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ABSTRACT

Economical and environmental impact analysis of concrete
using bottom ash fine aggregate according to equivalent
strength and equivalent durability design

Kim, Jeong eun

Advisor @ Prof. Kim hyeong ki, Ph,D
Depar tment of Architectural Engineering,
Graduate School of Chosun University

When industrial waste is used as concrete, it will be more advantageous in
terms of economic and environmental aspects if it does not affect its
physical properties. Therefore, in the case of using bottom ash as a fine
aggregate for concrete, the environmental and economic feasibility of this
material was judged by using the ‘equivalent strength and equivalent
durability mixed design'. The formula was established through the
compressive strength according to the water—cement ratio and bottom ash
replacement rate. After that, economical and environmental impact analysis
was conducted in consideration of material cost and transportation cost.
Accordingly, floor ash can be used as basic data that it is suitable to be

used as a substitute for fine aggregate in concrete.
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[E 3-1] HIEHOH4 & 22H9 HI=Z & E48
EHAEY
& HI=S - 22| HI=E Exg (%)
HIS
BA 1 1.75 1.89 2.33 13.88
BA 2 1.66 1.99 2.18 5.07
22l 2.53 2.61 2.78 3.57
[E 3-2] =88 &g 2
BA 1 BA 2 2
1.59 4.16 3.07
(D8 3-1]2 2 A0l A28 A2 MM20ICH. [E 3-3]2 Mortar2l Hi&HIZ
AN, BA 0, BA 5, BA10, BA15, BA 202 22cH CHH| HIEO0H#E 0, 5, 10, 15, 20%
Xl&st =X0l1, 0.55, 0.5, 0.45, 0.40, 0.35= S AIHEH|IE LIEtH =XI0|C}.
[E 34]= HIE L iEgslol JIetst 2B BHEHEOICH. 2 HRUHAM AI2Sd=e 2
et HIEO 2 HR 2F™ HXGIH &2 0% AEIZE AIEo¥D, BE A
O AR =Yt KE40=2 HigtS XNAGIFLH.
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Collection @ chosun



(d) S4SHXI 22 HHEOH =

(c) SMst BHEOH 4

[0 3-1] AFEMZ
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[E 3-3] Mix ratio

Mixture Weight composition
Water Cement Sand Bottom ash

BAO-0.55 0.55 1 2.5 0

BA5-0.55 0.55 1 2.375 0.090
BA10-0.55 0.55 1 2.25 0.180
BA15-0.55 0.55 1 2.125 0.271
BA20-0.55 0.55 1 2 0.361
BA0-0.50 0.5 1 2.5 0

BA5-0.50 0.5 1 2.375 0.090
BA10-0.50 0.5 1 2.25 0.180
BA15-0.50 0.5 1 2.125 0.271
BA20-0.50 0.5 1 2 0.361
BAO-0.45 0.45 1 2.5 0

BA5-0.45 0.45 1 2.375 0.090
BA10-0.45 0.45 1 2.25 0.180
BA15-0.45 0.45 1 2.125 0.271
BA20-0.45 0.45 1 2 0.361
BA0-0.40 0.4 1 2.5 0

BA5-0.40 0.4 1 2.375 0.090
BA10-0.40 0.4 1 2.25 0.180
BA15-0.40 0.4 1 2.125 0.271
BA20-0.40 0.4 1 2 0.361
BA0O-0.35 0.35 1 2.5 0

BA5-0.35 0.35 1 2.375 0.090
BA10-0.35 0.35 1 2.25 0.180
BA15-0.35 0.35 1 2.125 0.271
BA20-0.35 0.35 1 2 0.361

-1 -
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[E 3-4] Mix proportions (BA 1) (H=)

Unit weight(g/m3)

Factor L W () C () SA (@) | BA (q)
BAO-0.55 1235. 1 0
BA5-0.55 1173.4 44 .5
BA10-0.55 0.55 271.7 494 1 1111.6 89.1
BA15-0.55 1049.9 133.6
BA20-0.55 988. 1 178.2
BAO-0.50 1270.0 0
BA5-0.50 1206.5 45.8
BA10-0.50 0.50 254.0 508.0 1143.0 91.6
BA15-0.50 1079.5 137 .4
BA20-0.50 1016.0 183.2
BAO-0.45 1306.9 0
BA5-0.45 1241.5 47 .1
BA10-0.45 0.45 235.2 522.8 1176.2 94.3
BA15-0.45 1110.8 141.4
BA20-0.45 1045.5 188.5
BAO-0.40 1346.0 0
BA5-0.40 1278.7 48.5
BA10-0.40 0.40 215.4 538.4 1211.4 97.1
BA15-0.40 1144 .1 145.6
BA20-0.40 1076.8 194 .2
BAO-0.35 1387.5 0
BA5-0.35 1318. 1 50.0
BA10-0.35 0.35 194 .2 555.0 1248.7 100. 1
BA15-0.35 1179.3 150. 1
BA20-0.35 1110.0 200.2

Collection @ chosun
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[E 3-4] Mix proportions (BA 2)

Unit weight(g/m3)

Factor L W () C () SA (@) | BA (q)
BAO-0.55 1235.1 0
BA5-0.55 1173.4 46.9
BA10-0.55 0.55 271.7 494 1 1111.6 93.8
BA15-0.55 1049.9 140.7
BA20-0.55 988.1 187.6
BAO-0.50 1270.0 0
BA5-0.50 1206.5 48.2
BA10-0.50 0.50 254.0 508.0 1143.0 96.5
BA15-0.50 1079.5 1447
BA20-0.50 1016.0 192.9
BA0-0.45 1306.9 0
BA5-0.45 1241.5 49.6
BA10-0.45 0.45 235.2 522.8 1176.2 99.3
BA15-0.45 1110.8 148.9
BA20-0.45 1045.5 198.5
BAO0-0.40 1346.0 0
BA5-0.40 1278.7 511
BA10-0.40 0.40 215.4 538.4 1211.4 102.2
BA15-0.40 1144 1 153.3
BA20-0.40 1076.8 204.5
BAO-0.35 1387.5 0
BA5-0.35 1318.1 52.7
BA10-0.35 0.35 194 .2 555.0 1248.7 105.4
BA15-0.35 1179.3 158. 1
BA20-0.35 1110.0 210.8

Collection @ chosun
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fon=(—82.744 X W/C) + (0.065 < BA )+ (1.968 X BA ) +n

OIDIAl, f,= 282 L=AT 2t(WPa)0I, W/C= S-AlME HIZ2, BA = b

o2l HMZ(%)0I0d, BA,2 HIE0H+2 HISO0IH, n2 ANOVA 245 S& &

goiiel 2 ANOVA 242 ZAAl2 Al (2)2 ZCH RMZ 22 0.272010 HiE
O CHMIZOl & ol 20l= [O8 4-2]001 LIEHHR LD, AH A ZH A
Ol Hi=xgt F=ANE 2010 ZAHA0 &gt B el A=s RS2 2ol

X = (18.067x W/C)—(0.051 X BA, )+n
(2)
OHIIM, x= Zoil 20I(mm)0IH, wW/c= £-AMUE HIZ, BA, = HIEOWMH+2

UHME (%) 010, n= ANOVA EAS S8 &A=& & gL0ICH.

1]

EHAESEO] Z HiEAl2 Al (3) ZCh RMI= 22 0.3970104 HIE 0 HME
g 4-3]0 Heldgdem AHAn AN Aol X0l

C = (22.833x W/C)—(0.036 X BA,)+n

(3)

HIIM, cz Erétat 201(mm)0I0, w/ce 2-AMYUE HIZ, BA, = HIEOWMH+2
CHAMIZ (%) 0I104, nS ANOVA 24 Al A |Ct.
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[H 5-5] JISA =2 ASE 2 ¢H 30|

e 24MPa (b, >< h) (mm) 30MPa (b,, < h)(mm)

C1 700 < 600 500 x 400
G2 700 < 600 550 x 450
G1 900 < 500 900 x 500
G2 900 x 400 750 x 250
B1 900 x 400 800 x 300
B2 800 x 400 700 x 300
W 200 160

MEE El= 3AJIEZ C1, €2, G1, G2, B1, B2, W 2 HEXQ XY

AL 00 RFMHEZ Aol T2 S 0I8ot0 & &S BItoHULH.

HOHWM, IS 2l C1t C22 J2Re= JIE AM8E 2 "2 =(p,)d =
Ol(h) 700 mm <600 mmO|0, HAE HH2 22+ Z(p, )2t =01(h) 500 mm >400
mm, =(b,)2 =0I(n) 550 mm =450 mmOICt.

S UM, 2 2M2 61 2= JIE MEE 2N HHES 22 = (),
900 mm <500 mm, =(b,)2t =0I(h) 900 mm <400 mmOICt. BHE =H
(b,)t =0I(n) 900 mm =500 mm, =(b,)2t =0I(h) 750 mm <250 mmOICt. B11t
B2= JIE AlSE 2N ¢HE o =0l(h) 900 mm <400 mm, = (b, )2t
=0I(h) 800 mm =400 mmOICt. HAE SH2 2+2F Z(p, )2t =0I(n) 800 mm x

300 mm, =(b,)Dt =0I(n) 700 mm =300 mnOICk.

0
(m]
ro
N
S
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U

28 Z (b
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A BIRH, & 2IHE Wel < JIE A
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H SH= 160 mmOICH ©EHIAI| =& = T8 2 2L o4 EIF 2=
[H 56 ~ 7]0 LEILHRUCH. C12 Gt=Hl 0.904, E2HE LHH] 0.901, A LY
& H|l END2 MIDDLEZ <t 0.50ICt C2= ot=Hl 0.912, E2HE L&Yl 0.923, &
Ch LHEH| END2t MIDDLEZ < 0.701H JIs 2M 2% £ WLl 1.0 Olotz
LHOZ oHNotl=s HS € = UL G2 Z2UE °F 0.9, == ENDLF

MIDDLEZ2 22F 0.9, < 0.80ICt. G22 &22%E ENDet MIDDLEZ < 0.8, MEHH
END2H MIDDLEEZ 2=+ 0.96, 2f 0.970ICt. B12 EZHE ©°F 0.87, 8E= ENDLt
MIDDLEZ2 =22F 2F 0.7, 0.40ICt. B22 &X2ME < 0.9, M END2F MIDDLEZ
2r2+ 0.3, 2f 0.7014

g2 o
2 &= UC+. W2 ot=Hl 0.503, EZ2UE WHHI
=1

nio
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[E 5-6] JISA HE2 2t 2ME 2 XL Z Dt (24 MPa)
ke (KN)
Sl =g (KN) END MIDDLE
y= o y= o
C1 5677.93 346.465 319.383 347.588 320.527
c2 5983.57 351.368 404.968 352.491 406.112
Hch L=
e 8=H= END MIDDLE
o=t LHE HI
zs | os | 23 | u=
C1 0.872 0.866 0.613 0.132 0.611 0.131
C2 0.837 0.848 0.712 0.055 0.710 0.054
EZHE (KN'm) ek (KN)
Sl END-| MIDDLE END-J
END-| MIDDLE END-J
+ - + - + -
G1 758.67 | 631.16 | 574.22 | 220.98 | 767.16 | 596.89 | 326.68 | 284.72 320.50
G2 335.88|346.70 | 266.76 | 262.03 | 341.20 | 351.96 | 438.49 | 455.46 | 462.83
B1 399.15|412.95|397.58 | 163.29 | 396.19 | 95.18 | 202.23 165.50 174.06
B2 345.30 | 114.39 1 280.05 | 50.65 |289.98| 129.73 | 138.30 150.43 170.78
EDHE | o L=
END-| MIDDLE END-J
END-| MIDDLE END-J
+ - + - + -
G1 0.9591|0.8968 | 0.9343 | 0.6987 | 0.9698 | 0.9712| 0.9014 | 0.7856 | 0.8844
G2 0.8119/0.8380 | 0.8495 | 0.8344 | 0.8247 | 0.8507 | 0.9666 | 0.9629 | 0.9785
B1 0.9648 | 0.9982 | 0.9640 | 0.5200 | 0.9576 | 0.3031 | 0.6975 | 0.5708 | 0.6004
B2 0.9563 | 0.4166 | 0.7756 | 0.1845|0.8031| 0.4725| 0.5252 | 0.5712 | 0.6485
=21 (KN) ZHDHUE (KN-m )
=70 . - - - ek (KN)
4= 4= = 4=
W 71.8355 71.8355 -27.180 0 10.0638
Sk GHsHl EDHE |
o L=yl
y= o1 z= o1
W 0.102 0 0.101 0 0.083
- 49 -
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[HE 57] JISA A2 2 2ME 2= otdd 20 (30 MPa)
ke (KN)
Sl =g (KN) END MIDDLE
y= o1 y= o=
C1 3556.61 223.620 181.421 224.190 182.012
C2 4638.76 257.585 227 .687 258.304 228.428
Hch L=
e 8=H= END MIDDLE
o=t LHE HI
¥z | a= | 2z | a=
C1 0.904 0.901 0.466 0.143 0.465 0.142
C2 0.912 0.923 0.710 0.039 0.708 0.038
EZHE (KN'm) ek (KN)
Sl END-| MIDDLE END-J
END-| MIDDLE END-J
+ - + - + -
G1 1045.9 | 554.03 | 826.98 | 196.16 | 1053.1 | 547.64 | 349.42 307 .46 342.95
G2 246.84 | 224.07 | 203.12 | 148.82 | 251.13 | 253.91 | 317.08 329.79 335.02
B1 309.77|418.32 | 309.77 | 193.14 | 309.03 | 31.75 | 177.49 99.94 60.21
B2 358.59 | 151.90 | 301.69 | 71.36 | 342.09| 122.93 | 63.33 148.65 79.05
EDHE | o L=
END-| MIDDLE END-J
END-| MIDDLE END-J
+ - + - + -
G1 0.9822 | 0.8911 | 0.9266 | 0.6167 | 0.9889 | 0.8808 | 0.8910 | 0.7992 | 0.8745
G2 0.777810.9112 1 0.8260 | 0.8689 | 0.7913 | 0.8001 | 0.9612 | 0.9764 | 0.9744
B1 0.8762|0.9715]0.8762 | 0.7054 | 0.8741 | 0.1714| 0.7684 | 0.4284 | 0.2581
B2 0.972110.9464 | 0.9919 | 0.4446 | 0.9276 | 0.7659 | 0.2977 | 0.6909 | 0.3716
=21 (KN) ZHDHUE (KN-m )
=70 . - - - ek (KN)
4= o= d= o=
W 10.2436 10.2436 -36.375 0 13.5791
Sk GHsHl EDHE |
o L=yl
y= o1 z= o1
W 0.503 0 0.509 0 0.138
- 50 -
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24 MPa (b, < h)(mm)

30 MPa (b, < h)(mm)

B1 550 x 200 400 < 200
B2 450 =< 200 350 < 200
B3 400 = 180 400 < 180
B4 600 > 200 400 < 200
W1 120 120
W2 150 120
W3 180 150
W4 200 180
MEE FEM= ZAJIEZ B1, B2, B3, B4, Wi, W2, W3, W4 2 CHEHQI 2T

Aot Ol RMHEZ ALolld T2 IS

ol B11t B2= JIE AtEE

550 mm =200 mm, =

x200 mmOICt. B1HE

=0[(h) 350 mm =200 mm, Z=(b

400 mm <200 mmO|C}.
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OlZ2ot X ¢tddsS ot

e
)T =01(h) 450 mm <200 mmOI B, B3I B4= JIZE AIRE
2 =0I1(h) 400 mm =180 mm,

ro

QI

AT

}

ol

2F20F
==

Z(p, ) =0I(h)

(b,) 2t =0I(n) 600 mm
L) =01(h) 400 mm <200 mm, =(b, )

w

400 mm <180 mm, =(b,)3t =0I(h)



S OBW, =2 2Me Wi, W2, W3, wW4el A= JIE AM8E 2N SHe 2=
120mm, 150 mm, 180 mm, 200 mmOI04, HAE= HH SH= 2120 120 mm, 120 mm,
150 mm, 180 mmOICt. SHHIAI| =& F 2 2ME FX dH HIF = [H
5-9 ~ 10]0fl LtEFLHRACE.

AXoHMA FIF Zt B12] EZ2UE ENDRF MIODDLEE 22 2F 0.01, 0.02010,
Mt ENDRF MIDDLEZ 282 2F 0.09, 0.030ICt. B22| END2t MIDDLEE =2 <
0.007, 0.020104, M &t END2F MIDDLEE 2H=2F 2F 0.08, 0.040ICH. B42| ENDS
MIDDLEES =2f2f 2F 0.02, 0.130104, M &2 END2F MIDDLEZ 22 2F 0.18, 0.150|
Ch. B 2 2% &2 1.00/0l2 PFAHO=Z otNGICHE HE & = ULH W4
= ot=Hl 0.652, &2 Headl 0.643, MG LHEHl= 0.104010 & 2 L8t
otdE 1.0 0|3t R*EXHCOZ OHENGIL=E A2 &€ = UL
[HE 5-9] 84 HAxE8 2 2ME 22X oty Z 1t (24 MPa)

E2HE (KN-m ) ke (KN)
END-| MIDDLE END-J
; - ; - ; - END-| MIDDLE END-J
B1 480.401| 234.65 11068.13 0 249.969|200.299, 134.67 52.74 935. 168
B2 275.365|199.738/1022.42 0 270.481/190.413| 116.78 61.18 109.82
B4 929.423|228.745|852.092|1136.41|1666.65/614.658| 396.06 362.89 286.24
EQUHE HYI S =)
END-| MIDDLE END-J
" - ; - ; - END-| MIDDLE END-J
B1 0.0078 | 0.0381 | 0.0174 0 0.0041]0.0326 | 0.0920 0.0360 0.0639
B2 0.0057 | 0.0413 | 0.0211 0 0.0056 | 0.0394 | 0.0869 0.0455 0.0817
B4 0.0136|0.3358 | 0.1251 | 0.1668 | 0.2447 | 0.0902 | 0.2571 0.2356 0.1858
%Fja* (KN)gté ziwg (KN;C%) AEHE ()
W4 9.704 9.704 36.275 0 20.126
%2%*%*0}32% jjl;'?ﬂé LHQO.:::; Mo L2t
W4 0.622 0 0.622 0 0.099
-5 -
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[ 5-11] JISA ASE2 JIE 24 WPa 2 &= 20
1F 2~5F
G2 | A2 | =0 pIES SUM itz | M2 | =0 | Ha SUM
¢t (0.6 |0.7 |48 |6 12.10 C1 10.7 |06 4.2 |6 10.58
2 (0.6 |0.7 |48 |4 8.064 c2 10.7 |06 |4.2 |4 7.056
Gl 10.9 |0.5 11.1 18 14.99 Gl |0.9 |0.5 1.1 13 14.99
@ 0.9 10.4 |1 2 0.72 G2 |0.9 0.4 1 2 0.72
0.9 |04 |11.1 2 7.992 0.9 0.4 1.1 12 7.992
e 0.9 0.4 |15.83 |1 5.508 G3 |10.9 0.4 15.3 | 1 5.508
0.9 |04 |4.1 1 1.476 0.9 0.4 |41 1 1.476
G3A 0.9 0.4 |10.6 |1 3.816 G3A | 0.9 |04 10.6 | 1 3.816
G4 |09 |04 7.7 |1 2.772 G4 |0.9 (04 |7.7 1 2.772
G4A 10.9 0.4 |7.7 |1 2.772 G4A | 0.9 | 0.4 | 7.7 1 2.772
Bt |0.9 |0.4 |11.7 |3 12.64 B1 |0.9 0.4 1.7 |3 12.64
B2 |0.8 | 0.4 |23.8]1 7.616 B2 |0.8 0.4 |23.8 |1 7.616
B3 10.9 |0.4 |11.7 |1 4.212 B3 10.9 0.4 1.7 |1 4.212
0.4 102 |2 2 0.32 BO |0.4 0.2 |2 2 0.32
50 0.4 10.2 |09 |2 0.144 0.4 10.2 |09 |2 0.144
0.4 0.2 1 1 0.08 0.4 |0.2 1 1 0.08
0.4 0.2 1.14 | 1 0.091 0.4 |0.2 1.14 |1 0.091
WB1 | 0.6 |0.2 1 1 0.12 WBi1 0.6 |0.2 1 1 0.12
0.2 |05 |48 |8 1.44 0.2 |05 |42 |8 1.26
0.2 |48 4.8 |1 4.608 0.2 4.8 |4.2 1 4.032
0.2 |22 4.8 |4 8.448 0.2 |22 |4.2 |4 7.392
0.2 |3.2 4.8 |1 3.072 0.2 3.2 |4.2 1 2.688
0.2 1.7 4.8 |1 1.632 0.2 1.7 4.2 1 1.428
0.2 |3.4 4.8 |1 3.264 0.2 3.4 |4.2 1 2.856
0.2 1.86 |14.8 |1 1.786 0.2 1.86 | 4.2 1 1.562
0.2 |06 4.8 |1 0.576 0.2 |10.6 |4.2 1 0.504
0.2 |5.76 4.8 |1 5.529 0.2 |5.76 |4.2 1 4.838
W |0.2 |0.27 4.8 |1 0.259 | W 0.2 10.27 | 4.2 1 0.227
0.2 10.3 4.8 |1 0.288 0.2 0.3 |4.2 1 0.252
0.2 |44 4.8 |1 4.224 0.2 4.4 |4.2 1 3.696
0.2 |58 4.8 |1 5.568 0.2 |58 |4.2 1 4.872
0.2 |24 4.8 |1 2.304 0.2 | 2.4 |4.2 1 2.016
0.2 1 4.8 |1 0.9 0.2 1 4.2 1 0.84
0.2 /0.8 4.8 |1 0.768 0.2 10.8 |4.2 1 0.672
0.2 |23 4.8 |1 2.208 0.2 2.3 |4.2 1 1.932
0.2 |0.7 4.8 |1 0.672 0.2 0.7 |4.2 1 0.588
0.2 1.5 4.8 |1 1.44 0.2 1.5 4.2 1 1.26
= 134.466 m° = 125.816 m®

Ot
Mo
o
o

I

2 BHAH) = (134.466 m+ (125.816 m° x 4) x 2.4 = 1530.55 m°
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[H 5-13] 84 ASE2 J|= 24 WPa S& &E Z20E (HF)
1F b2 | M2 | =00 | JHa [ s
2 I =0 4= | SUM 0.18 | 0.86 | 3.6 1 0.56
B1 10.2 0.55 | 3.6 3 1.19 0.18 | 2.45 | 3.6 1 1.58
B2 |0.2 0.45 | 3.6 8 2.59 0.18 |2.72 | 3.6 2 3.53
B3 |0.18 0.4 3.6 15 3.89 0.18 | 2.14 | 3.6 3 4.16
B4 |0.2 0.6 3.6 11 4.75 0.18 | 3.33 | 3.6 2 4.32
0.12 | 2.05 | 3.6 2 1.77 0.18 |2 3.6 5 6.48
0.12 | 1.79 | 3.6 2 1.55 0.18 | 1.8 3.6 2 2.33
0.12 | 2.84 | 3.6 3 3.68 0.18 | 3.02 | 3.6 1 1.96
0.12 | 1.42 | 3.6 3 1.84 0.18 | 0.5 3.6 1 0.32
0.12 10.18 | 3.6 4 0.31 0.18 | 2.08 | 3.6 1 1.32
0.12 1 0.12 | 3.6 2 0.10 0.18 | 1.21 | 3.6 2 1.57
0.12 1 0.55 | 3.6 2 0.48 0.18 | 2.34 | 3.6 2 3.03
Wi 0.12 10.5 3.6 4 0.86 W3 |10.18 | 1.53 | 3.6 1 0.99
0.12 |2.62 | 3.6 2 2.26 0.18 | 1.86 | 3.6 3 3.62
0.12 1 1.97 | 3.6 1 0.85 0.18 | 2.38 | 3.6 2 3.08
0.12 | 1.23 | 3.6 1 0.53 0.18 |2.16 | 3.6 2 2.80
0.12 | 1.87 | 3.6 1 0.81 0.18 | 1.26 | 3.6 2 1.63
0.12 | 1.19 | 3.6 2 1.08 0.18 | 2.56 | 3.6 1 1.66
0.12 | 3.25 | 3.6 2 2.80 0.18 | 3.02 | 3.6 1 1.96
0.12 | 1.26 | 3.6 2 1.09 0.18 [ 2.50 | 3.6 1 1.62
0.12 10.69 | 3.6 1 0.30 0.18 | 2.58 | 3.6 1 1.67
0.15 | 8.67 | 3.6 2 9.36 0.18 | 3.32 | 3.6 1 2.15
0.15 1 1.63 | 3.6 3 2.64 0.18 | 2.1 3.6 1 1.36
0.15 | 2.25 | 3.6 1 1.26 0.18 | 4.55 | 3.6 1 2.95
0.15 10.34 | 3.6 1 0.18 0.18 | 1.82 | 3.6 1 1.18
0.15 | 1.99 | 3.6 2 2.15 0.2 10.2 | 3.6 1 7.35
0.15 | 1.79 | 3.6 2 1.93 0.2 9.15 | 3.6 3 19.8
0.15 10.89 | 3.6 1 0.48 0.2 1.05 | 3.6 3 2.27
0.15 | 2.23 | 3.6 1 1.20 0.2 1.5 3.6 1 1.08
0.15 11.99 | 3.6 1 1.07 0.2 10.4 | 3.6 1 7.47
0.15 | 2.56 | 3.6 2 2.77 0.2 1.97 | 3.6 1 1.42
W2 |0.15 | 1.07 | 3.6 1 0.58 0.2 2.27 | 3.6 1 1.63
0.15 | 2.66 | 3.6 1 1.44 0.2 0.96 | 3.6 4 2.77
0.15 | 3.11 | 3.6 1 1.68 W4 | 0.2 0.7 3.6 2 1.01
0.15 |1 1.68 | 3.6 4 3.63 0.2 2.8 3.6 1 2.02
0.15 | 8.57 | 3.6 1 4.63 0.2 4.7 3.6 2 6.77
0.15 13.79 | 3.6 1 2.05 0.2 0.83 | 3.6 2 1.20
0.15 1 1.86 | 3.6 1 1.00 0.2 2.19 | 3.6 2 3.15
0.15 10.14 | 3.6 1 0.08 0.2 1.51 1 3.6 2 2.17
0.15 | 17.8 | 3.6 1 9.58 0.2 1.21 | 3.6 1 0.87
0.15 10.33 | 3.6 1 0.18 0.2 0.10 | 3.6 2 0.14
0.15 1 0.7 3.6 1 0.38 0.2 2.2 3.6 1 1.58
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SUM
1.55
2.63
3.43
0.91
4.74
5.08
1.46

1.15
0.94
0.75
2.53
0.72
1.85
2.85
0.55
0.65
7.46

1
1
1
1
1
1
1

287.045 m®

1
1
1
1
1
1

=0

3.6
3.6
3.6
3.6

N2

2.15 |1 3.6
3.65 | 3.6
4.77 | 3.6
1.26 | 3.6
6.58 | 3.6
7.05 |3.6
2.03 | 3.6

1.04 |1 3.6
3.51

2.57 | 3.6
3.96 | 3.6
0.76 | 3.6
0.9

10.4 1 3.6

1.59 1 3.6
0.5

1.3

i

=2

0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

W4

SUM

3.74
4.97
1.07
0.21
2.15
4.25
1.31
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3.05
1.89
0.85
2.38
6.22
4.61
5.86
2.65
0.37
0.87

o ==

) = (287.045 m® x 17) x 2.4 = 11711.4 n®

2
2
2
6
2

1
1

2

3.6
3.6

=
=
=0l

3.6
3.6

ral
N2
2.6
6.91

2.12 |1 3.6
1.32 | 3.6
0.59 | 3.6
0.55 | 3.6
4.32 | 3.6
3.2

8.14 | 3.6
3.68 | 3.6
0.26 | 3.6
0.61

=
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

H
1F

W4
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1F H2 | M2 | =0l | M2 | suu
= M2 =0l | o= SUM 0.15 | 0.86 | 3.6 1 0.46
B1 0.2 0.4 3.6 3 0.86 0.15 | 2.45 | 3.6 1 1.32
B2 0.2 0.35 | 3.6 8 2.02 0.15 |2.72 | 3.6 2 2.94
B3 0.18 1 0.4 3.6 15 3.89 0.15 | 2.14 | 3.6 3 3.47
B4 0.2 0.4 3.6 1A 3.17 0.15 [ 3.33 | 3.6 2 3.60
0.12 |2.05 | 3.6 2 1.77 0.15 |2 3.6 5 5.40
0.12 | 1.79 | 3.6 2 1.55 0.15 | 1.8 3.6 2 1.94
0.12 |2.84 | 3.6 3 3.68 0.15 [ 3.02 | 3.6 1 1.63
0.12 | 1.42 | 3.6 3 1.84 0.15 | 0.5 3.6 1 0.27
0.12 10.18 | 3.6 4 0.31 0.15 | 2.03 | 3.6 1 1.10
0.12 10.12 | 3.6 2 0.10 0.15 [ 1.21 | 3.6 2 1.31
0.12 10.55 | 3.6 2 0.48 0.15 |2.34 | 3.6 2 2.53
Wi 0.12 1 0.5 3.6 4 0.86 | W3 0.15 [ 1.53 | 3.6 1 0.83
0.12 |2.62 | 3.6 2 2.26 0.15 | 1.86 | 3.6 3 3.01
0.12 1 1.97 | 3.6 1 0.85 0.15 |2.38 | 3.6 2 2.57
0.12 | 1.23 | 3.6 1 0.53 0.15 |2.16 | 3.6 2 2.33
0.12 1 1.87 | 3.6 1 0.81 0.15 | 1.26 | 3.6 2 1.63
0.12 |1.19 | 3.6 2 1.03 0.15 | 2.56 | 3.6 1 1.38
0.12 |3.25 | 3.6 2 2.80 0.15 | 3.02 | 3.6 1 1.63
0.12 | 1.26 | 3.6 2 1.09 0.15 | 2.50 | 3.6 1 1.35
0.12 10.69 | 3.6 1 0.30 0.15 | 2.58 | 3.6 1 1.39
0.12 |8.67 | 3.6 2 7.49 0.15 [ 3.32 | 3.6 1 1.79
0.12 | 1.63 | 3.6 3 2.11 0.15 | 2.1 3.6 1 1.13
0.12 |2.25 | 3.6 1 0.97 0.18 | 1.82 | 3.6 1 1.18
0.12 10.34 | 3.6 1 0.15 0.18 [10.2 | 3.6 1 6.62
0.12 | 1.99 | 3.6 2 1.71 0.18 [9.15 | 3.6 3 17.8
0.12 | 1.79 | 3.6 2 1.55 0.18 | 1.05 | 3.6 3 2.04
0.12 10.89 | 3.6 1 0.38 0.18 | 1.5 3.6 1 0.97
0.12 |2.23 | 3.6 1 0.96 0.18 | 10.4 | 3.6 1 6.72
0.12 11.99 | 3.6 1 0.86 0.18 | 1.97 | 3.6 1 1.28
0.12 |2.56 | 3.6 2 2.21 0.18 |2.27 | 3.6 1 1.47
W2 0.12 | 1.07 | 3.6 1 0.46 0.18 [ 0.96 | 3.6 4 2.49
0.12 |2.66 | 3.6 1 1.15 0.18 | 0.7 3.6 2 0.91
0.12 | 3.11 | 3.6 1 1.34 | W4 0.18 | 2.8 3.6 1 1.81
0.12 | 1.68 | 3.6 4 2.90 0.18 | 4.7 3.6 2 6.09
0.12 | 8.57 | 3.6 1 3.70 0.18 [ 0.83 | 3.6 2 1.08
0.12 | 3.79 | 3.6 1 1.64 0.18 |2.19 | 3.6 2 2.84
0.12 | 1.86 | 3.6 1 0.80 0.18 | 1.51 | 3.6 2 1.96
0.12 10.14 | 3.6 1 0.06 0.18 | 1.21 | 3.6 1 0.78
0.12 | 17.7 | 3.6 1 7.66 0.18 [0.10 | 3.6 2 0.12
0.12 10.33 | 3.6 1 0.14 0.18 | 2.2 3.6 1 1.43
0.12 1 0.7 3.6 1 0.30 0.18 [ 2.6 3.6 2 3.37
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[E 5-14] &Al HA=2 BHAH 30 MlPa =2 A=

1F
2 M2 =0 BIES SUM =0 DIES SUM
0.18 |6.91 | 3.6 1 4.47 0. 3.6 1 2.37
0.18 | 1.48 | 3.6 1 0.96 0. 3.6 1 3.09
0.18 1 0.29 | 3.6 1 0.19 0. 3.6 1 0.82
0.18 1 2.99 | 3.6 1 1.94 0. 3.6 1 4.26
0.18 5.9 3.6 1 3.82 0. 3.6 1 4.57
0.18 | 1.82 | 3.6 |2 2.35 0. 3.6 1 1.32
0.18 |2.12 | 3.6 |2 2.74 0. 3.6 1 1.08
0.18 | 1.32 | 3.6 |2 1.70 0. 3.6 1 0.84

W4 0.18 [0.59 | 3.6 |2 0.77 W4 | 0. 3.6 1 0.67
0.18 [ 0.55 |3.6 |6 2.14 0. 3.6 1 2.27
0.18 [ 4.32 | 3.6 |2 5.60 0. 3.6 |2 0.65
0.18 | 3.2 3.6 |2 4.15 0. 3.6 1 1.67
0.18 | 8.14 | 3.6 1 5.27 0. 3.6 1 2.57
0.18 | 3.68 | 3.6 1 2.39 0. 3.6 1 0.49
0.18 |0.26 | 3.6 |2 0.34 0. 3.6 1 0.58
0.18 [ 0.61 | 3.6 |2 0.78 0. 3.6 1 6.71
0.18 | 2.15 | 3.6 1 1.39 0. 3.6 1 2.95

= 252.312 m°
E =2Y ( 2 8 = (252.312 m® x 17) x 2.4 = 10294.3 m®
Ct. ZH4 Hlw
UM HAME S £ Elz JI2 tigseHA JIE LG

Ct. JIZE 24 MPa2 J|=2
A= [E 5-16]0 LIEHLHA
[E 5-17]10i LIEFLHRAUCE.
O, Z2eiet XrZel JtA
o=z ™I 0=

ZICH 20%2 HHE OH =

BlwE AAIRUCEH.
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[E 5-15] 24 MPa2l Dl= BHEFE A

@igg Mix proportion (kg/m?)

ol W/C Water Cemenet Sand Coarse
23el= 0.40 179 407 746 996
HHE 01 4+ W/C Water Cemenet Sand | BA Coarse

=o
= ;1; = 0.401 179 407 597 149 996

[E 5-16] 30 MPall D& HHEA X
Eiilé Mix proportion (kg/m°)

oI} W/C Water Cemenet Sand Coarse
=238 = 0.40 185 486 694 964
HEE OH = W/C Water Cemenet Sand | BA Coarse

=o
=2 ;1; S 0.40 185 486 555 139 964

[Z 5-17] HEg JtA
Cost for raw material (& /kg) 2
w/c Water Cemenet Sand Bottom ash Coarse
- 0 98 25 40 25
2. & dgk 8}

HIE 0 &2 232IE9 A & TIH(life-cycle assessment, LCA) 2HE

—/ —

2) Mg JiZES JIAF Y BONUA 2DoIAS
http://www.conslove.co.kr/news/articleView.html?idxno=72719

https://www.ajunews.com/view/20220321153444330
https://biz.chosun.com/real_estate/real_estate_general/2022/04/17/EGD4Y54ADRCF5GPBBCAE2PH274/

_61_

Collection @ chosun



}

Bl

&

HHE OH

AN 2R Z IDFESHALCE.

)
Kk
0

il

M0

ALl
)
K

-/

4 EH

jVE
o

. 3

o

-l

W}

i
A
]

Z3clEs dioE2 E=ol 2

Mabel

o3

ol

= Xl <

Korea LClI

, 100 km& J+EGHRULCY.

WE ==Z(life-cycle inventory, LCI) 242 AAE AAHOUA

&

_

OH

ok

DB(KEITI 2017) At

_

(!
<
40
OH

ok

n

0

W}

m
M)

-

Al

i0J
o0
I

un

_

0d

_

<J
20

el E

M)

el

=

ol A2
Bt & O =

<
K]
oll
)
xr

_I

b

b

FACH?,

_‘
Hel Co, A= 1.096-03 CO,~kg/kg2Z Al 8.06E-04 CO,~kg/kgl! &HHZeHE

M=
0l

prnl
=

HhE OH

FRACE.

10
ol
o

5-18] 0l

IT
sl

[

tO4 Chun(2007)01 I Al

| LCI GIOIHE

=0
= —

110

00

LCI GIOIEE

51

110

&)

E
]I

0d

KD
I

prnl
=

Z 3¢l

Ch of 75% SLCt.

H

Rl
0l

4.298-03 CO~kg/kgQ! Tt4H =
di0lE £dlet diiE Edz A H2H L0l G-seed M LCI DB

(KEITI 2018)2 0|E35tCHY,

Ch of 35% =20,

_62_

Collection @ chosun



[Z 5-18] 232IEQ & o= I AI2EZl= LCI CIOIE{HI0lA Kok
Inventory for each environment load (kg/FU)
[tem
(FU) C02 co SOX NOX NH3 Hard coal | Soft coal | Natural gas | Crude oil
OPC
(ka) 9.31E-01 8.90E-02 0.00E-00 1.03E-03 4 .36E-07 7.44E-03 1.80E-01 7.99E-03 2.42E-02
Gravel
(ka) 4.29E-03 5.52E-06 1.42E-05 1.08E-05 9.78E-09 5.64E-08 2.87E08 1.97E-04 2.00E-04
Natural
sand (ka) 8.06E-04 1.67E-06 1.12E-08 1.03E-05 1.88E-11 4 .94E-07 6. 7407 1.04E-05 2.41E-04
Water -
reducing 2.50E-01 - - - - - - - -
agent (kg)
Bottom ash
(ka) 1.09E-03 1.98E-07 6.05E-06 2.65E-06 4. 74E-09 4 55E-04 6.43-06 2.73E-05 9.74E-05
Mixer
(2.5md 7.10E-01 - - - - - - - -
(m?)
Trans—
mixer truck 6.60E-01 2.13E-03 4.30E-08 7.87E-03 1.06E-08
(m?®/km)
- 63 -
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[H 5-19] JISA A=E 00, BIIE 8 ds8IHHE (24 WPa) (A=)

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=A8B D E F=ADE
Distance
kg/FU C0,-ka/kg | CO.-kg/FU (k) C0z-ka/kg-km | C0,-kg/FU
0PC 407 9.31E-01 3.79E+02 130 5.92e-07 | 3.13E-02
Sand 746 8.06e-04 | 6.01E-01 30 1.14E-06 | 2.55E-02
Coarse 996 4.29e-03 | 4.27E+00 30 1.14E-06 | 3.41E-02
Water 179 1.126-04 | 2.00E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 0 1.09E-03 | 0.00E+00 0 1.14E-06 | 0.00E+00
aggregate
SUM 3.84E+02 SUM 9.09e-02
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=A8B D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 20 6.60E-01 2.64E+01

Total = 397.81 CO2-kg/m?

Collection @ chosun
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IS0 E8 2

=)

32 E

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 407 9.31E-01 3.79E+02 130 5.92e-07 | 3.13E-02
Sand 597 8.06E-04 | 4.81E-01 30 1.14E-06 | 2.04E-02
Coarse 996 4.29e-03 | 4.27E+00 30 1.14E-06 | 3.41E-02
Water 179 1.126-04 | 2.00E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 149 1.09E-03 1.62E-01 130 1.14E-06 | 2.21E-02
aggregate
SUM 3.84E+02 SUM 1.08E-01
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 20 6.60E-01 1.32E+01

Total = 397.87 C02-kg/m?®

Collection @ chosun
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[H 5-20] JISA A=E2 00, EIIE 98 ds8IHHE (30 MPa) (A=)

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 486 9.31E-01 4 .52E+02 130 5.92e-07 | 3.74E-02
Sand 694 8.06E-04 | 5.59E-01 30 1.14E-06 | 2.37E-02
Coarse 964 4.29e-03 | 4.14E+00 30 1.14E-06 | 3.30E-02
Water 185 1.126-04 | 2.07E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 0 1.09E-03 | 0.00E+00 0 1.14E-06 | 0.00E+00
aggregate
SUM 4 .57E+02 SUM 9.41E-02
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 20 6.60E-01 1.32E+01

Total = 471.19 CO2-kg/m?

Collection @ chosun
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[H 5-20] JISA A=

IS0 28 2

(= R w—

32 E

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 486 9.31E-01 4 .52E+02 130 5.92e-07 | 3.74E-02
Sand 555 8.06E-04 | 4.47€E-01 30 1.14E-06 1.90E-02
Coarse 964 4.29e-03 | 4.14E+00 30 1.14E-06 | 3.30E-02
Water 185 1.126-04 | 2.07E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 139 1.09E-03 1.52E-01 130 1.14E-06 | 2.06E-02
aggregate
SUM 4 .57E+02 SUM 1.10E-01
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 20 6.60E-01 1.32E+01

Total = 471.24 CO2-kg/m?®

Collection @ chosun
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Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 407 9.31E-01 3.79E+02 130 5.92e-07 | 3.13E-02
Sand 746 8.06e-04 | 6.01E-01 30 1.14E-06 | 2.55E-02
Coarse 996 4.29e-03 | 4.27E+00 30 1.14E-06 | 3.41E-02
Water 179 1.126-04 | 2.00E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 0 1.09E-03 | 0.00E+00 0 1.14E-06 | 0.00E+00
aggregate
SUM 3.84E+02 SUM 9.09e-02
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 100 6.60E-01 6.60E+01

Total = 450.61 CO2-kg/m?

Collection @ chosun
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Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 407 9.31E-01 3.79E+02 130 5.92e-07 | 3.13E-02
Sand 597 8.06E-04 | 4.81E-01 30 1.14E-06 | 2.04E-02
Coarse 996 4.29e-03 | 4.27E+00 30 1.14E-06 | 3.41E-02
Water 179 1.126-04 | 2.00E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 149 1.09E-03 1.62E-01 130 1.14E-06 | 2.21E-02
aggregate
SUM 3.84E+02 SUM 1.08E-01
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 100 6.60E-01 6.60E+01

Total = 450.67 CO2-kg/m?®

Collection @ chosun
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[H 522] ¥

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 486 9.31E-01 4 .52E+02 130 5.92e-07 | 3.74E-02
Sand 694 8.06E-04 | 5.59E-01 30 1.14E-06 | 2.37E-02
Coarse 964 4.29e-03 | 4.14E+00 30 1.14E-06 | 3.30E-02
Water 185 1.126-04 | 2.07E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 0 1.09E-03 | 0.00E+00 0 1.14E-06 | 0.00E+00
aggregate
SUM 4 .57E+02 SUM 9.41E-02
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 100 6.60E-01 6.60E+01

Total = 523.99 CO2-kg/m?

Collection @ chosun
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[H 522] ¥

Material phases

Functional Concrete constituent Transpgrtat|on
unit (gate to ready-mixed concrete plant)
(FU) :
mS
A B C=AB D E F=ADE
Distance
kg/FU C02-kg/kg | CO2-kg/FU (k) co2-ka/ka-kn | CO2-kg/FU
0PC 486 9.31E-01 4 .52E+02 130 5.92e-07 | 3.74E-02
Sand 555 8.06E-04 | 4.47€E-01 30 1.14E-06 1.90E-02
Coarse 964 4.29e-03 | 4.14E+00 30 1.14E-06 | 3.30E-02
Water 185 1.126-04 | 2.07E-02 0 - -
Bottom ash
coarse 0 - - 0 - -
aggregate
Bottom ash
fine 139 1.09E-03 1.52E-01 130 1.14E-06 | 2.06E-02
aggregate
SUM 4 .57E+02 SUM 1.10E-01
Production phase for fresh concrete
. L Transportation
Batching and mixing . .
(plant to construction site)
A B C=AB D E F=ADE
FU C02-kg/m® | C02-kg/m® km €02-kg/me-km | CO2-kg/FU
Facilities 1 md 7.10E-01 7.10E-01 100 6.60E-01 6.60E+01

Total = 524.04 CO2-kg/m?

Collection @ chosun
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2 1,815,267 kgOIM,



2IE J1HS 1,003.327.349 ROICH 30 MPa AIR Alojs g 232(E J1240)
916,995,655 210|CH HIE0HAl 29 2I2E AR Al HIZO0HA AF2ZS 159,617
koOIDi, 2 I2IE 4212 938.450.271 ROICH 24 MPadt 30 MPaSl & JIXl ZS
DS BIEO4 22 2IRES AIRSIS 200 HHAH S=THOA O 2.68 % AS5
W OEIXD, Ol= HIEOHAIZ AFREO2M Jithste 2E=ol s10F o 37| O
SO AIREIS 200] O ES WEOZ2 0|0 20|20 M2EEHC
(I 523] OIAAES 2AHA B} 2D
axas | #W2E | =32E == 22 () 2/ J24(2)
ot 292/ | 1530.55 | 83.436 127,702,970
24 WPa T hieiha 2o
1530.55 | 85,671 131,123,749
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