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SUMMARY

[. Title

Development of the Commercialization & Manufacturing System of Zero Emission Binder

utilizing Recycled Resources

II. Purpose & Necessity of R&D

1. Final Goal of R&D

The final goal is to develop cement being produced by utilizing industry wastes and
by-products without consuming natural resources (CO. zero emission binder) and establish an
according commercialization system for its application and utilization. The zero emission binder
will be used to develop environmental load reduction type eco-friendly cement and establish
its development & manufacturing facilities, through which green construction materials &
concrete secondary products will be developed for the development and commercialization of

eco-friendly concrete.

2. Year-specific Goals

Ist Year Goal: identification of ZEB use raw material pre-treatment conditions and
deduction of optimum mix

2nd Year Goal: installation of pilot plant and evaluation of cement concrete and concrete
secondary product characteristics using sample

3rd Year Goal: development of commercialization system and evaluation of the field
applicability of the developed product

O Development of the manufacturing technology of zero emission concept inorganic
composite

= (Greenhouse gas emission status not exceeding 1/10 compared to the manufacturing of
portland cement clinker

= Drying process & mixing/pulverizing process status for simply removing moisture of raw



materials without calcination process

O Development of cement manufactured by using industry wastes and by-products without
consuming natural resources

= Status of using blast-furnace slag, used plaster and coal ash as main materials without
consuming natural resources such as limestone, clay, silica and fossil fuel

= Evaluation of usability as a stimulant of mixed cement of inorganic industry wastes

O Manufacturing of the product in 80% range compared to the manufacturing cost of

existing cement product

lll. Contents & Scope of the R&D

Following researches were conducted to develop zero emission binder manufactured by using
industry wastes and by-products without consuming natural resources to develop green
construction materials and concrete secondary products through the zero emission binder to
ultimately develop and commercialize eco-friendly cement and concrete.

O Analysis of the raw sample of various industry by-products to be used as stimulant and binding
material

= Advanced research on the companies with industry by-products and the amount and quality of
the by-products

= Selection of various industry by-products to be used as stimulant and binding material (used
plaster, high calcium fly ash, etc.)

= Analysis of the chemical/physical/environmental characteristics of the raw sample of industry
by-products and analysis of pre-treatment method

O Deduction of appropriate mix ratio of ZEB

= Deduction of appropriate mix ratio according to the pre-treatment method of industry
by-products

= Evaluation of the basic characteristics and stability of mortar using ZEB

O Deduction of optimum pre-treatment condition of alkali & sulphate stimulant
= Analysis of raw sample of alkali & sulphate stimulant
= Deduction of appropriate mix ratio according to stimulant pre-treatment method

= Establishment of mixing and pulverizing conditions of stimulant according to waste complex



treatment

O Production and installation of commercialization plant (in the scale of 60 ton/hour production)
= Production and installation of commercialization plant

= Test operation of commercialization plant
= Supplementation of operational area of improvement of commercialization plant

= Product of sample from commercialization plant

O Verification of overall performance of ZEB for the substitution of existing cement and
diversification of usage

= Development of mass utilization technology of deep stabilization purpose soil hardening material

= Development of mass utilization technology of surface stabilization purpose soil hardening
material

= Evaluation of performance as high value construction material (remitar, color cement, etc.)
= Evaluation of usability as PHC pile filler

= Evaluation of usability as binding material for concrete secondary products

O Development of ZEB-based green construction material commercialization component technology
= Evaluation of physical/mechanical characteristics of hardening material using ZEB
= Evaluation of durability of hardening material using ZEB
= Evaluation of environmental safety of hardening material using ZEB

= Review of fixation characteristics of harmful heavy metal of ZEB

O Deduction of optimum operational condition of commercialization system
= Evaluation of overall performance of commercialization plant sample

= Evaluation of reproduction feasibility of ZEB manufacturing process and manufacturing
technology

= Evaluation of the quality change characteristics of ZEB according to operational conditions
= Collection of optimization data of pilot plant

O Development of commercialization technology of green construction material of ZEB

= Field application of concrete secondary products and supplementation of areas of improvement

= Review of comprehensive feasibility for developed product commercialization and combination of
unit component technologies

O Evaluation of field applicability of developed product

_10_



= Comprehensive evaluation of overall performance of ZEB and performance certification of
utilized product

(permeability coefficient, compressive strength, pH, durability, etc.)

= Field verification of ZEB as deep stabilization purpose soil hardening material
= Field verification of ZEB as surface stabilization purpose soil hardening material
= Field verification of ZEB as PHC pile filler

= Field verification of ZEB as concrete secondary product purpose binding material

V. R&D Results

A series of evaluations and reviews was conducted to use the ZEB manufacturing technology
developed through the R&D for various purposes such as deep stabilization soil hardening
material, surface stabilization soil hardening material, remitar, PHC pile filler, concrete
secondary product binding material. The results showed that it was displaying above equal
performance compared to that of existing ordinary portland cement (OPC).

The test construction result of ZEB in construction field showed that the issue of strength
manifestation delay phenomenon of high moisture content marine clay rich in organic matter
that was found with conventional OPC or blast-furnace cement solidification agent was not
found. In addition, the issue of loss of cementation capacity as a result of underground water
was not found. It can reduce the possibility of polluting ground environment as there are
hardly any strong alkali and Cr™ emission that affect solidification environment contrary to
existing ground hardening agent. In addition, it was verified through acid-resistance,
seawater-resistance and a series of environmental safety experiments that it can ensure
superior durability, environmental safety and strength manifestation compared to existing OPC.

For the development and commercialization of CO, zero emission inorganic binder applying
the zero emission concept, inorganic binding material was manufactured by using alkali and
sulphate industry wastes and by-products as stimulant. Based on this, a commercialization
technology of concrete secondary product and other ground reinforcement stabilization agent
was developed. Field commercialization of such ZEB is expected not only as a technology for
reducing carbon emission in response to global warming but also as an economic cost-saving
technology. It is also expected to contribute to be certified as a green construction technology
of construction field in response to upcoming implementation of carbon tax and carbon
emission trading scheme, while contributing to green growth.

_11_



V. Utilization Plan of the R&D Results

The technological development of ZEB is expected to be effective in creating new demand
and technology not only for electric power facilities but also in the area of ordinary concrete
secondary products. In addition, it is highly likely to allow the assurance of original technology
with a significant ripple effect in the area of high-performance concrete.

Using pulverizing or classification technology, a ZEB purpose high-quality fly ash production
technology can be obtained through unburned carbon reduction and fineness improvement. The
performance of ZEB can be enhanced while obtaining an advanced country’s level mixing
technology by implementing performance centered design method in the design of ZEB mix.

The development of low-carbon ZEB utilization technology is expected to bring a paradigm
shift of energy/carbon dioxide excessive consumption construction by creating innovative new
demands in construction area. In addition, various applications can become possible through
theoretical concept change of the manufacturing and performance of existing concrete.

In addition, it is expected that there would be no difficulties in the mass production of ZEB
products by using the solidification agent production process (1,200 ton/day capacity) of our
company since ZEB utilizing recycled resource has the characteristic of easily being applied to
existing concrete compound material process as it does not use any cement and quicklime. It is
an original technology of our country that has yet to be developed even in advanced countries
and expected to become a must material in the future where environmental safety of ground
will be further emphasized. In addition, it is expected to be widely used for various purposes
such as pile penetration, barrier for preventing the flow of underground water and leakage of
leachate, reinforcement of fragile ground, low-strength air-mixed hardening material for cavity
filling or back fill. As for areas of future usage, its use is expected to expand to the
solidification of fragile ground such as river, farm road and coastal reclamation land and the
back fill of various structures such as tunnel grouting, drain pipe, electric wiring ducts.

_12_
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( Cacos(443|4) — CaO + CO; }
Ca0 + S0; — Cas0;

HEZ IIA SHBA20 2N ZH

HEE FZ3x @41 HEE A325 Y8R e BdHoA =u 235 fa 43
e Eadte AANA HAEE Fazo 23Ho s F HEH 43 o] n2olA 2t
d Ca0 Ag&o] Whgste] AE X3 2 JA A =2 =4 pHZF 115 o9 Az
g =dolth 7] Mad x3H FAEI & pHYE FAEEAS 2 pHel e & A=
< LEGWL vEEd JpeiA HE n2gdl vEgo] FAstH AAFHEAY e i
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Z
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SiO» AloO3 FeoO3 CaO MgO SOs3 KO
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e M 53 0.2~0.8 | O 1.7 0 i 5 8 0.1~0.2
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olgfo] EE FRo] AAH HAF e XRF 4 A=z, #HA3 Fo CaO FFS oF 40~
12%3 =5 om, 1 9o MgO, SiOs, AlLOs T°] 4% Ff=o] vt ey ZFadgeF Fx7}
o 33%2 Jeht AAe APl Bange] dHE AT o FTHG wety 54
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HA39 B E A

Sampllteem SiOz | AlO3 | CaO | Fex03 | MgO | KoO | Na2O | P2Os | TiO2 | SOz | LOI
1 4.88 1.56 |40.59| 1.55 | 6.35 | 0.10 | 2.13 | 0.03 | 0.05 | 3.81 | 33.12
2 4.21 1.84 | 4137 | 1.68 | 6.85 | 0.07 | 3.41 | 0.05 | 0.06 | 3.04 | 33.25
3 4.88 1.62 | 4212 | 1.35 | 6.89 | 0.11 | 1.89 | 0.02 | 0.02 | 3.12 | 33.17

H 3o XA 4 E4423 offel 18I o] CaCOzo dH=z 4Idd AT &
A 4 dom 1 99 Ca(OH), CaCly, CaSO4 NaCl 59 ¥ =7} YERT ol& #HA4 3 e 4
3] 4(CaC0y), awNaCh, &H0)& RESAIA 2T3(NaCO)E FAdstes AAANA wiE=H=
A3 AF=aA EH]7] gEos vRks 434 9 gitE 5ol A "ot H4 3
°of d¥L wif A FAFES Astr Jon HAY JASo] AT A4F oz FAHH A

e pEge 9 2azes] 542 A2 Ao Andd

8000 c
C:CaCo, NC : NaCl
CS:CaS0,2H,0 CC:CaCl,
6000 - CH: Ca(OH)2
=
é 4000 -
£
CH c
2000
C cnSScH
cH |NC|cHT GH (CS
0 T T T T T T T T T T T T
0 10 20 40 50 60

30
20(degree)

HA32l XRD =4 21t

x 1,000
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=2 &2 (ppm)
Ha
Cd Pb Cu As Co Hg Cr
HA 3 0.05 ND ND 0.09 ND ND 0.18

24 3](Slaked lime)E AFAZ AL&st= 58S n=2&EY 19 F3pikgol] T o <
FoAst=d o 243 = 3o FSlof osle] AAEE AAAZA 259 Wl
ugl AT = AAEE AZ U2 FHE Yehdth

CaO + H,0 — Ca(OH)g + 15.6kcal mol™
2X3le] gAlEE guH o 2o wEl ZAsted ole Atz goled FAtole
o] AAFst] AAANZE HE3ty] WEolth wetr 2EATe AT A=E s 1=
sef 1o 3Nkl AFA pHIF Az wjEZell A9 HA Al mE A=A82 vH
A Fgh a8y A48 falEE v AN £ pHE fA3e 540l
Jormz LYY AFAZ AET AFfd 2% JUEIYE FEFHY HEFAH HAHE
2 £52 3498 § gorng FInkge] si&slel e 2U|YESAEE 4
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HADe 230 Qs setd A2 L 2H EH
A2 ZAHl (%
o5 | sl= | (%) = pH
SiO» Al>O3 FeoO3 CaO MgO SO3 lg. Loss
PG1 1.53 0.08 0.08 32.50 0.01 4419 | 21.12 | 225 | 2.91
PG2 1.52 0.23 0.05 31.51 - 4312 | 21.29 | 263 | 3.26
PG3 1.72 0.20 0.12 32.63 43.33 | 2122 | 222 | 2.93
PG4 1.72 0.15 0.05 32.50 0.01 43.69 | 21.16 | 2.34 | 3.09
PG5 1.17 0.15 0.04 29.61 0.03 43.28 | 21.17 | 2.31 | 3.66
HAD ==& &g
=2= 2 (ppm)
o &/
Cd Pb Cu As Co Ha Cr
PG1 3.02 5.24 2.62 2.94 ND ND 2.62
PG2 0.30 2.80 2.30 ND ND ND 0.75
PG3 1.00 4.10 1.30 ND ND ND 0.80
PG4 ND 1.70 0.63 ND ND ND 0.78
PG5 0.20 1.70 0.73 ND ND ND 0.75
ZEB= L1 L uZdgZatoldA o HZAAA EFS FARE I 12EYL
2 yZFZgo|oA T AWES 2E AAFH R B F3lE A AN FAEE T 3
AT Ze A=A Hutel o NS fRo] AIEAHES Zta 9low, o3 FIE
Ao vZAd dAe] Bzld 3xd HAste] daEwA g FERA g a3
Ca®, Mg¥, Al°" 59] o]&Eo] £Z5o] AMES} 22 AFEAS YA =k
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BE AQagzel dAse 27 €8 24T gg ovlwh
HEES I=U=EAIE 2t
HE H
= q, (kPa) q, (average) Eyy(average)
(Esy, MPa)
1286.3 81.0
HEFE 1192.7 1171.0 96.0 102.7
1034.1 131.0
1400 |
q,=1286.3kPa
1200 q,=1192.7kPa \
1000 q =1034.1kPa
E 800 -
% [Ez=
g e E,,=76.0MPa
400
e Specimen #1
200 E_=131.0MPa —Specimen #2
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Shear stress, t(tf/m?)

© AuAld g dAsF

S R DEIES

50

a0 |

w
o
T

$=43°

nN
o
T

1=18.1+ctan43’

0r 1 =18.1tfm?

0 L 1 L 1 L 1 L 1

0 5 10 15 20

Normal stress, o(tf/m’)

HEES HNEHHAE 210

I

NEA AR e

2

25

Jge el FYA 5

A U3 AF 2 JEAA ) BE AEHFLGNE o) §3he] WANFES AYFAT

MY U HE N
AE HHol=
) X CHot= o == =
g [ 7o) OIS | 5oy [ OIS [1+220012) 1
2| e 28 2e
=
0l NEA | DIAEA
OHO0 Ty 1 49| 120 156.0 117.0
8 S s 0 : O ycsz=oy
DH75 5.2 '
0.8 162 210.6 158.0 0.75
8 05
o 2.0 | 6.0 t=25~30mm

- 108 -



® AAY 2 A= B}

- A A XH G}
AARke] SRR H(q,) H7HE A Meyerhof (19519 A A F2-& o] &3}t
%L:CA;+WE+H%VBN§
71, e dANe] A FE
N, N, N, : AAZHA
q=9D; V1248 FAsF o2 D=0)

B: 7z ZH#HE F)

Meyerhof(1951)2 XIXI& H %

L= 0HE 2 ()
XIXI & H ==
0 5 10 15 20 25 30 35 40 45
133.
N, 51 | 6.5 | 83 [ 11.0 | 148 | 20.7 | 30.1 | 46.1 | 75.3 9
134.
N, 1.0 | 16 | 25 | 3.9 | 6.4 | 10.7 | 18.4 | 33.3 | 64.2 9
262.
N, 0.0 | 01 |04 | 11|29 | 68 |157|37.2|937 2
AAREY] SAAAH L AAHo gt FA (DA S 1.5)S H 83t SEAAH(g) &
skt ARt Y0 =AU RS Hug A3 BE A SEAAHRE

5’:
O FAeHol A Ve Axute] AA o) te Aol Wt RO ey

SXgtel XXsE ot 21

= I}
= 2 o
Ll AR 0l q.(tf/m*) | q(tf/m?) | o.(tf/m’) &t
OIALE 9.3 6.2 29.8 NG
DH6E08
NE= 12.0 8.0 13.0 NG
OIAtE 9.3 6.2 37.8 NG
DH758
NE= 12.0 8.0 17.6 NG
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0lq:-1.0
/ s Y /
—7 -__/_,_/
020 30 40 50

b, (deg)

S A1 F AH)= DHE0S, DH758S 2 &3t om, Aulobe) Fae] ALGATol W2 MY A%
W FRAAY, HEANGL A AAGe] T FH LY vwse] AF A= 4

Mg A= A" 4d3 DH608 thet /FAEE 0.7molH, HAS AL&Aldd= 0.3m=E e
th. DH758 thaf A= 0.9m, EBAALEA] 0.6me] 7Ho] B a3 o2 YELT

HEXIgtel XIXe &It ZH(OHE08 EE DIALEAl)

Y | q & K, H @ Qy y . Bt
0.1 10.3 | 14.7 | 9.8 NG

0.2 11.4 | 20.3 | 13.6 NG

0.3 125 | 26.0 | 17.4 NG

0.4 13.6 | 31.8 | 21.2 NG

DH608 0.5 14.7 | 37.7 | 25.1 NG
f/ig) 14261 9.3 2:5 0.6 15.8 | 43.7 | 29.1 29.8 NG
0.7 16.9 | 49.8 | 33.2 OK

0.8 18.0 | 56.0 | 37.3 OK

0.9 19.0 | 62.3 | 41.5 OK

1.0 20.1 68.6 | 45.8 OK
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JHEEXIgrel XIXIE EOF Z20HDH608 EE AFEAl)

ZHlYE | ¢ % K, H a a, A o, =,
0.1 13.1 14.8 9.9 NG

0.2 142 | 176 | 11.7 NG

0.3 15.3 | 20.4 | 13.6 OK

0.4 16.4 | 23.3 | 15.5 OK

DH6E08 0.5 175 | 26.2 | 17.5 OK
(/i; 15221 12.0 2:5 0.6 18.6 | 29.1 19.4 18.0 OK
0.7 19.7 | 32.1 21.4 OK

0.8 20.7 | 35.1 23.4 OK

0.9 21.8 | 38.2 | 255 OK

1.0 229 | 41.83 | 27.5 OK

IHEEXIBrel XXl HOF Z20H(DOH758 EE DIAFEAl)

ZHIE | ¢ % K, H a 4, qy o, ot
0.1 10.3 | 14.7 9.8 NG

0.2 11.4 | 20.3 | 13.6 NG

0.3 125 | 26.0 | 17.4 NG

0.4 13.6 | 31.8 | 21.2 NG

DH758 0.5 14.7 | 37.7 | 25.1 NG
(D%/\?%) 1426 6.4 2:5 0.6 15.8 | 43.7 | 29.1 37.8 NG
0.7 16.9 | 49.8 | 33.2 NG

0.8 18.0 | 56.0 | 37.3 NG

0.9 19.0 | 62.3 | 41.5 OK

1.0 20.1 68.6 | 45.8 OK
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4 H-1 HALSl Jld HS(D2E) 21%
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05me] BA BEF A, SHA wg e
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OPC

Flow(mm)

NSB2
ANSd o 21

1 WR21%

/I
-

H-1 H-2 OPC NSB1 NSB2

A}

Tune nf Flnar Martar

o et =2 < (MPa) &2 & (MPa)
e 3 7Y 08 3 7 08
H-1 8.37 12.84 16.24 1.71 2.02 2.93
H-2 4.65 8.91 14.37 1.04 1.92 257
OPC 10.16 13.94 17.96 0.42 2.94 3.48
NSB1 9.17 14.87 18.49 0.54 2.81 3.14
NSB2 8.45 16.23 18.79 2.06 2.54 3.00
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& dl & 7T = =g
Raw Silo Tank 200 ton 2
Raw Silo Tank 100 ton 2

Product Silo Tank 500 ton 2
Bucket Elevator 1050%550%23,000H 1
Air Separation System 10 ton/Hr 1
Weighing System 1m*batch 4
Screw Conveyor ®450+%7,000 1
Un-Loading System 90ton/Hr 2
Loading Pipe 125A 8
Truck Scale 60ton, 18m 2
Mixing Sysem 4m?®/Batch 1
Product Hopper 6m° 1
Steel Structure 1
Auto Controlling PLC, LCD 1
Air Compressor Set 50HP 1

Dust Collector Set

For Mixer, 100m?®

In let, Out let Duct

Cyclone, Separator

- 198 -




x
o
pl=!
A
Qj
4T

MEAE
OlEAIE

- 199 -



ZEB £J|

Uy
]

H

[IA]
ol
0
e

- 200 -



2. NAF A2k

(a1 FHEMM M2
- it Bal M w e
suwl e |25 oeNs ¥ ANSY U NP FEEL]
Ag |maus] 2 p LEC R e AN TTTHEL
AL TELIE L
#a | EHESik Ham | BOEHe W | SOE® G A0 | QDA b e S 2 D
I Aq_{l_._. [T B Wi _ I | _:a..m_ll..n_.u-h
O (o) | 6N i
LRl | i il 15 % oiy |
. L) X
T WEND Theew 13 % oUny |
a1 | EMEH AV T ERETIE LELEE RETE L WL T Y
L) TN _
piE | Col 06 B Dl |
| 1 i—— ] g Hh N NN
Vet a FHE cmimi parw i
8 E._LIH._.. O | gy | TS NREE | e samp
o w ;
3 5 roeeTl w9 R
.......Ii.n__ O | wewy (i vew s m —
am@ i AEm Hue Ba
Bl mwm O” —— Wil — FELEIEY
| mmne | wes 0n “Mﬂ_.ﬂﬂn“n e
Htany Ve | o e ETTT T
,___ m: o fowder) (O | o | BN NREE | LT e
: _ [ne osw waw - wgs gasn
wa | NS q SO | e s e | W w S wa
i - =
o & WD | i
i & M S __AV LEE-EF 1 _-_u___.«,-.____a,_._ guunsie| wem [958 BNUNU
N — Rl ]
| HHE AN nEeE | HE B SNEaa HAREIEY, 8
35
BN | w3E | LEIRET LR R PR | [Hane maunu

- 201 -



<AMEANS 8E>

2013¢ 63 212~244

Kk

oy
0

—_

Ik

ol
Ao

4
KO

Ao
ib0

ol

.

Ao

- 202 -



TNABN 2 MUK
S e ——— e —

JUld BT e a4l

uhd) g

N8R #8 fre i e

W

d..-||_rl.. ST
| & ey | AgUs

u f’i&’-ﬁﬁ'—

Eay .‘I. T 211 &

T |
[i]] - 'E:I'i"lihl Ra NMEGH ) i i
! ] |
ol I B
A | HH R R
190
B A =R - :
e =1| Lok C - mn . 0
LEEET . . |
= - =
I/ { {
HEEHIY - ”
N i1
' g 1
EafM | e & |0 8
e A i B 29 Tl :
1 Ton a5 R Sk | L - D
"1 1 T 2 ] | i
AL | 9y 3y J'-
:l-l.. i e —— ;...-_
& ¥ i -":”FI‘II-'
Bra | B 1 W) 1 = W14 L e
-
Tmam ||
L} =3 -
=1 [a1 4 |
e TR e—
™ |
# P - ]
oy | EEE uEe
[
o i 11 1
ifr VO OE N e, W W T e fe) AL w0 T s M s
o & &)
e
RIMH
[ ) -2 i [ mal I0 B 307

- 203 -




(Y1) F2NAEUM ME3HKE
a8 7 ool 2 g8
TRTTREL S e ad ikl ] i
Ag |mau% 3 & Aduy | T f M A_® | ANum | wa
] A e nRHWE e |
21 = o | 1 O i R A
g | @5l Am_ Hag Ewﬂﬂ:a ._aﬂu__ __.ﬁ L B “ ., LELL R TERE
oA |G | 6N Rk ——
uam [awaw |15 % o
. Lol n% UM
we | WEND Theew 13 % oUny | i
a1 | EMEH AV T EETTIE LEL AT RETE T T Y
~ |can I
piE | Col 06 B Dl |
i =i = | o AN o
ol & fate| © ¥ | new ampy | 08 comind g
Bk Lt LT BB AME s
aw ; .
1 5 e W0 |
" §aH L& RETY U REw £ W -
am@ i AEm Hue Ba _
fidi EHEe L
g :-dl o0im
BN | Wes 0a SHE WENE nE _
L ER-C
oy FOR comed gl
NEEW | BiE SRuE HEET PR
[ |
; n: o5 BEN - NEs gENal
e | AR q u_m....___-_..mf_i:r U RE A
ree i o 1 %% I (0N
MIELEL A..V wEEERy _-__. Wl anmnsie] wm [N SHEEY
i o my
| HuE | AL AWEE | BE § SNASA aswY, Br
m— . [
il s m..E_ 188 ﬂh_ | A g l.u._-_.ﬁ IMAEE AN

- 204 -



< AMEAIB 8E>

20138 7@ 15€

wor

Kk
4

ol
Ao

4
KO

Ao
ib0

ol

.

Ao

- 205 -



g | HE |duys | sg=w
in
r AN SEFUN J /,r"' >
———————— .
22 I8 J8 e RE -'{
FiRd L] &2 fl = # 2 Jj &£ el | MA e
S 1 |
M = i HEN YRR E{IH i
O o i A6 r LLl (2] i L) I
s | amy (V0N
1 ] '"\.I
' | I
CEEREE - =
- ) J.|1.|‘_I ) z 4 -
wa "I!:Il'i I3l | + 1% -' - | LU
I | G R ' 1
ELE - - 0
| 1 | 1mir @ 1 1
o [ - . 12
- 1 1
] (]
- | 1
| ERM | 90E &= 0 &
1
| I Rt | | B 2T EH Tl
Fimn il 4 n EH Lh =i L
e 4 - ] ] ]
(e ] | [
A i | e =4
_— 8 | !
2l R
Baw | ! W | = K7 e .63
R
e .

M|
=R ea

SNy

Come o —

ANy |

] & LBl

| FHEEE o, End QSmiE oy HE~ A

WY
LRI

oW | -2 0H

I [l

AHID ¥ 2] )

- 206 -




(v SAAEN M &
anm| wmw | EM AT ® N _ TTEEED BAAN
de (BANT A § LIRS, TLL NP | anam | 42
B ELTT LI ERET
27 | HEs _-m..u.u‘ BN | peseo wl | song ge N2 | AWy EL)
. : ey i@ wma | { (MHME NUHNE
T Y 1T
(ELMET TR
O YT
ol xidi il B FEEL]
anN Av ana LK CELTIE LT Rt W U R
| Ca) 0N
ga=~ | Cal i N N
Mskary Wby &y =
i 5 AN amtnd pael
I8 sl O | gy | TR | e
‘ g LIwEnd
el WA
g AH _| O | wewy o aEw & m o
s |10 el .
el an |0 . B adaauy
_ BuNY | Was e .-_"H;...n”“n o
Ry Ve | T _
& s | EEE orind il
S e O | gy | TN | e dume
| :
CER T T
L AR LT
| Nt q SHEER ) s e o | W W i
‘: i I r ’Ell-- g_. - B
aj. | WANEW Av Ll g Ranugin w WL ELLE
A | WaEe ﬁw. MHY | WAK TRND | NE W HuREN MEUBY, 1A
ma | wy bl e 52 | gg SCLT Rl ELT

- 207 -



2012¢ 128 14¢

)

(2 40E

=)

4IEH L 102

ol
Ao

4
KO

Ao
ib0

Mg

KI
Ao

- 208 -



ZEBe] 87452

2 AE 28 gt
Har 2 847

Feto] disl AlAEFaL
ANHE A =F

‘]_:'L
712 A Aol #I A

N

gl A1E Mg

SR
a5 Aul A AAGAoH, o & HEoE 608/ AFRe) F77
A Az AuE FEs

=5 PARA] AAFE ANE Fohe] FALA ¥ AZFAE
sheie.

E Aty dF 93F

- 209 -



A 24 7 AA R dF FHE A

1 2348 34
Yutx o7 FMuP A e} e ko] AT

& FAdAne FHde FHshy] ffste =%
Aok %
]

SN
oF HAE ;qu}oﬂ/q AXAR o] FPA FHE B3RO

dk . 23ts & ﬂxﬂ«l 3}k Q1 I Z}% o]-g3le] ke =
M= AufgE FHoE dukA oz FHA 0.5~2m AE W9 oA AAsA =
] 3

Al ‘)rE]'ﬂ'E]'.

nEix =4 AlZE=

A okx|ukoll A o] Trafficability SR Mo 2 B4 2 g5 o] L
24 + PP Mat 3% 2 FHES 89 HlwstH off o e} Aot

- 210 -



EtZ8 Oidl &E3E Hluw

W I om ol oo 33 =
ol & ol 3% S = £l
o) Rl 2 E -
= > M_v o R 00 oW ._H_E Mo
— = 2 = Jo < < 0
o = oo @S, Ho G
= | ol _ = = oo~
Lla 8 @OW%QD@_ M;Wom@ma
___uou_., 50 £ = ol Bl E R M oz O _N/
(W] = 0 o
_ = D DH 0 gy W o
= TR S s Wy wo WG
H| 2 o= ) SN T O oRl R U~
= © = = w s S
P IR 1B A ALY z _ W
1]
ol B = o 0| = IH o0 =< = 0l Z)
3B N g 8 < = A CORR TR
| | | | | |
= T Hs " W TS
= R _ & <X MR
o 0y % _ N a0 20 =
Q. = Ao oy o EN = <
D = I+ _ =
a H__.E <H _._.I Al oK IIe)
+ o Ko _ 0 < KO ol
g __ O 0 < K A = "=
all 6 zg Al _, HO T 5l _ [0 Il
H B W JR BN ow gy
~ " K0 = 0ok W 20 %0 e
= S oo of =5 Ao oF H g
m m . i o T
i S sVl Wy T e
it M M g 0 or & ooT R 3 KO EN ek of 2 S 3
| | | | | |
< K Ly} 010 < 1l ol m H
o S S S
mo w ST mo w5 R
= Bl oT &l = <0 m_ o Rr
XU I 1 &l Ik D o =
H - w_ = oo W R
_ oo Q=< = 0 on
= 5 7 A W w m S mE e
A 55 W ol® o . @p w5 E
ol Y RO m 20 ROORO 2 o
_ 1 Mo =m= MM Ega
<H T ~ D Door M
2 op D RO % o ko &g W
=z W x 4 w00 KOof 4 =< 8
M A s b oT AR T M @ oo o1 0B K = W
| | | | | | |
I R0 RO
"t K0 Tl

7h FRE AHAE T ¥ AUAFE 2

o
ot

!

ARk} 31 5kA

2]

3

F714

J|

[e]

AN wstA R JHTF

A

=

AN =A<

o

Pt oA7]olM W

S|

A

=
[l

10
=
i
ol
i
oll

HEES

)
(=)
-
S el
=
2
Sy
S
~ o<
ATW634
il D| 0| D
ﬁ’
w2
N
o <
> o0
= o2
L ~—
>
S
=
|2
< | <| QS
)9%8
S —
A [~ |~
=X
%
|
Ko 0
===
™

- 211



35

3.0

—o— Specimen 1
25

—o— Specimen 2
—~— Specimen 3

2.0

1.5
Axial Strain (%)

86.7 MPa

E50
93.2 MPa
1.0

ESO
=84.4 MPa

E50

1214.9kPa
0.5

1194.1kPa
1000 -q =1186.1kPa

g,

0.0

1500
1250 L9
750
500
250 |-

]
H
i
ol

K
oll

O
0

i

o

o}

] 2

fud

o

ISR

I

% 9

-

=

(=3

al

3

F
H| O
AUA|

& AWASC, 9o 4

ARke] 5 §A A H(g)=

20

A

T

7V 9F 12kgf/em*Ol B2
- 212 -

sy
-

shl

701-

S

=

o
H

=
=

0.5
18.1

FE =T 29 A

c (tf/m?)

z<}

1

0]
yil

a3 ARk AAHHEA e

Al

ol
=
A

ok
e

&
=

|

A

o)
A

YFAFS 1A Alme] ¢

o




50

40

30 |
E Peak's
E 1=18.1 + 5 tan43°
~ 20

g @ AEAF
O nHAYHE 2
AopA EFIA ) T AH S
BAFES 194 A B 3
A1 glel YBHS AE AL g o

=3 @ AdAIEelA

572 2e(o =AU HADE Wad A E 329 Ao} go] RE zhdA FHEAAYRY
Aol A et el A t@ el Bad How Yehg

E |
PR JeAE o 9std 3P FH AHE&A dALIAA=(quh) = AN ER=
(quDe] 20~50%0°]1™ A= T4 quf=1/3quls A &3ctar ot weba] 2 AIFAE Al A
w9l 2kgf/cm®e] 3uiel 6kgf/cm® ©]4e] AWAE #HEE Kol 13hA] wjgy
A 2o mE 1359 FAE AHEEHA HAGRC] A=dH asA AR A A H
ES

H3 4 glomz A
A4 A3 DH608, DH658,
, 17.6tf/m*) 258 WX EZ(FA 18.8tf/m)o2 Tl

(e}

o Al FHHL BrIekd

DH758& 3 AFEAICHAIYL 13.0 8
At AFAF AHE ASS F IS Ao
?:]

(g, 248 2% 3= =7

f
We
rf
Ol
)
£
N
ot
X
r]I‘.

- 213 -



AMEAS 12
= 2ol =7 X2 Hx X2 Eat
12m 10m 0.5m 120m? 60m*
Et&H & HE HJ
T
Az A MABIE x| ot
(") AL SZ{A | (205 aierEA 2
= z| i st=
Atd| o4 " 5= < < stz 35 (tf/m )
=
(tf) e M55 qo | H@
% | 4ol A=)
(MABHEx075) | AHSAL | AIALEA
DHE08 | 08 | 49 | 120 156.0 117.0 13.0 298
DHe58 | 08 | 49 | 136 | 03 177.0 133.0 148 33.9
DH758 | 08 |5225| 162 210.6 158.0 176 378
Hu 20 | 60
CHAMI & M
Hi7 724 MABIE
(m) A s | @oes | P mmy
I8 5= s . 5= (¢ 1) Bl T
| Zol | [1+54 (tonf) fm
A=)
152 [=Zx| 024 | 060 | 112 146 32 225 de 15t
gz | Btit| 024 | 060 | 260 | 338 75 522 T
255 | ZxH| 029 | 070 | 132 ' 17.2 38 18.8 s o
M= | okk} | 029 | 070 | 374 486 10.8 53.2 =

B RHA S E AL

g T F=1.8V,

(A ASHE)1.8X0.4Z A4F3EA

~
N
~

r {

rl {
o
>
-
>

o
>
o2

>

of

o ol

AA £27} -lTH FoEe &

- 214 -

ZhQdo] 8= At




1 HYUNDAI

—

HEEDstHel Xt 248 G EZH (SR EHl &Y

- 215 -



Al

- 216 -



H

Hl

- 217 -



o B4 24

E=D5 12l WSZAIYI(SS]R)

DEA M ZH| Al 2|
(m?g, =7 05m 7|=) (m’et, =7 0.5m 7|=) A Cljn]
g 2o g 2o
- s 7+
90,0008 /=

=Yz 7|F)
- EAl 16Ton/M®
7|&= D5k

10wt% £

80kg 7,200 0.5m’ 2,000 9,200

*

271 SARlE @ AR dEOA ARESEAL e AAbAbE o)A A AR Aoy FF AL
2l A7t sk, Algne] Rl wet A2k adlo] WD Ao ot

- 218 -



HM=TH X2 Al JHSFS AL (EH1:&)

ALEH]| A=A Al
3 3 2 HI'T'_
(m°2h) (M) (M &, T4 09m 7|=&)
- MU AISH(ALE
25 Y YUIH E
BAX Sl olz s
(ALEH]| 53709 /m° +
5,3702 4,000 . |- AlEE 2ua
M ZAE] 4,0008/m° )
< 0.9 10KM o[ 3}
all (BAte] E3t0l Yt
AEZE X 2l)

*g7) BANE AAAR 9A A% AT ol ARG R AYEBA FFAA AH L F A

of me} AR s acle] BT Aow o,

3% AYAS AR 2w 2 ol deel wek AYIA AT A AL
- EAste] SeFsHH ofglol E UTh ARG £WAsE 10KM olstoln FHt Fs
o Uk AEF ek AT A BEus FHel o 9% FAUYY Eoh T AES
- ool FAUL FEshel Ywk AEZ Hevt A5 Aol EFnE
Wl A EA g Bl of 8% FAMIL wom AR LuAE 10KM o) el :
Jei7h wFstel AR AEA) ALT A Txust FPel vs) AYEA A FYol
Ha oF 56% FAHIZE Ee ACE gt

N
2
N
X
—
(=]
7
Z

Z A0 G2 W2 X8 L ES035 2AHH HIR(S 0 f/m?)

o

#3513} .
s = (Al 0.5M, AlZH]| XH‘F’IEIH_IF
. (A= 09M, HEALE)
=1y
ALER 28FH2] 10KM o}t 8,433
(ZAME] 255101 Lot ALER 9,200 (AFEH| 53702 /m® +
x2l) A Z x| 4,0008/m® ) x 0.9m
ALEZEF 2dlHE] 10KM o] A 9,900
(BAE} %5 5l0] Uk ALEZ 9,200 (AFEH| 7,000€/m® +
x2l) A Z R 4,0002/m® ) x 0.9m
AEZ 24742 10KM o] &t 14,400
(ZALE| 22toz XX ALER 9,200 (AFEH] 12,0008/m® +
XMzl A9 XA 2R H| 4,0008/m° ) x 0.9m

ok AFA 24

B A" AFA AREE EEARIE R 248 WS ARgsit By £ 289]

oy
oft
ol

- 219 -



grol E3hA|zto] dojye met AlFgAde] Ak At He AFES UG B AFA T A
WE FAg HAEA 0.6M)S A Au= I A
of 3AIZto]l A& HAT wEbA] 1A FO| B4 T A S 53 T3t A A AS
Z2khg WAEH 0.6M)] A AFeH e F7 0.5M 71 40M2/hri = Ao}

] %3

|8 7lEoR do FEA P wFuSAI N IWHO
Az g 2e Lol HOM)IE AT A MA §4 R B EEo] oF 20% EobA A
A *

webA, 19 8AIZE 713 BE® AFE 1,000m° 715 ognE 3aks) By aFo) 250 A
T °lE e Aeg Addn v 5IdF 2dodA HJAEA ASA = /\}E

S
il
w
o,
nL?l_l'
> b

o
2 AYZA = Z(10m’) 712 247k % 90the] F=Z H<jel Basty oF 11.3d/hr

l E
Au7h Wad Ao A,
%
o
=

o
02
o=
of
ol
2
2
ru
of
N,
N
X
)
r2
i
=)
=2
o=

;
2
=2
=
B
>

- 220 -



ol

|0
I

_ ol
— 2=
0 ol o o
L &F 0 m"_
__ot ML — l_hﬂ _u—_._._
® I Kt R ooy
R o] N 9
=3 - ol v 20 H ol
el = — o0 1 - =
&) < R 00 <
MW o H =
= = oK oo M
K H mmu ™
<0 W=z
e < Il
v
- & & =
s o mo oMo &
Te} o o =
S — 1 . 3
S gn K| ORD
Wil gy o| kW
= ! A o K o
ol ® |z 4 < S o Ho
M Al U 1y <
__M_"H_V = ._%_ Bl 10
; = =
T I
W T
0 w0
< 0o
Al
_“_._ﬁ _ Mo _u_u_
N Mo M KH
100 M N
N o
< E
RS
ol <

vl &4

74 olyo Dump

5
T

bt

S

AAuro 2 s go] 7}

Oo]:

o]
AN

=
T

<}
=

21l

o 20tf/m* ©]’)°]

@ AFARAA Y AkA

o} o
H

Truck(H A

o)
ok

o

|

~
Ho

Bis

i

o
Ch

Al el HEZA ]

Bis

Aol ol

gy 5

il

Ho 2 Trafficability

7¥aroll whek &

= asEy dFxd3 ashA A

Ao

o
=

2

w

%

FHo

o]

R

AR 1/2~1/52 2EA

el

oF 7ulel 14kgf/cm®7} &

QIR = 2kgflcm’E
Aol FEF EEH ol HYE FF quf = 1~1/3 qule] FH o] 7Hs

A}

L I

S

<
T

<}
=

|

0
o

oA B

]
H

R R e

2 3 HoloF & A

=3 @ An o AEAH A

€ zHEEel A 2

ks

ol

)

;Aﬁl

o}

;g—

+

AR el o]

o

Ao

9,200

- o
=

A% Im'g FAk

9
glo 5242 Know-How

H

Ho

=

o e 8 AR

=
o

Wy FA

- 221 -



2. AR

ARRA G AFAE E2] WAl AR, BAA ol oA F5-
5ol ols) Awel gaslo} fuE FEE sl Hgsaty) 9
L AAW AAE BYHFH O AFFon Fool B HGA
AAA AZ 2 EAFAL BAT B oz, ARl tfE 4L =
Ak AEegAlY AFEA R AFHREE obde] 1Y Lo, Awey B BT

of ATHS ofge] ol LpEhLT

o ol 2L

23 (ENE)

/_"><‘_

DW SOIL-1000 M&

!
.
EI: DW S0IL- 1000

BT}

N FE2FR

2 BHAHLIB

1. 4HH Y FHH 227 2, DW SOIL-1000 28t
AYE DW SOIL-1000 M2 =Hud By Y2 Y By 34

3. DW SOIL=-1000 aut

DW S0IL-1000
6% 2uE

e A AHE
WO U MY 4

5. =3I EL M ) 6 MHEP A= Y

ASECHETH AlZB &= A

[u]

ool

bl
N

- 222 -

offt
ih?
do
o)
N
ol
RN

tlo ok i

i K
&
=
o
o
>
rd
rO

Of o

ol

o

i



>
e
o
0
0K
12
o
J
H

2= 2HINR IS cHA
ToRE o=
- BFRSEQ AHEA
oI5
e (Fe2ns - mHIY 2IA AR
oror - J1E ABeE NBE | T
Al't_n_oXH 0 ‘;‘%é‘ (=] X‘i0|'
- RS AlMde
_axEESl 24 2
~ DA RE
- =2 Spray®AloZ = | - AIRH0| 22 - 24 A HEH ¥5
Seeding X 22, TEAH S |- EARE. MEAM ® | J= 0|2
(A=Y, S =850 =0l 20 | 24 =2 - AE Al 2ol WX
Core—net) = AR &I, Corenet | - LIE SYut ol | - 230AXS HE 2
Soz AN U5 20| MY 2]
(HHE, Coren-net)
ZA=EE 027 ob]
5 Slsh BB AlZR2Ib
- AIMHEEZ %2 D | - ARM 24 et
q d| [=] - I= 27 S - =g AT =
AT AN A R0 € | - EE o H40Z |- IS dLHE 22
= NS EFGID AMIIBH | OEN %5 DAl ®ADRECZ o
S ZHGle 2 - gxEet 20| =
- T 0lAl A0
HEHH0| oS
- EE 22990 B2
_ SOl HIGH ZOF OHEA
- JIHE AIBOR AIZA
0l EOH
0l Ergst
=ME - AMAE|, HEEY
- Mo O RTZRIH | T e
Ze HANEA Jnz
2t
MNIZO ol
- weol g2 s ax | oEor T BN T ong mm
] =T moloEe A2 2 9 _ _
50, EANR BFS0 | _ - EAIREA ez
Z2A01 28t EAOISD | HERI5 2
; e iPCFZI - AIZ0| HIDE 08t T/\'XHiJIE s o)
2, L5E= ) _ - A
- - HEARO 22512 R | _ e
= =8 Do| AZE Jis =
7l AAE AHE TS v AUAdE 23
AANES} MFE A ZEA 6% T ED thate] st BT S FPsta, doR
Zyzrol B8l EAS Foste] A4 Al JEAER F8uA P YAMES} A

=
o MFAY, - 2HBANG, YEREAY 59 BAAFS FAste] dojd ANE U
AAMES] WFL 269, NFES HZFL 2672 UEhror], AaABANDETY T A
% 247 NP 2AA R SAEgon, SYRFE0 o8 dxAdas $o E2Re 47

SW-SM#} SMo. 2 ElyT

- 223 -



£ =d48 21

g

=i =] Grain size analysis % finer than Zolr=
T 2 LL PL
(g/cn) #4 #10 #40 #200 (USCS)
AN E 2.69 N.P | NP 90.7 70.5 29.5 7.1 SW-SM
NEFE 2.67 N.P | NP 86.4 63.8 32.4 12.7 SM
100 2| #A 7 H =2 M(Grain Size Accumuiation Curve)
80
2 -
3
% 40
]
20
0
100 10 1 0.1 0.01 0.001 0.0001
100 21 8 712 F 4(Grain Size Accumuiation Curve)
80
& 6
i}rl
,f:,'o 40
- 20
0
100 10 1 0.1 0.01 0.001 0.0001

= =
w3, APAHRE o] &5t] ARJIBHAEE FAT Ay, &0 A= 1.4959014 2.203
o8 7IANe= 0.651014 127282 MEFER AW WS BAS A td&o] st

Lo

- 224 -



m =<|5|
K|n| © |«
a0k © | —
=
&l
xr
s
ERE
Blazlg e
gl A
W = || — |
uir
H
~0
ol <
.__._n_._ -
W [N o | <
= U B ol of
7 LS ~ ol
ok | op oy o
e KJ KJ
3] 0 o
= ) N
o) ) H ) m )
SR S By - i
W X | o | © 7 7
ND e & & & & & 8 O_rl_ . & & & & @ %l_
S aEd G e S
ot.“ﬂoo. lluﬁw“
llldlllll O..%‘.
:._l_ . & & & & & 8 8 L . @
M| oy | W e el dees
:l m mno . & 5 8
w o

A Al A

A G NFEHE vtz A

oleo] ol eyl wheh 2tk

- 225 -

shof

S

T

| .

FRom, o9 e

A AkaskA Aol o
o]

SERR

B

o EZAFAF



P
4: 3
'A
oE 5y
o | Gl
—_
| s
Ty T°
| <
4w T
™ A B
o+
~a5 | ~
T
Fo | 2| Re
= |
_lwnOuT T
< |04 =
cr <5
SRR
i
T4 | B
RlRE | e
= 5o 5
E 1O %
O®| ||M
OB |3 |H|
ONr|LIS|F|S
o || oF |7 | T | ER
o | 2| B |- | op
M | %0 ofo | oo | Fo |Ho |
R 7| < | R

wK

B
o

B

oju

B AFoA Y

oleje] 17

W 5(0.6m)

A

o] 100cm7IA] A=

pal

o) Awg
SEY

A 2

o AR

5
T

o]

FA T

S

A8A AR FAZ TH

22

4oh, HAP A

3L X
oo

)
22 Al

S

1

sk,

A

u

G

A AE

o ¢

Aol AlFEAel we e

Jo= T4

100cm)e] A

# 150~200nt /day(THK

)

0%

+

of ozt 7hA E 3leH,

°F 114 o] %

ke
T

N

a3

1

ks
pul

E

%)

el

%

Joll A4 Toprk YA, oF 20

*

!

A

%

il

ok 14Yoll= MEH

oju

N EA AAFel A A FH 3

I3
=

H=ol, Al

]

3

&7 AR A 2

|

1

Elgs;

B AFo A J)

+ 1.89MPaz=

ke
T

, MEFRAE 0.57MPa, 7%

2

%

R

i+
ol

-
o
oju

- 226 -



_.7_._ T
~ e
o] W
;OU
A

% %
;OO xAO mn_u
m%a..mﬁ mow%
__on_
O_WMW mmu s
)E o,_ an < N
o L 5 2 i
O
5@_7 maﬂf mﬁe_el_m
ﬂoo_._T mOT ATﬂuﬁw
i M Bo M : _xo
@u%ﬂ M% ﬂoh
! 5 - o M T i
Moﬂroﬁ n_uwo zomaﬂ
_,&._.qmd W&. L]F‘_,.wo
,w.ﬁl.l,l’ o~ .AO;Oﬂ_H
w.m ﬂu_x _nsno_ay
mrﬂ]o_v uﬂ‘__o ,__Lmz_mﬂ
‘HI_‘_O ‘uAvO *_..i‘moo
u@%@f@ 13
%_Jm&ﬂmﬁ %u_x%
J|O
Ltunnaud-,mﬂ %.mu7
ﬂﬂél_/ v X ]1\/:]
moa%%a_m m:w
W%x%@m 7Ezﬂ%
mmﬂm_u%u mw]v
xﬂﬁdﬁﬁuw HXM..:
T Ho o WF_ P o q.rh n_AI &oo
@%wg%@ i
;ﬂouo»mmo% D
@ﬂ,mux_%@ ﬂww%
memﬂﬂriﬁ B auéoﬂuu
ﬂllurmmﬂo_ ™ 3
JIM__oLﬂ@HﬂHMM lﬂﬂpl
Von_rmmaﬂﬁu oml%
ﬂ,]ll% ; ﬂ
?ﬁqq%}q A
@@o_w&ly : :
q MMAﬂx.lmM Ot,mwx
LELAT,M%WO%OWF M%Mad_.ﬂ__dﬂ
o 1 _,_lo Jlo E
S @mn_dm.#aﬁ WMW%
© oy _vr__]mu&ua
4 E T .
.ND_Z_OMﬂfAI,I‘DFIL
&NUM%.%E
file)
™ oop

- 227 -



=" auger OI'Y =TT U ANYIE MY SIJuI RN = T

STAEANS WE

N APAIE el 004 ol A AAst o, AdEe MAs e Iy o] 1=2s
I ARES IS WiAISIAT. A AN G L offe] el YER AT

- 228 -



sy N=nT

AZPrZNY 2Py AN Hat

() [ ) () "|
CAlell 0.7:1-A0 28 X250-A1 D 311 230-A2 2 3 1H200-A3

CAISIE0.8:1-B0 1 81 1H250-B1 113t 11230-B2 1184 T200-B3

1) 8HI§250-C1 10 81 1§230-C2 1) 3H§200-C3.

TEE L aazae w/C NEE-
(ka/m°)

230 1+ 0.7 :1 10m

230 1% 0.8 :1 10m

200 3% 0.8 :1 10m

230 3% 0.8 :1 10m

250 3% 0.8 :1 10m

A3 AFATHAAANM A AAANR(HE)Y 1ZEHIANHNE 2

- 229 -

(2
k]



FAE M EW/C=08:Dst] AFE dFAFAEE vwsdtt. d =AM AT 1L
2 IANEQIkYS A Akl AFFEFAE MadT AnunsAel dFUE
ZE7F AZEHIAWE vlaf 27|(TDAEE o DA SAFAN 149, 289 ASA=
= o = FdHA
[e) S [e) oIRe) O =
AWk skA] 200kg, 230kg, 250kgS A&7k A A EFFol BSTF 4 ARLHH
Az Es} A DALY ANnSA 250kg] A 2/REH LELHIANERT 7
=7F =4 dEbstth AMtarskA) 200kg & AR 7dolA FPE w2 dSAEE UERL Sl
oy 8Aoll= 22 AHME ZHIY dSAEE HEULL o A= F7HE0] %ot
A 28 olFolle= LESHIAMERT 2 A5 HFL F A Jo= Addn
0 HE L=SSAE 2
ob47| 2k
g
7Y 2+ 142 24 282 2
2000 4000 4000
3500 |- —a— Specimen 1 0 —=— Specimen 1 o
£l LTl | | S ot | || £
g ol ;}E 2500 % 20
}\] t‘ﬂ_]_ E % 00 §_ 2000 é 2000
(230kg) | 5w
é 1000 E oor é 1000 —=—Specimen 1
3 S sl 8 —e—Specimen 2
B > 5 —A—Specimen 3
% o5 w0 s 20 25 a0 a5 oo w15 2025 w0 s G o e 15 20 25 a0 35
Axial Strain(%) Aoxial Strain(%) Axial Strain(%)
4000 4000 4000
] o || el e
;: 3000 - —A— Specimen 3 % 3000 | %,3000 [
X] E]_]_— g 2500 | (%) 2500 - g 2500 |
_ ® 2000} S 0| g 2000
- 5 5 s
—L_§}-XH E 1500 |- E 1500 - E 1500 |
E ool £ | - é 000 |- "
(200kg) | 5 o | § o
By S Sof —A—Specimen 3 S Sor —A— Specimen 3
00 0 05 1‘0 1‘5 2‘0 2‘5 3‘0 35 ﬂﬂ 0 05 10 1.‘5 2‘.0 2‘5 3‘0 35 ono 05 1‘0 1‘5 2‘0 2‘5 3‘0 35
Axial Strain(%) Axial Strain(%) Axial Strain(%)
4000 4000 4000
3500 —=— Specimen 1 3500 3500 |-
< —e— Specimen 2 s s
< 3000 —A— Specimen 3 < 3000 < 300
X] ‘?—]—— g 2500 | % 2500 % 2500 |
- S 2000} g 2000 g 2000
13X s g g
—L_§}- H § 1500 |- E 1800 | § 1500 |-
(230kg) | £ Al oot B IR R o seinen
£ o £ 50 —4— Specimen 3 5 sop —A— Specimen 3
Oon 05 1‘0 1‘5 z‘o 2‘5 3‘0 35 000 05 10 1‘5 2‘0 2‘5 3‘-0 35 000 05 1‘0 1‘5 2‘0 2‘5 3‘0 35
Axial Strain(%) Axial Strain(%) Axial Strain(%)
4000 4000 4000
- 3500 [ ::gzm::; - 3500 [ - 3500
% 3000 —*~ Specimen 3 % 3000 %’ 3000
X] ‘?J: % 2500 ;gn’ 2500 % 2500 |
- g 2000 | g 2000 g 2000
- 5 s 5
J‘Q—XH E 1500 |- § 1500 - E 1600 |-
(250kg) | £ ||| 5T e
5 S0 S s0F —A— Specimen 3 5 50 —A— Specimen 3
% o5 10 s 20 25 30 a5 % es w0 15 20 25 a0 s o o5 0 s 20 25 a0 as

Axial Strain(%)

Axial Strain(%)

Axial Strain(%)

230 -



»
o

w
(6]
T

w
o
T

Unconfined Compress Strength(MPa)
o
T

20} —m- Cement(230kg/m°)
~@ x|k 3xH(200kg/m°)
—A— x|urD 31X (230kg/m°)
Lo W Xl s (250kg/m®)
" 1 " 1 " 1
7 14 21 28

Curing Time(days)

VESHIOAMUE & XBHDSHS S=ZE Hlw

ANSEFAETH AFAT & 2890] AAste] 7 TYPERE Z3H73telA 134 1 E &
S B3 AEE AHYY. SR HP S SEP Barges o] 83t o1, Al CoringS 3] AISZS A
HAst FAA S dEUSAEE SE3AH

5o zAA AFAEZE 1E2EY IAANER3kg)H A ¥ s (230kg)e] SR HI AR
o dFYSAE vudd AvtusiAe] 28U AFAEVF LRESHIANNERTY A LA
I Atk AE AlE F 2890] AAT AN FRAERIRY AR dE dSASA A

Ak skA] 200kge o

ZgzAwe pEANEG Hla WA uUehtour  AukmshAl 230,
250kge TEAMES] HlE] FEo]4 :

AW Fu o] oF ASYFAE vm AT FFFE0(EH R Y[R AN )
T LEAWME.66)9F A¥tastAl 20000.6D¢] FAFSHAl YErstoH, AHtask] 23000.72)<F A
W s 2500.720% TEAWNES Hla) A JELT Qo ol AwmsiArt 12 ATE

s @4 HeAol Sy B,

E}
o}

ud

- 231 -



AlBIE0.7:1-A0 22 250-A1 10 3T 230-A2/ 10 8H T 200-A3

/A8 £0.8:1-B0 1 3HI1250-B1 2 5HI#230-B2: 11 3t 1i200-B3

1 8HH250-C 10 81 TH230-C2 1 3 TH200-C3

Eolgg 2
solgel AN W
TYPE z5 fg"’;’r:c‘;*) wic "E'i:jifi
Bo Al E 230 0.8 :1 2.00
Bl A 513} A 250 0.8 :1 2.77
B2 2| Wk 313} 7Y 230 0.8 :1 2.40
B3 A Wk 313} 7Y 200 0.8 :1 1.77

- 232 -




Unconfined Compress Strength(MPa)

Cement XISESIXH  XIBEISx|  X|2ESixy
230kg/m3 200kg/m3 230kg/m®  250kg/m’

Eage=yu] Ml
SEAAZUTE AE Aol AHARD s ol gst FAAF S AAst AlEIA ol A 9

i
rict
o
2
fiu)
ok

AEE FYSRAT AP TAFA/NB FIASGFFABATA 5
H el 42, 391 00 9 COD sl A RSk T. IS EFHASY A3

SO
4
rfo

p i3]
o AN A s ado] | 55 oUZ FEUES BF UEFE JoE A
Ao
o= =&AIE 2
AldE = = E7|&E Al dzt S ] )
T °C - 22723 -
PH mg/L 6.5~8.5 8.078.1 =
Azt mg/L - 17725 -
Fdx mg/L 1.0 o8 | 0.3770.45 =
= mg/L. | 0.09 °]3} | 0.0270.03 bl
cri mg/L | 0.05 o]3 Lo =
COD mg/L 4.0 o]s} 1.872.6 T

AAE B ANETAAGHL ATk APAT AutnshA 2
FHE BEYoAEsIE 17249 J12e HEAPD 4249 A% RE £FES BHEE
Aow ZAHAT

- 233 -



BHOIEN AE ZUH(HR: mg/kg)
oHE K| TUAYAI R
=z 129 | 2K | Hrlg | EYRY | HIIE | EURY
S™YAY | SFAIY | SHAE | SHAE
=2 4 10 - - - -
7 150 | 500 - 3.07 0.027 8.06
] E 25 50 - 6.17 - 2.29
e 4 10 - - - -
=1 200 | 400 - 1.01 - 12.29
67F1= 5 15 - - - -
o} 300 | 600 - 8.59 - 39.99
yA 100 | 200 - 15.25 - 13.13
B4 400 | 400 - 339 - 365
71915 10 10 - - - -
ZeiEEdelE=nEd 1 4 - - - -
Al b 2 2 - - - -
o= 4 4 - - - -
LK) 1 1 - . - .
E7q 20 | 20 - - - -
of & il All 50 | 50 - - - -
SR 15 15 - - - -
AFAF 3 2(TPH) 500 | 800 - 20 - 581
Eg|E22 2" I(TCE) 8 8 - - - -
BlEg}E= 2ol el @(PCE) 4 4 - - - -
Wl % (a) 3] #l 0.7 2 - - - -

k-

S AdANES 19

L.

H 2732 FRAAA T Aol AA
E(o]& OPCZ 3HiH] Autuslzje] Fxwdo] =34 el
L4a7ielE] B3 AW asA= 20882 e o] 34
Eg s £l 27t

Bg Ue i Qo

=
=

3t

il

- 234 -

2.729} o] o5 0047+ A RIEAEA EA
AN FA Y AEA ARkasiA] 7

HE XE
lem, OPC
4 FHES Hao
5




4 4

35 |
i SN 3': . "300kg ®250kg " 200kg
25 25 -
2 ol
15 | 15 -
1- 14
g -+ . . . o i =
3 5% 79 2821 29 5ol 79 2891

ALHBHEAIE 21

ARA Z1E AUWEgEAE S AAs] AlEA Z1E0] He mierlE obfe] meob o] AA

stRow, E:bgAH ol W mdAdEAT= ok e IY A

AN SHHE =

MIXER PLANT BATCH &t oF& A dl st
= = St H| O x| = =+oHE XY H|
0.8:1.0 400 320 720
A
0.9:1.0 400 360 760
(Kgf)
1.0:1.0 400 400 800

- 235 -



2 %0810 "0.9:1.0 "1.0:1.0
15 -
1 - | e
n o e i S Y
289
St dlo GE 2= &3
AasiAe] % A8 F 287 =F RSy 95t dFAFAE APE FTAAE
At on, ZEe AW 7Y, 219, 8YE st FAANG7I B dFAEFAE AP LS 9
Atk T, AFAF F AF 40l AFA FAH FAS % BYS HAEFAT. 19 1L
I} 1295 dEUSAE ANFAARE 28U AxY A @ AEAAA a7stE 2.0MPas v
=3kt

25 4

COMPRESSIVE STRENGTH (MPa)

3.0

25

20

0.5

0.0

f\\\

pr

&

0 1

AXIAL STRAIN (%)

ol
=

al
=

o}

2
= ol

[=]

Ay
A

Mg 7

- 236 -



30

25

20

15

10 |

COMPRESSIVE STRENGTH (MPa)

05 |-

0.0

o
-
w

AXIAL STRAIN (%)

b3
::l,
N
=4
QL
)—l
o
ro
o
B
=)
rd
-
r_}]_l
rlo
>
OINI
fob
n;?[_j
N
o
ofl
%
>
k
>
N,
B
ox
4z
fo
f
>
n
=

2 e AsEAgTH Alet 2n v
stAY =A dEhA R Ak 1.0 7 7.0mT e ASEFA G TH ATRE FAEY A7HA

183 FHe FA4udE 2 (0.98 7 1.572m)
Btk ta = vEbgtth AEst 7.0mol a1 A 7RIA gke] 049 T 1L45omuli el 2 FA YA
WA AAEFE RS HE, B S)or dAHE F3] AFAF o3 ASEAYT
ol ARk Aol A BErE R Aew =

145 3.8 |1.05 2.0 .__- ¥
ST EEamsuuxeme o

JIBINEY EAZ 0

- 237 -



o ZlEAIEA

=l o -

m N

w| k| L

Hd = w

T

NR =

= <

D

1_|E )

-0 =
0P

K| & ww

Do e

= T

60 -

et

,_ux_v.o

N N

N N

= 0

el <

Mﬂ
TR

oo

K

ste] AARES AN A

S

?}

=

o
== ‘Zl‘?ﬂ], -]—Jl]%ll—’

Q)

of Atz

=

o

e A
solae] XA

o

o

=0

KR

7.

A A 7]

st DCM &

=ol7] ¢

GG

et

—
o

B

Mol g3

1.2 A

tol SARESZAFNA Al =3

g A4F

A A

2 159 A7A AlF

=
[}

Ho

=

olt

a
+

2=

0]
pil

72 A Esko]of

(D A FAEABA
2 AEAFA

e

N
o
H

1

0]
pi

T AT

3

=

=

(kgf/onf
15.0

A7 =
©AzA Aol of

|__|.| |;||.| <1 A ]
(kgf/
22.5

2
SEH|

(ale]
AR 28ACNFR ], Ad wEt o
- 238 -

g, =
AeE AAdel A

1:0.771:1.2

=
=

Q)
=

eh e
=%

S

(kg/ o)

=

200~ 300
A)

ok A v
Fglolm H Q)&

Fel AT

°

[e)

o= Hzx

A

R
o 4n

%
=
=

|

)
_Z,_

A

2.1 71&
2.1.1 B FA}ol A FA43+

3. A= 5 A

2.1.2 747]




3.1 QA +A

311 A= AQH2L S AT AAHRY S ANEHFEZSANEAYVE, 115
W IANNE)E A AMESHA &1, I AFEEF o 23354 DCME HA A(ast
AME JSAAR S AR FA 7] & JAFA Fol| AT

312 AA EUxmEHEA)E 2,500cmi/g oldololof 3tH, ¢ AQAEE uEst
AA HZIEFBAR7IE(QSA), EYGLdTH7E(@stE)S st Al Folof
oF g},

313 AFAE= ot e A=TAE REFdE AlFololok Fth

% % 3 FH %)
RIAEC R 50~60
HEE 7992 g@3X 10~40
B 10~40

314 MAAE AFFL GRE A8 FEFFTHC dF FHFAES e AAstoof
Ela=2

3.15 Higtel] ALgEHE B dFE AEITH

316 E:dAA TEFRE&(ETE1L21-0.7:D ATA8 L AIAHA T& Este] AA g

3.1.7 <A, NAA 2 7er A A 2 AP%—OEIT% oo wet AYWAE e AFA
= &8 AR

3.2 A¥
321 #3992 FYPHolx LA AFo] E F UAESE UF AFEC] 23dE FA
AGAE 23 AZste] FALFAS] $8& wolok gt
D) AF A" TAZE
(2 A gAY E4AY
(3) e+gA gr A2
@ = : AN F HAIMAFTF AR F
(5 AujAd 2 A

322 FAREAE FA NS @A 9 AZAE e et A wAe] Hasith
J dekE o ojn FRAg WEES WAT F Ao

AT ELFAR NFF Al 743

4.1 313 AgAge] +4

411 A8 Ee S48 ARE g 23 sAF e AeE TS of
stoh Al Hgd V2 Mg ohgd 2ol 74 FHogloy, AHElsEe I
S 93ty daTAE TSR} Ho A JEATS 2AY F dY




D o A D14

2 7d =golr : 1oh

(3) wxk A 7] : 1oh

(4) udkg HE D1z

0 FY FHE Iset

6) A5 EF AvZd FAHE= ARl 2 77 = 4 AT G E fFAISko oFst
o, & Be AR g fle A " 77e A S BE Este] ok g

(1) AgE s 2 el 2o siE AS Fto]oF g

B®) AT, AFAS T AAAAANE FEE AX|st AF T AWALE LA
g F AEF dtofof Fho.

9) tdFAY AJA A 3T Ao sHE FEAed st HY st of st
EE AYdAE dHETE FE AF T At JI=F stofof ok

412 24 71E59
(D MF7Hs A= : DL( -55m )
2 A& A AA - F97] == GPS
4.2 BEAw 9 A

D oA CD1H(ATEE T AR

2) FEA S 13

(3) R~ DIt EgAE7]-8)

(4) EHA7] C1di(CLEke " 9AR)

G) ARE B8 Ao]E ¢ 17]

(6) 1295 HA ;1)

(1) 1298 H= ;10

B FFH=Z c 1

(9) AAIE AF7EA 1o

10) Z71+=7 1o

5 wWieHEA B AIEAF

5.1 w4 A

511 H8A, & T o9 AszE AU wigdA Ao o3|
gt

512 MMEFES AWM d=s AAVISHAEE UST F e IS4
gkt

513 Alge THLE AT EFAT 52 =2 BEE 22 7 IEF

514 AP gt FAA = INE EFL= o, AFE &2 T
R A7IFEO0Y) 5 45F= FESH, ig=dol wet A8 A




st Aol T

515 #ig2Alel a3k dARE AN ST LAV H=s AFATE AAH ok

Fc,

5.1.6 WitAEAE HAF ABAFH A= HAA 2AE EFXA AAXNE IARGAY

A4 EFUY
@,

=, gu ANEE Fuskel FARZAS Helste] Mgstelop

5.1.7 Al 59 AHWHLS 114 Piston4] Thin wall Sampler& A}&-3to] 2] 3 st}
5.1.8 AW wigAIg S Samplingd A& sid AQuEe] AJAUAIS Yo £33
]

NFES 287705t FAT F dSASAE ANFS AAEH
5.1.9 Wik @A = KS F 2328 (F AWIES =4 = A 3 KS F 2329 (A @40l
A & AHMES 4= 3 3 A5 AFE FAAE AFst FAs= B &
she] Aol FAREEAeL Holste] ARt
5110 N2 ¥= Y 5ol st AHedo
(D AAH2Y, &, A @9 A= 24

2 NZFESY A=A

@) A2 AT AFEY] %A% ZEse] B

521 SFele =99 AZEFANe] Aed 8 AXFe| o] o % AUGERS

gst7] st A@AEES AAsH ok st AAIZE AE7]|SA o Aot

522 N&@A &l RODE #9] 2 A& w RODO AL E= A|Hke] Ngtoll whef N
#ol 0~4d o 60~35RPM, Ngto] 5~10 uf 34~20RPM, Ngke] 11~20¢ =i 19

~1RPME %A A]&3it}

5.2.3 dukAel DCMETHOZ AZo] oL Tdl =9
DCMEZH 29| 3lto] HF A HES X ste] AkAHre] N-Fto] 0~9

A& 21~30rpm, N-Zkol 10~1974]
15rpm o2 A &3t}

oI E LA HE

16~20rpm, N-g%to] 20~507}A|= 1~

524 NPNF AAONEHETE T AN A=A e A E A LAEE A
AR} AR 30, AERAHASAAD) 2 gl tstod= FAEFA}

Bolstel ARk

525 AUABE ABEE 240l FYARARE ©
ZAAE AR F SEPUANA YSYEFE YL
o},

526 AR HHAH Ase I dEUF e A=
SUSAEZRD o= Ve R It
527 FEUL NANE &8 F g3 L2 F=5o i3 £




Al Al ZEshoF gt
(D nlel #S), kel tigk Cycle time, &1l 94| o] Azt
(2) Slurry ¢ H=
Q) HASNEFAE S8y
4) XHAHA Slurry EE3 2L AIZH
6) AE §NEY 4
6) AAZ AF AF7)2A (A3 dE AR, 2 AK3E}, RODe RPM, ¢, ROD]

S 4=, GPSTE ] 9@ AN FAE

op
o= oﬁ,

£4)
(D) 71ek & FAA Alg@Ed ZoE 3t T5
6. Al &
6.1 Al &
6.1.1 dFEZ MFS A FFozA HANAM FH3 2 AN7HA] AlFste]of gt
=3
6.1.2 A2
(D) TP Ao Mixing plant 02 3E w7 Fo] oste] NPrde E3tain)
(2 MFZFo] FHo] wwtd 4 JEE RODES &Y 2 AL of RODY IJH&EEE=

A dke] Ngto] 0~4¢ o} 60~35RPM, Ngko]l 5~10¥¢ o 34~20RPM, Nzto] 11~

2] o} 19~1RPME =& A F3ch

(3) ¢u¥tE<Ql DCMEFHO=E Aol ol @adt AZFo JojAe A4 A
DCMEHR =& sttte] HE oAHAUES A st AfA RS N-gko] 0~9
A= 21~30rpm, N-%ko] 10~197kA1= 16~20rpm, N-Zko]l 20~507}A= 1~
15rpm o2 Al-&-3ko}

@) Azt WE ashiae A8shm, A
(5) AAH 2 Pasteo] FY& HAo)F F<
it

(6) &223%0|7kA] DCM 7i&Fo] o] Fo] A A== DCM 7] €] Pasted & 50| 4

rr

(M) 1zx9 H=Eo] tlg MEatgde] S APMe g AR o] FA 7|1,
E2HE Surryr} 34 YAeA AAHos BEEEE x5 took dT}
@) AdYxd Slury= & S8 o] F#n

oF .

r>~

W
9
El
L
N
i
>
ofy
uu
)
rlr

o
o
%0
b
Jht
%

6.2 A&z
6.2.1 EFEAE 7 MFErith GPS T 37| & ALgstelof s, A X A &35}
Al Setting® ook MFAAL & 4 glrk

6.22 ATl ot AHF AT FHlol o] o] TAHS

HA

filo

il

rr
X

Al

Y

e

- 242 -




6.2.3

6.2.4

6.2.5

6.2.6

6.2.7
6.2.8

Tt A&EA Bg Agstr] ffste] dAele 4 duFEES Frstofok
Eig=g

Mo AA=E Al F2dE F2 3 AoAE AF T e T3 A &
Aate] F2o] FAHEE stofok ot

Emin)g AJtI2Y Slurry FHZF(1) 2 FadE=m/min), 34 (3] /min)=
ANEANEN AAE &= 8 JAFE 7|Este] F2dE AR 240
UM EE F2E ARAZ B, NEFs 29Ws7 50cmeldd 3¢ =9
Wste] mE WS T Aldsto ok ot

AAT 2 Slurrye] EEHS ESZA(RHEADZ B ok

A g2 SREE gl RepgFd ofste] dddit)

i
o [

DCM Al&og BHHe g7 2A /NF AdunA &4 = 2A A AA

7. AENE B A

71 AA 9 AEAFH

7.1.1

712 7

7.13 AHAE A8 A

7.14

D
2
3)

4)
6)

3R ATES Ul BANEUS ol GO A

450 TE FYY D 71EA NS

o 9% 4o i) Sistel 289 A3 F B) T SAndg 3 AAE A

Sol B AWAES AAUT APAFES AFAFLE, SAANAFY, T
A £

=
Aol gt ojof 3t &Rl BHPA = AAZ7HA| ot
7F AAEolok &t ARFAIFAl S1dE NFAN =S &
b A gk

qm
>~
m&
o
b~
ot
1o
i
o
N
N
oy
bl
it
o
AN
>
N
N
2
o
rlr

E(XH%GOE‘ 90¢, 120¢, 180¥)=E ATsIAY, =
2 AR AANS(HT F o) Ade AX HF sUd= Tot

Fed EA

-

ol

SN ABE 4 AFE DH dstel e g JSHE A4

4 QACIE, TR, 2 FAY A=
AP 2Y Slurrys AHSA R W B A

A7bA ] me}l A%, 27%a, RODS| RPM, 5%, RODS| $al 245 s,
A RS T £HE YA AF 4575

AFH=e] Be my=

QY MFAA

- 243 -




=%

7N AFA A=
AT (A2 A ZEE A Z
o F F57FA GPS

6) Az Slurryel =

o TR W
GINGS W nmm ® Mﬁ w o R —
T M Mo = w_.o; o Wm br Hin mo
4l bk = @ 3 Z o
dwroe = 2 % B <
N e A o = <Jo o
Ho =  — W S . )
T oy W T W o 7K X o B
- Mo o . W T —
Jpood g e z AP 3
= M % = o to ) ~ e o
. I ) 5 o B M
oy T wm P = F B CHE -~
2 .o T o _ + o oF _ =
& x W Moo 3 ok L. T T 0
®"T o T 7 oF ~
oy W B = 3 o= Y
= ~ E X O o o s w"r ‘_ﬂQ!
w,_m 5 Mo NG B K W T Jo
K o T o~ 2 ok oy Ty o 0N
R E T \ o O ouE T oqi °
< ﬂﬂm«ﬂ% ﬂy%}_& B T |
) ¥ c £ R o | o o+ ..mv ~ Nd E:2 | i _
B " EE oo . I R A - IH
Tgf,  BEgED ILTiss 7 _
“w ) + " & n ax_ oju . = 7K X 0 B
M 5 & o_:oﬂr%zuo_aﬁwa e H]
5 ) — ~ _ ﬂ.vAl wAO I b qn_ﬁ
~ o & X o Mﬂ W = ol A o) o o N w_rw N oW o 4
= b o X S oy PR b N E T 5 3
O ﬂc_h_vmdmﬂra_g%@L:Hmﬂmoﬂ_@mw@r
o iy fo T o o jnt ._| m._ __
aﬂmema+wm %%dﬁ%%ﬂg%ﬂﬁ E%%% |
I R Eﬂoam;mmamﬁ@w@%rﬂ@ l
Mo do Ho R - o o = N ol i up = HA
— N0 < ok Bl o ., @ oFf J)) _
B E = g 9w TR 2y - e “
crTEEH @waoﬁa@m;ﬁm%%%ax%@m4ﬂ |
33888 4ca%ﬂOM_oM_sM TR o ¥ |
~ - ﬂDzﬂﬁo#%cwm%%7%WHMO_Hﬂ Ly
o~ SHS8mremr
oo
© o0 !

- 244 -

S




A 3E AT B Iy A A%
L A% nskA Bl 2y A% 8%
7. smARe AAAG

A =W AHME AEE 10o7] AFe] ARE JAI7F ARMES A4ket Aot olF A 7
=

WACEEFE E Y, TEoIA, B, AUANE, FIAME, oMot HE, IHAME)
7F S AHE Aibse o] 80%01/dS AFAStaL JleH, 2006 & AHME JAZE S8t
F ARoR 7HAc] stErstEA ARE A el Az o] obstE L, 2008 = ARE F8 3}

ash P AR F
EG, FFA AT-ANEY
geb] AME QAL A71EHES 5T AE Bt 3 UEd =de 5% 3718

oAU sh= A&l A3l ATk

)
_\‘L
q
oy
of
o
u
>
1
£
Lo
N
—n
[
v}
A
=2
poss
)

AA AAANZe FrE 06d 7132 oF 4% 6H B AAFRAeH 20100 = ¢F 4
Z 8 EEA 43% B= AAME 7153t At ol A& AU Md=HTE 2 A
LSS TASE AZZIREAIA ] gk WF7F FU1sH] WECE AdET B JEr)Ee
ALS Z18E FEAFG O LA F8T F o] AAAEGA A sgEHRL F AeE A

A B2 E Ao A AREdEATE AA st vlTe of 60%2 A,
AR S A= AR A } At HlE2 oF 3% %‘sg Att ol 5 gt =

SHH 2006% 9964} oA AW 7.35% st 20114

‘|—’

o
u
=
>,
i
o
o
4
fo
2
2
rlo
A
I
2
o
fu
ofN
_\‘L
et
il
o
u
>
=)
i,
ui

- 245 -



R A 5
NEaAE | MERA 8 OOO~10%]O;§](;§mo/jjli Za MR TERE:
QEHAOTE) R LA
AEFITAE) | ANEIAE = R
A G 20 YA ME PAHL07HE/D) Ball mill 3%, 54 =
i ! : WolZe Rt
(F)3=FA 2.9 nfo] A Z AW E ?‘55}1;}/&%}2}1 2 AlE Ball mille] 2|3k é;ﬂ L
o R 10 000ea; = ANST L2
mho] 32 po-H ()| MIFERH 8,000 10.000cm /g 2= zef e Ball mill°] o] &3 &
ST _ MEEE/M Aol FE v
e 2 9A 4R ANE Az7EoonEn)  |FREA ALE AES Sw e
EEr e — g 9 2 7=
e 2094 12T AHE 4274 (20002 Ball millsl 4%, &4 =
=4 _ RO ZE B
£ 2019 D% AME 4272 (2009 Ball millsl %, &4 =
A FF= - e e
25 20 9A TRE ANE Az s oo [T LR AEE A
S I} A=d w2 I~ =
e - 4 2 i Ve
(=) 2R 2R ANE Az EoonEn)  |EUEY LS AES A
e — _ PR
(59 2R AR ARE Az EoonEnd)  |EHEA ALLE AES A
e : HFd g By 7E
CED) 20 dA D35 ARE A27]%(2009HE/D) Ball mill 3%, 54 =
ik _ RO ZE B
RN 2] da wPE AWME %72 (2008HE/D) Ball millsl 9%, &4 =
i _ ROZE B
GED) 2 YA D AME Az7&oowEM) | TR AMLE s e
EE L B
i) 20 ga AR AWE Ax71&@oowEs) | TR AIME ALR A9
i = RIS
i 209 14 AME AEAECooEM) | oUTHIE ARLE Hes gld
ol e Tl B s
Gl A ARE AWME A27]% I 5 A
& d AME A 274 (2008HE/) Ball milldl 9%, 54 =
ge) _ RO ZE Bf
(I8) xoga mE AME AzEoongnd) | ST INE S AR
e g g B9 7l
s 2l gA wAE AWE 274 (2000HEAD) Ball millol] #J% &2
5 ol =g B
L HE=< Ol
=L R[S AR 2 (9] - 9gke
T8 20064 | 2007 | 2008 | 2000 | 20109 | 2011 | SACK
? ~ | (06~"11)
D 59w Ao : : (
9% Ak | 474,449 | 641,717 | 612,263 | 734400 | 667,439 | 676308 |  7.35%
2 Arasia) ’ 1] ’
99,634 | 134,761 | 128575 | 154224 | 140,162 | 142025 |  7.35%
&4
D HPAEAAYH FADE, 2UE
-:2;. x1‘1_].\-'-’-0 b4 o= 2l - L= Ao 0 =
D ANFRA AT = 5 12h9 A1) 0% FAYEEUANTATAL F AR 1)
=2 AIE A2
(&9 @ <
T B A o] A|AFE
AA e AFFEE20 ) q4d AZTEE20 )
AA AAFE A HEEA A - 524,000 A=A A - 540,000
2R84 108,000 22" A 111,400
29 NAFE ZAHEEA A - 105,000 ARk A] - 109,000
1 o E) .
— - 285 A - 22,500 22" A 23,400
Al

- 246 -



ST K SUARTE e
- =W kA AnlEF 5009HE, kA @2k 20,0009/
- 20156 Al AR 0 1d tinl 129 AR STRTRA1% 4HE I
B8t b=
* AAANETE e
- AL AR« Global Insight 2010, ENR, 319] E51EA% Fo]

=2 =AY ZHA

BAR AE s i
O BE&LF3FAEE) 2YIYE 120 12,000,000
@ AAAM ety POS-AT 100 400,000
Q® xzxH a3} 800 300,000
@ (F)A LA 2 GEOTONE 100 4,000,000
® =2 H A, Fof 27| 100 500,000
® 2 MEAF A2y 62 6,200,000

rr
—
)
o
‘o
(@2]
S
12
rie
filo
)
Jhu
ol

ﬁ )

r:p

9.77%% S7Fete] 2012'd 9

25,000
20,000
15,000
10,000

5,000

20084 2009 20104 20114 20124

OH
=

Agtxd ALY Of

A5 EAH, @Uete mo} ATy

m
o
ot

I EAR #AA AZTAYT o A, 2008l of 11x 24 & V5% o]F {9 SO
C 44t 93 A718E o= 13% 219 744 solwtoy, 1 o|Fole A A7t stg
st AR Fro BAFAE WA A 2008d FECE TASA S

- 247 -



T

T
el

oF

111

i

201044 201144 201214

20094

20084

110
100

n
n
-

130
125
120
115
105

0
i)

=
o

Kl
ol

H0
il
")

)
Bl

0
Ki

—_

oJ

[e)

=

(<

7F

o

==

S 20081 oF 192 7,9004 = 71

T

=9

oF 204z 3,631¢ H7kA|

| —

D BAA, BEEE Yot A4

shed 2012w o)

S

A5
a9, = e )

=

=

o0
5.

Ll

)
)
ol
T
oy

r

8!
ol

=
D

ok
ul

d

al| o
oS8
H__._JM.S
= )
NloN R
M/v_oo,9.7
RN
N~
~| o™
© |98
m| LIS
= oo
— | T 9| <
%2,4.4
0|0 | s
©
22|¢
Yoo
0|~
W™ S
Ol | S| ™
— |20 |0
= |o|m
Qe m
N
Q| —
NI o
m | N o |
AR
S 8| ~|o
QI -=le
= |~|
Qo |m
o2
m S e
Sl 23
o~
ANl o~
o
212 |®
ol

d

R4l
i

oD
Kio

v A FA

N

wK

whEe FAY

0

el

N

el

7z

B4 FAG A

ol
=

+7 7]

olH,

-

A

1 3

0]
yil

o] HZL 0.7%-1% W2 vln]

by AN

H
gus

HH
il

)
~

- 248 -



A HALESHUA KIBHIIEH A489 HIS 24
(St @ 40 R, %)
7= 2008 2009 20104 20114 20124
KIgt/oet A4 12,440,840 | 13,177,236 | 14,578,385 | 14,593,885 | 12,949,791
XgrAd HIE(%) 0.67% 0.64% 0.70% 1.04% 0.91%
JIEtEEHE HIE(%) 5.79% 6.24% 6.91% 6.33% 5.42%
HIE &H (%) 6.45% 6.88% 7.61% 7.36% 6.34%

25 0 TAA, @LEE ot AT

. At A% 5

A A FAHE ANEAT 1Y Bol AFHI Y= HOE 7
FAE FHOE AF 24T YIS

FFANERS ] A2 ostd, @A FGetl FHT FAREI EASHA GAW U
ol AUE A sl dEE FAE kR 4 Adn

AHE A ES] Az W4 7FE7F 9F 45007 E ALoln udArl AAFE S-S oF 15%9 AzF

o], Al

m
ki

o

o, AIME 714 E3 80,000 = ?}ﬂﬁ °F 1,600 ¥ A=~

AlHE 7}24
80,000/%l

A Azol AAHE AMEE ESANER BREN, 47 #8527} A7 ojaw S5
ARE FHuit Boe shArt 3450 e Ao
- SsiAEl AMEL AERS At 94U dAdos E9 00 Adsl AEEe Be

- 249 -



SESANUE = D5 28 M2 Ot 88
=9 = A AN
QUGS AHUE s 72,000 & Mersl
NES HSD5HHe £ 220,000 & Mersl
AZ DEtXel &4 YA £ 250,000 & Mersl
E4DSAIHE s 260,000 & Mersl
ESHH Xl DB EXAUE s 160,000 & Mlersl
HEE = R AE e, s 15,000 HE Aete
OO 2AHE(2L ST 6000 014)

ZEH AE kg 240 X XL
MEXYIIE DEX(ER) kg 160 ol2A
M=Erelg DaM(g3) kg 160 ol2A

e DAT A2 &Y kg 1,500 o124
Xgre DEE D kg 720 o2A
XEOHZEE DEHH(ZE D) kg 250 ol2A

25 A3 fFE=71 2013

2. FAYE 2AAFOILH SR ANZER

2y 23 E )9
A, e AGRA ] A4
AED ALC DL
7} 2 AEe Aa

L —

)

Agol RusR H3A gy

4.

o] "=
= — 1

1 WY, nE 8 gag TR Q. 9
HH o 24 71 HE A X7
Aol A B8 E A Sill:}. HE=E KCC, #4t,

A PTA ol %

iy

ol% MAAA} AW

o
A

o) A=A AT

4 m I

L

=L 28 WH-2AETH

= X(

ZAYE 23 AF
o8 HojAH

|

- 25

A=2 HIM

[ = I

o2 7 gHE Agel 3
1

O_

A HEdPFe=

Tt FAFRH 2P FR
o]F3 Jdom AF FEE 20093 7= <oF

o =1

2
a2}

l‘l

A

oft

A

i

¢}

¢

&
o N

17,260

, RIST, 2010)

3% =l °F 107) ©]

T 0 A A=7F A viE 5099 o]



A% YA stebEm gk

HEZ

A%
wRn), Az} 59T 7

B A7 7143 HEkR AE AYskel] Hg=
[ton)< T3l 71& Axd7tE
7bssteEl el daE o

°F 20%°] dAEnH AZH20,000
oF 10%0]4 Alz=d7t d7rol

24
o]
+

JldHerx MZEFOF ol &
M ZKDH&/m)
HEH HI 2
=] L 2HI HZZ| A
yp— - J|E YWMAIME THEHI=
(UHOAH:HXHj 4,500 2,500 3100 11,000 | 5,40094/m (2 9002 =2,
T a2u 20%)
ME2H)
1. 2| : SA4AZ 45,000ton JI=
2. 2Bt JIMHZIE 28 MXIt &AX
242 =L 0lAF BHOHH
. T &7} &3 Azt of| A dA EdjF . -
A= s waee)|waned)| (29) HAAE
TEEAARNE | Hzkz= e
o) ’
(= et 120 4,000 10 4,800,000 Hlehz A o
(F)38hdl N ek B
ol ’
ul e e 120 1,000 10 1,200,000 Hlehz A o
(WD |y ==
o) ’
etz ikl = 110 2,000 10 2,200,000 S
e ] Hetx B,
(e~ |ggkel =] 100 3,000 10 3,000,000 wl el A Tk g

- 251 -



3. A4 &4

7} A ¥kaLsA|
B AT e AAEQ Ay 2de dF 21 g a7 2o wet AR EP¥=
o] Ao, 20154 3€ EVFEEA | AAR =

9} 2t}
T R SIHA/E) | EFH(%) FH(Y/E)
nELYu B 42,000 30~60 12,600~25,200
A = vZEALA 3,000 30~50 900~1,500
A=A 30,000 10~20 6,000~12,000
DA ZH] &A 100 31,000”
2 92 BF 5,000
o] & 7,000
sz’ 15,000
7 EFA| 1] & 4,000
g A 62,000
DAY wg 09/E, S5uE By R akxiel 2 gol2 £9u] 3,0009/E AL FAdA K
%.
@7 27 2 aTAe gE wjduEs ™o sbsatd, wEe 2 AsE AHe WANS g

A 19,5004 ~38,8004 ] 80% = 31,0009 .2 A3 =
Y &58E 200kn MY WellAM 1500098 71EoE

O

e AAmule] 7hu ol

9/]
AlEdel fAd mE 1w EH e Oﬂ%% EUﬂ

- 252 -



& 2015~2016 SORIST A B A
g NACIRE WA R 95

' A DICI AR MA DR (O B SR

A
2
kl
ac)
2
o
o
2
ox,
M
it

[o
l".a(.',
2
A
)
I,
k1
ot
)
of\
=2
X
>
=

EAZE 7V dubFom AR E

4 DCMEFH A8A 13(4=3"d) IME Al F3HA =9 <oF 0.8tone] AAN(d A7} A28 5
=2, o5 A3ty Axteld o3 2o

O AIWIE 100% & -8A : 81,000¢/& X 0.8% = 64,800¥

O AWE 95%, WIEYOCIE 5% ZH&A] : (81,0009€/F%x95% + 200,000¢/=x5%) X0.8%
=86,950¢¥/& x0.8% = 69,560

O ALY 2 100% H-&A : 62,0009/ X0.8% = 49,600

&7 DCM IM Al ZA M AgAl Hdt] 298 A83td 49,6004 AEH7t LaFH,
T AEE 100% H8A 64,8004 7 waste] 235%9 Amwl AFaAE JHT F ow,
AE FHHGE A5t 98] 5% MEUEE Edste] AFT A9 69,560€ 7 H]
kel 28.7%) AuH APaNE /9 5 Aok

- 253 -



of) %73 Hl 34 DCM 1M Al A
e ARA FF AFA 20 A A7+ & (%)
AHE 100% 64,800 23.5
NEE 95% + HlEL o] E5% 69,560 28.7
APz 100% 49,600 -

D Q-2 3 A) 2 2 74 81/ 7] A A E 2 8 7 1)) X 100

. ZEB 7|4t vleg mEEl=( 6w

ZEB 7% weg mEelze) A4 B ARA 9 REgE2 Uiro At ZEB
ik wiet mEElEg AR HEEAE ofge] ®e} LT o] AE B NAT 297 F
YsiA 4, W, AR AAF 3% FTAAA Aol Hed EHE 655009/ 714
A4 %R} 71ssit.

7= & SHIHE /) < 3H1(%) =R/
VELYu 42,000 60 25,200
A4 5 TzEA LAY 3,000 10 300
A7 30,000 30 9,000
AR =N 2A) 100 34,500
2 9 BF 5,000
o] & 7,000
«5=? 15,000
7 EFA H] & 4,000
g A 65,500

D AE W 0Q/E, £EHE A B s 2 Aol2 £9H 30009/EL ARG AAeA B

2 &z 200km M9 WA 15000988 7|Fo g 3§

B A FELS KS L 5220 A MERZE2-nl g R 2ELE) A Y
A4 KNHC31320 #4715 iAol Agsith ol 71&l
REEEME S dvEe 5ol de) A sAEdE
B EAbe] BHE Ini AN S 7IEOR 4287

718 A E A Zeet AdATE M= AES} HAow, B NIAFLE

fo 2FAE A&t wgE REEE Az A A dF Fu9 v
Az TAE Tt Axste o2 st 717 S Ao,
2EtE AAZFE VDS 7HE HlaE AR A 49.3%] AsH ARENE G935 9
A

- 254 -



et Iod Al A
TE o B 2873 Az E Y

Azmzerz2 714AE" | 650009/ton | 0.0878 ton 5,706

‘E"HT f_f l‘i Q fﬁ%@ 64,2799 ni | 0.0450 nf 2,893 %
V2015 39 #A #HHe vigbg HAD @t
2 90159@ 39 A E/AE gHuE e 1.3 9} kg
Y DAMA BRAGA T A&

Y (1-ON A A 42731 /7] 8 A E 427 H) X 100
. 3 E 23 AFE AEA

ZEB 71dt 32 E 22 AFE Z2FAY AAAE B4 FAYE 22AFA 7148 HEERY
AFAZ AFEEHI A& WA AAAE FoE HAA AT B AT A AFAY vt
ofgfj e} o] AHE3HAT

T = SHIHHE/E) 1% =4 (/=)
TREY R 42,000 50 21,000
A S.1) G A=A 1 210,000 20 24,000
FarAAFA 2 100,000 30 30,000
LA 8N 27 100 75,000
2 2 BF 30,000
o] & 40,000
e5al 15,000
7 EpA 1] & 20,000
g A 180,000
D oz 200kn B WollA 150009 & 7|Zo 2 &

7178 gtz A x| AMEE= WA AR = UALSE RARSY] AlFo] YRy o s A§5 L
v, o] F 7R AFe AF FEHUIE VTl E vustit WAAHEE gEHdE §3
EE AEToZ AF 2D Hxo FA 7|Fo] Yox &om, KS L 5204(MAAHE) F
A AE0F 7|2 AFE gH] EF 20,0009~30,0008 A= stAo] AheH, H 14
T A7 A aRE U £ US AoE AdHT o] AF wI AJY Ady Y

e, A, AE AAF 332 FAoA Aol Thed =2 % 180,0009/=4 714 A

SE7} 7hesttt

- 255 -




S
Jo

T (/=)

MDA Z A A daa’

UAF oA A gAY 200,000 10 %
RAF w Al A gk ? 210,000 14 %
D UAAE Mg E 20159 39 AE fE7)
P RAAE MAARE 20159 39 AE F57}

fom

VY A-ONLAE 55

- 256 -

7+(180,000¥4 /2718 A F & =7H) x 100




™~

I0d
oK

=0
o

Hr

A 4% ol

M

ATNE BEx &

s
a

gy

1=

= u i Ok o
=0 < — xr ol -
< - W om0 Y W o
K1 S <R = 3l
W =5 ol nr X0 1 X0
I =W R Ur o WX W
T2 oy | TS oy | g S W P
i TSy | K5 gW | w5 W | e =
SN g m = == | WS B | M ol
S Ty 5 S0 2l = R
= mol K S | 2 g Ki W K| g S
mﬁ Sy | 50 O @ R = mm N MF | U g ulo O
W~ 5 < i D Wk o R X T
S zmM g gur® | wlrpus | BRI
B g BU < g 5 - B T TR TV el
R ¥ 20 N =DM = O s =3 R(EBE
oo B E L Xl 5 el oar 0 < 0w | Kf AN L BN L
HEWWIN | S W | sowlrg | = oo woq el %ﬁ
=
U S S S S
70
on
L i) 4
o} 7r oT K wﬂ
bl " = 2 3r
ol _ T & =
_ =, = n
o T R = i
il = ol oy . m
I ok U4 oy ne X0 of =
_ 3 e =
o = ol < s _ M 01 70
R0 10 W <) m=,_ 80 yir
of ok ) LU il
o = ok — ol
= n R of
) b RO o
<H o == w
oll N

- 257 -



00
=
. - 3l = t =
N i = oD =
0 0 ™ T = Al =] mo nJ U
50 o K ’ .. o ol KA ol
OB QU 5w w9 W & <
00 do U6 R0 TR 0 W 3z e
0 il oy X Hr = A0 Wl oD = ol o U oH m_AE_
m@mg%gﬂg&wg D w o= o
& & &l i o N g DL - el 1o = ok oD — JJ
E AW 0 =0 n _ & 3D X0 0 i 0F M -
|G g w oy oo : S B ow W w R 0
= | o0 ol o0 g & op M0 W Wo 00 LA = =< o ar N w ok il
HEwE s == U PR 5 = w oy S =
00 = o sk = = M |5 = T 0 s K Y|
@%%%%%@@@ﬂm%g W = @m%% a B M
mm____ﬁmoek_mm_xe_ﬁ__gﬂ:éz% 0 "= = R =< LW
—_ . - fo) o - o - _ _ = -
__w_omﬁ_m_mﬁElp_&%_Lu..____ﬁ___l_____ﬁ m_% = m oa R %%%Arﬁﬂ =5
20 ol o o2 Xk O R ) r ol = 0 10 . 70 o o = NS 5 e =
s = S o M SO 0 e =K o om S g & <
| ar ar T ar M) %ﬁ 0 mor o <oz ._TmA_. o ok Ko KO i i a o T o
- . - _Ir aQ — - < = [ _I.I _H_H —_ 2 — —
IR A W <~ owm=om g Wu A_unm oo 2w fl=
= ST R SRR R OF 5 | & @ &
& =
A :
3
|_:NO —
o 3
on — o
=
0
Jo
70
l ol N
= = 3
B " i )
o ~ %
oir < =
u of <
11 o =
00 o) ok
O il R
a1 = &4
@ ) o
W K = S
[a8] a
w -—
N o
2

- 258 -



00

LH

&0
oJ
=l
Hio
i0J
ol

ol
Ki

b Plant 15

10y
00
<0

|.

o

= JI= ZHE 8o € FHE ML 2

S

A
(=]

o1

(0]
il

3

b
= ZEB S0

[=}

R

AVE

fulJ

H
or

!

.

<]

ulo

=
[=3

SHEAUE i

IH
Ko

KiJ

@)

0
Ho
oo
il

ok

=0

FehAlEl

e, pH, W24 8)

o

2
M= (20,

=
=
-

21

(E0=, &
D2

(e]

= ZEB

KIo
<

-+

KO
18

T

o

W}

| 23cIE 2 NSE Z2EMZA2 &

(@]

* ZEBS PHC WZIMSMEAS & &8

= ZEB

KIo
2

-

KO

g d = (%)

100

100

100

H
O

Y,
KA
Kl
OH
Rr
K

<l

o1
040

<0

=g

ZEBS| 1

o

Ik

It

[s=)

- 259 -




T E 2344 =
A ZE Bofd Ao QB =8
& F

=
-

st o]

9

1A

S

7)o

3l

S

) =

R

[

A]
| 224 ST Ao a3
7 BA

% ° 9 1
s TR X =
.y SIS - o ' T )
- iy Wﬂ 70 T N
£ o & X J—. _
oo e Tk mRw £ 5 5 % 1
A ﬂ O# g R . _ = e o HT_ WoT O#E =
_L e __ﬂo_ﬂ N Z._. T T D ._ur,._ o 0 m_ﬁ Eo 1 0 o~
. ajo o ~ = o T 2 B i o — = w i 0
%M % o1 ,A]L Y o1 X @N_ m & WM B mwe = = = X0 %
To ! -~ pu— )
w8 Cq Ky S o ST I %
= o x o L © ol ERI B b T e
iy o E- LY B M roli s S N N N ~ o~ - )
o S I o o W O L —~ ° w_ﬁw N B ﬁ = T H
" mm 0 W W a o o W & do PR W o M Jo M N
B Monudl.wﬁ% %Eﬂ%%y E%%mm%%m_xﬂ N R W
z? N oo © r :.L HA]_I < o - = — <
urnﬂ.gb_oﬂg_, %a‘uﬁag%o_ nzﬂfﬁégmw o )
Wy m o e B = ol nmtw x P oo T T Ao < ZITU_ Gl i
mlgaﬁfdwaﬁﬂw%ﬂé m@%ggaﬁoﬁ ° w7
N o K = o I~ . — oy % L T X A M. @J 53 L ~
T qga%%wzmﬁ& = NN 4 BE x4 By
Mo o T oA "o o < wp v P i = o o W8 ® g <
4712__@0;@}% T U f;@gzua <
N aao_aaﬂﬁiﬂi%ag,ﬂ %woix%,7ﬂﬂ w4 5
—_— o= K Y om oo B T oo R z "
%ia1g oo 5 M o zogﬂ:To W o=
—_ =~ & /M N = o o _L, :.L o m oo o) X o o o - = w e
wygmg:;mowa:;_ecm gmﬁ%gamiw_ 45 Z
) hlt = ~ ! Y —_— = AL
@wuwuﬂigﬁua%w%ma wllfo_éim% %
2 = T o T T frse _11_ o B S = W v ®E KO ok % o
o % o )i T T N T LI - of gy o X "
o R TS Bk 0w w X o P = W S ) B8
g o o N AN S G oy F oo oW F S -
o o o o= o T oy X 5 N T+ A o o ™ (T ol
G R ) o % T 5 AT RCURIR | 5 ~ X
Lf i ;o= o n_AIL g ) S.L Zi ﬂa WA' w =K o UrE 71_ ™~ ks ﬂo —_— =K )
T b z} ~ Fow ol o TR OR o T do D RO CURN Hin o
Ny © bt o m o o gl o 70 W ,Zlo a HW MH MM K o X ‘1:|o L T Ww_.u '
Ro W T =~ W oo T o W X e = oo T N <7 H
JHL:%Merﬂ mmaﬂiwo ﬂcmaﬂ.ﬂ@% R o
%ﬂzy@m%1% R TR _zmﬁAl,,%OT_EE_ﬁ% WE
.@.E — Mno ﬂ_&o Mmoo < o iL == o# ] X ® i_l o 1mr T e e E.o
~ T T iﬂ.@wu = s T oo X wE T B
& o W w w3 LS o 5 = 9w oo BK ) o
‘m_ﬂ Ht ~X o o) X ,Br = N <! ° 0 2T _X —~ ,Ul =)
el L_14ﬂax@Lz_ - g < o P T o
=T %o X AE F HT _ . N T _&o _E 0 ‘_Ir,VI c3 _.E _ o=
oW W K = 5 X T ™ o Y A —~
_a AToLﬂm HHT@EH? o ﬂﬂ#7
B o & © o B K = g 9 % ol 4
O o X mr X S o o W ool
T e M om do n oo
W ~ oF T m o o W
T o Y

- 260 -



=7kl ZE

=
=

BALRA T AR ZIHEAD FFo] ZHEER o]

ZH A=

=
=

A o, o

o

A= ol A

=
[

AzdA, AAFA, AEAA

Al =of a8

3]

™
[
7

SEE!

!

™!

ofel wz} 21

A7}

7t

o

7}

=
o

ey

& a7}

o o

=
=

?_]__

o

T .
W

J2E A3l weh a8

b B4 @7olA

A

d554H ZEB ZIHE g EA T

)

5]

T
e

N
JJo

3. 8733 a3

Ha 2 =7ty Add A

3

HA A

)
R

o
]

B
T/

st A ZdaA7IH, Ass

Aol A AhelA e BFF

LI

AYEFE=2 A)F7]H8(LCO)

by

J|

i+

L

ABH AAE A

SPETEEY 753

M
™

file)

4
oy

it

- 261 -



A 5% RN B U FIAT ey

A 18 A4S FF B

L 747 &&

oo
o
rO

2
2o K
W,
H
fu
A
|m
[\
_>|.1_«‘
2
3
o
fru
2
it
ofo
ol
rlr

ol @
b
f
%
o 1
fru
X
i
U
A
(m
[\&]
_>|.1_«‘
N
s
A
i—"/
W,

AA N oF 20%tE/d FUIASA =

e, =3 F5 LR Ve FEEkRE SHd, =, st HHA S QAN aE

2B 29", skl A7 R 5 Oddt FxEe SAEA soze §EFT) V)
‘]

AN

fresiddy 1ZdgEdoldAs 83 Atuside AYME 9 YN E de ARESHR
t7] W&o 71E S ES TIARE AT &44 82 F Jde &

vE, @Aboll Al Bstal Qe nskA A4k 3412008/ RS ©] &35k
ZIAGAE Fidole olEgol jle Ao E AudTh
T3 FARE Free-CaO o 50% ©174Ql fredide nzdgEdoldAs 12 &
o] &z ASAd G AFAE AMESt AFEAES E85 A sk oo HA
450 Oig 7|85 E4 9 Datarl &3] Fr3 Aol
fresidey nZdFgEgolfArt 50%8 = FFstal A+ Free CaOol &3
I 71= 71&d ARME 9 AXIE A AMEstA @1 1k AHY dAefAINe astst
= £5E 7|E AF BlEtd 50% ol JNEFEted g Awtoe =z HFo] JhediH,

g 1gAe F3E HSE FEIE ASE ALHE A AAZHCE HxE2 ARH
o

—

e AYL ¢

&O
>

O
(@]
=
(@)
=3
T
N
(@]
=
o
ok

o

(2
e
&3
oo
ftlo
Jo

1

N,

AT B Ashe] 1E AWE B YNFY AR RAZ 3 J1Ee] ARE F5H
de ERIIFSE FEOIA Hol, A7e] 42 /11 ARE FANLE F
=k °

g2 23ste 7l Az Adste dAE AR i A
o

R

>
rigt
X
r_\.\g
ftlo
Iz
o
I
o
fru
>
ofo
9'£
k
i
S)
e
—_ m_l]j
AC)
k)
ﬁ
rict
o
K<)
T
o
il
1o
ot
1o
~
b
n:?i!

V5o 1% FHE 58
7Aete] 4AE Foste Aselds A4S BASAL, WFnE 5

et 1.0 " 10Mpae] Z=E L3S F Qo] AEA F WHdA AFAEE AHEo] JHs
o2 @odn. oy rjEe Ax MEd Aol gle vty 1f7E=A

|
FA4E s A WtEA g &A7F d AolH

N
=A
Ao
2
N
N
o
ME
)
ok
K

ot
2
o
2
BN

N

of

HE M
2

1ok
rd

Sl
(¢}

)

in)
Ho
i)
X
r&
2
)
o
riot
o
[}
0,
o
o,
o

off AR ot
l-'J
iR

2 oo
R
P,ﬂ
N
1o

of

- 262 -



29 g=guj7t g,
B gk 71424 A

S

Hj

=i
=
daf s 2

=2
L

AFAZT AREE A ALE

1
T

71Ed AHEH

Ho

éo

Hlo
il

wjr

il

o

N
al 7}

Hhe o2 A3}

=
=

Eerow, o

Tl A8

i}

K

o/

o

K

2. A3t F

53}

=9

(D A3

pa—

- g Aete] §714¢

gu] H23)
- 27] Bxpu) Has)

o
RU

|9} SAe) Bol Jh5E PRI AA

¥ 2

- A

[

3
=3

(2) vl AH

[y
or
X0

S SAAE e 714 2 FAAAgeR A

= 7} 15~40%F/ton ©]d-<]

> WEstyo) 7=

A4t

Bl

A

]

o

o 15

N

5% Al

A 84 oke]

- 2z

Ho

—_
o)

= F3F4t A

2471 A=

Nfo

.

AFNEA Auk 1344 oA FA

H7%Hton) & 7]

Q13

- )74

Ho

dRNA Aok ARt NFAZ AHE Ths

2
=

il

Engors

wK

oo
N

e
=
s

A AL R, H71E2

- 263 -



B34 ANAEMZIed BADe] &3 7]

|

AHE,

[S]

o Ao
7 3=

S EEE

29

I AlF Ax7le

X

o 54 ol §¥ LEIA 2

hs
=3

2

FAj o]

%

% e = 7714

2] %

A4 V4

i

Il
yul

4 978 5

=
ay

247 Q)

23 Soist

7F AT 284

=
T

A 24

Zero Emission Binder A|=xol| I

?_]__

&
G

2]

of Wxeol A Fo Ax

s
]

7}

o
-+

s

o

I

L ol

ﬁo
W

o

85144 1)

A

s

d

o RARE FAAFA A

=
T

stod 7]

vl A7te] Fr1AdA o Ax7F The

7N ZEB ZA3HA)] <

TP Aot}

=
=

o
T
\QL__.M Luw_
< o
o W
T
)
e
o
oo
w2
o .
) ;o,_
nR T
oy
o D
0
L
o
w W
~ X
W
&
27
oy
o R
-
R
(U
=)
% 0
W o
®
Py
i
X
oo
B
. X

4

TEAZ AHE

=
o

371

B
o
oF

0]- Q

H°

- 264 -



1) http://co..kemco.or .kr
AIStAH & (UNEP) SH=2R3, “DIZHGE” | SEITHA(UNEP Press), 2002.
A (UNEP Press), 2002.

4) S=RALMAARRA, "I ALERL SEI| Hat =01 272", 2009

6) McGraw-Hill, "McGraw-Hill Construction", 2008
7) 2RI, "HOISS 0|28 RIIZE M JHL” | M20IAE HM3A He= 2000.
A

8) XS, Il "SIZAME MYo I ALY oHZBYer | ZICIESSIX M 153 15,
pp. 6~9, 2003.
9) 82, "SI NU=HIt D2£H ANUHE #3129 EH0 OIXls & , d=20sn ¢

10) AlREwmER®, "2>20) — POEEZ COYE, DR TVEXT MR, No. 9, itHlE
At X2 M2, pp. 78~104, 1993.

1) 2FE, “NAHIISZS 0188 AL AUE L 2J2/E S4&', F2OSD A=,

12) SI=2AXMAIRARRA, “"DNZ2SHO0IZLES 286 AINEZIACIE MeDI= g, (M)
IEaANSIHAR X BEDAM, pp. 41~72, 2001.

13) J. Skalny, J. E. Brophy, “Hydration of Portland and Blended Cements” , Intl. Conf. on
Slag and Blended Cements, Univ. of Alabama, pp. 16~32, 1982.

14) RLEFFR, “3>2)— MEE, KiER” , pp. 34~35, 1998.

15) EE R—, "BEICH T IERMBOMFT e EBE", ZEHEMR Vol. 69, No. 7, pp. 131~135,

1961.
16) zIAE, 238/12, XEFA, HEH, “ScHI-A0H AHE JHEHAR" | S=ASSX M 17
d 45, pp. 217~221, 1980.

17) fkHEZ, MZERE, "SWREBERZ7teX> bOR(ENI)” | B~ T ) 7LV e @RS
FBEZEEE, Vol. 10, 6th, pp. 8+9. 2003.
18) kH®EZ, HER, JEEN, MEHZ, "SRBEX S 72 P ELRIVOMEICRIET SN
A7 THMADILREBOZE", x> MRMASEEES, Vol. 5, 7th, pp. 70~71, 2003.
19) KkKHEZZ, HERE, "SMBER 7 72X 2 POWIR (€N2)", BB T ) 7IVERPEENE
BEEE, Vol. 10 5th, pp. 30~31, 2002.

- 265 -



20) Rk, Na—=, AHBR, "SR Z7EHmResRMLIZ2 >0 — P ORABRERIE
R, IRFEFERFMBRESFHEMES 5 555, Vol. 4, 2nd, pp. 624~625, 1987.

21) 01298, HEY, SHA, 01Z38], “Ettringitell M&0l OlXl= pHel Y&” |, S=2L2253 X
M 39& 7=, pp. 699~703, 2002.

22) EfRE—, HFHBER, WNRE, "KL EZ2F, BFRUSHREBIERZ 7 X2 M OF{EICEIT
B LEERIIIR |, EEWasEs, Vol. 68, pp. 58, 1960.

23) H. Uchikawa, "Gypsum and Lime", pp. 497~505, 1990.

24) J. D. Ortego, Y. Barroetr, 'Leaching Effects on Silicate Polymerization and FT-IR
20Si-NMR Study of Lead and Zinc in Portland/Cement", Environ. Sci. Echnol., Vol. 25,
pp.1171~1174. 1991.

25) D. Cocke, J. D. Ortego, M. Whinney, "A Model for Lead Retardation of Cement Setting",
Cement and Concrete Research, Vol. 9, pp. 156~159, 1989.

26) J. Bensted, S. P. Varma, "Some Application of Infred and Ramman Spectroscopy in Cement
Chemistry", Cement Technology, Vol 5, pp. 440~450. 1974.

27) J. D. Ortego, S. Jackson, "Solidification of Hazardous Substance-A TGA and FT-IR Study
of Portland Cement Containing Metal Nitrates", J. Envirion. Sci. Health, A24(6), pp.
589~602, 1989

28) 0I&+, “S3% 0201 AMMES 230 0IXs & L SESH" |, AAMUED e 2
APl =&, 1993.

29) C. S. Poon, C. J. Peters, R. Perry, "Mechanics of Metal Stabilization by Cement Based
Fixation Process", The Science of The Total Environment, Vol. 41, pp. 55~71, 1985.

30) WG, “EX> MIZEBEEY, BRESOAEYOEEZE , €7 I v, Vol. 12, No.2, pp.
103~117. 1977.

31) Kauko Kujala, "Stabilization of Harmful Wastes and Muds", International Symposium on
Environmental Geotechnology, pp. 540~548, 1986.

32) J. Bensted and S. P. Vama, "Studies of Ettringite and it Derivatives", Cement
Technology, Vol. 2, pp. 73~76, 1971.

33) J. Bensted and S. P. Vama, "Studies of Ettringite and it Derivatives. Part 4; The
Low-Sulphate Form of Calcium Sulphoaluminate", Cement Technology, Vol. 4, pp. 112~116,
1973.

34) R. Turriziani, "The Calcium Aluminate Hydrates and Related Compounds", The Chemistry of
Cements, Vol. 1, pp. 104~110, 1964.

35) H. El-Didamony, F. H. Mosalamy, A. F. Galal, "Assessment of Altered Basalt as an

- 266 -



54, No.5-6, pp.

Vol.

Ind,

Silic

Ingredient of Pozzolanic Super-Sulphated Cement",

95~100, 1989.

47,

J. Bijen, E. Nié&l, "Supersulphated Cement: Improved Properties", Silic Ind, Vol.

36).

No. 2, pp. 45~53, 1982.

110y
<J

ok
=)
iof

40

K

=&, pp. 80~87, 2011.

N

£ &)

CO- HH

st

, pp. 787~796, 2010.

O

__2,

70

)

no

39)

=]

28, M 2224 [ 6

| S—
—

A

=]

ol

L

“AtelEd DiHelg” , ©E=E, 2009

- 267 -



- 268 -



- 269 -

_ul=lalZlZl2l2 =

~|Nje NS |18(8|8|8 EE | o iof iof

- “lal2l2lels Es o o 10} N

o =885 || S R0 = s | 5.

UO KU | N[N | n|n || o = = o = mm_v

TIsIssslR 222 - . g |
NS ISISIS(S|S s2 (8% B R

~| |~~~ o3 <0

0| |~ —

DN O | M .

—loin oS8T L Bl [ -

TIRNNIDN DRI D w0 = o0 .

oo | LR FR|s|s|=|= = = o3

Eoy > ST oo |o|lo o - =2

2l 31O 1Q 13T Kk = 5 .

Mrog | NN NN ||| m A S :

T 22|22 — ~ . .

PRISIGILSI]]|]I8I] = i < B0 80 |0 oo <o 23
At A Il A el I T oY H = = = OSAEOSWOSH

ZIZIZ|Z it = Bo 2T RS

T T s | % . RA0 [kE S [RE S[RE M

® | B . LRI
= or S = et =
EF_ < = ISV —

fa 0 X ol oh

20 %Mﬁgs_ Kd =

K 1R | X0 =

- KA Kq | B =

s A E R i a

S R : 2 3 -

— |0 < o
QMWW_XMEDM wl E = R |1 8158
K51 | o7 | 5K | U0 | g | £ | 20 i ~ E |l
U S S |y | B8 o | 20| o o = | )| 8|8

N
| S | 5% o ul H | @o oo K
S (e | 20| | W1 53 | oF A0
wk mr <0 [E | | o3| U e
HU 0 =]

_ ol | Dl <I|E o

i) |2oA_\o._o\__\_|rL| D o _

W | = s | | o |75 | 1o o1 & o) = = —
0 ioJ | o) | NO = 00 | <4 | mo L oo - o =
| W TS 80 ol s K =
s | | on | o < oo
o 5o m | 215 b o S 5| &
oL — =X ! T ol | 30 pris =
Pl jul|s | R = i Kl W | &0 |
T3 &y | b mﬁm i o &= L I I TR =
IMME_.MQE__M = iy 0 Sp 0 = W%y

— T [ — = [ == et
|00 (& % | ¥ |3 |k = = Y =3 N Wy | 2
SRR AR S P w = = = o | B =
=177 S we ] = i He AR
I ok kol | < HIY ~ i Y

=) ._.Q. U X <
i




- 270 -

0 N
= . = | = 160 = =< KO m et ]
S o 18 A n Pl 3 o | ® o B | R0 | RO o s | &
e | W oD e U B B Y 71 U W om 20 s | 3
] < —_ 0 K 10. L 1] — _r_y_n oY) =1 > .
olo L 1] n B I G Y B oo i o | 2
= mm oy ® _Lu.m oo ®0 | = |ojo 0 ) nH Ky S| <
of (M0 RO )Ml Jxa 1 < E o m= KO| RO H 5 =
K = o ! [o KO o TS I=H - e
o 0 :.__ o 75 _.A_l _n_o KO - K0 = % —
o ' ooffoo | K lmmm| % i S W >
S RO go| BT S| o ™ TR 0k ur = o= d s | s
T W oD | A0 ko = A = LS = KE | KE = |2
ar| A0 < ol |zp mW| = m Z =2 3l = |
D = T . fl 22 K = =
— o0 ™~ =
W s _ el s
= (@N]
Y or o o N Q| R
. | = s S | 3|3 U I I <
7 KO D = 8 o T ) =2 o B & | R
4 N i) = B = = H S | & | S Dar | S| 5
n _ t KJ S U b — =< ™
KO %0 % | m ._ | =< ulo N |
< KJ 8] = — _ = S S
0 U = S M Sk =]
= S i S = = |5l wl =
< 5. ol W 70 mr_l o0 0 K130 =
" & Wl - ol 0 7 | Jo o = 2
~ |8 I 0 0 Kt w=r W 30 M| 5%
" =] R ) prdiat B = M |53
= M| = ol s |25
< <t 0J | = |0 W o
_ S = [aN] i HiY 10
0 o N 5 s S < I Kl0 o TN < oJ 00 EX}
=< o al © S S = o) G |2 A R il = =
S S o oel = = = o0 230 b =S| ™
R ISV = o = Ee) =00 = o0 = =
o X IS o oD = i = = EVE]
N N N m il _A|O S 110} E_ = ulml|_
WSl o < || =
m = s - =
%0 oW S = 3% %
= 0 . - 7o Ol 3 o
.;M_ K KO Uk = < S ~
= bo A9 | iy T I e K
o | B |RZ|H | e P
160 O aJ El_ m__n__.___ = = _n.M [0 - = o ._.M._
<
= | &n |32 o= | = RN o ) w
P = - n K =Y — © — — ==
) R0 mm o | UK % W | KOy | M0 lof lof S N | S ia 5 |= K
Uk or | $0 ook | o | & Kk o) B =] S | S T Y o
&) S5 | w06 R = T I B ~ ol =
& IF oo =T o |oE| T | > s 2 Zw
s o 5 | 5|5 o <A
— <
. = = = .H_Al il
)
~




