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The purpose
and content of
the research

(1)Purpose of research
® Purpose of the development about the Field Recycle Ascon Product System

- The production system of the existing stationary recycle ascon plant

Production system of the existing stationary (fixed) recycle asphalt concrete
plant is, by cutting the recycled ascon of site — transported to the plant —
re-processing production plant — to again field in order to step on the
transport Four theory to process, Ministry of the Environment, economy,
rapidity, a disadvantage, such as safety, recycled aggregate usage rate (less
than or equal to about 30%) is low, temperature management, quality control,

there is a problem about the regional |imit of supply.

- The production system of the existing field recycle ascon plant

In order to improve the above-mentioned problems of the stationary recycle
ascon plant, the production system of the existing field recycle ascon plant
that has been introduced from foreign countries, in relation equipment of scale
(length 51m set of combination of equipment) is too large it is difficult to use
other than the large-scale construction work, equipment price (introductory
price $4-5 billion) also, compared to being expensive, production efficiency is
low, quality performance also have the difficult problem to ensure mixing
performance of the recycled materials and new materials because of aging of the

asphalt by high-temperature heating.
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The purpose
and content of
the research

- To improve the problem, the application technology the field recycle ascon
plant that have been developed, site generation recycled aggregate 100 percent
utilization, overcome the regional limit of supply, small-scale construction
work possible and equipment scale contrast (total length improve production
efficiency of 19m), compared to the economy (existing facilities, is developed

for the purpose of improving the 30% level)

@ The purpose of the development about medium-low-temperature recycle asphalt

additive

- The time when the exist ascon producted by high-temperature heating(160 C or
more), there is a problem of increasing fuel consumption, air pollution and
global warming by carbon dioxide emissions.

- During high-temperature heating production, there is a problem of premature
aging of asphalt.

- During high-temperature heating production, there is a delay problem of

traffic open time after construction

- For the above-mentioned problems improvement, to develop a low-temperature
asphalt additive in that it is also possible to ensure the mixing property and
construction of the recycled asphalt mixture at 30~50 C lower temperature than
the existing hot asphalt mixture, the above-mentioned standing by to be applied
to the site of the recycling plant, which has been developed as an improvement
of the Ministry of the Environment (using fuel about 30% reduction, 30% of the
carbon dioxide emissions reduction), improvement of premature aging prevention

and qual ity performance of asphalt |t was developed for the purpose.

17




(2) The contents of the research
® Development content of the field recycle ascon product system

- Comparison between the existing facilities and the field recycle ascon
product system

<Table 1> The facilities configuration comparison between the existing
facilities and the research facilities

D The existing facilities The research facilities
i (Oversea) (Self production)
%ﬂ 3 unit 1 unit
Preheater
(17.5m) Tst heater Road surface heater (10.9m)
A-unit 2st heater ( )
Aggregate hopper (5.7m

e | (17.5m) dered PP

=] 1st cutter

a 3st heater lunit Belt Conveyor (8.7m)

o (19m)

S . 2st cutter Direct and indirect heat
Bunit forced screw mixer (4.7m)
(16.0m) | 1st mixheater(preheater) '

. Circular mid-low
The purpose 2st mixheater(preheater) temperature mixer (2.7m)

and content of

—
)

the research | 2 51 m or more (3 unit) 19 m (1 unit on trailer)
=
Z | It is impossible to enter the | It can be applied to various field
@ |small-scale field due to 3 unit. for single facility.

% 5im 0|4

—HF—ty 0
LEEE 17} 747 VE7IE7| S, BRI, SHE VPRSI HUk 3 71E7) WSS BN, SHE 2R HU4
% 1m(0E7)) ——> «——— % 1Im(A-unit) —* % 15m(B-unit) r

-

<Figure 1> The existing facilities(Oversea) structure drawing

°f 4.0m,

2 19.5m (21719 : 10.9m)

<Figure 2> The research facilities(Self production)structure drawing
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- The contents of the research facilities

<Table 2> The comparison between the existing facilities and the research
facilities

Di | The existing facilities | The research facilities

; |
V. (Oversea) (Self production) or @Y Emsy

By reducing the scale of
about 32m of equipment,
expansion of the scope of

9|e0g

application to smal l-scale
construction work

About 51m (3unit/1set) About 19m(1unit/1set)

By applying the indirect
heating system (heat
circulation type), prevention

of asphalt premature agin
The purpose sphalt p aging

and content
of the
research

that occurs during direct
road surface heating, the
reduction of fuel

consumption, reduction of

Wwo1SAs Bulleay 8oe)INS peoy

harmful gas generation

Radiant heat, direct Indirect surface

surface heating heat ing
(Dust collector heating) (Circular heating)

Existing transport system
ecuipment (overseas) is mixed
with a cutting fram the road
surface is carried out
simultaneawsly, the mixture can
not be transferred 100%, but
remains on the road surface,
(O Partial),
Research and development

fecilities, reside in autting

Wo1SAS Jajsuel] |elJdalep

Drawing in cutting, the the road to transport the

mixer is achieved at the Belt Conveyor on trailer
same time transferred to | (Residue does not remain
theloonveyor belt to the on the road surface)

equipment bottom

aggregate on the ground Bel't
Conveyor coes ot remain at al |
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The purpose
and content
of the
research

Di The existing facilities | The research facilities Inor ovenent
V. (Oversea) (Self production) P
- & -h" ,'q-.
| mpme iy 23RAM
b Inorcer to inprove the mixing
per formance, because they are
mixed through the primary
(screw mixer) and the
= —t s
E. = : secondary (fen type mixer),
Q - B ENE ZE0A
z . enhance the miscibility as
°
(]
compared to existing
*1st mixing : *1st mixing :
ipment, it is ible to
Pugmill mixer Direct and indirect COHIRTEn poes
heat forced screw mixer | improve the quality
*2st mixing *2st mixing per formance of the mixture
Subject to biaxial Circular mid-1low
expression mixer temperature mixer
Y
S | Maximum production(day) | Maximum production(day)
e —
(@]
= 600ton(51.7a) 700ton(59.8a)
35

® Development content of the medium—low-temperature asphalt additive

Low-temperature asphalt additive in that has been developed (HQMA), by adding to

the asphalt and asphalt mixture, the manufacturing temperature and construction

temperature of the mixture is lowered about 30~50 C, exert a low-carbon (about
30% reduction) effect as an additive to make the asphalt mesophilic function as

one of the additives, of course, a multifunctional composite type warm-asphalt

additives having an additional function of reproducing the Modified function and

aging asphalt.
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The purpose
and content
of the
research

- Low-temperature asphalt additive (HQMA) function and action

<Table 3> Low-temperature asphalt additive (HQMA) function and action

Components Function and action
At normal temperature shows a solid chemical properties,
= rapidly composition and molecular weight distribution
8| «Brown
3 asphalt [@djustment and improvement of workability, Even during mid-Iow
=2
2| & :
g: ~ | *Resin ltemperature adhesive force of the asphalt, improvement of
(@]
| = *SBS
S| Z adnesion at a constant temperature or more (WMA and Modified
°
(0]
N function)
c
* If equal to or greater than the melting point (80 C or more)
S | —
o | < . .
gt S | «Process increase the lubricity to the asphalt and aggregate boundary
5 | —-
2 0il surface, improvement of mixed swore even at mid-low temperature
o "EVA *The role of playing additive of aging asphalt softening action
3
(Lubrication, functions of the recycle additive)

<Table 4> Low-temperature asphalt additive (HQMA) function and action

Components Function and action
*Together with pulverized waste tires that are modifying the
Rubber [fluidizing agent coating fills the cup voids of the aggregate, to
impart elasticity (Modified function)
powder
*To improve the temperature sensitivity of asphalt, maintaining
coatin
9 the elasticity of the asphalt mixture at medium temperature or
Curing  med-low temperature, improvement of strength
w
'§ (temperature-sensitive and improving function of the elasticity)
2 «Sandwiched between the aggregate and the aggregate is deformed
Q
%? , into the shape of the aggregate, and the role of adhesion
= | Coating
g' promoters to attach the aggregate to each other, to increase the
vermicul ite
bonding strength between the aggregate intensity enhancement
(Modified, with improvement of wearing force function)
*Modifier fluidizing agent coated cellulose males fibers,
Coating |facilitating the tensile strength of a fine yarn deformation to
cellulose |the mixture a resilient |ike rubber, shear, crack resistant
improving the bending strength (mixtures function)
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The purpose
and content
of the
research

- Low-temperature asphalt additive (HQMA) effect
<Table 5> Low-temperature asphalt additive (HQMA) effect

Purpose of application Effect

Decreased production Fuel saving, reduction of carbon dioxide

temperature emissions(Environmentally friendly)
Reducing Shortening of the construction regulation
temperature Decreased time (Road congestion mitigation)

construction
temperature Initial aging, suppression of plastic
deformation (Improvement of road life)

) Promoting the use of recycled aggregate,
Promotion of recycle i )
improve the workability
ascon
(Improvement of recycle technology)

Improving , )
o Ensuring the quality ,
worability ) ] Ensure also take decision
o of construction in ,
and mixing it (Year of construction sustainable)
winter

Reducing the compact | Working shortening the construction period,
equipment increase in the construction of daily

- Low-temperature asphalt additive (HQMA) performance evaluation

In order to -evaluate the long-term commonality of development and
low-temperature asphalt additive, to implement the packaging acceleration test
(APT), to verify the superiority of performance, purpose of packaging accelerated
test during the next 20 years receive as real replication test of a kind which
the traffic load to receive within a few months to verify the long-term common of
the asphalt packaging, during the development of new materials and new
technology. It is a kind of validation test to go through in front of the site

application.
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The research
results

(1) The results of research about The field recycle ascon product system

<Figure 3> [Field Recycle Ascon Product System] - FR-APS

- Production process improvement(Process reduction ratio : about 30%)
<Table 6> Production process comparison between the existing facilities and the

research facilities

Div The existing facilities The research facilities
’ (Oversea) (Self production)
1st surface heating
Sur face (Preheater)

‘ . 1st surface heating (surface heater)
heat ing 2st surface heating(A-unit)

3st surface heating(B-unit)

Sur face 1st cutter (A-unit)
_ 1st cutter
cutting 2st cutter (B-unit)
Input Recycle aggregate, New aggregate,
New ascon, Recycle additive
materials Asphalt, Recycle additive

1st mixing : Pugmill mixer 1st mixing :Direct and indirect heat
forced screw mixer

Mixing . . .
2st mixing @ Subject to 2st mixing :Circular mid-low
biaxial expression mixer temperature mixer

Routing

entered Finisher, Macadam, Tire,

Finisher, Macadam, Tire, Tandem
and Tandem
compacting

- Production costs (cost reduction rate : about 30% reduction)
: Simplify the producting process and the event of occurrence recycle ascon ,
100% re-use in the field.
(Lung asphalt without factory transportation costs of the event, without
re-transportation costs in the construction site from the production plant)
© Fuel, reduction of power consumption
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The research
results

- Patent applications of development facility

<Table 7> Patent applications status of development facility

Div. Patent Title Applications
number date

Transferable ascon and thereof
1 2016-0001760 manufacturing system and method and 2016.01.06
paving method using the same

System and method for regenerating ascon
2 2016-0001744 | and asphalt mixture using the same and 2016.01.06
method for paving road using the same

(2) The results of the development of medium and low-temperature asphalt additive

- Asphalt aging prevention and improvement of product quality (Performance
compar i son)

. Medium temperature recycled asphalt mixture used to develop medium and low
temperature asphalt additive material, conventional heating recycled asphalt
mixture compared to 30~50 C low temperature in the heating production already,
it is possible to prevent the premature aging of the asphalt, medium and low
temperature (100~130 C) But, in comparison with the existing reproduction
heating asphalt mixture, there is a thing that was verified already excellent
quality performance, test results summary table below, in has been developed and
low-temperature asphalt additive the production facilities of the site recycled
asphalt (FR-APS) low-temperature asphalt mixture in which is manufactured by
applying to the (new material, playing) with the existing stationary plant and
asphalt mixture, which was produced in the production facilities of the existing
site (HMA ) as a result of the comparison test, to confirm the superior quality

per formance.
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The research
results

<Table 8> Result tabulation of quality performance verification test

mix Test result
A
. degree
Divide Marshal | Flow .
compect stability | value Porosity of TSR Toughness
saturat
ion
Measure © N ey % % N/t N - mm
cm
The existing 160
stationary recycle 8,570 33 4 76 0.9 9,991
ascon (HMA) 145
o . 150
The existing field 9,714 32 4 76 11 | 10346
recycle ascon (HMA)
135
130
HQMA-130
(new. IMA) 9,221 32 4 75 1.0 10,213
The field 115
recycle
ascon | poya-130R | Y
(recycle, 10,191 31 4 76 1.1 10,536
WMA) 115
Qual ity standard 5,000 or 0.8 8,000 or
(SPS-KA10002-F2349-20141231) more 20~40 36 65-80 mg:e more

[Test institution : Korea Testing & Research Institute(KTR)]

—Common verification of med-low temperature asphalt additive (Accelerated

Pavement Testing, APT)
. For verification of commonality in has been developed and low-temperature

asphalt additive, through production facilities on-site recycled asphalt

packaging accelerated test a mixture prepared by applying to (FR-APS) (APT), of

commonality We were able to confirm the performance superiority in the

verification results, and low-temperature asphalt additive.
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The research
results

<Figure 4> comparison graph of

average plastic deformation (313,000 ESALS)

the amount of generation of material-specific

AE dHy wH2H(313,000 ESALs)
HMA HQMA-130M  HQMA-130LS HQMA-1000Br HQMA-130R  HQMA-130RM
0 i . . . ‘ .
E 1.4 11 16
0,
E1 4 (48.3%) 5 (ELO%) 47.1%)
x 3.8 15 : 14
X 1 || . : (58.9%) —
6.0% 1.8
: 5.1 (58.5%) 1% (5 | )
25 | | (7390% Total RD = 2.5 529%) |
&3 25 Total RD = 2.9 ( )
5 Total RD = 34
[ 4 1T 23
fa
= 27 (41.1%)
w0
41.5% N
Be || 18 | @99 Total RD = 56 E5EE XA
o (26.1%) DEZ 44
4 7 ' Total RD = 65
Total RD = 6.9
8
[Refer : Joint research report (The development of multi-purpose asphalt warm-additive) ]

- Reducing fuel costs and low-carbon(reducing carbon emissions) product ascon

environmental ly friendly

Ascon

environmental ly

friendly

using medium-Ilow

temperature asphalt

additive that has been developed, the results of the existing compared to the hot

asphalt mixture fuel

costs about 35% of the reduction and harmful gas emissions

is about 33.3% (carbon dioxide) reduction

<Table 9> Comparison of raw materials and emissions harmful amount of gas
generated during the asphalt mixture 1 ton production
Dust and harmful gas
Divid Fuel
tvide (L/ton) C02 NOX SOx Co

(%) (ppm) (ppm) (ppm)

Hot mix ascon 7.7 6.3 38 8 1,300

Warm mix ascon 5.0 4.2 34 7 1,200

Saving rate 35.0% 33.3% 10.5% 12.5% 7.7%
[Refer Ministry of Land, Infrastructure and Transport Press release(Highway,

2012.2.14.TUE) To reduce greenhouse gas for creating comfortable road]
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Future plan
of research

results

(1) Utilization plan of the production facilities of the site regeneration

asphal t

Divide

Content

Technical

aspects

» Comparison with the existing field recycle ascon system

About 30% decrease of the process rate, use the field recycle ascon product
system. The existing facilities have 3 unit for 1 set and large scale of a
length of about 51m, have to heat road surface about three times and need two
times surface cutting process, so it can be applied only large-scale
construction site, development facilities in 1unit a length of about 19m in
1set(about reduction of 32m compared to the existing facilities), can be
applied to small-scale construction work from a large field, the daily

production output about 100ton/day can be produced more.

» Comparison with the existing stationary recycle ascon plant

The research facilities (road surface heating type) does not have the
process system of waste ascon generated like the existing stationary recycle
ascon plant (transportation to package cutting — plant transport —
re-processing production — again site) during the processing in the absence
of supply site of no regional limits, saving construction costs, such as
transportation costs at the time whereas the maximum recycled aggregate
utilization of existing stationary recycle ascon plant is 30%, the
application of the production equipment of the research facilities eliminate
Ministry of resources in, 100% recycling in the field of waste asphalt
generated environmental issues, of course, faster construction speed by
omitting the transportation process, has been able to alleviate the traffic

congestion

Industrial

economic

aspects

» By 100% recycled manufacturing recycle ascon packaged cutting, savings in
construction costs

» Construction work on the device once-through at the time of pavement
construction enforcement is complete, by reducing the time, there can be a

savings in construction costs

Utilization

» Domestic field application of the production equipment of the development
site recycled asphalt (domestic road paving work)

p After the mass production of equipment, the export of foreign equipment

27




Future plan
of research

results

(2) The utilization plan of mid-low temperature ascon additive

Divide Content

Technical
temperature (100~130 °C) temperature has sufficient liquidity

aspects

the time of the long distance to carry is reduced

And function as a med-low temperature additive, to demonstrate the complex
functions of the recycle additive, also, because even in low and medium-I|ow
to carry,
laying, compact easy, especially winter construction work, because it has an
excellent workability as compared to the typical asphalt mixture incidence at

about 30 percent, have this pine 60 million of tree planting effect

Industrial the effect of reducing the use of fuel and production costs

[Reduction of manufacturing temperature 10 C reduce the amount of
aspects 0.9L / ton: 0.9L / ton x3 (30 C decrease)
= Reduction of per 2.7L / ascon 1ton]

[average production output about Domestic ascon 28,522,667ton x
ascon 1ton per cut 2,831 won
= 80,767,036 thousand won / year]

(. Highway, 2012.2.14, PAGE5)
‘To reduce greenhouse gas for creating comfortable road’

economic % Savings of petroleum fuel per ascon 1ton (per 2.7L / ascon 1ton)

¥ Annual savings of petroleum fuel (80,767,036 thousand won / year)

= Refer : Ministry of Land, Infrastructure and Transport Press release

Harmful gases such as carbon dioxide at the time of an existing mixture of
med-low temperature ascon additives to produce a mixture of reduction of up
to -30~50 C compared to the asphalt mixture production temperature (160 C
or more) (100~130 ‘C) production and reduction of the amount of generated

In addition, a mixture of med-low temperature ascon additive due to a
decrease in the heating temperature as compared to the existing asphalt
mixture during production of (100~130 C) (160 C or higher), a decrease in
the heating temperature and the heating time of aggregate and asphalt have

At the same time as the commercialization, overseas export

Utilization

production in each municipality and road construction

is

scheduled Malaysia overseas export consultation further contract proceeds
even in countries other than in progress, also, because the demand for
medium-temperature ascon is a tendency to increase, expansion of the market
is high, it is determined that the very bright, demand outlook to encourage

Keywords
(5 or less)

Field recycle Direct and Mid-temperature

system heating mixer recycle ascon

Mid-1ow
ascon product | Surface heater indirect temperature
ascon additive

28




02
Mo
o
2

< Contents >

1.0verview of Research and Development Chal lenges 31
2.Current situation of domestic and international technology development-——-——-———- 37
3.Content and results of the research carried out 41
4. .Contribution of goal achievement and to related fields 74
5.Utilization plan of research and development results 76

6.Collected scientific and technical information overseas in the course of

research —= 80

7.Security evaluation of R & D results -= 81

8.National Science and Technology Information current state of research facilities

and equipment, which was registered in the system 82

9.Performance track record of safety measures such as laboratory associated with the

execution of the research and development chal lenges 83

10.Representative research achievements of research and development chal lenges——-84

11.0ther Matters - 85

12 .References —= 86

29




mr

il
I

)

AL

31

O TLIY TR Q] THQ vvveervsessesssessessmssissesssisissss s

1.

37

2. LRl 7ls JHe

41

£l
X0

ok

0f0

=,
10

<+

T

(e}

74

o1 2ROl A]

6.

82

u

aof ot

1) eror| 4

O:
i

9.

T

of o walr| o ChER ©

10.

7|E} AbEt

1.

7l
oK

B

wa

30




H1E. A5tHE A2 TR

L 7% 25 3 we K

=]

9% A Axde] AR FA

¢ (o3
e
o3
o
5,
o
[¥
i
2
ox
)
i
ity
BtJ
ol
£
J
(2]
e
|
fetl

A S Belaa, ARTA AEECE 30% olshe] wow, = AR} 4

= LA I3l

A AA AL AE AN AT 5HL 71Ee] AAA AR ofAE ZHE

HE

i

SHA| 7}

=@ Fel B71e) B A ohx2T FAEY EAZEL MM Astel gFezy
g 20 9 A 197 F4sel 298 AE D7 A ob2Z FRALWL Ao FRA
W 2% AE F 30, Aol o 5lmrk UF 2 WAL AFE FARR gt 2ol
e o2, A (SY7E 40~5019) = wl$ TAhdel wal AR Edol 2o

(A o 500ton), EAAF £ 2L AA(150Te el o3l & ERAG Yk ofx
£ 2/ w82 A FAAN, AWTAS WA h2T) EFA FE oA To) A

2718 FAAE NAAE] AAste] AL A7) B A otAE SIE(RTEE

L BRA B4 F BASE AATA 100%E AR AL, A, £

5 23 Add @S I, FE FAE BE LFE FAAA ASES AAFEAA

= 10, o] o 19m) oWl AREEES FAAZ L, AALCIEAN Gu] o} 30% 5

F)o.2 A A7E B oz st}

31




F HA F AL AR AZE HukA fite] EHL J|E At JldolARE EFIE A
A Al 271D (150~ 160TCo| el 93 ds5ik2= Zd 9 olAstell: wiEeke] o) ut

Aoz dqrjed B AT 233 S A AL, L7 B A ofE2TEQ

BN

st EPow AREA F2) WTA Ast 1A A dged, nestd AR A A
2 F ZEAL A Ad BAF] A,

A7)e] BEARL MRy 9sted, 7|E 71D ofARE EFERT 30~50CE e &
ENE AM of2RE EFE) EFA L ATAL FRE F JE F AL of2BE A
AAE Aurstel, 4715k o] AdE VR AN ofARE TAE(WAY)] FEFow

A, 3734 NAAEARE F 30% 23, ol stga W& 30% A3, ok=Ee 7| k3

B3
I

o

3% FAAFY 4T B2 AEsch

32




2. A7 1Y

7F. @ A ol2F AN (FR-APS)Y 71 ¥4

AT AL Aul BF A FAT AJAHE AE Aol YR Aulo) W FE
£ Zo]Z(IE A : o 5Im oA, AT M Aw] : ok 19m), 1de] Awld] o8] =ms}
AR ZAER, A FATBE EFE Az Bde] AN AW AET 5 JEF

Aa e .

<E 1> 71E A (d9]) dn] d7AE An] 74 8=

T3 7]1E Au (A EY) AN A n] (A A 2
SET 3 unit 1 unit
o 7] N
(17.5m) 1% 74971 wE b A3 (10.9m)
23} 7}4 7]
A-unit _
(17.5m) =AZ3 (5.7m)
12 A 4t7)
A 321 7+ 1 unit Belt Conveyor (8.7m)
(19m)
23} A 27
AL AN 23R4
B-unit (4.7m)
(1IN
(16.0m) | 12 £ A7) (A 27)
=32 FALE E39A
22} &3 71E71(d€7]) (2.7m)
Z o] 51 m °]% (3uje] Au= °]F) 19 m (E4 L8] 19 AX])
37l A&z g3 AFEIA 24¢ | 1u9 Aule] BF FAEIglo] thgd FA
] 32
] 27153 of & &) 753

33




71 AvlGEg) dn] AN Aule] FAS Hlxd <X 1> Fe] JIE A= F

12} 71€7]1 «47]

o

3unit® lset® FAsIY, =H9& Ist7] A xdo 48 735t
(17.5m), =¥ & 232 71dslE Ax9 WS 132 A= A-unit(17.5m), 132 2
A9 xWS 33 stdstE AA9 sldd® x9S 232 A2eE B-unit(16.0m)2 13},

A & F&Eo]g)o] Bunit(51m °]d)e] A%

DN
R
fru
b
g
X
2
i,
il
)
lo
(ot
Egh
i
o
L
i1
K-}
fr
ol

4oz £ 4 JE WFE gelojo} Fgo] A5 Anlgeh.

Sk3l7] sl A MR Avl= lunit® 1setE A 31,

=
%
>
e
M
rlo
1
=
mlo
e

WA, kY FAE Adse st AFA w97 47 gAYz, AnE

A o2 EFsr)E AxD - HL AAL 23F YA o]FA7]7] 13 LEAM)

—

o]}, HF AFES WA= 32 F AL EF YA7E 19me Ed A AR A5

ol 719 se AntR diH] o 32m F& AA, 199 ARE diE A2 & &7

ol

A% F-44 AR 5 9l

TEE A s,

fr

EEE Y oFE AZFTA 3

34




. F-2 & olA2FE HIHA (HQMA)S 7wt W9

Fe F7PIE Fe LE120~ 1450904 Efe] ASHES 798, FLoAA okx
BEY AES RFe] FA NHE E4FE AAZA 1 FHEE 3 WAL, seta ¢

28 FAELE 3= Sasobit Wax7l gl2w, o] 100T olstellA &&HE 23, &

5

)

A7 ARE FEdte] ol2d of2BE ddve] FEE FEAAL 4AE 2E WA
gtk A MAZE ARBAA =T 3 A2 TIY TRBYELe) AFL Lo

oh2BE velle] HAE RFE 83 WA ek

AL F-AL o} 2ZE HIM(HQMA)E, otE=ZE 9 of2FE F3hEd HUIjLe
2A, A otAZE FIHE AAZE R ATEZEE & 30~-50C P50, AHE23hH(eF

30% A7) 25 NI EF = HuA o).

o 1 i i iy
|| merg =z || If (‘\ =28 f") |
| |

|

Ll Cl2cs |

T = e =) | |
| =" | 328 2 1IEE o
| s=2mm || | (W2 J
———— - \..__ ___________ -

<3¥ 1> AL F-AL of2ZE HIH (HQMA)




<3d 1> o] ME F-AHL 2T E HI/MA(HQMA)= 24 A A&

ot

ke

B, AFLE o] A FAS ofxBEC ZAEAY BIS A F-ALY £E
AT A4, ARE} pAde FAANE A4 244 Ame}, §oldo] H oz
E 9 A9 AAWe 84S 5] B ALY LEANE ERAF WAL AT,
wafolrgEe] A BANA ALAAY ST At SRAA ALE AEHT,
712 AAA5E AN EXUAAL o FolA ahrte] FAAR ofxBES FL3 7]

& BE ok28EY A4 A% L x5 ok2BES A S FA 2E BlSAe

2% F3 of2BE AAAE AR A 44T & YD ALasic

36




o
o

H2&. U2 7| HE

L =W 7l<Ae 33

Hl
=
=2
X
uls
o
o}
)
o
o
[»
(i)
[m

Ago] olgieh,

L= S
Fgo] d¥ERE

b5, o7] £E5b dE Al Age] s EAEL

=q, 7hd el s
e xw shd, xd s Bed ¥

gow, &3

o] HlEw EF Aol Do,

<E 2> T A of=E Ve F

)
1]

=3 A Ee] FEREFFAANAE Aol

Zt3 gl

e F AFAL ANNE Fohod D WEH] AR E4e]

A 23 T4 FAAANA

78 AR A ofiTE 7€ 23 AR AT A AR
%‘%E "gﬂ' }‘]i‘-@ o}'—}—:%——"g{‘]}‘%‘:‘ o]._/}_:‘i_lg._ *2!4}/‘]&53
o
¥ (244) CER)) (A1 7H %)

» £4We] A FATAL |« TRAY AAG FATAZ
oA 3AeR WEAT B g5 aze uy Aule Fu | T4 w3l U6 Isetol
AL 20 7t AGImel ) Wt AR | lunit(19m)e] FH|E o] FolA
ERAAFA -ARFEEAA-AH | Aol ALt YR &R 37 H 471
HAE-H =R -EATR) « 447 E3AA 22 |5

A8
#dutelAZE IYME IA ¢ AHNRE AP QPgon g | * lunite] Awle] 2wrdA3]
sEWAY A7 ool BAUE | Au] Aok, A Aok FE ESE AARAAA T
o] glojof Tbx Aelen AFH =T $5%
EEER) s AARE A ABEOR F
Al e}, A9 Aot

37




<E 2> I A of2E Ve ¥R

F5 A2 A o}jAIE 71E 8% AR AFAE a3 AN
EWE QA A= ofA T E YA 26 o} AFLE A AA 2E
35 (2A 4]) A=) (ZHA 7] 1)
* RF S JHdsta AAse T |« 4¢3 xustdAxgeR
o eF A3E L, opHE s opx
i Helut 712 &= 7t | dV1FeE BEH e felvtkx
2o 242 Qs FYLI F
A Aeg gxtre] 4FE 73 7t fen, AR JIFE F
A9 olAZE Az o ¥
1)
= . wmlolA AEES o EAA w | A et s g
+ZTE Ao Z st ZAJ}
E}]
e W EHF 3 AESE ol |+ AzO|FAX I Aw] A
ol AA EFE A WTFA
. o] VFF FARAIL B | Aol AR o] Fo] VBT
9]
% HOoFAZ 100% ATLEOE |« FHotAZ 100% ATLoT
AN SEEY dojx|a, kv
dlof2Z Heul§ A& dlof2Z Aeul§ &
2 dofx3 A §oz FA
A A A
Gl P P FAL ABOT A4S AR
v Azt
A 2E& Fd 20~30%
« HOAEE 100% ATE |« AkETE 100% AL
3} A bz = x \3 3
o *—ﬂ]o]‘-{:\_ X‘]E]i ioo*o’] ’-ﬂ'/‘oﬂ’ 14_ ]'c:"fl/‘] T’H7]i B]‘ziloi . Oé{_‘_‘_%].l_\_]' hﬂ7}%%i]i 1;“
FA3A | B AA] v AHEA T A AR 34H o]z K3t N%E Sall7tx B2 9o

A <E 2> = FU AR of=E AAVIEe] FF BT WELE A7 MNET IR

AR ofEFE FAA LB (AA ML) Wb A AAQolAFE ZWE QA A 2¥F

1€ R A ok AZE AR AZRGEIS ED)FAL] ATA, B R FR, AAA, B

AR A7 e, 7|E 24 Ao EAH AT ARz A 9

38




AGHBA} Q& BAHel Az, R A AN EDE AP Aue) 2]
LN il = 7

AE 23 s

uls
ol

(Bunit Iset)elsl dFE A PRt =-go] 75t

) 3} 3Lxlo] X o S
1813 X134 FARES A8 I3 A ok2TE AAANZRFA A=

i

A% Aggow

Mo

=

old

)

AgRgel Tiwel A B4 X

e

717 25EH, AR

Z2}H] W o] o] A ok 3 2 ol o} °,] Ad]| &= ) 7'- Az] HE
3 I. ] 1) xl. J.,] é _}: = 7] l‘—“ > T ),l_l_, Tunit% lset(l9m) é ] ] % ‘] T ']
X “ o

ERE AL FAAA Frlge] FE BARE LTFE DRAA D80l st
TS 5 6° o °oFtr.

3l -1yl 2 5= 3 =9 2 = =
T 2WstdA TR E FEvtE BES LA ¥ JES &P =9 v
= 2r T -7 7 =

Hlolw, Flof2EE 100% FeA AZE = sol2E AHn|do] glo] A u|do

S gob wl$ AA ol k.

39




2. %9 &AL 27

2008 H-¢] w|FelA = AR-20003 o] didg IR TZFAA Au|7} o], &3}

2T, = b Boe] deBPN o FAHe AEES U /14T BT vk

gFAAE A AnFE RN 7R AEE o] FEsta glon

I
i
2
>
rr
oy
N

Eg 2372,

AN

7]

N

TS 7HE, At adE TASPHA o], I ANl AA o}

£z Yol AFshs Aulst Adso] 8453 gk

VRANE 84 ALY 4 55 $¢ &

Jn
ok
£

28332 glom, Aol x

N
CIx
o
>
o
=
r>~
ot
£
=
i)
ok
fr
of
N
rix
o
i
ftfo
=
r>~
ot
fr

S IAAA A Systemel d

£29 =39 ofAUE Ege] olATE ofABE H¥o| YT EAFIL o], A

el
ofo
_(|)1_l’
£
3
ofo
ok
o
L
L
>
ot
2
=
ofo
o
N
o
K
fo

=S Fole AFol7] WEolrt.

40




H3Z. o7t =¥ Y2 X o=

Ad++d e
7h At A AR ofAE A M) (FR-APS)

% 51m 0|4

|

T~ 1% g L

] J

Eer R
% 15m(B-unit) :

17, ARE3, B, EE %

UH7HET), BMEET, TRY|, EHE MER7 AUM
+ o 17m(A-unit) —

%
> ] =

ogeg 15} 7+7
% 1m0 E7)

<ad 2> 71EAN Y EY) 7= £

2110
7§ 23 Hopper

5700

2k 4.0m

LHFpEY R =0
2oy

o 19.5m (= @7} : 10.9m)

T8 (A A ) T2 =W

<23 3> AFn

(1) 2¥] 72

ATFAE AR A b=T A Al
HHE FARR L 27 B4R 4§ ASRES g

71E Aulel Hlal o 32m 4

<E 3> A¥] TR vz
71E An (e £9)) AL Au](AA L)

¢k 19m (lunit / 1set)

ek 51m (3unit / 1set)

41




(2) =9 719 =)

7E Y £9)9) x® st Aulel ola] 3AG AA (<, 1, 2
A AR =d stdaE A7) Qi BAe Aedgon, AL B3 AN o} AT A
A Aul= Ede st £33 dFA2H 93 AHEE 7t A" A 4351
APed steA s olABE 2rwsE dPHRd, £¥4 9Foz 4
¥o] 9 AEFE TAL, I AW A& NEFA Lo} feAME RS FIES 3
At

<X 4> x4 7149 94 bz
71& Av|(sg =9) Aot Au) (A 7))

)

s

1>
flo
w
=
o

(13} =x7rd (2]

RISy

[32} =974 (B-unit)]
Bad, A xws1E (A7) Qe E 4H4)) M xw 7FL(

N




AN v E9

LIL]
ﬁ\\\n_)/;a
STEES
H\HH_NJ,
e

T I Lﬁ]hl_’
= 1l 1
Ln/f,f
[ | i
1] ._.
=
[ ] |
]
t
|
b
i o

N

%
e

i)

<Y 4> = 47 MLAne HEd =9 v}

o_a
%o
Mo

43




(3) AR o]F A

A& A9 £3)e) FA 5 AR o] An sHie] Awoe] WEH] ofs el
ool olFolxE WAL Agael AR} 100% olEHA BT ke olglo] (ORE)

4535 TAA wdste] A3ge] Weld A7t AW, BVl FA gFot, AT

i)
(2

2%
2L
ox

o
o

W
ri
ox

A Adule] Alg o] FA X Au) Gl AxE Awlol2 A 87} o]

| A3 Folgla YEF sto] 7|E Aule] EAE LA AE

o
i)
2
b
g
4z
2
2
£
it

[«

<E 5> A7 o4 WA nw

71E Ar (38 £9) ATFAE v (A A L)

[B-unit | Eo]F Zwl o] [ 2ol AAwle]

Au) 35 A Zo)F FAw of Au) A A ge)F M o

44




|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
y
|

2825

B, #& = 600W
V: 100m/min/60=1.666m/sec
C;Melof EZ T2 305 LH=0.084

<3 5> AR o% Aol WE
<3 5> & A ERTA A2A) ARE AVHL AN 2IFYAZ o547 A
4 Aol MES EHow J|ES sAne] AmolF WA FAFHE HGst G AX

St B4 AR 0% Aol WES A3,

E05 2110 - 2110

05
g
L
:

3800

2210 2210

<3 6> A= AF ZAQA, AA) 2 olF Awe] WE a7
<39 6> & AR AF EN@AA, A =8 s3] ARE o] Fatt Aol WES 4

2 299 Fws} gl £l

45




(4) £ 0A w4

AT BF AY ob2T AR AuY) EF PA AL AZAN G £ 2] 1
A, 242 EFE 23 AL 2o}, AFNE AWE AR EF A IRCIR 2=
F 9A) 2 240 Aeks) WA)el AA B4 AFA2de] HalA £F F 250 &

AHmg AE Aol wiste] EFAel kb HF AN FABE EFE AN A FAA

ofr
fifo

PR 5 YES o

2
e

AFAML Aul (A AE)

(23 E3F : 254 9 A] 27} £ : £84 FAL EFYA]

46




AFAL dn) £9

e

~|
B
i
!
|
ﬂ}%
|

D = nll =
L‘é‘l\ii 76\9 1 /\ﬂ% A //\ A A A A A A A A A A A f\r } /i\
| L A s e A e e A T S e e e s i R
(\I %’ 4‘:_7‘ vV v v \ v \V v v \i v v \ v v v V‘ VIL 1 ! |
[ 1 \ mEE
<IYE 7> AR E AL 23 F 94
<aY 7> & Aol MERZRY o|FH ARE &3 dF s 1xAH LR sMdEHA, A
E§ UAsE 2R A4 235 WA sdeld
|
//@:7 4l <
b/ \ e
:ji = \}f‘q\{
EPr= N
‘ ‘\< I | (x /
?@ amiigts
) — e
‘ 1 — 1 ; _
\
e e ——————
[1T h ] T [ 1 [ 11
1 I } I i 1 ‘ 1 I [_ 11 \w 11 1 I I
i R ‘ H
| it | 2
! 1 = 1 —— @L _
{ e O {
<a¥ 8> &34 FAL EFUA
<3 8> & ARAFE AAA 23fF YA s 1A 7t A" EFFEo] of=FES v}
A7 EFR HAF AFe] e 23 £F YAEE BHY) EFA T FAH] of2FE EJ}E
ARA FARSE B4 A2 5 Ao

47




AFAL dn) £9

g

e ey

;

2272

1
t
A
VoV

v

AN A A

AU
A

P O Y Y L

ol
o
A
e ey g e e i
L |

RV ARTARYARY AR

v

_mv <l <

v/

T

-

[ N

K

(b v vy v v

\VARTARVARYARTAR!

ol
4

—

-

nE

<]
-

=

N
.ol
KR
N

—r

NI
e

<1 9>

A

48




Y. A& o222 E H7IA|(HQMA)

(D) M F-A 2 okETE H7H| (HQMA) 7]

ofr

)
==
A FAL of=ZE HIMAHQMA)E 24 ZAA ARs dehla, A LE o]

2 A FAF ol2RES] ZARAG EXE A FA L9 2EAAE AUA, HAY

3 2REe FAAAE AeA 2AA AR, $H0 o] MW ok2BE ¥ TAe AAW
o #B4L Eel 3 ALY LEANE ERAFH AL ANV, stelaBES] o

342 ANA ABAAA JLE = 2RAA ARE AEHT, FAZ AL S

7331412

41m

FAAZ o) FolA shrte] AIAE ofABES] F23} V5L BE oj2BE

AR S R w5t ohrBES AY J5E FAR RE JI5E e

<E > ME F-AHLZ olEZE UM 7 R FE

74 A= s 2 %g
[
CEEE | egedA nAH AL Jeh YFLE ol A FH3 opx@
AR | ojxBE
Ee 24 9 AP BX 245 F ALY LEANE 244 )
ZAA | e =24
% esps | A 2 ARY, 22D P (L3 2 AR Y
&
3}
A

e 7 o4 (80To|A)o] MW ol2BE W A AAW SBAL
o% o

TT 209 | me] 3 Aee LxeMNE EgAT U F4 (ELIHS)
AA | e gvas
exsl o 2BE o3l F& AN AT (22, AAAAA 75)

49




Ag

)
=

AL o} 2RE HiHA J]F

=
&

. <
i m T = oo
R
& w o mo ST
oy M T o R
X 0
i k| Moy D
Z.._ i XL ﬁa &.E -
l ) ﬂ_Al-_ E v
o x = ) ﬂm e
= A B B3
o o o | B X .
= Jh o oF o
9_0 .yl m_._ .m._A .WHI iy .umn. Mv_
AT IR TR
® | B o B m o & B
Gy & = P e I L
Jo T - N OY B 5
N2 R B ® L % W
= ® = T o= o= T Neo
W ~ = w
0 <M E R = ) x°
‘mw K <) = w .mwo o lx_A.
nE LY TR o B
™ & X T E o »
T T &k | X o | BoME
. e
& 5 P oW o= ) M oF
R R L B )
) ) 5 el
A T T B A
® T 4 T | T B i s
= T % WeooR LA
e o e = e I R e R
<]
S 2 o
" Ao = i
= nd _wr” w° =
- ™ ™ T
X ™
I NS

50




74 (HQMA) &3}

3]
=

(2) e F-AHE otE2ZE

A FAE ohagE WA E

%o
o
&
_ {
- %o x o
oy o % ~
B P I S
) o i) we e .
.E ‘mwo ﬂ - dmO ﬁu z_o
w :
Wa %0 3 Mo of o
| e < < Mo
..M_ ) o ~ o <
o]
W i ey W o Z
- T
s ow | A T T z
R X 4 X 5 W
s W M ny Mo
= | & A = | 4 | F
R ~d .
<7
ﬂu ﬂﬂ _i_l ‘mﬂ ..A_.*
C3 C3 oo 3 .
M B o . G
Mo ;
" o) o}y m! < Mﬁ ¥
* -
B i Mo % ~ %o
do = X o .mu
i & o s
=
X
s
lv_A' dmo HO
Ny B
o W F

51




(3) /ME F-AL o}AZE HIH(HQMA) 534 H7}

AL F-AL ofATE HAY] AU|HQd FEAEE

o,
L
o
N
=2
o
X3
b

_'N_,
-\|‘-'
L
o

(APT)E ANsel 4%e] $44 AFsdon, T4 B4 FF o 20d 5

%k

e

2EHFE 4709 Wl BES so], ok2BETRY 7] FEAL AFHE UF

o] AE BAANHLEA, AMEY AVl NE A BF A& A A= LT HISAE

o2 o]E A& AFETAC AF U8 H7HE F3e Jlee] AFEE AL

52




A&

=
-3

}

3
T

X3

o Au) (FR-APS)dl 3

=
=

T AL olEZE HIHA (HQMA)

oo

ol

-

An (el E)oA R

=
T

3] 7]

Sk

(]
=

AW

}

9
v

of =

RN
(<)

FA)el F2 A

3HE(HMA)

__o_‘_
wj

3
ar

7} A

3

bz

<E > AYAE F2 F7AR

st otxm

Hr

_J.wo

>

o
o
._ot
K
o

]

Ko

o

=38

AaE, o

A3, H

= g3

x
ar

= B7HA

3
)=

3¢ FUsts) 9
53

A

Ky

<E 9> ¢ Fo] #d A




2 %=(T)
T8
£ 3 o} A
718 A A of2ZRE EI}HE(HMA) 160 145
71& A AA of2TE EJ}E(HMA) 150 135
HQMA-130 (A 4], WMA) 130 115
AFALE 4 PA
olARE F3IJE
HQMA-130R (A A, WMA) 130 115

AFNLE FANA ofAHE Hu|2 YA EIFELS <X 10> Fo] HQMA-130(A

A, WMA)3 HQMA-130R(A A, WMA) F F7E2 325 130C0HE 3 oy

30C zHa)ela, dHRXE 115CUHE &3 Wbl -30T #AR)= FAH 2 04 A

= A 3}, Qdk 7td AA ol2FE EFEF, JIE I A of2TE YA EFF}E

K

o

I

>
o
r

o=z 7

olX

seleh.

54




2. 74 A3
7h AR @8 AA of=E B AR (FR-APS)

(1) I A A o}~ AN (FR-APS)

il
LIEE IEY

g 23mas

9752 EE ZHIO

k40m

2300

By

LEABYX 12D
g

o 19.5m (&= H7} : 10.9m)

<3 12> AF AL BE(RAAR) 72 =9

A AA A7 £ AFAE <I¥ 11> AL I A orEE AN (FR-APS)9 A

A Aoz & W) Edddel xustd FAAARE AF EFES AAHE £

A FAL EFYA A FHIEe] glow F Aol 19mE o] FojA 93, Auld] i A

EW <y 12>¢4 &9 & § glt).

55




(2) B 4 MAEAH FEE 0 9 30% 23

F oA A7 FRAFE A2 AulEs £9) A B8 FHEL oF 30% A7 AR
<E 1>€ 1E 2GS £9s AR Aul(RAAD BF FHS wad Ao xd
e BelA AN E 33ke] AA 30(5Im)e] Aulel sl xw & shdsAw, AL A
W 10 284 wwstd gAe] od xwe] slaslel o AW AL VAT 5

o] A=A, AL Ar=

£
.0
o
[‘H‘
n:°"

dew, 71E Aule F 9 A IAS 3

>

3 699 A FAS T3] HF EFFES AAT F o] B FAS NAAA

<E 11> 7]1E A E9)ek /ML An(FHAIA =) 2] B 34 vl

Y 1% Aw) AT A A

O1a =471 (L7
rHstd @22+ =17tE (A-unit) D1z =d7ted (=1 7HE3A])

@3zt =974 (B-unit)

@12k 22+ (A-unit)
A 2} @12 A4}
G2z} A4t (B-unit)

AEFY | ©AA k2, AW A7 DAL ZA, AZA, AP, A7
DI EFE T 20 A) D1 EFEDRL BAA 22FA)
=%
®23 EFEHA BA) G274 EFREBA L EFUA)

4 % o4 | @I, WA, gele], Ay AU, WA, eholo], WY

56




- AR of=F FHE ] ] AZHT|E 3unit/1set, 7| lunit/1set)

- ok AR S, A, A 48F A7

(4) ¢ An S3=4
i #A A7 ST AL Ao S5 20169 1€ 6242 F 208 FYHAL,
29 W& okl <E 12>9 R

<E 12> /E AHu) 5549 ¥F

T 993 A 5 =997
o] 54 AR of2F AXA2W P I AZWH, o3l
1 | 2016-0001760 U o R Alzxy o]F2 IR olxFE U o]FA dA 2016.01.06

FATE o §F EREAYY

2 2016-0001744 Aot~ E EFE 2 FRZAAA of2EE o] §F 2016.01.06

57




3]

T.'!

oA FAe ohxBE HobA AR A3

224

(1) 70&A =2

AN =
o 71;0

M FAHL A ok=FE HIME AT T2 AAEBE EFEL JE ML A
A ol2BE EFE Hlsld 30750C H& 2E0AH 7Y HAFLE olARE] ZJ|:
e & 9, F-AL(1007130C)ANAE 71E AA 718 olARE E3FEF vl w2}
o ¥4 A%°l +5¢s AFHd e, ol NIAAZE, T AL of=ZE FHIAE N
il JA AR ofAZE AN (FR-APS) A -£3te A F-AHLE of~2FE E3HE
AA, A 71E A=A SHE D J)E A7 QAR o8 QA ofAFE EFE
(HMA)= vz AT Z2FA2A, T ALAAE 43 F2A45S Fd89d
<E 13> F4A5 A AEZE2H AR
+32=E A8 Az}
:F- _1‘?'_' ul Ak 4 %
daex | S| ssw | w3e | mee | 0 mmue
=4 9 T N 1/100cm % % N/mit N-mm
NE g opzgE ggy | 160
8,570 33 4 76 0.9 9,991
(HMA) 145
NE AR A oprBE 150
s 9,714 32 4 76 1.1 10,346
e HQMA-130 130
= 9,221 32 4 75 1.0 10,213
FERE | poma-130r | 130
Fa 10,191 31 4 76 1.1 10,536
(A 3,WMA) 115
7% 5,000 . . . 0.8 8,000
(SPS-KAI0002-F2349-20141231) o] & 20740 36 65780 o] % o] &
ANA7# : 33 FFAE AT L(KTR)]

58




b E3E A4 2 A5 AF
D 714E o}A2RE F3E QA (AR 2] ofA2Z A AH])

A A of2E AAAHH|RE JlholARE EIE 1FFE AL (FEFLE:160T/}

ALE1450), FHAFERANIATLKTRN A5AHelD A9 shsieh.

<23 13> AAA ofAF A4} Aw) <Zd 14> A EJH—JU}% o}~ E F3HE)

2 A g:(FNEEHI
F £ 7| QHIA] BT 0|2 145-36

Al 2 201 OAHE SBB(AK, HUA

EEE!
NEEe g9 Nzae B3|

oEss 2

Ll ide-1 N = 8

38 1/100cm’ -

238 %

-4 1 %

wHeINYE Nfw - 08 SO AR F2348-5687

EZyA N-mm - 9991 ;s}é—moncz—»?zég—ssw

"SIZIR HA|

* 2 :EFR

B3 1.0l AEME 2R HAS A2 %
4

AN2HOR At ”ﬂiw A xﬂ“oﬂ et E3E BEHX o0
o
2/2] A}RS 3

2. 0] H&A=
3. O] Y3 R gUud.

Blin Rypoungyub. Kang Yéang-goan
YR NAY 7I§§@N 2y
E-mail: kyshin@ktr.or.kr 1577-0091(ARS O—@)

2016 068 28

KTR 2388 s e

KTR KTR-QP-Tos-F01-0207) Ad(210 X 297)

<9 15> 719 o}AZRE EIFHE(HMA)

59




@ 712 A& AA of2RE TIHE AAHFYUAN])
7% AR AR olA2ZE XNAiHAu|o] ztAle] FA AN olATE HIIA(EY : SMRA
-SRM)E &313 F JldolagdE EI}E 1FHE A9 (FFLE:1150C/HH- &

%:1357),

I
1
[S—
(@p)
\Y
N
by
el
o ||
)
oX A
ox
27
i
z
>
o | |
A
I
el
[S—
EN]
\Y
>
fr
:NQ
A
L
i1
o
- -
LRk
i<
m
ot

< 3}E)

o]

Bl Rpoungyul Fang Yoong-guoan
HAR: AAY JleMYyx : 2

mail: kyshin@Kiror.kr el : 1577-0091(ARS ©—@)

2016 068 282

KTR =3t g M gd

1 n
KTR KTR-QP-TO9-FO1-0207, AdC210 X 297

<13 18> 7|23 AN EFETMA)

60




3 AL Aue 9T EFE

o Au](FR-APS)o] 7
- 130 (A1A)
80%) 2FFE Mg (EF2E

of e A 35l

:130°C/<}

AL oFETE MM (HQMA)E A4

Z.2] & olAZRE F3IFE) HQMA-130R (AR

HAELE:115C),

A A}

ﬁ\g
=
~
Z

<13 19>

ANE Axl E3hE A4

130R)

Al E # 3

H Ve o
Rang Yeong-geoan
JIEMUR : BAB

Tel: 1577-0031(ARS ©>—@

201641 068 289

KTR 2otergerage

KTR KTR-QP-T0g-F01-02007 Ad(210 x 297)

201641 06% 28

KTR g2orerg e

KTR-QP-T09-FO1-02(07 A4(210 X 297)

<% 21> HQMA-130 A=A A (414, WMA)

61

<29 22> HQMA-130R A& A (A2, WMA)




<T¥ 23> sk AR < A7)

<a¥ 25> E3AT 9 A7)

<3d 26> AT 3l AFY

<79 23> MEMAE HU AW/E whE FHE NS ohABE EFEY A3

Hal B4

o
e

2]

Asle A2 B dFdxEe KS F 23379 7|F¢ wat AF& A3}

et hE AAE AW Bre ETE AYA HAED oA ohxBE EFEY BE

g 2437 AT Holth = @ wb PHE AYL of1BE EFEC] HA olrBEF




T 2ARY) AT o2 iFEAY AF A FELE ALFHN of2TE EFFFEY FA

s Ag

e

o Ade AEHA B2 2709 BEd A3 HEE Fstd AF

fac)

101.6mm¢] L5 FA A £ 50.8mme] W v ERE ¢F 35S FAAV 92 o

74Z] 7} A o] Folxw, o] & T v HAE ZFEAE FAIC AF AARCAAH F

AAL ZEE 60CTE #FAISE olfre 952 £34A 9 d¥™ 2 =3 2EE v

-

49 B4 FAA vhE gE:

ok
>
2
L
X
A
i}
2
X
)
L
%
2
_o|\_|‘
of

(o
fru
o
>
0
L
Y,
i)

F oot AWHFE dehich 28, ZEAE AdadFl 1% WA FAA F 54

A8 emate Ao, 3ol AL AARIE A2t AAD AR £ 52 @

i

Jepd o,

63




(2 ABAH 24
F ANl A=

mate] oh2BE EFE A4S FAES 4] Astel 24 EFE FFE AW o

frt

AdE AP en, 71Ee] 22 7HE o2 E F3FE(HMA) #Hlste] ¢ -30T, 7]

'

AAAA(ANB80%) EFE wHlsteyd o -20C Fe& F-ALA AFI FF

[HQMA-130(41 2, WMA), HQMA-130R(: A 80%, WMA)]®] of~ZE E3}&e EX

of

TES WITL ¢ 5 A9k

O3S 58210
10
9
8
7
6
5
4 4 4 4
4 @] @] O o
3
2
1
0
71E 712 ojAEE 7| E wHE A e SR A i HEEA
=32 (HMA) OfAZE SEZ(HMA) HQMA-130(A T, WMA) HQMA-130R (X4, WMA)

64




T of2ZE ETFE) F2 FAHLZAA A¥EIT FHRIHQMA-130(AA, WMA),
HQMA-130R(# 2880%, WMA)]2] o}~ZE E3Ee EF RBFE wFsie 2122 e
Jon, 55 3t F9E Y IIEANAE FAVEAE EF W55 A2 ey
O of&F obH e ZH 0}
12,000
11,000 10,191
9,714
10,000 o 9%1 o
9000 8,570
8,000 .
7,000
6,000
31117 ) SR —— ., —,—,,—————————————
0 7|E 7HE OfARE 7| HE W THur STEAAL Tl S A
=grE(HMA) OtAZE =3E(HMA) HQMA-130(-+1 7 WMA) HOQMA-130R(Z} 4 WMA)

65




@ gz A o3 Fd AFA
HIyzs Ayl 4 A, & BFAUAE 5 T 5 9= AEE dehiE A

2A EFES #9 AR Wbt AEHA SAZoIY & AdAA= AL J AFE

OH=ELA ZFZa
12,000 10,536
10,346 10,213 (@]
10,000 ey ® .
’ o
L
6,000
0
I 7tE ofame I|E A A4 e HEA 7h A
SSZ(HMA OfAZE ZHE(HMA) HQMA-130(AIX,WMA) HQMA-130R (X} A, WMA)
<29 29> HEZU2 SAZAF AN AL FAVE S vERY)

66




(2) T-AL AT E HIHAY T34 AF(ERA7ISAE APT)

AHE 44HH grNEF(313,000 ESALs)
HMA HQMA-130M  HQMA-130LS HQMA-1000Br HQMA-130R  HQMA-130RM

0 +— . ! | - _ i _
’E 14 11 16
E1 — T M83%) | 4, ——| (44.0%) |—— 47.1%)
T 3.8 15 ' 14
21— = I : (58.9%) [—— —

6.0% 1.8
< 5.1 (58.5%) (51.7%) T(S IRD) d
o 1| (72.9% otal RD = 52.9%) |
g3 S Total RD = 2.9 g .
= i Total RD = 34
(= —— 23
o
€5 1 2.7 (41.1%)
o
41.5% .
P . Total RD = 56 Oo2E A
9 (26.1%) Oz A4y
< 2 1| ] Total RD = 6.5
Total RD = 6.9
8

e
K
ol
o%
=
)
3]
o
of
re
ey
(.
d
>
o
ofo
bt
ot
o,
[»
i
uf
ofN
o
o,
e
A
)
=
@

6%9 ofA2ZRE EFE sl ¥F& 3= 313,000 ESALs 3543 ¥ Rut Depth,

715, 2AWYE =4 A= <29 30>F Z). Rut Depth 271 £2.2 A9

i)

, 71 44k 71 olAF(HMA) > F-AL MA ol2FZ(HQMA-130M) > F-A&

A 2E o} AZ(HQMA-130LS) > F-A L& AAE o}~Z(HQMA-1000Br) > Z-A & A

MA o} AZ(HQMA-130RM) = F-AHL A EF olA2Z(HQMA-130R) 2= A3

67




Ak, =3 2AAHYPFL dul 7jd ol AZ(HMA) > F-A& /MA of~2Z(HQMA-130M)

> F AL AAE of2Z(HQMA-1000Br) > F-A2 A MA  of2Z(HQMA-130RM)

> FAL ALw o l2Z(HQMA-130LS) > F-AH2 A EF ol2FZ(HQMA-130R) &
o WSt RE ANA L shd okAZ(HMA)] 43 2 MYS Bgow, F

AL A EFE FEFZ(HQMA-130R)e] 7HE A2 WL Kol il 71 ok=F(HMA)

o] =AW AFAl /M o, FAL A EE oFEZ(HQMA-130R)°] 7P =2

24WY AFAE Holk Aoz Bodd. =¥ AEd F3 WHIE £ oazE

¢

THE 5T 4 HY ol 2FZ(HMA)EY H2 Wy S Hlcd

68




14

1216 ik M Rut Depth(mm)
12 == 14.44- 2SI
10 L8 H@ZE (mm)
8 7.85
| &5 0 6.51 6.70
6 5.61
469
4 3.70 - _— L 3.41 -
? 2.73 252 253
> i 175 i
n B

HMA HQMA-130M HQMA-130LS HQMA-1000Br HQMA-130R HQMA-130RM
o= }3 313,000 ESALs

A3 9 g7)%F 8] 2(313,000ESALs)

&
(B2 : PSR FFTATEIA(FEEY ot AZE F23] JH7HA Ad)]

-

EAA Asd Hd 238 DAAFLE 313,000 ESALsS] dFAlst F du 7d o

2Z(HMA) 6.89mm, -4 M2 o}2Z(HQMA-130M) 6.51mm, & A& A1 ofxZ

(HQMA-130LS) 2.88mm, & - A& AZAE o}~2Z(HQMA-1000Br) 5.61mm, A& A A

EFE oF2Z(HQMA-130R) 2.52mm, 5 A& A AZ o}2Z(HQMA-130RM) 3.41mm

= dehddh =% Aad 2498 243 529 5202 TR 2AY A% B

ko] 2AWIP L dul s1d o}l AZ(HMA) 73.9%, A& MA olA2Z(HQMA-130M)

58.5%, F AL HEH CFE2Z(HQMA-130LS) 48.3%, AL ILAE ofxE

(HQMA-1000Br) 58.9%, % A& AMA ZF ot=FZHQMA-130R) 44.0%, F A& AA

GRBAo 3

Mo

NA o}AZ(HQMA-130RM) 47.1%°] H|&o g A3 Ao

69




gAYl A48 57hA FAL A ofARE BF Ak shd ofxBES] W) £4W

I

n

Ho A 53 AHAE Byl 53] T-AHL AN EF ol ~FZ(HQMA-130R),
F AL AxE ok2E(HQMA-130LS), A& A A2 okx=Z(HQMA-130RM) £

EHEY WY S T w Lk 71 o} 2FE FFE Ho 4TI HL 20-30%9 HI

HEL AL AR EE oFEZ(HQMA-130R)°| 1=

0, F-3AL ALg olA2Z(HQMA-130LS), A2 AW /WA o}~Z(HQMA-130RM),

Z - AL IP}E o}A~Z(HQMA-1000Br), F A& /& o}~Z(HQMA-130RM) <o) g c}.

70




-~

(3) B4 dgv A7 9 &2 wWjESF A3

h=4

A FAL ok2BE HANE A5t AT AVLE F AL FLBE EFEL

(&

Y 7t oh2BE EFEY FAS AANEA, 2BE Az AN AL LEE

O

30T o] B& 130~-140T £E WHolA AT & 5T s AY s o}2BE E

FE A8 AHNA A h2e Qe AeH

o

ok 29123

20

e WA-Cw9 o 35%4

A 71d ol AZE EFEDS AE FAAAA oF 667ES] o)ASREE EAAT=H A

d, AgL ofAFE EFFEL o)AV L WEFS

&

234k

ri

A (S E=A 4499) A

A % glom, o)k & 66008 170 4% el

01‘1

Ak 2% FAAT FHE 7}
Sote] TAE FARS FA BE A% A RA AVE o 5% FL 5 gon, o2

Al dojxl= A3 AAAH v§ Az g dUFE J|ELE A7 o 3B/JdVLeE F4

(B3 : FERZER SRS (THAERT 2012.2.14.3}) 2A7MA AR g A3 2237 2A]

71




<E 19 4% 7D o}2BE EFEH} F o}ABE FFE lion AN A 2EIE o

293} BAHE FaAvks RS vehd wmEolT. Y ok2BE T Uu] F obx

U

GE IAA A= A5 B2 o 2.7L/ton && 35.0%¢ A7H| &S e ¢ F 9]

v =

ow, 7t diH] F& o}ABE EFE AASHA BAIE WA L Felsts BAP] AF

=

X 14> of2ZE EJIE lton A4 A 95 ¢ Wl E {7l T v

ib I U g
I Lo | cA#RE | AzisnE | fasE | asws
(%) NOx(ppm) SOx(ppm) (ppm)
7l o}AZE I A 7.7 6.3 38 8 1,300
Z2 olx~BE FA 5.0 4.2 34 7 1,200
A7e) & 35.0% 33.3% 10.5% 12.5% 7.7%

(B3 : FEZER REAR(TAEET, 2012.2.14.3}) A7~ A7te g AA3 L2374 2A]]

72




p—

“

SRR DI

(4) N F-AHL o}J2ZFE

= 4

H7HA ¢

A F AL of2BE

e
wr
ojn
Klo
o
03
2]
‘0

R
W

27193 AT,

AFE, T

o X
T

23

B
Klo

o

2|
\V4

" R e o
U N < AN
Z_.o l-.._
o
o} % % n
= S S N
Njo 0 _ N
e 8 & -
2
) <
an =
® 2 = c
X X =z
T & R T
] X R H/l n
SE S S
Hin g W)
7 ol »
< % A
W o mm o
= £ Ko i
) o 1
iz Kjo
-
No
0 He Njo o
B = o <
Ko < JJo b
o of 70 O
w
ww — ~ -




L a o = [ —
M4z SE EMx 3 2EH 20F 7]/0{ =
1. 5% 24 %
<E 16> 9+ N¢ 5% 24 ZE
g9 s
7] 7+ A7 5 53X A5 (%)
* A u] A A =w A AAEA 100
2| 7P A A A 2afFa A E
x* o3 FA L EFA AL A 2+A An| gl 100
* HOPPER (A A, 7] )
* =3 sl Az A
PHE |« Egody A AL A n) 244 s &4 100
(201504 |, o) 4 Mol o] At
2016.04)
* Adu] 29 A | 24 An7E & 100
Au| A Ay At 9% 100
x* P AU 2 YA A FAFEQ
O AL of2ZE H7A)
HIHA 2 ok2E | AV AHA 100

74




2.

T Eof V9=

7bo AR B A ok&E AAHEH (FR-APS)

dop 22 dAAMS AREE Ade] FeHEat ol B AT ALEA S8
AAAR o2 Fido] Fe JERARA, FHAAE FZ AR AN ofxT FIES
ol g3t AAEFEE AR ARl ANFIE THE ALHTL A&

MEd 84 A ohxsE FAEE, J1E] AAA FAE AR R J1E] AR AN
el BAHE AARL BE, A4S YA £ AoA, FAEY A 74

2% &R FANE AE 7hedtd, Au|qrRE e (7] E£42H] 51m, EAEE] 19m)A3 A

)
T
o
N
!
i
=

1E409] 100% o]dolx, BAFAFL 30% &2, An|7t

l:o{u
o
flo
N

dule] oF 30% FE22A, 71 SEEHE W =5 22 J|dd
EF 7IE AAR ERES] AR, L2 Ftdel o7 ok AT ES] k3 9 AA o}

@S AQA] 2FAT EGA 5o BAREL AATGoZA, A k2T ATE

. A F A ofABE A (HQMA)

AL A EA L Jled AN A HAY E3H JeE B3 e, = FAL

ofo
q—l
i
Jmt
ofr
i)
N
o1
>
o}l
N
L)
Mo
rE
>
ne
rn‘.
o
[>
1<)
|
ot
o
)
2
=
ot
£
o
>
ol
B
2

e 23 Q1 A BAE] FolF

75




H5&. HIHE o 2t

i
00
=
o

1 A7 ATAH AF FE

AF MR NAFERE <E 17> 713 Hojglon, A7 ofAZ A4

ot

o ok
L =

3,5009 Ton(27} : 63,0009 /Ton)ol 2 A7 < 2,200,000 wHA)e] FEE 2y g

W, A%e ¥4 B35 YT AR AU AREE 9T AA oh2BE TadE A

ofo

[+

B AFTAR FL okETE EFE FF AFo] W wel 7 AAA R £

ol

A SN Fest 22 xR B4 A AE A3,

<E 17> A7 N7 AR

d=
2016 2017 2018 2019 2020 H] 31
ITEM

a2 A a7
oA E M AN | 2,200,000 | 2,200,000 | 2,200,000 | 2,200,000 | 2,200,000 | 3,500%HE

(FR-APS) 7l&
ol2ZE H LA AA S}

80,000 120,000 200,000 280,000 300,000 -

(HQMA) &

Al 2,280,000 | 2,320,000 | 2,400,000 | 2,480,000 | 2,500,000 -

76




2. A7 NEA e A wE A%

AT AR 77

Looo(y k) o2 Au) 193 A= 7172 90Leln, FA A=

fEAEL <X 18> Zen, FR-APS A4+ 49|

3}

=

g de Aue o

T
T

o}

o

o

<
T

ok 32 2017 o) F IR Fgo] AT AL o g,
- 2] 7] = = 3
<E 18> 9 M e A &4 2 (k9] : Wurel)
20164 20174 20184 20194 20204
FEH
2wl o 2wl o 2wl o 2wl o 2wl o
(3F R Aul2)
U SRR R R R S
) a4 - - 3 - 8 2 15 10 25 20
L
A A3
o} |H]
E | Fd - - 3,000 - 8,000 | 2,000 | 15,000 | 10,000 | 25,000 | 20,000
A2
A
(FR A AE
-APS) }1—3-’ 1,000 - 3,000 - 5,000 - 10,000 - |28000| -
(ZHA)
of2 |A7Al | 4,000 - 6,000 - 110,000 | 1,000 | 15,000 | 5,000 | 20,000 | 10,000
E
A A
(HQ
MA) & A - - 9,000 - 115,000 | 1,000 | 25,000 | 5,000 | 48,000 | 10,000
F A 5,000 - 112,000 - |23,000| 3,000 | 40,000 | 15,000 | 73,000 | 30,000
Adn) - 3,000 10,000 25,000 45,000
u“% 9 ’ ’ 9
F A
2 W2 5,000 12,000 26,000 55,000 103,000

77




3. 47 MNEA e 2842

7. N

H A of2Z PAAH(FR-APS) &4 #AF

<E 19> ME FF A of2F A Z8A48

72 28 ek
FEA |+ AN AR FED U] TADRN $4F oA (=A)
=
s A Ao ATAL MHS ZrHoR Fitsted AL
x] d}
° ARRAAA A Do) F A
s AR (ZAA) b2 AT BT o] LubA
% 9 BAE QN Aol AFAL Au] okarste] Au] B AW AA
52 AY5Y

oA F AL

ol2ZE H7HA(HQMA) 2& A

<E 20> ML FAL o}=TE FHIHA 843

T & 24 vl
# FE ofETE EFEA HFE FLoU FUkke FAolrE AF
= o] FAAol =3, 7 AAA L EZFANAE QS A3
< v, 8 AL vig Yoy Ady
2 g * AE3tet Al s AR LR, 2ol Ael QLS Hevt

A3 Foln o8] FUtAAE FIHH2= At A

78




S

&

o

wa
b
5

w
nr
"
5 <
= ~
A
_ <
= il -
o = -
~ 3 0 o
o 1 %
W O v - !
3 iy e 50 Mr_ < Y
ojo K ™ = - :
G I o = :
o Torox KX v T
i ,ME § R = @ 7 COn w_.._
< = X & X w 5T
7 X W e AR i 7
e = E 3 05 T X i :
. o v H,_ = o M -
E. e w K 5 X Hv ,MO
._Q_” 12,.0 %@ ﬂ.._ - E._o HT_ EM ® %o ° oy
No = g X op i iﬂ_. ® oo o
— I} ; 3 . :
o7 M M T EC Y WN oy W oF % :H :
% < ,.Mo _W_.A_v - - M X0 JJo .Wl " .y
. . .CI ._&o .M.O Mw‘ o ‘mﬂ .l.x
* = ® H ® u
i o Ll ..wn £
4 ¥ &3 3 ﬂ
E-* * *
B! m
= C
= [ee]
S —
= (eop)
S —
S
[a\]

79




80




2
N
oA
re
-
Jd
— —]
=
%
_|;.i
10
HL
re
oin

—L
[ — |

17 Au) A A2¥d 434 A dg ALyl dodul 2 Fesia dF

Z AU EHAFAE)E deu 2 FE 2 =

81




HIsZ:. Il &S EAAHH | S58F oI A|A- ZHH| sigt
2q | ARy o o FY A TR W3 NTISAH
TE YA ga) @sws) (3 22) 5= as

4
A A7gEE (229)

FAR A= SFs§RADDTAKTRF Aul 44A e 22 g
317]7{} 20164 2€ 249 ~ 20179 2¢€ 239)

=T° d:2

82




-

of me 9

SH
o

HoZ. ATNZ2A]| 5

7 484 94 37

"
KR

%

. 484 37

5

-

: a7 & EoF AP A 9

- we

1
__oT_
off
™

AFBF 7z,

)
=

B3tm FAAe A%E BEshe] 49

o
™
&’
o
o)
ol

SEERE!

[e]

Wo
o
:c)

“qr
<]

83

3. LKA A




M10Z.

23

FE

(=%/

53/
7eh

Bx
S

N
rJ
o

18

ok

FY

2| 5

~
Jm
@ A

AR R
(5 ALA}

T
T

F8 AA)

=5 A%
(SCI
o 5/90 &

2 =
T ©

i

o g

°ole4 ¥2
ofxg
AZA 2R Z
1 A Z=,
o2&
TR
AzR ol FA

qg opxg

(F)A
EleH
H =2

2016.01.06

n’bﬂr Jm

o 8

W opxg
AA 2 2
3 Az,

o2 ¥

E gloH

(F)A

H =2

2016.01.06

84




M11Z. J|El Ate




RER REASLAsLE Aoz AAT 2 37 2A7(2012.2.14. /

AYRY MBS HFLIA “TEEY o}ABE F23} A7k AL

o : (FAE LB A / FAHZ C0233773)

A E =3}

86




of 2ZEIM LHE

gf5{of gt

. =7HETs 712 ®X(o 22d

fjo
=2
kH
_ol
rr
=]
2
rir

HIEAl S EUSFOIM Al@e Aol 17174

1A

= 3MstdM=

o} =l

— 4dJ

=3

=13
=

pagnl

ted

jo

87




