45 LIEHH HolH, E 3.182 DIaH Al
of =A 2| HO|AE sitEE LEFH A, P:M 4F X W/B 7F0 LE Z
2o 22T & YFLETE IS Aol ZeA HlEE2 =ESILA SIUZ

[E 3.17] HO|AE AlSAE U H4

=

T = A M
P:M (vol.) 1:0.5, 1:1.0, 1:2.0, 1:3.0
W/B (%) 30, 35, 40, 45, 50, 55, 60
Retarder (%) 3.0% (on M)
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¥ 3.18] MC2| H|O|AE HigtE

= M

(Vol.) (Vol.)

30-0.5 0.5

30-1.0 1.0
30 1 3

30-2.0 2.0

30-3.0 3.0

35-0.5 0.5

35-1.0 1.0
35 1 3

35-2.0 2.0

35-3.0 3.0

40-0.5 0.5

40-1.0 1.0
40 1 3

40-2.0 2.0

40-3.0 3.0

45-0.5 0.5

45-1.0 1.0
45 1 3

45-2.0 2.0

45-3.0 3.0

50-0.5 0.5

50-1.0 1.0
50 1 3

50-2.0 2.0

50-3.0 3.0

55-0.5 0.5

55-1.0 1.0
55 1 3

55-2.0 2.0

55-3.0 3.0

60-0.5 0.5

60-1.0 1.0
60 1 3

60-2.0 2.0

60-3.0 3.0
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HERE TN 3. 947 48 U8 % 4t
® 28

» 22 61 Y HOAE =eV|E ALESH 1522 18 S ZAdd|H S
AAISIRUCE o|= Hi+E F&lstd 15 30X, 25 12 =2 =&5tod Hi =6t
ol =2
=]

@ HIo|lE E2%

» HO|E EEFc "KSL 5111 =44 AHE AIFE E2 Ho[&” o 8
Z EE Ho|lg ¥ EE? Z2 0[&st0d “KS L 5105 E22| ZF &HH" o &
5tof 12.7 mme| =02 Yo7 |l= HH2E HOolE EEE SHYsI¥ 20|, Yot
s HZo| HEYS W FAS X|Lhs f2A 3uste] X228 =Xslod O HA
w2 HolE EE?E olI¥=

= P:M(1:0.5, 1:1.0, 1:2.0 & 1:3.0)0f k= W/BF EE2F =M Z 2} P:MO|
St E EE29It doots dE0| LiEtgen], bl ZIet st
W/B7t SotetE 22Tt Evlske Aol LEl,

400
() P:M1:05 Y = 382X + 18717
] P:M1:1.0 Y =58 X+ 106.06
g e
300 | /
£ < /D/E
5250 x
3
o 200 /D X
150 |- o
100 |-
50 30% 35% 40% 45% 50% 55% 60%
Type of W/B
[O8 3.20] ZE¢ £F &nf
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Lt
ESH P:M(1:3.0)2 2 W/B 30%, 35%, 40%, 45% % 50%0 =&to|

J={et PiM(1:0.5) 9

S Ao} LIERG oD, PIM(1:2.0)2] A W/B 30%, 35% X 40% s stollM =
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KIr

iy
oF

i

et gh3oll

Hots

m 2ol XA E

S7t5t7

Bl

4

_r

b

2ot vel AN EHFol

ol BeE

o

H2|7F 200 mm Of

2 X

o]
Ho

70
H
Bl

1

o{ 250 mm Of

0|
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ufn
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ZHZEH DM 3. 97 = U8 ¥ Mot
» S 2 AFoMeE =LA T|E 2ste] s3E AMESH(HHESE) X

Z71Eel 7.64 MPa Ol&fel 10 WPas 24 SEEZ HYSI2H, 4=t =8

o #o | o2 ZE=XsHE 13sto] I =2 4T E LE = Hg2 MY

Source Souares Sauaros

P:M 1 2021.86 2021.86 172.50 .000

W/B 1 05714 25714 21.94 .000
P:MXP:M 1 159.62 159.62 13.62 001
W/BXW/B 1 13.16 13.16 112 301
P:MXW/B 1 466.69 466.69 39.82 .000

Error 22 257.85 11.72 - -
Co{gﬁgﬁed 07 3252.43 - E

df* : degrees of freedom

55

50

40

35

30
0.5

[O8 3.22]

P:M = 0.723518
W/C(%) = 56.9138
Flow(mm) = 299.148

Flow(mm)

0

= 0- 100

100 - 200
B 200 - 300
1 > 300

P:M = 0.988811

1.0 1.5

P:M
P:MZ} W/BS| & EEF

W/C(%) = 53.8622
Flow(mm) = 253.099

P:M = 1.29044

W/C(%) = 50.1567
Flow(mm) = 200.299

P:M = 1.60661

2.0 25

W/C(%) = 46.9744
Flew({mm) = 151.812

3.0
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O:Olg

o
0x

W/C(%)

P:M = 0.565769
W/C(%) = 52.1079
Strength(MPa) = 15.9310

Strength({MPa)

P:M = 0.683034
W/C(%) = 42.2605

: a

P:M = 0.509027

W/C(%) = 34.9997

Strength(MPa) = 30.6318
.

P:M = 0.512810

W/C(%) = 30.2348

Strength(MPa) = 33.5763

1.5

Strength(MPa) = 22.0940

0

5
10
15
20
25
30
30

0.5 1.0 2.0 25 3.0
P:M
[28 3.23] P:Mz} w/BY
60 _
; P:M = 0.949139
S W/C(%) = 53.0339
o Strength(MPa) = 10.1879
55 T Flow(mm) = 249.763 5
50 , P:M = 1.40704
vy W/C(%) = 44.5767
v Strength(MPa) = 10.0997
I Flow(mm) = 151.398
g 45
=
P:M = 0.502140
40 W/C(%) = 36.2503

Strength(MPa) = 29,9250
Flow(mm) = 204.434

[OF 3.24]

Strength(MPa)
10

Synthetic

satisfaction

0.31368

Maximum

Value (s)

v =23.1368
d=0.31368

[O8 3.25]
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H
P:M(1:0.5)2} XHetst W/BS HRIE MHESIFS. Z=2E=Z CHA

=] -Iékél-

« =& P:M1:0.5 A HE WB H?l 47Fo tistod =HAH Vs/VmE Z=ESHIAL

SRS .

HAlo} A|HIES| Z2ElZ HiEtEE LIEMH ZdQl.

. AR E

O -

T 3.202 REE=2 AE AHE 2 B2 LJERH Zio|O

EH™d|(Vs/Vm)o| w2 EA

O|AE eHile] MBS Sstol 2ol

2
x
rir
ﬂ
il
1o
)
=

W/Be| Heloll cisto dt=x Zetol|l E FEMLsES H4ESHH FHQ

=~ -

=
THEM = KS F 25270 det &M ZE AR HE #2510 &
Si0, 95% Ol&2| 85 HALE ALESIUSZ. 8= TtAtE otadAlot =&t

LS s S| fI5 dUHez AT X2 EME AESSIA

[# 3.20] 2=2EIZ AEAE & Hy
T = Ay M
P:M (vol.) 1:0.5
W/B (%) 30, 35, 40, 45
Vs/Vm (%) 10, 20, 30, 40

—
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Type Vs/Vm
(W/B-Vs/Vm) (%)
30-10 10
30-20 20
30
30-30 30
30-40 40
35-10 10
35-20 20
35
35-30 30
35-40 40
40-10 10
40-20 20
40
40-30 30
40-40 40
40-10 10
40-20 20
45
40-30 30
40-40 40

R
(M X %)

0.5 3
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 Hol2 E2F= KS L 51T =84 A|HE AlgdE S2 HO|E" off 43

=z 22 HolE A E2F Z2 0|&E35t0d "KS L 5106 S22 24 WH" o &

o
stod 12.7 mme| £0l2 H3tA7|= Y2 = Holg E2E FHsIR20], Yst

= Vs/Vm(10%, 20%, 30% % 40%)oll & W/BLt 22 =X Zt W/Bol a2t

Vs/Vmo| S7tet+SF Z2EPc daste 40| LIEN20d, Vs/VmO| 30% = 40%

400

P:M1:0.5
VsNmi% Y=BX+177
VsNm10% Y = 4.87 X +16225
VsNm20% Y=5X+150
VsNm30% Y=775X+91.83
VsNmd0% Y =587 X +63.58

350 -

= gel=k 4

300 |~

N
44
o

S

Flow (mm)

\\/ %
o
.
.

150 -

100 |~

50

30% 35% 40% 45%
Type of W/B

[aZ 3.26] P:M ¥ w/Be| o A=LTE JIX|E=
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3. o7 UE R Mt

E

OII

FW/B 35%01 2t Vs/VmO| S7tetol el Moz E2RIF Haste

[

Zdeo| LIEGt2n], Vs/Vm 10%2] 2292 4 2F 190 mmollM Vs/Vm 10% 7+
2ol w2l E29I7F 2F 10% Zfs5to] Vs/Vm 40%2 4 =i 2F 50% &5t

ATt LtEH

- W/B 40% % W/B 45%] Vs/Vnt ZEeel BAHE W/B 35%o Dot SUs
gﬁol:o| L|'E|'IIA :1 VS/Vm 10%2 E = 7 =Oo g Vs/Vm %7|-O-|| [[|.E|_ Hla;”)&-'l

o2 Zaste gdeo| LEHH.

o

» OlEf{st A E E5101 HA W/B H(30%, 35%, 40% 2 45%)0lM H == =2
= g2 Vs/Vm S7to]| met AASeE Aoz mote|n], M- Vs/Vme| 25 ¢

SZZet el 125t z[H 2| vs/VmE M EStojof & ez EEbE.

0

- ol2{et Zot= TIAUt olR2 eS| 85 TAIE AMBSINNY| mfEol TSI

£ SSHA|l &2 HO[AE thAo| Aot H|WSIRE ¢ ZE2F Aol wWE

= ofof 2} W/B 30%2 &% AEd FHolAM d==tH gHdE ooy Aol 5

Aol M8 Jtset ME Vs/Vm2 20% O|LH 2 =2t5t= Aol Mgteh Held A

gt =.

mujn
JIM'
OII

—
X
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3. 67 4% Ug ¥ 43

- BEEl2 Ee USUTE HOIAE EOM Y 7Yo ZEHSOl

80% XS EHEE + e o2 Lietkol met 7] Mol 1Y, 32 2 7Y
of =YTol it WIS SHUEAS.

= ME(Y, 3 2 7)) 3 Vs/Vm(0%, 10%, 20%, 30% R 40%)oi HE W/B2t
=4 =5 A3 W/B 30%0l k2t Vs/Vm 10% R 20%2] 4 Vs/Vm 10% 7t

of 2t oF 15% &4sts deko| LEHR20 | Vs/Vm 30% H 40%2| &2 E =0l

= W/B 35%2f Vs/Vm &7toll w2l [T M2z 425 480l
Ao 2 LEIHen, 53], Vs/Vm 40%2! AlEAMof 49 AlgA EHI 22 S0

o= AHEA HEE.

= W/B 40% R 45%2| Vs/Vmit FZ Tl ZA= W/B 30% H 35%2] APt =

Aot defo =z LIEIg 2, Vs/Vmo| S7teol et L7 daste A2z
S

LiEter. =5t Seh Vs/Vvmoll hE W/B2| Fek2 et el ZAutet s W/B
7t Bt E &S5t HHH e R st dEo| LEHH.

Compressive strength(MPa)

30% 35% 40% 45%
Type of W/B

[J8 3.27] &=5ZE 53 22

-
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Rl
"
0l

o

Ko

7ol
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ol
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=

2

= EARS] minitab=

- m2El2 chlollA

o
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< O|ES A

=
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FAZIE RS

EE
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KIr
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0lo
7l

up

oll

KIr

oju
NI
KM
"

1

A2IZ7F H 5 A7 w20l SAof

=

Ol

i

W/Boi| rrk
Vs/Vm 2F 10% S ollA W/B

Clolefoll 7| gtet Vs/Vm &

(3|
=

= 18 3.282 A

ok
=l

HAM =

[

(o]
e

517

|cH 2

K

i

N

KIr

]

e dloleol Z|gket Vs/vm H W/Bol| ok

3.29¢=

nid

HA= Vs/Vm 2F 10% S ol A

st7] #ls

b

Itz =

w

1)

oll

W/B 2f 35%E

T2 3,281 I8 3.299] of =

=
—

= 8 3.30

Z| 4~ 200 mm O A,

o
-

Vs/Vm T+Z+2 10% S doflAM Lt

o1 W/B 45%
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ok

olct. 8 4.109 21 FIHA| =HE
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gLt AFRZEE 1250 W/B 35%E MEL 49 LEFLT= W/B 45%=t H|
5t 1.5 Hi B7lste A2 EAMEUCE WM =8 S22 YFLEE o
Z5t= FZH2 Vs/Vn 10%S XM E5t= o] = &o| vs/VnQl Hoz HoieEon], =
2R} AEUE RFEE e mf W/B 2F 35~40 % TZtol XM EHsE W/B el
Aoz mEHECH
Fi
u -,
Vs/Vm(%) = 10.1967 0— 0
W/C(%) = 44.8560 = 50 — 100
Flow(mm) = 222.323 100 - 150
42 - 200
> 200 |
40 :
Vs/Vm(%) = 16.2336
_ W/C(%) = 41.2829
§ 38 Flow(mm) = 216.468
o Vs/Vm(%) = 19.5144
"g\ W/C(%) = 39.1778
36 Flow(mm) = 201.440
Vs/Vm(%) = 17.4750 |
Vs/Vm(%) = 11.4454
34 W/C(%) = 32.2863 :‘I"" ceE). = 35::,5::01
Flow(mm) = 174.185 ovemm) =:179.
32 :
30 "
10 20 25 30 40
Vs/Vm (%)
[28 3.28] Vs/Vmzt w/BS| =2 EZ%
- Strength(flpag i
5 - 10
10 - 15
15 - 20
42 20 =728
25 -.30
> 30
40
Vs/Vm(%) = 10.0246
W/C(%) = 35.0076
9 - Strength(MPa) = 31.1715
@ Vs/Vm(%) = 11.7808
3 W/C(%) = 34.6419
36 Strength(MPa) = 30.0015
4 " Vs/Vm(%) = 14.9121
W/C(%) = 34.1128
Strength(MPa) = 27.7513
32 .
30 ;
10 15 20 25 30 35 40
Vs/Vm (%)
[ 3.29] Vs/Vmzt W/BS| w2 A4=sZE
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Strength(MPa)
44 —1
........ 30
Flow({mm)
42 —— 200

-------- 240
Vs/Vm(%) = 10.1173
W/C(%) = 44.8560

40 Strength(MPa) = 19.4502
Flow(mm) = 222.355

38 .

W/B (%)

Ve/Vm(%) = 10.0117
Y W/C(%) = 37.9390
364 Strength(MPa) = 29.8658

7 Flow(mm) = 217.856

34

{ Vs/Vm(%) = 11.8069
£ W/C(%) = 35.6157
az Strength(MPa) = 29.9039
; Flow(mm) = 201.143
/ /
30
10 15 20 25 30 35 40
Vs/Vm (%)

[23 3.30] 220 e =& Vs/VmIt W/B2| ZHA|

3) ZIZAHof =2 =2

Ojo

o, 7|ZM<= =W DAte| EHIALIERS ALESIAS.
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[E 3.22] 7|= ZEElZ2 AEA

d

ltem Experiment Variable

P:M (vol.) 1:0.5

Vs/Vm (%) 10

W/B (%) 30, 35, 40, 45
71zZH (B X %) 0.25, 0.50, 0.75, 1.00

¥ 3.23 MCe| 7|= 2=El= H{|EE

Type 7| ZH| R
(W/B-7|=H|) . . (B X %) (M X %)

30-0.25 0.25
30-0.50 0.50

30
30-0.75 0.75
30-1.00 1.00
35-0.25 0.25
35-0.50 0.50

35
35-0.75 0.75
35-1.00 1.00

10 1 0.5 3

40-0.25 0.25
40-0.50 0.50

40
40-0.75 0.75
40-1.00 1.00
45-0.25 0.25
45-0.50 0.50

45
45-0.75 0.75
45-1.00 1.00

-84 - FoEN APE0F I|ZUH R




w
2
1
+
ogg
i
0f0

a
0x
H

AUt ol Higt+E FSH 15 30X, 25 12 S e w2

dd2 ?I5td 7| ZHME FASH 15 60X, 25 30X =2t =5t Hi &

@ Holg B2

- HOIZ ZERE S L 5111 £PN AME AHE 22 Hol2" of 7%

2 2z Holg 2 229 23 0850 kS
L

5tod 12.7 mme| =o0|

HU
L
el
>
N
rir
0L
I
|0
HU
g
2 —
i
MH
HU
i
[}
0%
el
9
|0
2

5}

% {0l HEUS O FAS ALhs tZH 3yl ASS S 1 R

= 7|ZX(0%, 0.25%, 0.50%, 0.75% % 1.00%) =&=o| U= W/BRl EE2F

m[}

=
M
ol
i

SHA| 242 ZI=ZH %2l S22t vluwsto] 7| ZzME HIt

A
ot B9 S22t =M 10% &7tsts Zd&€o| LE 2], Z|ZH 0.25% S7tol

& FMO%  Y=645X+1479
400 |- O  FMo025% Y=75X+1625
O FMOS0% Y=8X+176
A FMOTS% Y=762X+200.25
&

350 | FM100% Y=875X+2125

300 -

b

Flow (mm)

\

150 |~

100 -

50

30% 35% 40% 45%
Type of W/B

[O8 3.31] E2% &

0
I
H

- 85 - oM APEok 7| 2UH R




Y
ok
=
1o
>
x
o
rto
i)
T
0[0
o
_|C.|)_
N
H
mju
N
|'IJ
OII

A A ZIA =lof, 2081 7|27t

ot dE V|xE ddetezi ZEME Lol= &ao| 2|5t04

ru|t|
\J
0l

It Aoz mok=El W/BO w2 FE&2 W/BJF 5% SIS 2k 15% E2F
2:

= UASZE= KS L 51056 2B Eel ZE AlEE SAIA Mz U-” of &

5tof 505050 mme| FEY AlgdHZ HEsio] 5 LS HUAGRS. o=

=y

Mol w2l 2ksA|&7] (Universal Testing Mac

F

ine, UTM)E AlE35t0{ ¢z

.I

Ojo

mujn
JIM'
OII

—
X

EEIRH

w

ol gl 72) 2 I Z A (0%, 0.25%, 0.50%, 0.75% 2 1.00%)ol rc}

E W/B2t &L SEZA W/B 30%2 ZF ZI=ZME HIISHA &2 Z[=ZH 0%

of H|WSt{ Z[ZA 0.25% HIHAl 2F 30% Hdash= Aot LIEHR 2N, J[ 2K

0.25% S7tatol| w2l "M oz ok 25~40% Z+ASt= Z I} LIEHS

- 86 - oM APEok 7| 2UH R




X0
K

oo

w0
F

gl

71271 22X ool

I

70l
0{0

i

to{ OfZU[AloF A[HI

uls

x| 2t H

L

=S5
1

SIte

W/BZt 5%

1)
LH
~nO
_xI|
ol

i,

3

F

W/Boi| ot

Ha

ct

F

=N
o]
BN

70

0f0

o

ol
LH

N

15% &

ok
25

=

0l
Rl

4

2 |2

LH

~O

=
or

—_—r
110

o
oll
ar

1)

P2 HAl7

=1
= o

N

ol =X RbA| 2|

o

o

.I

<r
il d

£ sAA

ol
]
%0

P

X

110

Lo
o

> >
T m
[=}al
-

] 7oay

40 |

(edIn)yrbuanys aalssaldwon

o0

o

=T

__AL
o

E

Ao} 7

ol

_87_



20
oK

oo

w0
F

gl

=y Mo

@ 7|=ZH 2

od
ar

T

1

Ho1% 2

H

7|

oM
!

_I

1ol

Ol

of of
S 4

A 0.25%

7

ol
100
(o]

M=o 7|2H 2

oz &

Rr
"

L~ =2E Z29 200 mn 0|4t

'

—
110

0
__OH—

i
=
[\l

T
il !

LH

__A_._|
ol

oF

Hi

5 7|ZH BEES

S

I

4
"

0.5% 2 210fl A

ju
Ok
i

4
"

tof 2k 25% ZAsI2=

ZdER} H|WS

=
=

o
=]

W/B 34%2]

1)
LH

~nO

_xrl

3

0 9
P~
< - = o
o <
o IS Y -3
~ i~ m~ada a3
Ll Tawn - n oo
Son S 2% NN -
a8R ehs Il 9.
LRI ..LM)_ e x
Mmoo, m 1 e Ml
¥ ¥ BN B
W aE )w,m wmlz ExEf
ELE ELENSaD m <
EXE ExSMzz2 3
w®s e~2 =
- Q o =
Wmn i

Flow (mm)
I 280 - 300

240 - 260

| 180 - 200
B 200 - 220
0.8 |mm 260 - 280

1.0 w

™~ < _J A
(=] [=] o o

0.9
0.3

(% X @) 3uaby Bujweoy

44

42

40

38

36

34

32

30

W/B (%)

W/BSt 7| ZH[of| wE E29

(a3 3.33]

%0

oF

=T

__AL
ofd

E

HTFE0F 7

ol

_88_



ZEZEDAM HTE & g ¥ AMut
1.0 -
Strength
‘ (MPa)
< 0
0.9 = 0- 5
= 5- 10
10 - 15
—~ 0.8 mm15- 20
S (m > 20
>
8 o7
= W/B (%) = 31.0462
T FA (BX%) = 0.536091
2 os Strength (MPa) = 14.1429
g
£ W/B (%) = 31.0008
£ 05 FA (BX%) = 0.411296
(+] Strength (MPa) = 17.6449
("8
0.t W/B (%) = 30.1162
FA (BX%) = 0.256367
Strength (MPa) = 23.4540
0.3
30 32 34 36 38 40 42 44
W/B (%)
[J3 3.34] W/Bet 7|ZAof mE AFLUE
1.0 < -
trengt W/B (%) = 34.0559
(MPa) FA (BX%) = 0.259070
09— ;g Strength (MPa) = 19.7724
Flow (mm) = 201.964
Flow
(mm)
=~ 08 200
R W/B (%) = 38.1725
= FA (BX%) = 0.252467
m Strength (MPa) = 15.509
- Flow (mm) = 229.744
3
=4
o
£
£
o
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[T
30 32 4 36 38 40 42 a4
W/B (%)
=20 ot
» MESN =224 SN2 5t DEFTHFXE HItS 47 LSS 4E
St =M DEFMEX ZEE(0]5 SAPZR &) S EES5IDA SIS, EEE=2
B £H2 =[& P:MH| 0.5 2 Z[& Vs/Vm 10%0ll CHSt0] SAP 458 XM E5IUS
= DEFMHEX= JU LAS EAo| Powder typel| ot E A FSEHA-LIEEH
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ltem Experiment Variable
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P:M (vol.) 1:0.5
Vs/Vm (%) 10
W/B (%) 30, 35, 40, 45

SAP (B X %)

0.25, 0.50, 0.75, 1.00

Vs/Vm

(%)

30-0.25

30-0.50
30

30-0.75

30-1.00

35-0.25

35-0.50

35
35-0.75

35-1.00

10
40-0.25

40-0.50

40
40-0.75

40-1.00

45-0.25

45-0.50

45
45-0.75

45-1.00

[E 3.25] MC2| SAP &% ZEZEIE HigtE

P SAP R
(Vol.) (B X %) (M X %)

e 0.25
* 0.50
* 0.75

« 1.00
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0x
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W/B (%) = 34,9287
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Strength (MPa) = 21.8567

30 32 36 38
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CaO A|203 S|02 F8203 Density

(%) (%) (%) (%) (g/cm?®)
OPC 61.6 4.50 19.80 3.57 3.01 3.15
AC 29.4 69.5 0.5 0.5 0.6 2.90
MC - 0.1 1.1 - 95.68 3.60

HIOM 3. 7 2 WS A d3t
[Z 3.27] A&l A2 22| 22/H §4 & N dE

Density
(g/cm?)

2.34

KHoPO4 99

[# 3.29] &2AMe| 22|85 EA

Density
(g/cm?)

2.65

Quartz sand 60 ~ 150 mesh, More than SiO» 95%

Purity Density
(g/cm?®)

1.73

Melting point Boiling point
()

320

Na2B407-10H.0 99 75

Density
(g/cm?®)

2.15

NaHCOs 99

Content Flash point Density
(%) (c) (9/cm?)
SAP 99 5.5~6.5 200 1.11
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Plain 0
0.25-10 0.25
0.5-16 20 20 0.5 0.50 0.5~1.0
0.75-22 0.75
1.0-28 1.00
[£ 3.35] AC2| 48} 32|E HiEE (B7]2H4)

Vs/Vm 7| =H|
(%) (B X %) (B X %)
Plain 0
0.25-10 0.25
0.5-16 10 20 0.5 0.50 0.5~1.0
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1.0-28 1.00
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< HEol HEAs M SME XLt M 3gteke| X|§8 £Es510 1 Ed
#42 Hol2 EEFE 5IUS
= SAP(0%, 0.25%, 0.50%, 0.75%, 1.00%)0l & E2F SHZI FIFTE =2
ASHA| M2 4 SAP ALESE BTt mEt 29T 2F 20% HdasiRen gt
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350 |-
Non-Extra water Add-Extra water
300 |-
Target rapge: 240mm
— 250
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g'200
g
- 150
100
50
0 0 0.250.50 0.75 1.00 0 0.250.50 0.75 1.00
Type of SAP
[18 3.49] E=2¢ 53 Zd1 (OPC)
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= A2 W/B, Vs/Vm, ZIZXM HIlg Z SAP =&E0| tistod EZ2¢ 2
UZUTE o=517| 3t ERAMS 2UAS 2 AT Co[EE J[Hozs A
HAZ HAISIZS. E 3.372 2E METO st T2eo 2R ZIE
LIEFH Zdo|of, 4 3.2&= AdZuto Z|Htst olau|Alot S&H e EZ2F oS
SDHAS LIEHH Zd¢
[E 3.37] 2tSEH 242N (EE29)
Sum of Mean of
Source Squares Squares F Value
Factorx 4 151048 37761.9 124.94 0.000
Factor 4 4252 1063.1 3.52 0.015
of Squares
interaction 4 5824 1456.1 4.82 0.003
Error 39 11787 302.2 - -
Corrected 51 558793 _ _ _
Total
* Factor : W/B(%), Vs/Vm(%), 71 £A41(%), SAP(%)
- Boundary condition : W/B (%) - 30~45
Vs/Vm (%) - 10~40
Z1ZA (%) - 0.0~1.0 on the binder
SAP (%) - 0.0~1.0 on the binder
Flow (mm) = —326+27.04 4 —8.96 B—26.9 C— 154.3D (2 3.2)

—0.3316 42— 0.0623 B>*—2.7C*—31.3D?
+0.2236 AB+2.87TAC+2.25 AD—126.3CD

where,

A: W/ B%),B:Vs/Vm(%),C: FA(%),D : SAP(%)
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EHIM 3. 97 = g 2 Ma}
= ¥ 3.382 ZE A Ot =L EAEAM ZADE LIEHH Zd0[|0d |
Al 3.32 AlgdZ 1o Z|dtst ofOy Aot S8 e &4FLE ofF Z2AS LIE}
LH Zdel. O8 3.55= & 41258 FEE Ao istod ofayAlof =gt e
EZ22 £ ZAIE W/B 35% 2! Vs/Vm 10%0l CHSF Z|=Z=H™ 0~1% 2 SAP 0~1%<]
E2? oEZE LIERH ZHolod, 08 3.562 4 4.2258FH |{I = Ao Cfst
o ojauAlol S&tAe| UFLE | EZ2E & AEMO|E 2}t H| WSt LIEHA
2l
[E 3.38] HFSEH EMEN (UELT)
Sum of Mean of
Source ol Squares Squares F Value P
Factor* 4 685.94 171.485 18.92 0.000
Factor 4 253.58 63.396 6.99 0.000
of Squares
interaction 4 44475 111.188 12.26 0.000
Error 39 353.56 9.066 - -
Corrected 51 3542 85 _ _ _
Total

* Factor : W/B(%), Vs/Vm(%), 71 £A41(%), SAP(%)

- Boundary condition : W/B (%) - 30~45
Vs/Vm (%) - 10~40
Z1ZA (%) - 0.0~1.0 on the binder
SAP (%) - 0.0~1.0 on the binder

Strength (mm) = 19.34+2.32 4 —2.689 B— 63.4 C— 56.7D
—0.0517 A% 0.00019 B>+ 24.32C*+11.47 D*
+0.05726 AB+0.435 AC+ 0.581 AD+44.0CD

where,

A: W/B%),B: Vs/Vm(%),C: FA(%), D : SAP(%)

(4} 3.3)
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]
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.
I
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