—_
o

,_n_ﬂ

TEUSHH

12 .

2014 .

—_— —

—_ — —

ENE

o ol






HER

3l

202page

=

0H#{ (Bottom Ash)Z

BHE

S Sl = w
S S| P&
2 Ny L2
ap} o~ T B°
< N
& P B
i+ =y |2
= oF o NES
T —~ 1
) S ko] Pt
ﬁTl
s ] w2
e fon) oyt <~
z 3 = =
5 = T °
% N ~n ~
¢ X N
S
T ™ Ie
prlioN MM
o - palg IS
o
% B wm = ™
Ui
< o B ol
W F | T =) T | o | <P
ﬂrL m N_.o 63 ﬂ” % ;.ﬁ 5.0
XA M OH|oF ~n =
— W A %
o | B (8 £ Ko -
omm 3 3 " T wm
S = ) G S
= | i+ i+ S|
5| B B B T |

il

[0)

=
=

J

H

— A
—

x
[
X0

I

2Mel J12

b= o

| Al Al
Ay

ol

i

Ll
H

Rl
ol

ol
Rl
P2

o]

ol

ok

<,

ol

il

<
KA

Kl0
Rr

q

ATH IS 2

Al Al
=S

ioJ

E
o

R0
)

fir

o

il

Tl

<l
K

K0
Rr

o)

ol

4
O

ok

el
K0

10
ol

Ko
3+

o)
oF
i

10y
00

il
™
0f0
il

.

ol

ol
JE

Ao
ak

il
30

<

ol
X0
Kd

Ao
i)
i

<J

My

Tor

il

vegetation material, planting system,eco—friendly,
Bottom Ash, Light-weight Block







i[d
ol

mr

)

& el

<
=

l

7

= o
[SRRE=1

_(H

o 4 (Bottom Ash)

AFNEAA Ma(FH, 284, ¥

II.

59

R

A
Al

A5t

=
=

Aol s AdHy =< Bk

=

=K

B
o

1o

dTFNE RS R A

oy A

A4 H 7)1 &2 vle o 4 (Bottom Ash)E &

%

el

B

=1
N

A4

o

Gl
rvze)
Ho
K

A

A el Al x7]

4

=)

H

A A7

ZO
N

A7 WA A E 2

ki3

gl Alasl AA g AlE T

z=

s

Mo

HAr

TR

A

<

il






479 =g A,

1=1 3Ny
= 3L

2=
=

fl <] st

s} 271 3

hya
= JL

=13

Fol 2719 =t

S

171 $1akal,

A%s

s

N2 A 9

FAB 2 AR

A

2 A ALk

0|

Mo

=y

TK

"0

B
-

B/

IH
o

JJo

oo

N

TH

i}

{

)
oF
el

0

Nd
)

Mo

o

ol

N
el

ZaT} (496219)), 7] A 2

Eas

ol Al & 244,304

2]

H]&(8,5673% ¢),

ATFAT A

VI.

1 =]
= AAES

=2 7

371 7he

fu

&, A EAVF Ha

=
-

=1}
=

el A

Hy3e] 7t o

X

o] & Ao=z 7ggt}

_iV_






SUMMARY

This study shows that a kind of rejected material what is called as Bottom Ash was used as
a new vegetation block. Meanwhile it is able to solve lots of problems what are caused by the
present vegetation material. Moreover it also can replace the lightweight soil which was
imported from foreign nations ago and this vegetation block is quite environmentally friendly.

Therefore, the purpose of this research is to find a revolutionary green space making system.

The specific study contents as shown blew

= Development of revolutionary and environmentally friendly vegetation material by using the
rejected material(Bottom Ash)

- Analysis of the domestic and foreign vegetation material’'s basic characteristic

- The best mixing design was proposed in consideration of the conditions of material
constitution and nutritional agents

- Manufacturing technology and working operation development of vegetation material

= Development of lamella construction system of vegetation material product in consideration

of domestic environment
- Planting of volunteer vegetation and plan of soil's depth
- Design of appropriate plant soil structure for vegetation layer

- Development of lamella construction system for volunteer vegetation rearing

= Development of the most appropriate production and construction standard model for

practicality of products
- Development of product’s production technology and plane standard model
- Design of drainage layer and waterproof layer for practicability of model

- System Design of new concept green space constitution and construction manual development

Development of Eco-friendly Planting System Using Vegetation Material

2 domestic academic publication, 2 foreign academic publication, 4 domestic papers
publishment, 1 SCI papers contribution and 1 result of application for a patent were be realized
through research development.

In order to check the effect of development materia, propagation case, maintain management
and ease of flaw reparation of vegetation was checked by the pre-industrial prototype

installation of building roof.






Massive production of material and discussion of a place where is suit for construction,

development of real roof greening construction site and technology was proposed.

By developing the cycle utilization of the rejected material(Bottom Ash) for various green
space constitution, we are able to be expected to maximize the efficiency of systematical

appliance, construction cost and maintain management.

Economical effect is that the creation of added value and the reduction of green—house
gas(49.6 billion). The cost saving of treatment cost of waste material is (857.3 billion) and
replacement effect of crude oil is (430.4 billion) and there is also a high speed increase by
about 10%. In addition, green—-house gas can be reduced because of the cycle utilization of

waste material of industry.

The result of this study is that vegetation block can be used for not only roof greening but
the clay zone greening. The recent problem of the guarantee repair of sports ground grassland

on campus could be easily solved as well.

In addition, the participant companies of this research practiced industrialization and sale
enlargement and employment creation all have been come true and a new construction market

was developed on the foundation of advanced technology.
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[H 2.5] Sgt= AHELS] N Xl BIE# Sl 2= 224 21
&< (mesh) S (S owt.%)
+4 8.6
-4 | 18 8.5
-8 / +16 21.9
-16 / +30 12.9
=30 / +50 14.6
-50 / +100 31.2
-100 / +200 1.9
200 / +270 0.2
=270 0.1
Al 100.0
S3tel Mets] mjygx e nigolHe AEEE B Ay A T 80wt%7F -8/+1002]
U= ] Abolol EAEtaL &S & F Atk ol FAYUES IZA9] Je HMAAE W
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gl 4Xg | B48 | HRSX Iy | FWEE |,
(%) (%) (kg/cm) (keal/mhC)
1.48 64.46 24.07 1120 0.03 o 5| A
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Fe % 34.13 32.53 29.30 32.0
Al % 18.88 18.32 20.76 19.3
Ca % ED-XRF 5.81 4.83 5.79 5.5

K % 1.65 1.34 1.85 1.6

Ti % 1.49 1.30 1.50 1.4
JIEt % 2.50 2.23 2.54 2.4
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=5 _ _ TP

o | WC | o | BE | J12 | =8 | wes | 338 | V0
) |BA | =2 |HE | 0 | W | @ | O

(kg/m) b
P_Bo'f 1115 | 1.08 | 21.92 | 107 | 439 | 2.97
PB.A 13
I 1113 | 110 | 22.00 | 123 | 422 | 230
g A |
I 1,140 | 1.12 | 181 | 9.01 | 39 5.64
PB.A 1:2.5
o 1144 | 113 | 153 | 82 | 378 | 5.00
P_BO? 1120 | 113 | 223 | 105 | 39.9 | 7.8
PB.A 13
I 1122 | 114 | 24 0 | 383 | 7.0
PBA | 2

1,150 | 1.16 9 9.1 35 11.35
07 .
- 1:2.5
I 1152 | 115 | 82 | 83 | 35.6 | 11.20
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A dolHE vy oz o] Agdatso] gt ¢S HlA = AEE 457
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[H 2.12] HIE0H HIS &8 21

2.36mm 1.18mm 0.6um

1349.3 1349.3 | 1349.3

1591.01 1590.08 | 1558.95

@ (BAI)HS)H(AIR)S =2
o)

@ IO HEAE O AlZol =2 500 500 500

@ H§ AXAEO AlZo| =2 44.98 | 452.26 | 457.78
@

=2 AENO . . .

HRAZAE HIE o 2.0 {7 1.6

© 2.0 1.9 1.7

HHl
2

0.02

ol A= vES

S =43 Ay 236mme= 2.0, 1.18mm+= 1.7, 0.6pym+= 1.63Lo. =

G2 vhElol4) wFEe Aohn,

2k QEsk Sop

[E 2.13] HIE0H3 &S A8 20
o & Z2 1 2.36mm 1.18mm 0.6um
) EEHAHX TAEHO =&t 500 500 500
g
@ ZBUAHZ MEHC B 444 98 452 .26 457.78
zag - ®é®x100 % 12.5 11 9
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ds-ia=y

HARFE RN SRS ERAE G

rlo
o|N



(2) wigA 2

zoto] A}, el 7 A Bad 54 ¥ 337 Pk

(02 2.23] HIEM+ £ 22 [0 2.24] HIEM4 MOtS AIE

e

2..36mm 2.0 62% 38% 12.5% 1,260 HS| M

1. 18mm 1.7 63% 37% 11% 1,100 3| AH

0.6um 1.6 64% 36% %% 1,011 3| M
oot ol wiHolA A Tl W RS w2

o FF&e] Aol7t dFHE}
Aeuele] Gxd LY AwAol vk el MEAYL ALTh viEdH A=
H &S ¥ 349 o] FE3te] 7k C/B.A Hlol A&

eyl vpgo4 o] &Augn 11, 1:2, 1:3, 155 7|Fo 23t W/C Bl 30%%
aAske] AFEAT. 1Y 363 go] AlWES uiEo4, Eo| wFgHAA E v &S
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[0 2.25]

[E 2.15] BIE0H+ LSS BHEAl Ot
el %
-+ = 2.36mm 1.18mm 0.6um
CASE 1 100 0 0
CASE 2 80 10 10
CASE 3 60 20 20
CASE 4 40 30 30




[Z 2.16] BIEOH4 HHE HI=lE

X HYEH( 4 /m) G| 2EZ2f HHEH (kg/m')
e C W B.A B.A
= | /BA| /C| C |2.3]1.18] 0.6 C 2.36 | 1.18 | 0.6 W
(mm) | (mm) | (pm) (mm) | (mm) | (pm)
BA-01 39 | 0 0 1038 | 659 0 0
BA-02 " 209 263 | 33 | 33 1038 | 527 56 53 311
BA-03 198 | 66 | 66 1038 | 3% 112 105
BA-04 132 | 99 | 99 1038 | 263 168 158
BA-05 492 | 0 0 775 984 0 0
BA-06 394 | 49 | 49 775 787 84 79
BA-07 e 246 205 | 98 | 98 775 590 167 157 232
BA-08 0 197 | 148 | 148 | 775 3% 251 236
BA-09 589 | 0 0 618 | 1177 0 0
BA-10 471 | 59 | 59 618 942 100 %4
BA-11 13 196 353 | 118 | 118 | 618 706 200 188 185
BA-12 235 | 177 | 177 | 618 471 300 283
BA-13 698 | 0 0 440 | 1397 0 0
BA-14 . 0 559 | 70 | 70 440 | 1118 | 119 112 -
BA-15 419 | 140 | 140 | 440 838 237 | 224
BA-16 279 | 210 | 210 | 440 559 356 335

(3) A@A} % B

2 Agel e vEel4e w27, OBA WE W4 ad A9 SR ol
£ wAe g E 367 2tk O/BA M7} 159 W e
ol7] wel vhgleld B Bty 54 HHay] olele W A s
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[E 2.17] Bottom Ash£29| S2|H - 45N =4
Ot=D2} | ot=2} | ot=2}

oo | T2 TET | T2 | B g 22
2AH | C/B.A ‘?’fg e, (3%,) (7%.) (Zécg,) s |2 | =

(ka/m") (o) %) | %) | ()
BA-01 1,494 | 1453 | 18.14 | 201 | 4 | 10 | 17
BA-02 » o | 1420 | 1256 | 1563 | 74 | 4 | 2 | 18
BA-03 1,385 | 11.33 | 14.36 | 16.7 | 4 | 13 | 20
BA-04 1,821 | 10.25 | 13.49 | 148 | 5 | 13 | 22
BA-05 1,453 | 6.44 | 7.97 | 172 | 11 | 15| 17
BA-06 o | g | 120 [ 529 [3.08 | 158 [ 12 [ 15 | 20
BA-07 1,176 | 4.17 | 2.85 | 123 | 15 | 20 | 23
BA-08 1,104 | 2.6 | 1.17 | 9.7 | 18 | 23 | 26
BA-09 1286 | 15 | 08 | 76 | 16 | 20 | 22
BA-10 g | oo | 1188 [ 0.4 071 [ 66 | 17 | 22| 2
BA-11 1,067 | 1.37 | 0.78 | 3.4 | 19 | 2 | 24
BA-12 1,026 | 201 | 06 | 31 | 20 | 26 | 27

7b) w98 A A 2
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G022 250mg/ 1 0| ot 250mg/ 1 0|5t 500mg/ | 0|5t =4S 1 3
IIES 0.01mg/10l5F | 0.01mg/10l5t | 0.02mg/ 10|15t | 2HE | =& 4=
Hl A 0.05mg/ 10|35} 0.05mg/ 10|35} 0.1mg/ 10|35} U= =Ed= =Ed=
Al Ot 0.01mg/10l5F | 0.01mg/10l|ot 0.2mg/ 1 0I5} =EHE | =& 4=
=2 0.001mg/10Iat | 0.001mg/10l5t | 0.001mg/10l5t | 2= | 22= EH=
=901 0.000K’S;Tg/IOI 0.0005;n:g/IO| 0.000S;Tg/IO| 2= 2= 2
(@) (@) [e)
H= 0.005mg/1 0I5t | 0.005mg/10Iat | 0.01mg/10lct | =22= | =&= 4=
=1 0.1mg/10|ol 0.1mg/10|ol 0.2mg/10l5t | =& | 243 4=
6ItaAsS 0.05mg/10l3F | 0.05mg/ 10|35k 0.1mg/10l5t | =22= | =&= =Ed=
= =
é&:gi 0.03ng/1013t | 0.08ma/1013F | 0.06mg/1013} | 225 | 22 | 22
HEZIZ
ZZ0E 0.01mg/10l3F | 0.01mg/10laF | 0.02mg/I0l5F | E&E=E | 2&E= EH=
gl
1.1.1-E
2222 | 0.15mg/10lot 0.3mg/ 10|35} 0.5mg/ 10|15t | =22= | =&= =Ed=
il EF
| 0.015mg/ 1 0I5t - - =EHE | =& 4=
=yl img/ 1 0|5k - - =EHEs | =& =Ed=
Of & I E 0.45mg/ 1 0|3t - - EHE | =2&= EH=
Aaldl 0.75mg/ 10|35} - - =EHE | 2ES ==
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(1) 4414 &5 ¥

7h B (39 25, 27, 28, 299)

oy

)=
T T

S|
ax

(22) | &2) | (29) | 2 | (=) | 89 | (8=) | (%)
06H 2.9 71 4.35 50 5.88 42 5.87 24.58 5.72 41.38 5.63 41.30
O07H 2.6 56 3.90 39 5.27 33 5.26 19.38 5.13 32.64 5.18 19.35
08H 5 38 7.50 27 10.14 22 10.12 13.15 9.86 22.15 9.96 13.13
09H 6.9 27 10.35 19 13.99 16 13.97 9.35 13.60 15.74 13.74 9.33
10H 8.4 24 12.60 17 17.04 14 17.00 8.31 16.56 13.99 16.73 8.29
1MH 9.6 21 14.40 15 19.47 12 19.43 7.27 18.92 12.24 19.12 7.25
12H 10 18 15.00 13 20.28 11 20.24 6.23 19.71 10.49 19.92 6.22
13H 1.4 16 17.10 1 23.12 9 23.07 5.54 22.47 9.32 22.70 5.53
14H 10.8 14 16.20 10 21.90 8 21.86 4.85 21.29 8.16 21.51 4.84
15H 1.2 12 16.80 8 22.7 7 22.67 4.15 22.08 6.99 22.31 4.15
16H 10.7 19 16.05 13 21.70 11 21.66 6.58 21.09 11.07 21.31 6.56
17H 10.5 23 15.75 16 21.29 14 21.25 7.96 20.70 13.40 20.91 7.95
18H 9.4 27 14.10 19 19.06 16 19.03 9.35 18.53 15.74 18.72 9.33

(2%) | &2) | (29) | =) | (8%) | %) | (%) | (%)
06H 3.7 91 5.55 64 7.50 54 7.49 31.50 7.29 53.03 7.18 52.93
O07H 4.2 81 6.30 57 8.52 48 8.50 28.04 8.28 47.21 8.36 27.98
08H 5.9 75 8.85 53 11.97 A4 11.94 25.96 11.63 43.71 11.75 25.91
O9H 8.3 67 12.45 47 16.83 39 16.80 23.19 16.36 39.05 16.53 23.15
10H 12.3 60 18.45 42 24.94 35 24.89 20.77 24.25 34.97 24.50 20.73
1MH 14.4 56 21.60 39 29.20 33 29.14 19.38 28.39 32.64 28.68 19.35
12H 15.2 46 22.80 32 30.83 27 30.76 15.92 29.96 26.81 30.27 15.89
13H 15.1 41 22.65 29 30.62 24 30.56 14.19 29.77 23.89 30.07 14.16
14H 17.3 35 25.95 25 35.08 21 35.01 12.11 34.10 20.40 34.45 12.09
15H 17.6 33 26.40 23 35.69 19 35.62 11.42 34.69 19.23 35.05 11.40
16H 17.1 38 25.65 27 34.68 22 34.61 13.15 33.71 22.15 34.06 13.13
17H 16 41 24.00 29 32.45 24 32.38 14.19 31.54 23.89 31.86 14.16
18H 14.5 50 21.75 35 29.41 29 29.35 17.31 28.58 29.14 28.88 17.27
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28 | (25) | (85) | (25) | B5) | o) | zq) | (29) | &9) | (25) | (35) | (25) | (5%)
06H 3.9 98 5.85 69 7.91 58 7.89 33.92 7.69 57.11 7.56 57.00
07H 4.2 95 6.30 67 8.52 56 8.50 32.88 8.28 55.36 8.36 32.82
08H 5 0 7.50 63 10.14 53 10.12 31.15 9.86 52.45 9.96 31.09
09H 8.5 86 12.75 61 17.24 51 17.20 29.77 16.76 50.12 16.93 29.71
10H 13.2 54 19.80 38 26.77 32 26.72 18.69 26.02 31.47 26.29 18.65
11H 15.3 38 22.95 27 31.03 22 30.97 13.15 30.16 22.15 30.47 13.13
12H 17.7 27 26.55 19 35.90 16 35.82 9.35 34.89 15.74 35.25 9.33
13H 19.5 26 29.25 18 39.55 15 39.47 9.00 38.44 15.15 38.84 8.98
14H 20.6 25 30.90 18 41.78 15 41.69 8.65 40.61 14.57 41.03 8.64
15H 20.8 24 31.20 17 42.18 14 42.10 8.31 41.00 13.99 41.42 8.29
16H 20 26 30.00 18 40.56 15 40.48 9.00 39.42 15.15 39.83 8.98
17H 18.8 27 28.20 19 38.13 16 38.05 9.35 37.06 15.74 37.44 9.33
18H 16.7 29 25.05 20 33.87 17 33.80 10.04 32.92 16.90 33.26 10.02
06H 5.3 72 7.95 51 10.75 42 10.73 24.92 10.45 41.96 10.28 41.88
O7H 7.8 54 11.70 38 15.82 32 15.79 18.69 15.38 31.47 15.53 18.65
08H 8 45 12.00 32 16.22 26 16.19 15.58 15.77 26.23 15.93 15.55
09H 9.2 28 13.80 20 18.66 16 18.62 9.69 18.14 16.32 18.32 9.67
10H 10.8 25 16.20 18 21.90 15 21.86 8.65 21.29 14.57 21.51 8.64
11H 12.5 26 18.75 18 25.35 15 25.30 9.00 24.64 15.15 24.89 8.98
12H 14.3 13 21.45 9 29.00 8 28.94 4.50 28.19 7.58 28.48 4.49
13H 15.3 12 22.95 8 31.03 7 30.97 4.15 30.16 6.99 30.47 4.15
14H 16.4 1 24.60 8 33.26 6 33.19 3.81 32.33 6.41 32.66 3.80
15H 17.5 10 26.25 7 35.49 6 35.42 3.46 34.50 5.83 34.85 3.45
16H 16.6 16 24.90 1 33.66 9 33.60 5.54 32.72 9.32 33.06 5.53
17H 16.7 26 25.05 18 33.87 15 33.80 9.00 32.92 15.15 33.26 8.98
18H 12.9 30 19.35 21 26.16 18 26.11 10.38 25.43 17.48 25.69 10.36
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) & (8¢ 20~249)

=2 | B B9 B2 ] (eq) | @m) | (@9 | @2 | @9 | @D | @9 | @
O7H 26.3 93 39.45 66 32.04 73 32.06 74.04 33.06 71.04 33.13 72.33
08H 27.8 85 41.70 60 33.86 67 33.88 67.67 34.95 64.93 35.02 66.10
O09H 27 82 40.50 58 32.89 64 32.91 65.28 33.94 62.63 34.01 63.77
10H 27.8 79 41.70 56 33.86 62 33.88 62.90 34.95 60.34 35.02 61.44
11H 29 75 43.50 53 35.32 59 35.35 59.71 36.45 57.29 36.53 58.33
12H 30 73 45.00 51 36.54 57 36.57 58.12 37.71 55.76 37.79 56.77
13H 29.2 74 43.80 52 35.57 58 35.59 58.91 36.71 56.52 36.78 57.55
14H 29.2 74 43.80 52 35.57 58 35.59 58.91 36.71 56.52 36.78 57.55
15H 28.9 75 43.35 53 35.20 59 35.23 59.71 36.33 57.29 36.40 58.33
16H 29 7 43.50 54 35.32 60 35.35 61.30 36.45 58.81 36.53 59.88
17H 28.5 79 42.75 56 34.72 62 34.74 62.90 35.83 60.34 35.90 61.44
18H 28.2 80 42.30 56 34.35 63 34.37 63.69 35.45 61.11 35.52 62.22
22 B8 | =) (E2) | BF) | (oq) | @5) | @®) | @9 | @9 | @=) | @) | @9
07H 24.4 97 36.60 68 29.72 76 29.74 77.23 30.67 74.09 30.74 75.44
08H 27.5 85 41.25 60 33.50 67 33.52 67.67 34.57 64.93 34.64 66.10
09H 27.3 82 40.95 58 33.25 64 33.28 65.28 34.32 62.63 34.39 63.77
10H 26 84 39.00 59 31.67 66 31.69 66.88 32.68 64.16 32.75 65.33
11H 27.8 85 41.70 60 33.86 67 33.88 67.67 34.95 64.93 35.02 66.10
12H 26.4 88 39.60 62 32.16 69 32.18 70.06 33.19 67.22 33.26 68.44
13H 28.7 75 43.05 53 34.96 59 34.98 59.71 36.08 57.29 36.15 58.33
14H 28.5 72 42.75 51 34.72 57 34.74 57.32 35.83 55.00 35.90 55.99
15H 30 69 45.00 49 36.54 54 36.57 54.93 37.71 52.70 37.79 53.66
16H 29.9 71 44.85 50 36.42 56 36.44 56.53 37.59 54.23 37.66 55.22
17H 28.2 73 42.30 51 34.35 57 34.37 58.12 35.45 55.76 35.52 56.77
18H 27.5 75 41.25 53 33.50 59 33.52 59.71 34.57 57.29 34.64 58.33
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O7H 23.4 96 35.10 68 29.70 71.30 29.80 72.30 30.63 71.70 30.73 73.70
08H 24.6 93 36.90 66 30.07 70.67 30.13 71.30 31.10 69.70 31.13 71.00
9H 25.4 90 38.10 63 30.50 70.00 30.57 71.60 31.43 68.70 31.47 70.70
10H 27 86 40.50 61 31.37 69.00 31.27 70.30 32.30 68.00 32.27 69.00
11H 26.5 84 39.75 59 30.93 70.00 30.89 71.00 31.90 68.00 31.87 69.67
12H 27.4 81 41.10 57 31.03 70.67 30.87 71.70 31.97 68.70 31.93 70.00
13H 25.2 86 37.80 61 30.53 71.30 30.60 72.00 31.47 69.00 31.50 70.30
14H 24.3 90 36.45 63 30.10 72.00 30.17 73.00 31.17 69.30 31.23 70.70
15H 23.5 94 35.25 66 29.97 72.67 30.00 73.00 30.93 70.00 31.10 70.67
16H 24 93 36.00 66 29.97 71.00 30.00 73.00 31.00 69.00 31.07 70.30
17H 24.4 93 36.60 66 30.13 71.67 30.10 72.67 31.10 69.00 31.20 70.30
18H 24.5 91 36.75 64 29.87 71..67 29.97 73.00 30.93 70.00 30.97 70.67

(2) | (B8R) | (29) | (8F) | (25) [ (8% | (25) | (8%)
O7H 23 95 34.50 67 28.02 75 28.03 75.63 28.91 72.56 28.97 73.88
08H 23.2 95 34.80 67 28.26 75 28.28 75.63 29.16 72.56 29.22 73.88
O9H 23.6 95 35.40 67 28.75 75 28.77 75.63 29.67 72.56 29.73 73.88
10H 23.4 94 35.10 66 28.50 74 28.52 74.84 29.41 71.80 29.48 73.10
11H 22.9 94 34.35 66 27.89 74 27.91 74.84 28.79 71.80 28.85 73.10
12H 23.4 94 35.10 66 28.50 74 28.52 74.84 29.41 71.80 29.48 73.10
13H 23.1 94 34.65 66 28.14 74 28.16 74.84 29.04 71.80 29.10 73.10
14H 22.7 94 34.05 66 27.65 74 27.67 74.84 28.53 71.80 28.59 73.10
15H 22.4 94 33.60 66 27.29 74 27.30 74.84 28.16 71.80 28.22 73.10
16H 22.1 95 33.15 67 26.92 75 26.94 75.63 27.78 72.56 27.84 73.88
17H 21.7 95 32.55 67 26.43 75 26.45 75.63 27.28 72 .56 27.33 73.88
18H 21.2 95 31.80 67 25.82 75 25.84 75.63 26.65 72.56 26.70 73.88
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a4 | (2R) | (85) | (25) | B5) | o) | z9) | (29) | (&9) | (25) | (85) | (25) | (5%)
07H 21.1 95 31.65 67 25.70 75 25.72 75.63 26.52 72.56 26.58 73.88
08H 21.5 95 32.25 67 26.19 75 26.21 75.63 27.03 72.56 27.08 73.88
O9H 21.2 95 31.80 67 25.82 75 25.84 75.63 26.65 72.56 26.70 73.88
10H 21.8 96 32.70 68 26.55 75 26.57 76.43 27.40 73.33 27.46 74.66
i | 2 | o | ®mo0 | e |80 | 7 | w8 | 7643 | 2765 | 8.3 | 2771 | 746
12H 22.8 95 34.20 67 27.77 75 27.79 75.63 28.66 72.56 28.72 73.88
o | 236 | o | m40 | e | 875 | 74 | w7 | mass | 2967 | 7180 | 2073 | 7300
14H 24.4 a3 36.60 66 29.72 73 29.74 74.04 30.67 71.04 30.74 72.33
15H 24.7 91 37.05 64 30.09 71 30.11 72.45 31.05 69.51 31. 11 70.77
16H 25.1 91 37.65 64 30.57 71 30.59 72.45 31.55 69.51 31.62 70.77
| 2 | ot | s | e | a7 | 71 | w072 | 7245 | 3168 | 6951 | 3174 | 077
18H 25 91 37.50 64 30.45 71 30.47 72.45 31.43 69.51 31.49 70.77
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oh 7h& (10929731, 119 172¢)

208 | (B=) | B2 | (B2) | (E9) | (eg) | (z9) | (29) | (29 | (22) | @9) | (25) | (%)
06H 4.3 96 6.45 68 8.72 57 8.70 33.23 8.48 55.95 8.34 55.84
O7H 3.9 89 5.85 63 7.91 52 7.89 30.81 7.69 51.87 7.77 30.74
08H 7 81 10.50 57 14.20 48 14.17 28.04 13.80 47.21 13.94 27.98
0% 11.5 66 17.25 47 23.32 39 23.28 22.85 22.67 38.46 22.90 22.80
10H 12.5 59 18.75 42 25.35 35 25.30 20.42 24 .64 34.38 24.89 20.38
11H 14.9 52 22.35 37 30.22 31 30.16 18.00 29.37 30.30 29.67 17.96
12H 16.5 47 24.75 33 33.46 28 33.40 16.27 32.53 27.39 32.86 16.24
13H 18.2 42 27.30 30 36.91 25 36.84 14.54 35.88 24.48 36.25 14.51
14H 18.8 37 28.20 26 38.13 22 38.05 12.81 37.06 21.56 37.44 12.78
15H 19.6 33 29.40 23 39.75 19 39.67 11.42 38.64 19.23 39.03 11.40
16H 19.7 42 29.55 30 39.95 25 39.87 14.54 38.83 24.48 39.23 14.51
17H 17.6 52 26.40 37 35.69 31 35.62 18.00 34.69 30.30 35.05 17.96
18H 12.8 69 19.20 49 25.96 41 25.91 23.88 25.23 40.21 25.49 23.84
o= J|AE IS A9 A9 Zﬁi:é' iizé' =5tal | =35tal UIE_—EEF Hl%i} Hl=3t | Hl=3t
302 2 | 29 | (29) | 29) PSP a3 a[y= i}‘%’ AXE ’é':‘d@ AlHIE ’é'AHPE\*

(25) | @5) | (25) | (29) | 29 | @9 | e9) | &)
06H 9 94 13.50 66 18.25 55 18.22 32.54 17.74 54.78 17.92 32.47
O7H 9.2 81 13.80 57 18.66 48 18.62 28.04 18.14 47.21 18.32 27.98
08H 13.2 61 19.80 43 26.77 36 26.72 21. 11 26.02 35.55 26.29 21.07
O9H 14.2 53 21.30 37 28.80 31 28.74 18.35 27.99 30.89 28.28 18.31
10H 15.2 45 22.80 32 30.83 26 30.76 15.58 29.96 26.23 30.27 15.55
11H 16.1 38 24.15 27 32.65 22 32.59 13.15 31.74 22.15 32.06 13.13
12H 16.5 32 24.75 23 33.46 19 33.40 11.08 32.58 18.65 32.86 11.05
13H 16.8 31 25.20 22 34.07 18 34.00 10.73 33.12 18.07 33.46 10.71
14H 17.6 31 26.40 22 35.69 18 35.62 10.73 34.69 18.07 35.05 10.71
15H 17.5 31 26.25 22 35.49 18 35.42 10.73 34.50 18.07 34.85 10.71
16H 17.2 29 25.80 20 34.88 17 34 .81 10.04 33.90 16.90 34.25 10.02
17H 15.4 24 23.10 17 31.28 14 31.17 8.31 30.36 13.99 30.67 8.29
18H 13.2 44 19.80 31 26.77 26 26.72 15.23 26.02 25.64 26.29 15.20
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10 Jiam | Jjars Ag| A9l E\iif’é' 5—\=_§Vé' =ata | =3t I:IIE'?.:§} HIE_—=\§} Hl=3t | HI=3st
s2 | (3o | oy | (o) | () | BB | @8 | we | we | &@m | any | gue | gu

(22) | (89) | (29) | @9) | (2%) | @9 | =9 | (&8
06H 3.6 90 5.40 63 7.30 53 7.29 31.15 7.10 52.45 7.7 31.09
07H 3.4 81 5.10 57 6.90 48 6.88 28.04 6.70 47.21 6.77 27.98
08H 5.7 71 8.55 50 11.56 42 11.54 24.58 11.24 41.38 11.35 24.53
09H 9.3 59 13.95 42 18.86 35 18.82 20.42 18.33 34.38 18.52 20.38
10H 1.6 51 17.40 36 23.52 30 23.48 17.65 22.87 29.72 23.10 17.62
11H 12.7 39 19.05 27 25.76 23 25.70 13.50 25.03 22.73 25.29 13.47
12H 14 35 21.00 25 28.39 21 28.34 12.11 27.60 20.40 27.88 12.09
13H 14.7 30 22.05 21 29.81 18 29.75 10.38 28.98 17.48 29.28 10.36
14H 15.6 25 23.40 18 31.64 15 31.57 8.65 30.75 14.57 31.07 8.64
15H 15.2 27 22.80 19 30.83 16 30.76 9.35 29.96 15.74 30.27 9.33
16H 14.5 31 21.75 22 29.41 18 29.35 10.73 28.58 18.07 28.88 10.71
17H 13.6 34 20.40 24 27.58 20 27.53 .77 26.81 19.81 27.09 11.75
18H 12.3 39 18.45 27 24.94 23 24.89 13.50 24.25 22.73 24.50 13.47
v | @) | B9 ER) ] BR) ] eq) | 8 | @9 | 9 | (@9 | @9 | (=5 | @8
06H 5.20 82 3.10 49 8.32 48.22 8.22 48.99 8.09 48.50 7.96 49.66
O7H 5.80 65 4.51 50 9.28 38.22 9.17 38.83 9.02 38.44 8.88 39.37
08H 9.20 45 13.50 54 14.72 26.46 14.54 26.88 14.31 26.61 14.08 27.25
09H 10.30 31 15.34 43 16.48 18.23 16.28 18.52 16.02 18.33 15.76 18.77
10H 10.00 29 24.50 36 16.00 17.05 15.81 17.32 15.55 17.15 15.30 17.56
1MH 11.00 27 28.15 31 17.60 15.88 17.39 16.13 17.11 15.97 16.83 16.35
12H 11.60 25 29.24 19 18.56 14.70 18.34 14.94 18.04 14.79 17.75 15.14
13H 12.00 24 31.78 16 19.20 14.11 18.97 14.34 18.66 14.19 18.36 14.54
14H 12.30 25 32.47 15 19.68 14.70 19.44 14.94 19.13 14.79 18.82 15.14
15H 12.70 23 28.40 17 20.32 13.52 20.08 13.74 19.75 13.60 19.44 13.93
16H 12.60 24 26.75 20 20.16 14.11 19.92 14.34 19.60 14.19 19.28 14.54
17H 11.80 25 23.47 27 18.88 14.70 18.65 14.94 18.35 14.79 18.06 15.14
18H 10.80 25 21.64 30 17.28 14.70 17.07 14.94 16.80 14.79 16.53 15.14
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nm | oiam | ows | me | ag | 53 | =sa | =sia [ =sia [ uiss [ viss | diss ] oiss
w2 | (=8 | me) | (2e) | (o) | BE | #E | w= | oue | sz | oz dng | due
(25) | (8%) | (29) | (89) | (82) | @&=) | (25) | (&%)
o | -0.1 | 87 17 | s | 1778 | B2 | 175 | 3% | 189% | 316 | 191 |
oH | -0.2 | 8 19 | 5 | 176 | 382 | 7772 | 3 | 174 | 203 | 176 | 3
o8 | 25 | 75 | 41 59 | 191 | 32 | 188 | 38 | 1772 | 313 | 7.7 | 326
oH | 69 | 6 | 1.1 | 4 | 26 | 31 | 203 | 3 | 192 | 306 | 193 | 31.3
H | 101 | 45 | 26.0 | 41 | 217 | 209 | 208 | 30.2 | 22 | 31 | 20.13 | 3i
fH | 114 | 3 | 323 | 3 | 226 | 301 | 25 | 306 | 216 | 303 | 2146 | 31
H | 186 | 26 | 35 | 24 | 28 | 20 | 263 | 286 | 2 | 208 | 219 | 30.3
13 14 24 | 304 | 21 | 2816 | 29 | 2243 | 2 | 25 | 28 | 23% |
i | 149 | 24 | 03 | 20 | 228 | 28 | 25 | 286 | 23 | 276 | 228 | 29
B | 154 | 22 | 242 | 2 | 21 | 2 22 | 286 | 218 | 28 | 2186 | 29
161 15 22 | 216 | 25 | 219 | 283 | 2156 | 293 | 21.2 | 28 | 21.3 | 29
| 127 | 3% | 88 2 | 2073 | 263 | 207 | % | 206 | 28 | 2206 2
e | 92 | s 4.2 % | 2006 | 2863 | 2028 | 29 | 198 | 303 | 19.86 | 30
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oh) A (1¥ 227269)

2e | (2=) | B2 | (B2) | (E9) | (eg) | (z9) | (29) | (29 | (22) | @9) | (25) | (%)
O7H 3 98 8.90 77.19 16.06 71.30 16.16 71.18 17.30 74.34 17.22 75.18
08H 3.1 98 8.30 77.19 16.40 71.30 16.33 71.18 17.15 74.34 17.23 75.18
O9H 3 98 3.10 77.19 12.13 71.30 11.92 71.18 13.02 74.34 12.96 75.18
10H 6.9 84 8.10 66.17 16.00 61.11 16.05 61.01 16.80 63.72 16.90 64.44
11H 7 75 7.30 59.08 15.36 54.56 15.30 54.48 15.76 56.89 15.74 57.53
12H 7.8 63 7.10 49.62 15.50 45.83 15.53 45.76 16.20 47.79 16.06 48.33
13H 7.3 69 17.00 54.35 15.06 50.20 15.10 50.12 15.52 52.34 15.36 52.93
14H 6.9 72 16.90 56.71 14.46 52.38 14.40 52.30 14.70 54.62 14.66 55.23
15H 6.4 77 16.30 60.65 13.33 56.02 13.26 55.93 13.56 58.41 13.50 59.07
16H 6.2 82 5.40 64.59 12.90 59.66 12.86 59.56 13.56 62.20 13.40 62.90
17H 6.1 86 5.90 67.74 12.00 62.57 12.02 62.47 12.80 65.24 12.60 65.97
18H 4.7 93 -0.20 73.26 10.80 67.66 10.78 67.55 11.46 70.55 11.26 71.34

(25) | @2 | 29) | 29 | @2 | 2 | @2 | )
O7H 2.3 96 8.20 75.62 15.36 69.84 15.46 69.73 16.60 72.82 16.52 73.64
08H 2.2 95 7.40 74.83 15.50 69. 11 15.43 69.00 16.25 72.06 16.33 72.88
O9H 2.6 94 2.70 74.04 11.73 68.39 11.52 68.28 12.62 71.31 12.56 72. 11
10H 3 92 4.20 72.47 12.10 66.93 12.15 66.83 12.90 69.79 13.00 70.58
11H 3.6 91 3.90 71.68 11.96 66.20 11.90 66.10 12.36 69.03 12.34 69.81
12H 3.6 90 2.90 70.89 11.30 65.48 11.33 65.37 12.00 68.27 11.86 69.04
13H 3.6 90 13.30 70.89 11.36 65.48 11.40 65.37 11.82 68.27 11.66 69.04
14H 4.1 98 14.10 77.19 11.66 71.30 11.60 71.18 11.90 74.34 11.86 75.18
15H 4.3 88 14.20 69.32 11.23 64.02 11.16 63.92 11.46 66.75 11.40 67.51
16H 4.2 91 3.40 71.68 10.90 66.20 10.86 66.10 11.56 69.03 11.40 69.81
17H 41 93 3.90 73.26 10.00 67.66 10.02 67.55 10.80 70.55 10.60 71.34
18H 3.6 95 -1.30 74.83 9.70 69. 11 9.68 69.00 10.36 72.06 10.16 72.88
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orm | o | | we | oae | PHTE | T | D02 Do ol | e
g | (85) | (B8%) | (BF) | (B9) | ag) | (z9) | (29) | &9) | (29) | &9) | (29) | (&%)
O7H -2.5 99 3.40 77.98 10.56 72.02 10.66 71.91 11.80 75.10 11.72 75.94
08H -2.3 99 2.90 77.98 11.00 72.02 10.93 71.91 11.75 75.10 11.83 75.94
O9H -2 99 -1.90 77.98 7.13 72.02 6.92 71.91 8.02 75.10 7.96 75.94
10H -1.7 95 -0.50 74.83 7.40 69. 11 7.45 69.00 8.20 72.06 8.30 72.88
11H 0.6 94 0.90 74.04 8.96 68.39 8.90 68.28 9.36 71.31 9.34 72.11
12H 4.2 82 3.50 64.59 11.90 59.66 11.93 59.56 12.60 62.20 12.46 62.90
13H 6.1 74 15.80 58.29 13.86 53.84 13.90 53.75 14.32 56.13 14.16 56.77
14H 6.6 65 16.60 51.20 14.16 47.29 14.10 47.21 14.40 49.31 14.36 49.86
15H 6.3 57 16.20 44.90 13.283 41.47 13.16 41.40 13.46 43.24 13.40 43.73
16H 5.9 56 5.10 4 11 12.60 40.74 12.56 40.68 13.26 42 .48 13.10 42.96
17H 5.4 55 5.20 43.32 11.30 40.01 11.32 39.95 12.10 41.72 11.90 42.19
18H 4.8 54 -0.10 42 .54 10.90 39.29 10.88 39.22 11.56 40.96 11.36 41.42
22 | (B9) | =) | (E5) | &= o) | 23) | (20) | @9) | (29) | (59 | (@9) | (a9)
O7H -1.8 32 4.10 30.00 11.26 43.99 11.36 43.92 12.50 24.27 12.42 24.55
08H -1.7 32 3.50 30.00 11.60 43.99 11.53 43.92 12.35 24.27 12.43 24.55
O%H -0.7 29 -0.60 28.00 8.43 39.86 8.22 39.80 9.32 22.00 9.26 22.25
10H 0.9 26 2.10 29.00 10.00 35.74 10.05 35.68 10.80 19.72 10.90 19.95
11H 0.8 24 1.10 25.00 9.16 32.99 9.10 32.94 9.56 18.21 9.54 18.41
12H 2.4 21 1.70 22.00 10.10 28.87 10.13 28.82 10.80 15.93 10.66 16. 11
13H 2.1 18 11.80 19.00 9.86 24.74 9.90 24.70 10.32 13.65 10.16 13.81
14H 2.7 15 12.70 20.00 10.26 20.62 10.20 20.59 10.50 11.38 10.46 11.51
15H 2.1 25 12.00 22.00 9.03 34.36 8.96 34.31 9.26 18.96 9.20 19.18
16H 1.4 26 0.60 20.00 8.10 35.74 8.06 35.68 8.76 19.72 8.60 19.95
17H 0.9 27 0.70 19.00 6.80 37.11 6.82 37.06 7.60 20.48 7.40 20.71
18H -0.1 28 -5.00 20.00 6.00 38.49 5.98 38.43 6.66 21.24 6.46 21.48
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g | (E5) | (B%) | (@5 | B9 | (o) | @9 | (@9 | @) | @) | @9 | @9 | @)
07H 7.9 71 -2.00 47.00 5.16 36.00 5.26 35.63 6.40 34.30 6.32 34.30
08H 7.7 51 -2.50 46.00 5.60 36.00 5.53 36.00 6.35 34.63 6.43 34.00
O9H -3.2 28 -3.10 42.00 5.93 35.00 5.72 34.63 6.82 35.00 6.76 34.60
10H -1.8 22 -0.60 32.00 7.30 33.00 7.35 32.63 8.10 32.00 8.20 33.30
tH | 04 | 15 | 010 | 2500 | 7.9% | m00 | 7.0 | 3263 | 83 | 3020 | 834 | 30.00
12H 0.7 14 0.00 31.00 8.40 33.63 8.43 34.00 9.10 31.30 8.96 30.63
@ | 11 | 14 | 1080 | 2100 | 88 | 3460 | 890 | 363 | 9.3 | 23 | o6 | 31.63
14H 1.7 15 11.70 16.40 9.26 34.00 9.20 34.63 9.50 31.76 9.46 30.96
15H 1.9 15 11.80 26.00 8.83 34.00 8.76 35.00 9.06 33.00 9.00 32.63
16H 1.4 17 0.60 31.00 8.10 34.63 8.06 35.00 8.76 34.63 8.60 33.00
| o8 | 19 | 060 | 3.00 | 670 | .26 | 672 | 35.63 | 7.5 | 3400 | 7.30 | s4.00
18H -0.5 21 -5.40 33.00 5.60 36.00 5.58 35.36 6.26 35.00 6.06 34.63
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Sampled Name

HHEOH+ =TH 4.75mmO| &

7.8 = ¢

Accept Date

20124 438 132

02. T & A 08.AEHS
Location MG YN A Test Ne 14-0565
03.5 Ab & 09.7H & &
Project Name - Sampled Date 20124 48 132
04.& = Xt 1070 & Xt SEIMUED
Client - Sampled by NME
05.Al 3 Xt 1.2 3 Xt
Constructor — Observer -
06.2 2 Xt == HMCHE D 12. 4 &b Xt
Requested by 22 &E Producer =

[Sto SEAIE - ZA 2218 21 AIZ0l CHoHA OteH Al 2ol et AlE - ZASE 208
CtSt 20l Zei=gULUICt.

2 ot
, _ MU=t
NE - AAES o9l | AE - AAHY NEREWER"
Iz | 89 | MY
01.2 T(RUAX) a/on® 2.21
02.2 S(EHAXLS) fen’ 2.30 :
N ’ HEME | g0 L
— KSF-2503-2007 |- NEoIN | OER T
03.2 S(MUT) a/cm’ 2.44
04.8 4+ 8 % 4.3
H0IBSX : EHAE
-OIAIE - ZAL 20 X 22IAl MIEE AIS0 e ZU0I2E U2 S22 0|82 SXIELICH
20124 4& 18Y
HON
5 s & xE
St A E AN E AP A0 ANE
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIREGTOR, GENERAL'
$641-815 2t A O HT HM2E 202-2 / H3H (055)238-6200 / W 238-6765
CRONE | HEDIEXS 42D A0l gt IS0E 200l U 2ES & + fASUCH
4H10I KIS 4HI0I K|
221-081-1(Z)
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SEANE - SAEEA

TEST DATA SHEET FOR QUALITY INSPECTION

01.Al & & 07.8 = ¢
Sampled Name UHFEO0H4 X=X 2.36mm Accept Date 2012E 43 13g
02. THH & & 08.AIEHS
Location AL E LA Test Ne 14-0565
03.3 Al & 09.7H = &
Project Name - Sampled Date 2012 48 132
04.2 = Xt 10.7H & Xt SHEIMUE D
Client — Sampled by ME
05.Al 3 Xt 1.2 3 X
Constructor _ — Observer =
06.2 2 Xt e I8 h=lgm] 12. 4 &b Xt
Requested by 2 & Producer -
Ao BSEAME - ZAF 2AZE F AZ0l CHOHA OF2H AIE -0 M2k AIE - 2AE 202
Ct23t 20| HELITH
Z ot
_ _ _ A =X
H . HAE=E2 cto S . H AlYFEH S . HALA —
ANE - BAES < AE - ZArY Al - 2 A2 N=zZ= | 8 9 | N o
01.ZLE(BUAX) a/cn’ 1.97
02.2 S(HEHAXIEG) 9 2.16
- ki AUWE | oo |
KSF 2504-2002 ANE A 0l &<
03.2 S(MeE) g/cm3 2.45
04.5x2 % 9.9
HU0IESH  FEANE
OINIE - ZAb 2= 2X 2ZAl MEE AZ0 U8 20122 CE =22 0|22 2XISLIC
20124 48 182
= A = :
st =3 A & Al E H A0 AR
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL| :
L 2641-815 B HRAI QBT AM2E 202-2 / F3t (055)238-6200 / Hz 238-6765
CROIANE ¢ A= YD A0 U= BRUE 20 W 252 o

AT O XI 1 IOl XI

&= §ASLICH

22|-081-1(F

)
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SEANES-SBAEEA

TEST DATA SHEET FOR QUALITY INSPECTION

01.Al B8 &

07.8 = ¢

Sampled Name HFE 0K+ Zt=TH 1. 18mm Accept Date 20124 48 13¢
02. THF & A 08.AlEES
Location — AXMZSELALY Test Ne 14-0565
03.2 At & 09.70 # &
Project Name - Sampled Date 20124 43 13
04.2 = Xt 1070 & Xt St = MIHE D
Client - B Sampled by LME
05.Al & Xt 1. 3 Xt
Constructor _ — Observer -
06.2 2 Xt St s 12,44 &b Xt
Requested by 22 ZE Producer -
B ZRAIE - ZAF 22T 2 AZ20l CHol A Ofeh AlEiZtol et AIE - ZArs 20E
CrS1t 20| ASELITH
2 1
_ _ r _ 201)| = X}
S AH =2 H . H oA
ANE - BAES = A - A AE - ZAZ === | 42 | N g
01. 2= (ZEUAx) a/cn® 1.84
02.2 S(HEHAZXII) a/en® 2.05 »
A = i A
KSF 2504-2002 e oae -
03.2 =(NUE) a/cm’ 2.33
04.8x28 % 11.5
H0I8SH  SEAE
COIAIE - A 20 X 2ZIAl MEE AIZS0 S ZD0I22 OUHE SHSZ 0|88 SXIELICH
20124 4& 18
BRALANE AP A AR
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL X
2641-815 A ZRAAl Q=T HA2S 202-2 / A3} (055)238-6200 / XL 238-6765
CROAE ¢ HUDIEXS 4 MOl A= ER0= Z200 U ES2 E = ASLITH

AT O XI2TH Ol K|

&2/-081-1(&)
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SEANS-SAEHA
TEST DATA SHEET FOR QUALITY INSPECTION

01.Al 2 & 07.8 = ¢

Sampled Name HIE 04 Zt=TH 0.6mm Accept Date 20124 48 13Y
02. THFH & & 08.AMERS

Location o pEESEgNEaAy Test Ne 14-0565 o
03.3 At & 09.% H «

Project Name - Sampled Date 20124 48 132
04.2 = Xt 10. 80 H Xt = MUE W

Client - Sampled by UE
05.AI 8 Xt 11.& 3 Xt

Constructor - Observer -
06.2 2 Xt == HE R 2.4 A Xt

Requested by 22L& Producer -

Fott SEANE - ZA 2AZIE 2 AIZ0 CHollA Ot AIZ 2 &0l et Al - A 2
CtS 20| LA =~>LICH

ANE - AAES chel | AR AR AE - 2AIZ D Ipﬁ%;ﬁ"%gzﬂ T
01. LT (BUAX) a/cm® 1.73
02.2 C(HEHAXZS) a/cm® 1.96
KSF 25042002 HUME | o 2o | g
NERS T -
03.2 S(MUT) a/cm’ 2.25
04.848 % 13.4
SDOIESX : ZHAIE
OIAIE - AL 20t X 2ZAl MEE AIS0 Uis 20122 OHIE SBHSZ 0182 SXISLICH

20124 43 18Y

— A_l — - X »
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL=
41-815 ' HRA| QBT BA2E 202-2 / M3t (055)238-6200 / HZ 238-6765

$6
2
CROAE L HYIIERe d2 MO0l s ZR0E ZD0 UE 252 g & ASLICH

ATH O XISH Ol K|

22|-081-1(&)
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SEANS-HAEHA
TEST DATA SHEET FOR QUALITY INSPECTION

o4
=

01.AI &

Bottm-Ash 2 E AIE&t 7.8 = ¢

Sampled Name &SEISAIM Accept Date 20124 448 23
02. % & A 08. Al S
Location SESErei= il | Test Ne 12-0613
03.2 At & 09.AI &8 «
Project Name - Test Date 20124 48 27
04.2 = Xt 10.A1 & Xt St=22RHEw
Client - Tested by ME
05.AI & & 1. 3 X
Constructor ~ Observer =
06.2 2 Xt e AFA 248 &2l ¢ 12,8 & Xt
Requested by 270HH Xl St==MUstW QM= Producer -
Gt EZAIE - 2AL 228 2| A0 CHAHA OFeh Al et AlE - ZAeE 20 E
St 20| gHSLt
Z n;
)\\64 34A|,_7F_E C}Ol }\lél D—lA}t:ll»tH /\‘34 . D—lA',JdI)". ngl%xr
== =T AR EAsSs -0 HAEE s Y MY
1.9 0|2(CI) % KSF 2713 0.013
AlZ 18 27.6
A= | g ne =
AE | A
2.4F2AE AZ28 | Mpa KSF 2405 5.6
ANE38 3.3
- Al&2 3J1= 100 x 200mm &
CHI0IESE  EEAE
-OIAIE - ZAF 2t ©X 22IA HIEE AIZ0 8 200122 U8 sSXHe=z 0188 SXELILH
201243 48 27 (= =3
SH2 A A E SR AO AR
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL ]
P641-815 B HAA HA25 202-2 / MG} (055)238-6200 / &S 238=6765
CROAE  MAUDETS I MOl A= ZR0E S0 e 252 & = SisLICH

2t21-081-1(3)
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=& Al

2SR A

TEST DATA SHEET FOR QUALITY INSPECTION

01.Al B2 & Bottom-Ash ZIHE AtE st 7.8 = ¢
Sampled Name A& E (BAO1) Accept Date 20124 4& 23< -
02. M & &2 08. A ERS
Location AMIISHE Y o Test Ne ~ 14-0613 -
03.2 AF & 09.7H F &
Project Name - Sampled Date -
04. 2 = Xt 10,74 & Xt St AUER
Client = o Sampled by QUME B N
05.A 3 Xt 1.2 3 &t
Constructor — o S Observer -
06.2 2 Xt e ZFA 2UE 2l & 27 12,48 &F Lt
Requested by BI2IHUSIDAISIHAC QIE Producer -
B BERAIE - ZAF Q2B 2| AIZ0l CHOHA OFeH AlE R0l ek AIE - ZAHE 21t
CtSo 20! L =—ILICH
=l i
[ ‘ - M éi—r . - . XH Ol oA
o B AR - AANES S AE - BAMEE| 2 NE - ANZD LSl S
vis HEs2 [ 8 | Mg
o | 4 ) g
1 1 | 35.6 J ‘ ‘
1 9=US | Mpa| KSL 5105 i > | a5 | BR | 8.5 ’ ;
| il et .
‘ K 303 L ;
\ 1103 ‘ i |
_ ] HATHE ‘
2| 8 +8 % | ka2 | 102 m2 | 101 | L5M%= gze —
‘ T 3 9.9 ‘
| -~ | | |
| k | h |
1 1.933 # ‘ ‘ ‘
3 25 ofon®|  KSF 2446 2 | 1.920  ®Z | 1.927 ‘ i
‘ N | |
ncalll |
- AlE2e AJ1=: 50x50x50mm &
S HI0IBEN  SEANE
COIAIE - ZAF 2ok 9E QA MBS AIZ0 et ZD0122 O SBHSZ 0|22 SXIELICH
20124 48 26¢ , *“-t.?iv}
IS M | | PN
of 24 A 2 A0 A &t ‘g
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL i §
2641-815 e ERAA JEHA FM2s 202-2 / M3 (055)238 6200 / Bg 238- 6765 .
SOME ¢ BHAI=TS AEI MO s 2 OHE S0 HE 252 %é* = ASLICH
10HI 0| XI = 1HI0| XI
22|-081-1(&)
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SEANE-DALEAN
TEST DATA SHEET FOR QUALITY INSPECTION

01.Al E & Bottom—Ash =M E AIE &t 7.8 = ¢
Sampled Name  Al& ™ (BAO2) o o Accept Date 2012 48 23¢
02 THEEA 08 AIBHES
Location TSR - Test Ne 14-0613
03.2 At O 09.7H 3 Y
Project Name - S Sampled Date  —
04.2 F Xt 0.7 3 X SRR S D
Client - - Sampled by M=
05.A 2 Xt 1.2 3l X
Constructor - S Observer =
06.2 2 Xt 2 ATAl SAS A2 4 270 12,8 & Xt
Requested by BRI WS DMASIEAE QM= Producer -
B BRAIE - HAF Q2B S AIZOI CHSHAL OFZh AIZZEOl M2t AIE - 2AHE ZDIE
CH2 D 20| LASYLICH
2 o
- | | | = | o [ XH Ol = ]
of i AlE gmg%‘a% NERE T NE - 2AZD "Jj}iﬂ ——
‘ | == HAES 49 Mg
S i — g
| ] 290 | | |
| emaz i . -
i A=AT ‘Mpa KSL 5105 2 295 | B | 31.4 \ \ |
| | \ 3 7 | |
] o A i s N
I I S ‘ ‘
2 B8 | % | KSF 4006 2 | 14 | ma | 13 |L2NE ome [T
i = T = o , N » | r=JULH \ & )\|§j|}\]' iR
\ | ‘
| \ | 3 1.1 } |
| . ‘ ’
1 | | 1.8 ‘ ’ ‘ ‘
3| 2 & ‘g/cms KSF 2446 LZ Cieee  mWE | 1.830 ‘ \ ‘
1 ] | 3 ©1.834 | ‘ \
| | |
AZ Sl 21=: 50x50x50mm
HT0I22H  ZEEAE
OIAIE - Al 2= DX SZA MBS AS0 (8 2DOI2E OE 2O 0182 SXEBUT
20124 48 26Y B
o A =1 2N 0] AF &
st =2 AH 4 Al & A A0 AFE
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL Al
©641-815 Tt IR OEHT AL 2002 / M3 (055)238-6200 / % 238-6765 !
TSolNE MY ST A0l SE FSUE MK B 25S g + qsUs.

10H Ol XIZ2HI Ol XI

221-081-1(2)
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SEANE-ZAEEAN
TEST DATA SHEET FOR QUALITY INSPECTION

01.Al & &
Sampled Name

Bottom-Ash ZIHE AtE&t 7.8 = ¢
Al'E B (BAO5) Accept Date 2012 4% 23¢

02. THF &4

08.AlEES

Location  MAEESE - o Test Ne 14-0613 B
03.3 A & 09.74 # &
Project Name - . . Sampled Date  — o
04.&8 = Xt 10. 74 = X St=2 M s W
Client = o Sampled by MME
05.A & Xt 1.2 8 Xt
Constructor _ - . o Observer =
06.2 2 Xt Y KFA 245 &22| & 270 12,48 A Kb
Requested by BI22HUSIDASIHEAT QI E Producer -
BIIL ZERAIE - ZAF QB 2 AIZOl CHOHAL Off AIS R0l MHek AIE - ZAME 28
CtSot 20l LA=LICH
Z s
T [ ZHOI )| &
_ | s RES . ESTEY
> H A =2 | C}9 HH H (=] 3=;] =2l A 247)
of B AE - AANES @ N :.Moc.\‘tﬂé NECBMER  SoooT o e
L | . = !
\
] Lous ‘ | | |
o —— |
1 =245 | Mpa | KSL 5105 2 162 H7 | 15.8 | ‘ \
| | T
| 8 168 | ‘ \
1 —T T | ‘ ‘ ‘
99 |
1 L \ | } | | = HAEE ‘ - | ~
s = % | | [ =20 olR
2 g+ E % } KSF 4006 ‘ 727> 9.3 | =2 9.4 ‘ NBDIA 0l &2 .
| ] B I
— | | | |
1 1.876 ‘ ‘ ‘
I— |
3 2 & |g/on’| KSF2M6 | 2 | 1.956 w2 | 1926 | ‘
| S |
| ‘ 3 19 \ 1
| | I I !
AZ2 AJ|E=: 50x50x50mm &
H00Is=x SEANE
OIAIE - ZAF ZIs o= QI2AA MBE AZ0 U8 200122 OE BXSZ 0/l82 sXgUd
20124 48 26<
st 2 S Al & A O AF R
st=2=2 &4 A g dA A O 'AFR&E=

KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL

- golAE : HY

2641-815 AL HRAAl S EHT SIA2E 202-2 / A3t (055)238-6200 / AE 238-6765

Jl&Xtel Dt MOl s FR0E Aol Uist 252 & + elsUth

10H Ol XI = 3HIOI X

221-081-1(F)
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ZZAE ZAEEN
TEST DATA SHEET FOR QUALITY INSPECTION

01.Al & & Bottom-Ash ZME AtEEt 7.8 = ¢

Sampled Name  Al& H (BAOB) S Accept Date 20124 4% 23< -
02. & &2 08.AE®S

Location O AMAMTSHEY - Test Ne 14-0613
03.3 At & 09.71 # &

Project Name - B Sampled Date  —
04.2 = Xt 10,70 X st==HHstw

Client = ) Sampled by  2ME -
05.A1 & Xt 1.2 3 X

Constructor _ - ) Observer -
06.2 2 Xt Y XFA 245 &2l & 270 12,48 A Kb

Requested by BIZIHUSDAMSIEEE QI E Producer -

B ZRAIE - ZA Q2B 9| AZ0I CHEHA OF2H Al Tt AIE - ZAE Z1E

CIS 2
=] nl
‘ l 1 158 ‘ ‘ |
1| w=mas iMpa‘ KsL 5105 2 | 19.6 | ®@ | 17.2 ‘ ]
‘ I
| 8 82 | |
e e |
| ‘ 1108 ’ ‘
| - = | w o | o . | HETE | | L/A
2 } &g % ‘ KSF 4006 2 \27 ‘ Ha | 9.9 M@my‘m&?‘ S
1 3| 9.6 ‘ ‘
I 1 SRR . ! —_— | }
1 \ 1| 1.868 } ‘
| I - | | | |
8 2 = |[g/on KSF 2446 | 2 | 1.891 =R | 1884 | ‘

T e

\ ; | 3 1.891 \_ | ‘
| | | | |

FJ|=: 50x50x50mm &
S AI0IREN  BEANE

COIAIE - AN ZDe 2 SIRA MEE AR HE ZD0I2F OE SH2Z 0188 SXLICHL

201214 48 262 s

st H & A8 o A0 AR

1
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL |‘,
S641-815 AL HRAl OB HA2S 202-2 / M3 (055)238-6200 / TE 238-6765
L QolAE ¢ MYUIEXY M A0l S FS0E A0 UE 2ES B & ASLICH

10HIO| X[ Z=4H 0l X

221-081-1(3)
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SEANE-ZBAEEA
TEST DATA SHEET FOR QUALITY INSPECTION

01.Al 2 & Bottom-Ash ZMHE AtSEt 7.8 = ¢
Sampled Name AISE(BAO7) - Accept Date 20124 48 23¥
02 M & & A 08.AlIBES
Location A& ZSHEL ) B Test Ne 14-0613
03.3 At & 09.74 & &
Project Name - o ) . Sampled Date -
04.2 = Xt 1074 F Xt S22 WIHEN L
Client = - - Sampled by UE
05.A 3 Xt 1. 3 Xt
Constructor _ - ) B Observer -
06.2 2 Xt Y FA 245 dZal & 270 12,48 Ab Kb
Requested by BI=IWUSIDAISIEAE QI E Producer - B
A ZRAIE - ZAF QAZIE 2 AIS0 HEHA Orf AIZZEON M2t A& - ZAE 208
ClSn 20l LA=-LIt
2 o
O Ne - EnEn | nes
B Y Tea | | |
‘ L 1 12.3 | \
1 A=2E ‘ Mpa ‘ KSL 5105 | 2 \ 13.6 H 12.3 ‘
| -
| | i B 109
— ! — |
\ ‘ 1107 | }
| ! - : |
_ o | AETHZE _
2 548 % ‘ KSF 4006 2 1.3 B2 0.8 SO ome ‘73{?
| I E
‘ \ ‘ l 3 10.4
NN S e ﬂ
‘ \ 1 e | ‘
| » INEEA I I
8 2 = ig/cm} KSF 2446 2 1.780  E= 1.791
| - ‘ ‘

| R
\ | 13314795i \

- AlZ22l 3J|=: 50x50x50mm &
SHI0IESHE  SEANE

=

COIAIE - AN ZIHE ZHE 9ZAl MESE AR 8 Z2D0IS2 OE SHSZ 0188 SN

20124 42 262 o m—

st 2 A = A &S]
St=2=2H & A& A _n_Ole}§
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL- H
S641-815 Hit BREAI OB YA2S 202-2 / M3} (055)208-6200 / (H5 2386765 |

COBOD|EXIS M MOl Sl FR0E A0 e 252 g 4+ ASLUICH

1OH Ol XI=5H 01 XI

10
10
=
09

2t21-081-1(&)
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I X| | .24 |./\-1 PSS _|
TEST DATA SHEET FOR QUALITY INSPECTION
01.Al 2 & Bot tomAsh ZTHE AtE S 7.8 %= ¥
Sampled Name  AlZ ¥ (BAO8) - Accept Date 2012 43 23& o
R EESEN 08.AlEES
Location ATM IS LY - Test No 14-0613 -
03.2 At & 09.7H # &
Project Name - Sampled Date — -
04.2 = Xt 105 2 X e I im]
Client — - B Sampled by  2IME B o
05.Al & Xt 1.2 38 Xt
Constructor - . o . Observer =
06.2 2 Xt A TFA A ASE| A 270 2.8 A X
Requested by BI2IMUSIMSIEEE QME Producer -
B ZRAIE - 2AF Q2B 2 A0l CHSHA Or2h AIBIZIOl M2 AIE - 2AtEH ZHE
CI2D 20l LHSYLICH
2 ni;
T T eI ] ESES
of B AIE - AAIES| B9 | AIE - 2AY | 2 AE - ZARZ D ‘ i
| 177 el EEEEIEENREE
1 1 ‘ ] ‘ \
‘ 1 197 | | \ ‘
| . na I
1 ghadE | Mpa | KSL 5105 L2 101 | m@ \ 9.7
| P \ ‘ | \ |
‘ | | | 3 9.3 ‘ ‘
— | ‘i o — o I I | ‘ !
L 1129 \ | |
N o HEME | o =i
2 | s+ E ’ % ‘ KSF 4006 2 | 125 | B2 ‘ 12.7 w@mr‘o'ﬁg‘ 8
L [»3 2.8 1 |
~ L pame [ 4|
‘ ‘ 1 1.663 ‘
3 | I ‘g/cma\ KSF 2446 ‘FQ | 1.681 w3 | 1.672 | \
. | |
’ | 3| e | \ ‘ \‘
AZ2 A= 50x50x50mm &
SIOIESE : ERAIE
COIAIE - RAF Z2De =X ORIAl MEE AIZ0 S Z0IRE UE S|HC=Z ol 2XIUCH
2012 48 26Y ,
S M | S | I. % K
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR. GENERAL g
2641-815 A Al & A28 202-2 / X*if (055)238-6200 / ” -238°) 6765
SOo|AlE @ HAUI|EXIS HEI MOl A= ‘QO{IZ @D%Oﬂ EHD* 2ES & + ASLICH
1001 X Z6T 01 X

221-081-1(3

)
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SEANE-HAEHAN
TEST DATA SHEET FOR QUALITY INSPECTION

01LAl B Y Bottom-Ash Z=IHE AtE&t 7.8 = ¢4
Sampled Name  Al& ® (BA09) - Accept Date 20124 4% 23¥ -
02 THEZ A 08. AEHS
Location AXZSRAL o Test Ne ~14-0613
03.53 Ab & 09.7H H &
Project Name - Sampled Date - . o
04.8 = Xt 10. 74 & Xt == HOistn
Client - N Sampled by ME
05.Al B Xt 1.2 8 &
Constructor _ — - - Observer -
06.2 2 Xt o RFEA RS A22] A 270 12,4 Ab X
Requested by BI2IHUSWASIEEE QIS Producer = -
FEI0F ERAIE - HAL O2IE 9| AIZO CHOHA Of2H AIE 0l M2t AIE - 2Are Z2E
CIS D 20l L S—LICH
2 N
o BH,\|%4 D*Afiglq%i/\\a'D*MC”U*‘ME} AE - 2AAIZD | HAJI =X
| o I - S . i S| _—
| ‘ 1] 82 | \ | % |
_ | — |l | |
1 OEAE | Mpa| KsL5105 | 2 | 25  #®Z | 3.1
: ‘ \ Ta Y \ |
|
— } i - | == S - T
1 % | . ‘ 1.8 ‘ }
| | [ E— - ‘
_ - AL _
> a8 | % | KSF4006 | 2 9.6 | ER | 10.2 !ngH‘Momg‘Ff‘g
———— e
“ \ | 8| 9.3 | ; ‘ \
- } I : B o \
‘ \ | 1 1.692 ‘
| \ — 1 ‘
3 o & g/en®| KSF 2446 2 1808  EBR 1773 ‘ ‘ |
1 ‘ ~ T T ‘ ‘ 1
| | | 3 1819 | | | \
A2l F0|=: 50x50x50mm
CADOIREN  BEANE
COIAIE - BAF 2= OE QA MBS AR 8 ZD0ISZ (12 =2 0|22 SXEUT
2012E 48 26
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING DIRECTOR, GENERAL ~ i
f=l T
2641-815 i A QBT HYAES 2022 / 3 (055)238-6200 / AE1238-6765 [}
SOlAIE : HMOIIEXIS MTI AMTO| Sl ARL0E ATH LSt 252 8 £ gsuch -

1O OIXIE7HIOI X

22|-081-1(3)
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SE AN S

- AAHEHA

TEST DATA SHEET FOR QUALITY INSPECTION

01.Al E & Bottom-Ash ZXHE ALES

Sampled Name A& = (BA10)

&t

02. THH &L
A

07.8 = &

Accept Date 20124 4E 23<

08. AlEEIS

Location ALY Test Ne 14-0613 -
03.2 At & 09. 7 7 &
Project Name - o Sampled Date  —
04.2 = Xt 10.7H & Xt St MOE R
Client - B Sampled by PNE=
05.Al B Xt 1.2 & Xt
Constructor = Observer -
06.2 2 Xt Y FA 25 &22] & 270 12,4 &b Xt
Requested by BI=22HUSIDASIEHAE 2THE Producer =
SABIIF ZEAIE - ZAF OB 9| AISON CHOHAL Ofeh AIEZHEON 2 AIE - BAE 22
S 20l LAS=LICH
e nj;
B ‘ \ Az [ MolJ|= K}
of B 5. A zsglqo‘ S . M ALY L, S . HALA D =
o U NE - ANBS B A GMOC.J\E@‘ AE - 2AZ D H’ﬂ"%%\ o
- ‘ [ == ‘ |
; N ‘ ;
1 \ — | | \
1 ¥EZE | Mpa | KSL SIS > 3.1 ©3 | 3.4 ‘
w B \
‘ 3 3.4 \
- B i |
| | EETRERTI- | \
‘ _ ' T =P E‘ }
2| maE | % K6 2 21 | BE | 0T m;%wo@g%
| ‘ | 3 118 ‘ ‘
0 4 o |
| | | |
1 \ v e ‘ ‘
| : _— |
3 2 S |g/on’| KSFome | 2 | 1.692 | BE | 1.699 | i
— * . ,1 |
\ ’ 3 1.698 ‘ %
S AI22 FJ|=: 50x50x50mm &
S HB0IBER SEAE
COIAIE - AN 2= DE Al MEBE AI20 GE ZB0IDE OE SR 022 S
2012 48 26 o
o 2 AN I S ;l A | |. X 1
KOREA RESEARCH INSTITUTE FOR CONSTRUCTION TESTING OIRECTOR, GENERAL 2
2641-815 Zo HRA BT TM2E 2022 [/ M3} (055)288-6200 / W 0386765 |
SolAlE e i g & st

a%te] Ao A0l gle FR0E ol e R
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ABSTRACT

The building green movement is not new, nor is the practice of using natural resources responsibly to
sustain life and encourage the regeneration of natural resources. In recent, many European municipalities
have mandated the incorporation of green roof systems as standard building practice. Green roof systems
are usually built as stormwater management systems and as comfortable, accessible, open spaces over
structure. And also it is very useful to reduce building thermal energy, so they are adopted in many buildings.
Artificial soils have been developed and used in developed countnies and light soils are commonly used for
green roof system, however, they are imported and constructed from foreign countries in Korea. The light
soils have some problems of weight, maintenance, and durability. In this study, concrete blocks made of
bottom ashes are designed and evalualed as environmentally friendly matenals. The blocks are very chief,
light and have high moisture contents. The specific gravity is 1.11~1.14 which are lower than normal ground
soil and the compressive strength of cement block shows up to 3.03 MPa which is more suitable than normal
soil for resisting plant roots.

1. INTRODUCTION

For our country, policy for low carbon green growth is being reflected and basic laws are being enacted to form this
economic structure. Espeaally, buildng planting by using construction and industrial waste as resources is being
proposed as a plan. Already, many leading countries such as Europe are commercializing building planting using
artificial ground with many researches.

Qur country Is also conducting several researches and development, but it i1s absolutely depending on imports.
Light soil is mostly being used by imports has problems such as weight, difficulty of repair, extension of persisting
period. Also, most porous blocks which are used in some places has low maisture content and has the disadvantage
addiional cost occurs fo solve.

Therefore, in this study evaluated to develop planting eco-blocks to supplement problems such as moisture
content and weight and also analyzed the possibility for the application of the recycles construction and industnal
waste.

2. EXPERIMENTAL MATERIALS

21 Bottom Ash

Bottom ashes collected from Hadong coal fired power plant in Korea are used in this experiment Fg. 1 shows
photograph of the bottom ash particles. Usually fly ashes are spherical due of vapor condensation and bottom ashes
are irreguiar shapes with large and small pores. The left side figure shows a 7 mm diameter bottom ash particle and
the right side figure shows a mixture of spherical fly ash and irregular bottom ash particles. Table 1 shows particle
size distributions of the bottom ashes. Most particles are ranged from 100~8 meshes. Table 2 shows
chemical compositions of bottom ashes and washed water of bottom ashes. Cu and Cd are detected in
bottom ash and Cr®", Cu, and Pb are detected in washed water, but they are acceptable level of
environmental criteria.

22 Perlite
Perlite is glassiness rock made from lava rapidly frozen which contains 3-5% of crystal water It generally shows
gray or blue color but sometimes has brght blue or red color. Generally after standard procedure, perlite is rapidly

heated in 1200 °C to evaporate crystal water which makes expanded light porous pariicles. As crystal water
evaporates, several fine stoma are made to be very light and has features of insulation, non-flammability, fire
resistance, sound-proof, fire-proof, breathability, moisture, and etc. Perlite is used not only in insulaion matenals,
sound absorbers, mortar, refractory, lightweight concrete but also in arificial soil.

Thick perite 1s mainly used in drainage and perlite used for plant fertilizer has small particles. Table 3 shows
physical charactenstics of perlite

2.3 Cement

Cement which is in accordance with KS L 5201 "Portland cement” is used and its physical characteristics are
shown in Table 4
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Fig. 1 Photograph of the Bottom Ash particles.

Table 1. Size distributi

on of bottom ashes
4/+8 85
-8/+16 219
-16/+30 128
-30/+50 146
-501 +100 32
-100 /+200 18
-200 / +270 02
=270 01
Sum 100.0

emical

o ashes and washed water

i

Cu mokg 16.3 038(mg'L) 3
CN makg No No 1
cr mgkg No 007imgll) 15
Pb mgkg No 0.06(mg/'L) 3
Cd mgkg 014 No 03
As mgkg No No 15
Hg makg No No 0.005

Table 4. Physicadl charactefistics of cement.

. s liclifi a3

3. EXPERIMENTAL METHODS

3.1 Manufacturing of Testing Block

Two types of testing blocks are made. One testing block which has dimensions of 50.8 mm = 508 mm = 508
mm is made for measuring physical properties such as density, compressive strength, and other properties. The
other testing block which is 225 mm = 225 mm = 65 mm in size is used for actual planting and investigation of root
settlernent. Water and cement mixture is poured on the aggregates which are packed in the block frame. The pouring
of the water and cement mixture is performed twice in 12 hours time interval After 24 hours, the testing blocks are
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separated from the mold and cured in a water bath.

3.2 Spedific Gravity
For specific gravity, it is measured using a whole testing block in accordance with KS F 4002 “Hollow concrete
blocks" and calculated by Eq. (1).

Specific Gravity = %
(1)
Where “M” is the mass|g] of the testing block and “V" is a volume[em?] of the testing block.

3.3 Porosity

The porosity of the concrete block is suitable for maintaining water and the plant roots are spread out through the
pores. Confinuous void ratio and total void ratio was conducted by volume method among "Void ratio experiment
methods of porous concrete' Before void ratio experiment, volume was calculated to strengthen concrete, keep in
water for 24 hours after taking out of mold, and water weight was calculated so air wasn't left inside the test piece.

After that, the test piece was made to surface dry saturated condiion under 20:2 °C, relative humidity 60%,

isothermal-isohumidity condition for 24 hours to measure surface dry weight. Lastly, absolute dry weight of the
absolute dry condifion test piece was measured which was dried in the drying room for 24 hours. Continuous void
ratio and total void ratio was calculated following eq 2 and eq 3

W, =W,
Continuous Pore Ratio (A) = (1-—2 7 )= 100
(2)
Total Porosity %):{LMH 100
(3)

A Continuous void ratio of concrete, %
Az Total void ratio of concrete, %

W, Water weight, g

Wz Surface dry weight, g

W Absolute dry weight, g

V. Volume of test piece, cm®

3.4 Water Content
Water content is measured and calculated by KS F 2459 "Testing methods for bulk spedfic gravity, water content,

absorption and compressive strength of cellular concrete” The testing block is dried under the 1055 °C

circumstances until maintaining constant mass after curing and cooled by ambient air and then the mass is
measured. The water content can be calculated by Eqg. (4).

Water Contant (%) = (@) x 100

(4)

W, : Mass of testing biock, [g]

W, : Mass after drying at 10545 °C  and cooling by ambient air, [g]
V- Volume of testing block, [on]

3.5 Compressive Strength

Compressive strength of testing block for planting is measured by 'KS F 4002 “Hollow concrete blocks” and KS F
4038 "Decorated concrete blocks™ . The both sides of the testing block where acts the vertical loads are flattened and
the block is dipped in water for 2 hours. The test is performed using a digital compressive tester(Hansin KUIﬂpUT‘IQ,
Korea) and Fig. 2 show the tester. The compressive strength is calculated by Eq. {5).

Maximum load

C iva Strength (N [ mm®) =
CIpHICHAD SoNDU N h k) Area before loading

(3)
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Fig. 2 A photograph of the compressive strength tester.

3.6 Rooting of Plants
The experiment for observing of plant roofing uses a 225 mmx=225 mmx65 mm testing block. The blocks are
dipped in water for more than 7 days to remove alkali components that prohibit plant growth. The planting blocks are

kept in a green house where the temperature is 36-37 °C and the relative humidity is 26% to improve rooting. After
20 days they are observed to confirm moting and growth.

4. FEASIBILITY TESTFOR BOTTOM ASH PROPORTION

This study to find optimal bottom ash to cement proportion doesn't have much previous studies, so many
specimens are made and tested by combination of each experimental parameters such as water content and bottom
ash content. Table 5 shows various experimental conditions. Two sizes of bottom ashes are used and the mass ratio
between cement and bottom ash are ranged from 1:1.25 ~ 1:1.5. The water to cement ratios are varied from 10% fo
30%. The No. 5 specimen which has littte water considering cement content and the No. 1 and the No. 2 speamens
which have high content of bottom ashes are broken when they are separated from the mold. The No. 10 specimen
which has highest cement content is covered with cement and it looks not suitable for water drain and rooting.

Table 5 Mass ratio of cement combination of this experiment

1 - 100 % 1:8 il
Z = 100 % 1:4 ag
g = 100 % 1:3 a0
4 25 % 75 % 1:8 30
5 = 100 % 1:25 10
g - 100 % 1:28 20
7 i 100 2% 1:28 25
) = 100 % 1:25 g0
g - 100 % i:2 a0
Ig ™ 100 % 1715 30
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(a) Blocks covered with cement. {b) Brkeocs.
Fig. 3 Testing blocks which are not proper to planting blocks.

From the feasibility tests, the 8 mesh(2.36 mm) and the 4 mesh(4.75 mm) bottom ashes are mixed with 1:3 ratio.
The 1.3 of cement to battom ash ratio is selected for best condition and water to cement ratios are selected as 25%
and 30%.

5. CHARACTERISTIC ANALYSIS OF TESTING BLOCKS FOR PLANTING

There are 4 samples are tested using 2 types of bottom ash blocks and 2 types of periite blocks according to the
water cement contents of 25% and 30%. Table 6 shows the characteristics of bottom ash blocks with comparison of
perlite blocks. The BWC25 sample which has bottom ash and 25% of water to cement ratio shows 1,144 kg/m® of
density which is lower than normal soils range of 1,200~1,800 kg/m®. The bottom ash block can reduce the soil load
to a building. The perlite blocks has about 800 kg/m® and very right but compressive strength is not so high.

Table®. Physical and dynamic characteristics of botiom ash blocks and perfte blocks.

| 1,144 114 105 54 299 ”1_3;6) 31(3.03)
EO || iz 111 107 405 439 | 8(078)| 17(1.67)
P | st 0.82 435 61.3 899 | 9(0.88)| 13(1.27)
Poc | 7o 0.80 442 59.4 685 | 7(0.88)| 7(0.68)

Proper porosity range of soil is 40~60% for planting, however it can cause decrease of strength of planting block.
In the previous studies, rooting in a planting block is possible at the 20% of porosity. Continuous pores are developed
in the perlite blocks more than bottom blocks. The continuous pores can help to spread out roots but act as a
passage of drain water if they are too much. Increases of total porosity of periite blocks are much higher than bottom
ash blocks, and the porosity decreases when the water content increases even in the bottom ash blodks the porosity
increases.

The water content of two bottom ash block and periite block show similar results regardless of water fo cement
ratio. But periite block shows almost 4 times higher. The high water content is good for planting and growth but it can
cause breakage of planting block during winter season. So there needs much more attention.

There isn't standard value for compressive sfrength for a planting block because there doesn't act heavy load,
however shrubbery plants can destroy the planting block by their strong roots. The planting blocks are affected by
weather change due fo installing on top of a roof. In bottom ash blocks, 25% of water to cement ratio sample shows
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3.03 MPa and 30% sample shows 1.66 MPa. It represents excess water contents reduce the strength of a cement

block. The compressive strength becomes almost double when it is compared with curing penod. The 28th days

strength is higher than 7th days strength. In perlite blocks, the compressive strength is very small companng to

bottom ash planting blocks. Also if the water contents is high the strength decreases. The PWC25 sample shows
increase of compressive strength according to the cuning penod but it doesn't in the PWC30 sample.

6. ADHESION OF PLANT ROOTS

In 20 days after planting grasses on bottom ash block and perlite block, adhesion of roots are investigated. Fig. 4
shows adhesion states in bottom ash blocks and perlite blocks. The roots in the bottom ash block can be seen by
eye and the lengths are ranged 1~3 cm_ In perlite block, the roots spread out on the block surfaces and the lengths
are less than 0.5 cm. Strong and fine roots are developed very well in bottom ash block but they cannot be found in
perlite blocks, so the bottom ash blocks are more suitable for planting blocks.

(a) Perlite blocks. (b) Bottom ash blocks.
Fig. 4 Adhesion of grass roots in perlite blocks and bottom ash blocks.
7. CONCLUSIONS

This is a feasibility study for the development of green roof system using bottom ash planting blocks. Various
proportions to make planting block are investigated and physical properties are examined companng with perlite
blocks. The main research results are as follows

1) 25% and 30% of water to cement ratio are selected and tested for planting blocks. Samples in other proportions
are broken and covered by cement film so they are inappropriate for the planting blocks.

2) The density and the spedfic gravity for 25% and 30% of waler to cement ratio bottom ash blocks are 1,144
kg/m’, 1,112 kg/m', 1.14 kg/m' and 1.11 kg/m', respectively. And perlite blocks are 816 kg/m’, 799 kg/m', 0.82 kg/m'
and 0 80 kg/m’, respectively Compressive strengths are 3.03 MPa, 1 67 MPa, 1 27 MPa and 0 68 MPa, respectively.

The bottom ash blocks are slightly heavier than perlite blocks but strengths which is essential property for supporting
the plants are higher.

3) By planting grasses to compare adhesion of rools during 20 days, development of strong and fine roots and
growth are better in the boftom ash planting blocks. This shows possibilities of usage of bottom ashes for planting
blocks.
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STUMMARY

Needs of greening m the city are increased to solve the wban environmental problems. The
green Toof system 15 considered as a process to mmprove the quality of wban environment.
And it can reduce thermal energy of a building To collect base data conceming green roof
system In an existing bumldmg this study compared mmdoor temperature of two classrooms.
The one has preen roof system(R301) and the other hasn't(R302). The digital thermo-
hyzrometer 15 installed in the ceiling of each classroom According to the measurement, the
indoor temperature of B301 15 0.7~0.9 °C lower than that of 302 It 15 considered that green
roof system act as 2 heating insulating matenal and a blockmg material of direct solar
radiation It is shown that green roof can reduce indoor temperature in summer.

INTRODUCTION

Becently, the building space 15 increased while the green space of the city is decreased. Needs
of greening in the city is increased to solve the urban emvironmental problems. The green roof
system is considered as a process to improve the quality of wrban environment. And it can
reduce thermal energy of the building So far, there are many studies about effect of green
roof system However. studies regarding interior thermal environment and effect of
temperatire reduction about existing building are msufficient. To collect base data conceming
green roof system in an existing building, this study compared indoor temperature two
classrooms. The one has zreen roof system and the other hasn™t.

METHODOLOGIES

The design of green roof

The experimental target building 15 a building belongs to the International Umiversity of
Korea It i1s located in Jinju-si, Gyeongsangnam-do. Korea. The extensive green roof system
was chesen It is suitable for apply old building owing to low dead load. The vegetation layer
consists of mosses and succulent plants. They are possible to grow under the condition of
below 20em soil And bottom ash vegetahion blocks are used to substitate seil in the green
roof.

Experiment marerials
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Jae-Hum Oh et al (2012} have reported that the bottom ash vegetation block had a density of
1,1#4kg/m’ which is lower than that of normal seils, with a typical range of 1.200-1,800
kg/m3. This means that the bottom ash vegetation block can reduce the soil weight load of a
brildi

Table 1. Physical properties of the bottom ash vegetation blocks

. Water | Contimions Total C i
D : } ) ompressive strength (MPa)
Sample ﬂci;;% content | poreratio | pore ratio

(%) %) (%) T Days 28 Days
BWC2F [ 1144 | 103 354 39.9 1.66 303
BWC30 | 1112 10.7 40.5 43.9 0.78 1.67
Experimental methods

We measured mdoor temperature of the classroom which 1s on the top floor. Because green
roof has a considerable influence on the top floor. The one classroom(F301) has green roof
system but the other{R302) hasn’t green roof system. The digital thermo-hygrometer is
installed in the ceiling of each classtoom. And then indoor temperature is measured every
bhour from 10:00 AM to 6:00 PM for a week The data from raimy days are removed to
clanfy the effects.

{n) Experimentul uilding () Comgarizon fargsi (o) Green rool swsiem

Figure 1. The expenmental building and green roof system.

- 7 ' f__‘%i‘msﬂnnm -LSI
iab | =
{a) Nemmal green roof system (b Green roof system which wsed vegetation block

Figure 2. Each components of two types of green roof systems.
Frogram of the Design Builder
Design Builder combines rapid bmlding modelling and ease of use with state of the art

dynamic energy simulation. It 1z suitable for thermal simulation of naturally ventilated
buildings. And it is possible for caleulation of temperature, velocity and pressure distribution
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i and arcund buildines using CFD. Design Builder uses the latest Energy Plus simulation
engine to calculate the energy performance of the building.

The purpose of the simulation is to examine whether green roof can reduce indoor
temperature. Intemational University of Korea was used as simwlation model Show
conditions of the constmction m Table 2. And Table 3 1= actrvity factor of the building. Table

4 shows conditions of the window.

Table 2. Specifications of the construction

i Thickness 'LT:‘f.-'&!_ue
- (mm) (Wim™k}
Brickwork 100
External ¥alls: | PG Frpanded Polsatyree 50 S
Concrete Block (Lightweight) 100 ’
Gypsum Plastening 13
Concrete Block {(MMedium) 100
Partition Aar gap 100 1202
Concrete Block (Medinm) 100
Limestone, hard 20
Mortar 0 -
Floax TPS Expanded Polysiyrene 50 D34
Cast Concrete {Dense) g0
Asphalt 10
Cast Concrete (Dense) 100
4 MPS Expanded Polystyrene 50
Boof Cat Coninis ('L.i_l_z]jrw;eighrj 30 hald
Al gap [5]
Gypsum Plastering 13
Cultivated Peat Soal 50
Asphalt 10
Cast Concrete (Dense) 100
GrsiRoof | —2° E‘ﬁ’i‘*;ﬁdﬁ;mmf 50 0469
Cast Concrete (Lightweight) 20
Alr gap [E
Gypsum Plastening 13

Table 3. Conditions of the activity factor

Activity Factor
Metabolic Activity facter 0.90
Clothing (clo) i : ﬂ
) Summer 1]
Environmental Heating Setpoint Temperature 220
Control Cooling Setpoint Temperature 260
Ventilation Hatymal Ventsiatiom 10.0
(l/s-person)
Lighting Target ilhmminance (Tux) 300
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Tahle 4. Conditions of the window

Onrtermost pane Imm

Layer Air 1 mim
Innermost pane 3mm

Total solar tramsmission (SHGC) 0491
Direct solar transmission 0624
Light transmission 0774
U-Value (Wm'k) 1.96(

RESULTS AND DISCUSSION

The raw data of hourly indoor temperature

In the results of measurement, the lowest indoor temperatre was 31.3°C{R301} and
323°C(R302) at 10:00 AM The lughest outdoor temperatore was 31.3°C at 1:00 PM
However, both elassrooms are measured at the highest indoor temperature was 32 .9°C(R301),
33.7°C(P302) at 3:00 PM. It is considered that result of storage effect of the building.

Table 3 1s mdoor daily average temperature. Show result of the hourly indoor temperature in
Figure 3. The indoor temperature of R301 i3 0.7-0.9°C lower than that of R302_ This result

means that green roof can reduce indoor temperature.

Table 3. Indoor daily average temperaturs

Date R301 (°C) R302 (°C)
Average 319 Average 328
22nd July | Maxinum 324 Maximum 334
Minimum 311 Mimimum 3240
Average 311 Average 328
25rd July | Maximum 327 Maximum 3335
Minimum 2 Minimum 318
Average 329 Average 338
24th July | Maximum 333 Maximum 343
Minimum 3232 Minimum 332
Farg.r o "~
= =
= na -
Ews
# ;e
=0 :
o
z: M| - 0] = Uyt

I T R0 130

W 1=m 1§50 1700 R

Tl (i

Figure 3. Indoor temperature variations with time.
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Result of the simulation

The result of the simulation correspond well those found in the previous expenment m our
measurement.

The lowest indoor temperature was 32.76°C. 33.33°C at 9:00 AM The highest mdoor
temperature was 34.60°C, 34.35°C at 3:00 P M. Figure 4 shows indoor temperature per hour.
It shows that line(apply green roof system) is 0.2~041°C lower than dotted line{not apply

green roof system).

bt | TR O PR S RTINS TR TR R R P R T T

=@ mom green rosl = precnroal
Figure 4. Companson of hourly mdoor temperature with and without green roof

In case of the building installed green roof daily average indoor temperature was 33.81°C.
The case of the bmlding which hasn't green roof, daily average indoor temperature was
34.08°C. Show companson of indoor average temperamre in Figure 5. It is imply that green
roof system can reduce mdoor temperature.

B sy = 32
L = 1=
H LT
. )
E 33 = a3
E ns 1.
E u g 12
i sin 8=
- = 3
)] £l
Blai Aveange AL Bloximmms  Avevsge  Slndomms Maghpammn  Average  SDmisos
Wi 2reen pied S Epecn reod Wi green reol B ovedn roaf Wi green renl B zrecn rosl
() Fuly 22l (d Tuky 23040 teh July 241k

Figure 5. Companison of daily indoor temperature.
CONCLUSIONS

In conclusion, this study confinms that green roof can reduce mdoor temperature in the

According to the measurement the Iowest indoor temperature was 10:00 A M and the highest
indoor temperature was 3:00 P.M. But the highest outdoor temperature was 1:00 PM. It is
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considered that result from the storage effect of the uilding. And the mdoor temperature of
F301 13 0.9-0.9°C lower than that of E302.

The result of simulation 15 similar to the result of this experiment. The lowest mdoor
temperature was 32.76°C, 32.55°C at 9:00 A M. The highest indoor temperature was 34.60°C,
34.35°C at 5:00 PM. And in case of the building mstalled green roof is 0.2-0.41°C lower
than the case of the bulding which hasn’t green roof.

It is considered that green roof system act as a heating insulating matenal and a blocking
material of direct solar radiation. It is shown that green roof can reduce indoor temperature in
SUIMmET.
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Abstract

The building green movement is not new, nor is the practice of using natural resources
responsibly to sustain life and encourage the regeneration of natural resources. In recent,
many European municipalities have mandated the incorporation of green roof systems
as standard building practice. Green roof systems are usually built as stormwater
management systems and as comfortable, accessible, open spaces over structure. And
also it is very useful to reduce building thermal energy. so they are adopted in many
buildings. Artificial soils have been developed and used in developed countries and
light soils are commonly used for green roof system, however. they are imported and
constructed from foreign countries in Korea. The light soils have some problems of
weight, maintenance, and durability. In this study, concrete blocks made of bottom
ashes are designed and evaluated as environmentally friendly materials. The blocks are
very cheap, light and have high moisture contents. The specific gravity is 1.11~1.14
which are lower than normal ground soil and the compressive strength of cement block

shows up to 3.03 MPa which is more suitable than normal soil for resisting plant roots.

Keywords: Planting block, Bottom ash, Roof greening. Moisture content
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