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Studies on Utilizing Rice Husk as an Admixture of Concrete
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SUMMARY

| . Subject

Studies on Utilizing Rice Husk as an Admixture of Concrete

iI1. Objectives and Importances of the Study

Every year, about 0.8 million tones by weight of rice
husks(RH) are recurrently produced 1in our <country. But
difference of RH production ratio with seasons and locations
has been proved to be negligible except the minimum ratio of
21.4% for the first 3 months in every year. Approximately
about 96,.25% by weight of total RH produced annually has been
used as a mixture with livestock excretion first and utilized
as a natural compost for plant growth afterwards. This kind
of RH consumption practice lowered average selling price of
RH down to 21,900 Won/ton by weight nationwide in 1996 even
if a little fluctuation of the selling price with easons and
locations was shown,

But as RH is densely covered with silica (Si), time rate of
RH corrosion is assumed to be lower than time rate of RH
supply into agricultural farmland. Due to this, extra
unrotten RH is assumed to be accumulated within soil layer
year by year and accompanied with deteriorating conditions
for crops cultivation. Besides, repeated utilization of RH as

a spreading source on the floor of a cattle shed may arouse



some problems in the long run, such as a tendency to lower
down growth rate of young livestock and frequent outbreak of
slight indisposition to livestock as well as bad "smelling-
induced air pollution around.

On the other hand, as a solution to UR, estimated area of
plastic film-covered greenhouse requiring heating source and
that of high-tech agricultural greenhouse covered with glass
or transparent rigid-panel were reported to be about 9,500ha
and 2,900ha respectively in the year 2,000 in Korea. This
area requires 110 million litters of gasoline annually to
supply the greenhouse with heat during winter season. Also
carbon dioxide is to be supplied intentionally to improve
productivity and freshness of agricultural yields. Due to
these, required cost for supplying heat and carbon dioxide
were reported to reach up to 20 to 37 percentage of total
production cost in a year. And this situation will evidently
cause degradation of international «competitive power of
greenhouse crops, farmers, and even national power in the
year 2,000,

Whilte 253 Rice Processing Center(RPC) with the rice-milling
capacity of 6,000 tones by weight have been spreaded over the
country up to the year 1997, But since heating source for
drying wetted rice crops and that even for warming working
space inside RPC itself depend on gasoline, this fact

contributes to increasing annual deficit of RPC currently



prevailed. But recently, rice-milling and drying capacity of
RPC tends to be larger in order to lessen annual deficit,
Thus, required amount of gascline for drying wetted rice
crops as well as rice husk produced, which is by-products of
rice-milling, will be increased more and more at a specific
RPC hereunder.

Recently, following the worldwidely growing interests in
abating global environmental pollution by converting high
energy-consuming industry to that of low energy, researchers
or engineers in a field of concrete turn their major concern
to reducing the amount of Portlant Cement consumption in
civil works. For this, they focus on heightening compressive
strength, elongating durability of concrete, and making
higher quality of concrete structures. There are two major
ways to practically realizs these. The one 1is to replace
Portlant Cement to some amount with Silica Fume-represented
admixture, which is known to be the most powerful one to
heighten compressive strength, elongate durability of
concrete, and make quality of concrete structures higher. The
other is to develop a new kind of admixture which is more
economical and environmentally preservative, But the current
unit price of silica fume powder, amounting to 900 Won/kg in
1997 in Korea, is so high as to prevent its wide spread.

But when Rice husk Ash(RHA), which is a burnt and ground ash

from RH, is substituted for Portlant Cement to some amount,



compressive strength or -durability of ‘RHA-replaced concrete,
is proved toibe higher or at least equal to that of silica
fume, On the contrary, the price of RHA is lower than Silica
Fume. Thus, once RHA is developed and sold as an admixture of
concrete like Silica Fume, lower price and higher quality may
cause mass consumption of RHA and consequential higher income
to farmers. In addition, since RHA-replaced concrete will
guarantee higher durability and cost-effective construction
of structures, RHA, as an admix- ture of concrete, may
influences enormously on the concrete structures-based Social
Overhead Capital

Furthermore, plentiful heat and flue-gas with 7% carbon
dioxide(C0O0;) come out as by-products during burning process.
The heat produced is proved to cover far beyond the total
energy required for drying and preserving rice in RPC and
that for keeping working space inside of RPC warm. The extra
heat and heat/CO;-including flue-gas can be converted to the
required energy for curing precast concrete structures
through high-temperature steam or hot water. Whereas curing
cost and cost of Portlant Cement used has been reported to be
about 6% and 10% of total production cost of each item
respectively. Thus, replacing Portlant Cement with RHA to
some portion and utilizing extra heat and flue-gas as a
required energy for curing precast concrete structures, the

price of precast concrete structures is sure to be lower down



and durability higher.

Considering that economic potential of RH per annum reache;
not only to 300 million liters of gasoline in its calorific
capacity but also to 120 thousand tones of alternative by
weight to Ordinary Portland Cement, the economic potential of
RH in our country has been under- estimated or neglected for
the last several decades,

Consequently it is a urgent topic to fully utilize economic
potential of RH. Hereby it is important to study on
developing a new technology of utilizing RHA as an admixture
of concrete and find out an efficient solution to utilize
by-products of heat or carbon dioxide generated 1in the
process of burning RH.

. Contents and Scopes of the Study

This study lasts for 3 years from 1995 to develop a new
technology of utilizing RHA as an admixture of concrete as
well as finding out an efficient solution to utilize
by-products of heat or carbon dioxide generated in the
process of burning RH.

For this purpose, followings contents and scopes briefly
described in each year have been selected and implemented.

1. First Year

+ Design and production of a trial center burner type

furnace and heat exchaning systen,.

- Experimental analysis of burning features of RH from

—21—



different locations and rice varieties,

+ Experimental study on the constituent of RH and RHA from
different locations and rice varieties,

» Experimental study on RHA <constituent affected by
difference in controlled burning temperature,

» Experimental analysis of burning characteristics in the
trial center burner type furnace system according to the
variation of controlled burning temperature or rice
varieties,

« Conceptualization of an efficient model for burning RH
and utilizing COs.

« Experimental analysis of grinding efficiency of RHA
varying controlled burning temperature,

» Experimental analysis of compressive strength and
workability of RHA-replaced mortar affected by difference in
controlled burning temperature, RHA-replacing ratio, and rice
varieties.

- Experimental analysis of compressive strength and
workability of mortar made of different commercial admixtures
under different mixing ratio.

2. Second Year

+ Studies on research trend in the related area.
+ Experimental analysis of time-dependent compressive
strength and workability of concrete affected by replacing

ratio of RHA coarsely ground and burnt under low controlled



temperature

+ Determination of optimum/maximum replacing ratio of RHA
coarsely ground and burnt under low controlled temperature as
well as corresponding increasing rate of compressive
strength.

- Experimental analysis of sulfate resistance and anti-
permeability of RHA-replaced concrete.

- Experimental analysis of wmechanical properties and hyd-
ration heat of RHA-replaced concrete,

* Research and survey of realistic status of RH pro-
duction/consumption practice according to time and location.

» Investigation of an effective method to enhance grinding
efficiency of RHA,

- Investigation of an effective method to enhance heat-
exchanging efficiency in the trial center burner type furnace
and heat exchanging systen,

+ Study on enhancing efficiency of flue-gas utilizing,

+ Experimental analysis of coampressive strength and worka-
bility of concrete affected by replacing ratio of different
commercial admixtures,

3. Third Year

+ Experimental analysis of compressive strength and worka-
bility of concrete affected by replacing ratio of RHA finely
ground and burnt under low controlled temperature,

- Determination of optimum/maximum mixing ratio of finely



ground RHA and burnt under low controlled temperature as well
as corresponding .increasing rate ofi compressive strength.

- Determination of time-dependent increasing rate of comp-
ressive strength according to replacing -ratio of RHA finely
ground and burnt under low controlled temperature,

- Study on time-dependent increasing rate of compressive
strength of RHA-replaced concrete affected by variation of
exposing temperature/humidity or flue-gas coming from furnace
at early stage of curing.

- Investigation of a conceptualized practical model for
RHA-replaced concrete precast structures utilizing RHA and
by-products of heat & flue-gas most efficiently,

- Investigation of a conceptualized practical system to
grind RHA most efficiently

- Experimental analysis of endothermic capacity of RHA-
replaced concrete from solar energy.

- Study on field application of RHA-replaced concrete to a

concrete-made excremental storage to raise pig.

1IV. Results of the Study and Recommendations for Application
1. Study Results

Major results studied for the last 3 years are as

follows

Insignificant differences of physio-chemical character-

istics of rice husk(RH) from different locations, places of



production, :and rice varieties have been found. And approxi-
mately 15% by weight of undried RH has been left as anuinorj
ganic ash(RHA) after burning.

° Average calorific power per unit weight of RH has been
found to be about 3,569kd/kg. Thus, 2.7kg by weight of RH . is
approximately the same as 1 litter of gasoline in calorific
power,

Effect of RHA's difference in place of production or rice
varieties on compressive strength and workability of RHA-
replaced concrete has been found insignificant.

° Plentiful of amorphous silica(Si0;) and too many active

micro-pores were found to be formed within RHA burnt under
low controlling temperature(600~620C ) with the trial center
burner type furnace designed in this study. And this kind of
RHA showed easier <crushability and easier reaction with
cement hydrates, the so-called secondary pozzolan reaction,
Thus,it is believed that these features cause increment of
compressive strength of RHA-replaced concrete comparing with
that of ordinary concrete.
° Attrition mill-type grinding machine was found more effi-
cient, And not only to grind RHA automatically and conti-
nuously but also to prevent noise or scattered dust pol-
lution, water-supplying attrition mill-type grinding machine
was believed to be more favorable.

° With the impact-type Los Angeles abrasion machine, grin-



ding RHA to a powder with smaller- than 20:m in mean diameter
was found very difficult even if RHA was ground for more than
1 hour.

° If RHA which was burnt in low controlling tempe-
rature{(600~620C ), ground and replaced to some portions of
Ordinary Portlant Cement{OPC), then 28-day compressive
strength of RHA-replaced mortar specimen showed increment of
about 20~30% over comparing with that burnt under high
controlling temperature(700~7207TC ).

® In case of RHA with 10m or 20m in its mean diameter
used as an admixture of concrete, minimum unit binder weight
was found to be 320kg/n regardless of mean diameter size in
order to make 28-day compressive strength of RHA-replaced
concrete{(RHABC) higher than that of OPC only-used concrete
{OPCC).

°* Defining a specific ratio of RHA to unit binder weight as
a optimum RHA replacing ratio, which maximizes 28-day comp-
ressive strength of RHABC in case of replaced up to this
ratio,it was found that optimum replacing ratio of RHA with
about 10m in mean diameter amounted to 10% of unit binder
weight ranging from 320 to 500kg/n, whereas 5% by weight in
case of 600kg/m of unit binder weight. And the corresponding
28-day compressive strength of RHABC showed increment of 20
to 28%( average 23%) over that of OPCC if RHA replaced OPC up

to optimum ratio,



In case of RHA with about 20m in mean diameter, it was
found that optimum RHA replacing ratio shows the same ratio
as those of 10m in mean diameter. But the corresponding 28-
day compressive strength of RHABC increased less,i.e., 11 to
18% ( average 14%) over that of OPCC.

Defining a upper limit ratio of RHY unit binder weight as
a maximum RHA replacing ratio,which does not make 28-day com-
pressive strength of RHABC lower than that of OPCC in case of
replacing up to this ratio, it was found that maximum rep-
lacing ratio of RHA with 10 m in mean diameter amounted to
25% of wunit binder weight ranged from 320 to 600kg/m,
whereas in case of RHY with about 20m in mean diameter
maximum replacing ratio of RHA was equal to the optimum RH\A
replacing ratio regardless of the amount of wunit binder
weight,

® Judging from workability, compressive strength increment,
and uniformity of concrete quality which were proved through
experiment in this study, it was reasonably concluded that
,as an admixture of concrete, RHA with 10m in mean diameter
was more beneficial than that with 20m in mean diameter or
even Silica Fume(SF) which is the most efficient and expen-
sive admixture among all spread over cowmmercially.

Compressive strength of RHABC at early age was found

lower than that of OPCC, but 28-day compressive strength of

RHABC was higher than that of OPCC.



In case of Blast-Furnace Slag(BFS)-replaced concrete, 28-
day compressive strength of concrete was. found to be higher
than that of OPCC unless unit binder weight was less than .500
kg /m . Also optimum replacing ratio of BFS to unit. binder
weight and corresponding increment ratio of 28-day coap-
ressive strength to that of OPCC were found to be 15% and
7-28% respectively. If unit binder weight was 500kg/n and
600kg /i, then maximum replacing ratio of BFS was found 50%
and 30% of unit binder weight respectively.

In case of Silica Fume-replaced concrete, 28-day compres-
sive strength of concrete was found to be higher than that of
OPCC unless unit binder weight was less than 400kg/nf. Also
optimum replacing ratio of SF was found to be 10% of unit
binder weight ranged from 400 to 500kg/nf. But in case of 600
kg/nt, 5% of unit binder weight was found optimal ratio. And
the corresponding increment ratio of 28-day compressive
strength was shown in the range of 10 to 20%. Besides,
maximum replacing ratio varied stepwisely by 5% from 20% to
10% according as unit binder weight increased by 100kg/m
from 400kg/nm to 600kg/m .

° Fly-Ash replaced concrete did not show higher 28-day com-
pressive strength than that of OPCC.
° Hydration heat of RHABC was found a little lower than

that of OPCC,

o

Sulfate attack resistance, water-proof capability and



corrosion resistance of RHABC were higher than those of OPCC.
And from this, it was reasonably concluded that RHABC had
higher durability than OPCC,

Early-stage curing of RHABC by hot water showed higher
compressive or tensile strength at early age than by hot-
steam curing.

° Cost of RHABC per 1 m was estimated to be 66% of that of
Silica Fume-replaced concrete.

° Under the condition of CO; concentration of 7% to 10%,
Chlorella sp. growed fastest. And periodic irradiation of sun
light was better to grow Chlorella sp. than continuous irra-
diation of sun light.

° Assuming that RHA were used only for admixture of
concrete, additional annual net profit amounting to 12
million Won is anticipated for each RPC, and 8,015 million
Won of additional annual net profit was estimated to all the
RPC spread over the country comparing with the profit from
the current prevailing pracrice of RH consumption.

° Conceptualized practical model, which aims at utilizing
RHA, flue-gas, and heat generated simultaneously, was infer-
red to be a system connecting and coordinating RPC, furnace
and heat-exchanging system, grinding system and concrete
precast plant., And estimated additional annual net profit

from this conceptualized practical model was 288 million %Won

for each RPC with annual rice-milling capacity of 6,000 tones



by weight, comparing with the profit from current prevailing
practice of RH consumption.

2. Recommendations for Application

judging from all the results investigated, systematic
implementation of the following recommendations will con-
tribute to result in earlier visible practicality, rapid inc-
rement of farmer’s income, and to enhance international
competition of rice industry in this country.

1. From now on, after making a integrated local area devel-
opment plan including RPC establishment, which aims at maxi-
mizing local resident’s profit by maximally utilizing local
resources such as local labor power, local natural resources
including water resources, local funds, and etc., suitable
capacity or location of RPC should be determined or estab-
lished following this integrated local area development plan
if being a plan to establish RPC.

2. The capacity of RPC currently spreaded over the country
is recommended to be bigger. And if there is a plan to estab-
lish RPC, then it is strongly recommended that simultaneous
establishment of RH burning system, heat exchanging boiler
and generated heat utilizing agricultural pattern or system
such as greenhouse crops area, RHA grinding system, and pre-
cast concrete structure-making plant if possible should be
considered in order to maximize local area farmer’'s inconme

and to enhance international competition of rice industry.
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3. A majority of structures for rural area development and
agricultural infrastructure such as'irrigation and drainagg
canal, rural settlement, rural road, mountain villages, up-
land improvement, rural industry,livestock farming, and etc.
are made of concrete-based material. But these structures
above mentioned are continuously exposed to water during
farming period, which is generally known to be the worst to
durability of concrete unlike usual concrete-cowmposing struc-
tures such as buildings, bridges, and etc.. The water leaked
easily will cause early deterioration of the concrete struc-
tures due to lower concentration of alkali ion-induced easier
corrosion of interior reinforcements, easier sulphate & acid
attack and easier frost expansion-induced destruction of
concrete structure, Thus it is strongly required that con-
crete structures for rural area development and agricultural
infrastructure should be designed and constructed with higher
quality concrete in order to elongate durability and heighten
chemical resistance even if mechanically required quality of
concrete is lower., But unfortunately Concrete Code, formu-
lated by Construction & Transportation Department of Korea,
provides no other design or construction criteria to keep or
enhance required quality or durability of concrete structures
for rural area development and égricultural infrastructure
than mechanical requirements only up to this time. Hereupon

engineers in agricultural development fields have no alter-



.natives but focusing all their attention to mechanical
requirements of the structures following current Concrete
Code in the stage of design and construction.

Therefore, it is urgent to formulate criteria to stipulate
design or construction requirements to concrete-composed
structures for rural area development and agricultural
infrastructure. And to implement this, an additional study to
formulate the relation between durability, quality, and conm-
pressive strength of concrete structures for rural area
development and agricultural {infrastructure based upon expe-
riments and analysis is strongly recommended in succession to
this study.

4., Almost all the structures for rural area development and
agricultural infrastructure are allowed to have as short
fixed construction period as possible from just after har-
vesting to before sowing. This kind of limit is one major
source of degrading quality and durability of the concrete
structures,

And the second major source of degrading quality and dura-
bility of the concrete structures is site condition where
concrete structures are made. Usually site <condition of
almost all the structures for rural area development and
agricultural infrastructure is so difficult that it is nearly
impossible to control the quality of every construction mate-

rial or construction process up to a required level only by



following general provisions prescribed in the Concete Code.

The third major source of degrading quality and durabiliiy
is difficult operation and maintenance of the structures
resulting from difficu}ty in transporting every material
required due to no approaching road.

For instance, most of main concrete-composing irrigation
canal structure are to be established at a high level along
the steeply sloped mountainous area covered with heavy
forests and at a place without any construction material
dincluding water or any approaching road to transport every
material required. Also repairment or maintenance of the
structures damaged is very difficult due to site condition,

Thus a pecular target level for the quality of concrete
structures to be reached should be prescribed in advance for
the purpose of making quality of ccncrete structures higher,
durability longer, and maintenance easier, considering all
the negative factors influencing on the quality and inherent
to concrete structures for rural area development and agri-
cultural infrastructure. But, unfortunately up to this time,
there is no peculiar target level for the quality of concrete
structures to be reached.

Besides, there is no formal theory or technology to diagnose
durability of concrete structures up to this time.

In order to overcome these, it is recommended to start an

additional study in succession to this study in order to



formulate suitable target level, where quality and durability
of concrete structures for rural area development and agri-
cultural infrastructure should arrives as well as on forou-
lating theory or technology to diagnose durability of con-
crete structures at an early age.

5. As RHABC-composing structures proved to have longer dura-
bility and higher chemical resistance & strength than OPCC,
RHABC is believed to be more favorable material for the
structures which are continuously exposed to severe condition
like most of the structures for rural area development and
agricultural infrastructure.

Thus, in order to get earlier visible practicality and
rapider increment of farmer’'s income from the results of this
study, it 1is strongly recommended that a certain type of
legal or financial support system, which guarantees wide
application of RHABC-composing structures over the country to
the structures required for rural area development and agri-
cultural infrastructure, should be established,.

6. Asphalt pavement has better comfortableness for traffic,
cheaper initial construction cost, and higher trafficability
during winter season due to black <color-inducing higher
thawing capability through better adsorption of solar radiant
energy. But Jlower durability and strength not only causes
frequent repairment but also requires sufficient compaction

energy.



¥hile, since RHABC is as black-colored material like asphalt
pavement, capability of adsorbing solar radiant energy of
RHABC-paved road is expected to be the same as or more than
that of asphalt-paved road. Furthermore, RHABC pavement not
only shows higher strength and longer durability but also
requires less compaction energy than asphalt pavement,

On the other hand, a majority of rural road-for farming or
connecting villages- tend to show lower trafficability during
winter season because of difficult removal of snow and lower
traffic density resulting from sparse population,

Especially not only because recent tendency of severe
traffic snarl-up all over the roads causes frequent passage
of heavier weight truck to small-sized rural roads but also
because recent trend to enhance efficiency of agricultural
farming machinery cause more frequent passage of heavier load
every Year, small-sized roads spread over the rural area are
assumed to have higher probability of being damaged. On the
contrary, repair or reinforcement works of roads damaged in
rural area are more difficult than that 1in national or
provincial roads due to sparse population, narrower width of
the rural road or long distance from a main maintenance
center. And repair or reinforcement works with asphalt on the
asphalt-paved road are believed to be more difficult then
with RHABC, because asphalt pavement essentially requires

compaction with compactor which is far away from the site,



Considering all the merits of RHABC pavement above mentioned
-i.e. higher strength and durability, higher anti-chemical
resistance, black color-inducing higher thawing capability
through better adsorption of solar radiant energy, and easier
repair or reinforcement- naturally leads to the conclusion
that pavement with RHABC over small-sized rural roads, such as
farming roads, village-connecting roads, and roads for mecha-
nized farming, is believed to be more suitable than OPCC
pavement or asphalt pavement.

Thus in the coming stage of planning or implementing rural
road pavement, it is desirable to sublate simple or invo-
luntary selection of OPCC or asphalt pavement currently pre-
vailing without considering any other alternatives. Instead,
the following study approaching stepwise through implementing
a model project is recommendable,

Slecting several roads representing rural roads, paving the
selected roads with RHABC,OPCC,kand asphalt section by section
varying the paving depth, frequent realistic truck load pas-
sage test varying traffic velocity, evaluating & analyzing
carefully the quality or damage of each pavement for 2 or 3
years, investigation of allowable truck load and traffic velo-
city, evaluation of durability & trafficability during winter
season for each pavement, and efficiency analysis of each
pavement. If RHABC pavement is proved to be best, then

stepwise spread of RHABC pavement over the country.
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7. In order to turn latent value of RH to realized profit
maximally, an ideal model is believed to be a system that
utilizes RHA as an admixture of concrete, heat generated
during burning process as energy source required during the
first stage of curing concrete precast structures, and flue-
gas including another heat and high concentration of C0; as
energy source required during the second stage of curing
concrete precast structures, Furthermore, since in the pro-
cess of burning RH nuch more heat comes out than required for
curing concrete precast structures during the first stage,
marginal heat can be converted to energy source for drying
wetted rice crops and that for warming up interior temper-
ature of RPC itself or that for warming up inside temperature
of greenhouse during the night.

But in order to realize the above ideal model, many aspects
in the field of economics and technology should be verified
and identified in detail in advance, Detailly describing, the
followings are detaily studied and investigated,

Development of new technology of controlling burning temper-
ature as well as of heightening efficiency of heat-exchanging
rate, criteria to determine optimal capacity or shape of fur-
nace according to the amount of RH produced in a specific
local area, criteria to determine optimal capacity or type of
RHA-grinding machinery, criteria to determine optimal pro-

cedure/capacity or the best manufactured items of precast



concrete structures in the manufacturing plants from the
viewpoint of wmaximizing net profit, a guide to determine
optimal compaction method and wmost efficient <compacting
machinery according to mix ratio, determination of idealized
curing method of each item, a countermeasure for low-demand
season, standardization to accelerate demand, and etc.

Therefore a new study which requires longer than 3 years has

to be implemented in succession to this study.
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Z)Ad=gy 4293y A2 5P A=FABA
AZ ol AyrdAE 2% o4 HEL AW EFT A

<E 1-3>A93%8 F8 03 FFE 45319943 %)
. AREHA Aql F8FFEAF A (%)

(ha) e B o B e 1 B I 2 B e B I B O
Mgl 76l 70.0 - 25 41 26 | 49 | a7 7.1 27
¥ Ab| 4543 - - 34.0 - - - 2.0 - -
Wl 1765 6.0 - 420 20 140 - 20 | 20 -
A M| 3864 680 | 20 - - - - - - -
¥ F| 9868 - - 66.0 - 20 - 20 | 40 | 100
A | 3450 10.0 - 12.0 - 120 | 20 | 100 | 280 -
7 71| 154940 | 483 | 130 | 05 438 - 40 | 34 15 | -
Z 9| 50916 | 120 | 30 - 20 - 537 | 35 15 . -
% %] 64318 | 340 - 45 6.0 05 | 82 | 40 | 300 -
F 2| 170745 | 163 - 211 6.6 03 | 03 | 37 | 155 ! 30
W %] 163648 | 23 - 311 25 06 | 35 | 04 25 77
W | 194887 | 03 - 65.0 49 13 - 23 36 | 54
72 %] 151058 | 95 - 169 26 108 | 49 | 115 | 88 -
2 @] 126705 | 69 - 382 29 5.1 09 | 96 25 | 05
A F] 210 300 - - 20.0 - - - -

+ v A& d5F ArFTAIA

F8 oF FFLE

TG 2387 AN FAaAZe o 43%A 41T Eo W= AL
2 23HY, ol A4 F2 FF A Tl FHveE
A& ¢nu g},

CE 1-3>0) YEetd 2198 F2 $A FF55 AMHEL 4 &, 737



Ao e FAY FAE, ZLd=zdMHE 2y $AE, 3FA
Aol 3 dB3W YAE 3o, FdAddMAE §3
Het ¥ 9 dEY FAEF, LS AdoMre A8 KA
&, ZEAded e T3 AF F2 B, FRAAAAME
AW 8 28y W dFEY A A FdstA AAH2
o ct.

wetA A FFol AGEE Aol glenz $AF TAAE
€ TR V&I Zled MYstd IFHoE o HFd
71 fAe 94 AdE - F3E AA THAERA 3¢
EY ZEFAHoY A Fde v ¥l FAH £ A& BE
E Zrhe Atdel dFHoO 3t o F M= WA x4HgE -
E3d ZAAMY B2l - HYY R4S YA EHE 22t A

tt.
A 23 U oIFHAAF] dejjot FF 1Y
I AFFUYAAPRPOS sJYF2LoIY Fua B2

A oaldg B fEe ddold ¥F=HFT L 1003 ol 4
BRAILE BRY dIAAdAE P2z FHAM Ho2 F2A
M EWYA AFoE RPC 9 HAE AYsta alon 19974 =
728 A LG AREE e (E 1-4O9% 2T},

¥H Fe nZEZYAAYES YT HEJ oy AE o
23UYAREREE 2L ABF 5,00007,008 sFEm ).
et I E gAY 14 42 41,2008 $AE s
Aoz 2AEHd, ‘974 ¥ AF 253749 nIFYAAR

ol Al Azt BAaste FAE A Babare o 37.5%2 303,600



s #38.

<E 1-4> A 499 o3 ZFF¢HelFde M4z &3
2 AAraE (9 2 A AurAlg 2HEH - ) & 7
- ‘91-'93 | ‘94-'97 | & A | ‘91-'93 ‘94-'97 | & A
T+ - - - - 1 1 1
ol 1 1 2 1 - 1 3
3 F 1 1 2 1 - 1 3
£ 4t 1 1 1 - 1 2
A 7 9 17 26 o2 7 9 35
AR 5 4 9 1 1 2 11
A |5 & 4 8 12 1 8 9 21
9 9 16 25 1 12 13 38
A B 8 18 26 3 6 9 35
g 12 19 31 4 17 21 52
3B 6 9 15 4 13 17 | 32
A 8 8 16 1 3 4 20
A A 64 101 165 20 68 88 253
A = |1,0008/4 | 1,808/ 1,000%/3 | 1,000/
A A A | 6008 1.200E 600E 600E
=9 . 0E/4 | 208/4 20E/9 | 20&/d
NG E)) (3 =) (B2) (A=
F)aAs  ¥YR A% $£32
e oTEYMgFAMLY AL HelE A¥rd oI FY
Nelagol BRY %A HAZT o A2 Ao HAHYP
M & 9l Y o EFPAAFAME R I A Qgaed
Acto] 23t $AE Fust A= A AFHolrl., = g
gl AR} SMAEE Bl A FH=xpo] Yol
g golx B3z vz RN Y AAMYY == B8 A
o3t A2 £UdAFo] &3t gl
NH AT HE B ¥ £ SUII 1996 = FH
ol Al2t RIFy AAAsFenz X o2 F3A 3

AL

n) 2%



Adg olgstna Bt 4827 oW AOoE Fauc uIF
YA A4 244 AAE ustdE =¥ Y¥os 03I
FuAdgeld =Pt WY ¥ A wd YAl
. ololute mEFUYNAFAMN BuAzo WLy FUFH
AgH A YHE YA BE FAYoE FAY Aol o
4922 $AE suolyd UL Tt uIFUAARY A=
D45 Q902 AW AT e AU FUY
It

A 33 FU ANdsyg 3B} FF AY

ANdede 2AE Aol % BARAAAE Z4F AV AHE
o] &3t Hrt H4Y¥He2 ¥ 4 UV dENd & =258 Za
= EF32 A4 Hud Aot H&AZFHY EHAA(F
U Aldsd #3& 18 AEAE, 1993, 8. 26)c] o3t A4
AL B Alde LFHe iy 9 Y wygoez WA

Hol 2000dole AldaAAe AwBEHL AN AM2AQu) dFHY

o
i

e,

do

A

]

23%% 69,000 haol @ Zoj3 HUFE 20008 o] AA 33
ol =3 o 61%YU 3,700havt A dAwlE Eotd Hwolrt. 19964
E 5UFAEAIEY a2 1995dx » Haj Lty A4
Sde ufd AL 43,093haol o F A MdafL fuf WYL
40,077hao]l 32 3 HF vl @ H 2 3,016hao] ).

Adesdyd dEES AAstE vdst S22 1993d = dx o
86.4%7t Asl Aoz dFE st 4 F2 Felolo, unz
13.6%x= Aoz i 7tsld AES HBAste ¥ eiol
th. o] & ZA R Zol MY FUAYA gEtE Y}
BA v d3t L2y 12.4%0lm, dxtol}t Fyz T2 JElY d Y



N

of &t 7t2Yefrt 1.2%0] o] Ect (B @ FFF ALY
%3, 1994.5.19, ppl17-118)

ubet A 2000d =0l oG E = AdALHAY 69,000ha et HHF A
sl 3 3,700hae) 13.6% 2F 7 Z S LPG EE LNGE A &3 E
2B el & Utz st Ay FhAYA HEF ¥ EHS

£ WA e 20000 o] o 9,830mo] o/ E WLolw THL Fe

= 62,820hao] o] & Awojr}t., ¥tmH 1990d £ o ] d 3 F AU A
4 EotE B v aB2NE(AEIFUY A dAdAAFgY HAS
9] A XL, 1993.8.26, P56)oll o3t vl dI LA 10a® 1990

ds chyt 71202 31,868¢ 2 FEdEYvuz oy Aoz LhE}

3¢

cug 1990dx e AE 10wt E 220822 FAZctA ¢
14520 8 HA Kol siygsts FEdE5Eu)| sl 22", aret Ay oy Y
S A lhat} 1,450 9 A K7 "WRestEE 20008 %20 7128 uyd

Aold Wa AN FAZRARY G A% & 1439t 2

pE ddd sdAAS st 1991UE ¥EH 29AE 5P
Mehx 24 AQOoE ANAS UY 24 BRI Asge
o, '977hA 287hat ZA Sl A Aded Hu DAL 0.6%0]
gao, 2y szke el ‘92 "M I wgol 4.2% o=2E
Seluely HA4Wg Uy 24 BAH uwEE oy Puhn A
shw o 2,900k 7tx HoiY Ayolth. (HE : FeH AL LA
3 1994.5.19, ppll7-118)

(B 1-55& A 3Pl de Fod2d T34 29 B

)
flo

5 2
Ao 3008w Zgax EAEor. FALAUE HEIE AWA

Aisdold a7 3 ZQuY o 1997 +dZH ¥ LNGE A8



2 0}

ﬁxﬂ T B

{(23,000kd /) &=

I ® 7374 9]

A E(9,400kd/ €)= 12 %

2604 ol

a8z

A
+9

FUsgecs WadRS

g2 4 B Heo vyu] F o 35%= £¢ LNGE ol R 65%%=
+UdZRE AR Aot
<E 1-5> # ¢ HFE 4 3008 9F 2 AaA
a4 = WA [e/%AA] B 7 |
(g (L) (%)
z Z 218 7} ol 72,630 63,170 68,150
0 BAHg 7}
]l
7 72,630 63,670 68,170
- =z o 300 408 354
- obe 7w 2,900 2818 2,909
- waulg 74| 145 202 173
- dlg F¢u} 1513 1472 1,493
- % o M 282 350 316
- 58y 538 552 545
B F | - 2% A% 3,840 3,964 3,902
- 71€} Ay} 996 986 991
- d7 83 684 652 668
i 148 214 181
- o) 8813 9,408 9,110
-3 &y 139 364 252
B A | - N8 RS 5310 1813 3,561
-& 9 765 1,498 1,132
- G HAp] 159 262 210
H] - 3ga] A2y - 293 147
- 7)e} Ay 308 377 342
- g $48 356 965 661
5] - AEHE 121 162 142
- A A 170 54 112
-3 83 68 - 34
Y 27555 26914 27235
- % 2 oy 6,334 7,696 7,015
-7 7 A 7y 13,793 12413 13,103
& A 47682 47,023 47.353
& &= 9 24.948 16.647 20.797
F) AR FAFT Jledds SEIG), p213, FoiEAFFA 1997. 9. 4



2 RLY ZE BLEAEEY lhad A% o 33,360 ¢ £UB
w7t B BG F2oAAM FANC Hedcta F3Y 5+ Urt.
ghetd fel2AdFT} 22 FAAd A Auidyd S 29 F
ot mpAAAE AN AHdAu] HH 4.2%71x Ho Hctaz 7
Beld 2 HFe2dod et £2YBFY F ¥ A
of 96. 79 o ¥ HFojrt.

wbet A 200 ch ol F 7h2y ddstpre HAHME oy 24
A a2 HeE ste £UdBFY T 4 111t e 2 FFEY,

DE 26098/¢2 AFY o B +ARSY zuAe

2

$o "oy Aotk waA wd ZEH VA HAA 2P
247 Rd ALE AGH £UZRE AY 4 ds BR Iy
4o Az dde AY 2 wFol AFY APl o=yt
A 43 U d7A8 ¥ € 1

AL & Ad FrH 23 fAud SAME HAE M
HE E- DddAE AgsHe Yo, 2HEL A o - d
F4d L Huz AgEo %o %

C.K.Covwie(burmese)2l3f A Zo=2 mEAH = FHFH Ko

A dx7E 18804

ol & dtct. 3 F 1951 d Fol EHEetHA KA o] Bo h¥ F

Heay d3x7t #¥"HdeyY =F ol dse A

N

18& o &
st AMAZ ABVHAN FA oy dF= FTHHACG.

1950 d chofl chAl F Ao it Falo] golXAe=d A

flo
-
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2EMY A A EA dEoldct. AL A A=A dot B A
Aol vtz el Azlstes WS AU oJRS BH LG
gdo] Hol ALY AHe2le 8% EA=E ddgFEsgadct. 28 A
A €2 2Z3FHANE FAY AHe 24 dIod 2" 2
A4l 482 RAE UL A Foldrt. #HZ 1970F R T H
oldz $717 =elista 2 MAG REAUALE Hod AN 27
o YA YeRANY ofAo A Z FAHE A4 HAoH,
1978d ol 2 MARLZ AN oy FANFA A AEIL FAO
of 23 4 325 odcl(Beagle,1978).
1. 8742 B 88H 51

B FolA KA AANEe FT L& Y FF, B HA
g JFzd, EF, F AP wiel Aol gdoy BF 205 TR
Aiste Zeol dwtHolrt. ZAAF F(1981)2 o 16.3~ 26%,
(Beagle25)2 14~27% A= et3x Ry vt gct., 2F A F(1981)
S gAY ddFS A g FFo uwet Y ctEr I %
A e wHPFL 3750kcal/kgA = et B astdct. Shinmizu
(1978)& 1z 9 FFHE UdIS 53¢ 21 a4 % £F
of & Aozt den, HEY I F/NY 5 WdF2 22

¥tz Rt

o

284 5 %A UFg d4 5ol fKAstu oiwt HE A
zol Yol Ao Wag d& AL I Ao 43 AdH

2 omety A= AH 2EI UFRCT

—_

7 % 300~350C %
T2 ™I Rastder. AAF T LAY dEH 5 Ao
th 3t A A3, 110Co AN FAsdS Fido Ao #$EFOM, 35

0ColA Z4H5 d23M7 APso] 400CoA A 60 F = A3z



A48 ol ofRL AMEY 400Tol N A% AR

P>
N

-4

<
dojups] Al &Astes A2 v asty & of Fol Rl dEH 5
& 1A & Zoletn X3t r}t. Shimizu 5(1978,1985)2 £ % 2}
AR o] uwhel Aol Ao} dEAN HAEHE FAY B H
A 2GAM HUZTL 62%, BES 20.5%, HEL 17.5%3 = of
o, & Hd g 3670kcal/kg, g & 9 wE P2
7640kcal/kgd =23 B Iastd oo AL AL EAMo ht o3
A BEERK 90~170% M d& = I 2 (870C) LiELGE
o, AN BEZELRK/L U+ E BT A= 102
o3l Ao R dtdct.

Jeon(1982) ¥+ & 12%8 A A o] 47~52° o, ul A A
4% 0.630la i R astgdct., EI R.G.Smith(1986, @ 2)L oz
gl AN AVNE(FAA + L EY)E 7Y s3} 7N& &

o AYAEL uielo R A 72t2o HelE HYozT ¥ AL 2

rr

182 F39 AJNE 22 + de
7Ny A2y F/NERE A o
Al Si0.d HE2RES AA AN FFA 90.7%,88.3% U
88.5%H ctt 2 U R 3},
2. 34 da=

FUHe #A d4L=Zo iy} dF & 1976 HEIFTH 5 F
ojgdF 4 1980 FTHAY AL Lol A, 1982d,1987d A &
QoA £3H vl Agdct. 2P A F(1981)2 ERFFFAA
AN FF2E KA AFHYHAI AN E ABITFEY B A
7t g 45° ol o] EHojof st WHIAJNE st2et NE FI 80~

200om o] o] Hojof A& FFo] eIt R At



Jean(1982)2 A F E A, F5 Y9 Center-tubeBl AL EE o
€3l ZTE A2 AYE +BY A2 AY Y5 &o] 16% o3
AME &A L& 90% ojyoln, AYFI & T0%x7t Y2,
12 F71et 2x F719 v &2 1:1o] AYslng, d44Y =&

400C oA & HA3jol ¥l B adP . Antero(-) & %A

L

£25 o &% ZE B2AEAAN, 4 FFTol 3~4 kg/hr X
3 ERT
T BAEE AUY, Aol & M2 REH YA A4AZY

T o] 3} 9 ZF 2ol ofd XAdRex KA d4LEI F
105 ol &35l B & ¥$5& 22.5%0 A 14%71 2] $ 338 228 +
gttz 23 stAct. "
3.848 XFE BB R AXKRBAUZ A2H

SAALRY xFHY 242dgy A2 T2 oIy
olg&dtded WEE &A FTFF 150kg/h o]y Oy A2 Ed
2] Al&®lo] .
A FAZAHY A FF e THEREHY A AN F
Zol % AFsted wulE Awoloj s o]l & HAIDL, HFkhk A
4% FL M2 Hyds o]l &5 Adrt.

2

ALdLE AP U HES BHF 40~60xF =oln, A F
FZeo A&+ F 1 HE&o & ReE HaF o glr}(Beagle,
1978).

Z2BA T2 MY dio oJ&HI U= ALFAE A HA %
A d2A8Ss £ A3 Ad FFA FeHoAMe A4 d4

2 52 B U2} daHwts APl wol(vjAMA

et

3] ¥l &2 15%) AN HA d4LAH o] YBEZ FIJZ A E3HY

A7 dFsA FIFHESF ZFAE AEY et dvta BRasd



st % (1983)2 Center-burner® A3 S AAdAZoA BE S
23 FAMoloE ol &3l A FFE& LdBFIMA 2, 3 F
T2 AAFTFTHLENS d2HEE YUY A, A TIFH
1.5~2kg/holl A} A A& Zo] 90~95%, Y Atd}erA

gt Raudtdrt. H5A(1988) A F S AFH} 2y FAA
A2 4R A2 AUdFdM FAFF

100 B =7 Aol of wo FAAALS 97, da1BJ] XE&2

/P = A shATEA e dabsrba ¥

o
o
—
&
o,

u
stoivh, =3 A Bdold dFAN VA LAWY dABINE o
U FF By A L2 60 I F3H
ot
Jaiswal(1980)2 R AV ALEE o &% ParboilingAlaxolAy %
AZFSE& 15kg/h, Y F7] 140%Y of Hce] dF58& 21.4%x5F 2
oo, o YA A28 o 80%, wMANAT dEALS
4123 = d 2 H st
4. Dl xER

FUE BES o &3t ojafTL 2FH, sy FY N,
PHel o ojdzF P se Aol B3It Fe dF TS
A, o Fojit ojaeid Zo] JF Ao FIY ZME 4
22 AEY + At 2d BAVeAEY o AHTL T HIH Y
F4 7tA Ba 53 BEAY oHREE S wese AF
7t ol Feolxn . Y dEMNE FUY wHZE o] &Y
ol Atzteta nFE FA Mo WS FAEFE s gt Sl A

v EQAEY Adste EHFFool A olidHRILE AFHoZ



HAI M FYY nNBES e E WY EE oY WY
# e FBRAESWLEN AULE AW dFn Adti.(oldF
5.1995).

ol Z2F e AT ey MIZ2ME &9 AP S 9
¥ raceway I ¥G7], S IIA B

th. H¥® WA A racevay M FIlE 27 FA¥II HAA EX.
Mgr FA2 L Fest Lol ofFol Ade}, WYl w¥a F
Adulo] "oy FAJ go 23HE wHo drt. @A oI
gy Ml xolol 100,000 F 22 racewaysi @717t M Ao &
A Folth(Becker,1994). &9 v} RRH S Ay 3 29
Ha de dEG7Is AN sid7lol vy 27 F v &
Agelnl e AL MG Fdagdo] HuHer oo wg

ool adsetal] NFAZo Zo ojidsvts: IHHE 2 F

B d2oANE F2 AR F2Y BYuYIINE MRt A
€% M58 E& ZE Folrhk. (Tokyo, 1994). XU A Feh v
Z2& g d 8 Iy ZAJNE 2 EHAHAZE YYo=
M ooladHetsl 1HHEE Folade AEE At (Lee, 1992).

19903 ol F =2 JPAYL nBFEEL o83l T¥I AAY EHE
& wvitamins, carotenoids, fatty acids, antibiotics, plant
growth regulators T3 Z2 #E&% HYE Ao 753tA
ez, IAYY F AL S Y FAENZI ¥ 437

£ 3+ 5 adrcl. Matsunaga & Glutamate ABAFZ 93] 2Py

FEFE &Y MAHEELE MEde HLAFuWAINE g4I
t}l. (Matsunaga etc,1991), A& ¥ FHAFLINE 7129 ByR



th el FAd} RAV sttt F Ao Aoy, ArpFe o
Abgtets T AHHRZo 2 wWPrizg wasgdrck. 2 9
Javanmardian 52 F 4R VARt G o] &3ty NEF
BadE & 2719 A (autoinhibition)B A o] A& H A2 E o]
€3t FAR AAYLEHN HF FASEE 109 cells/n 2 ¥
Al £ o &E 2. (Javanmardian etc,1991).

ZAFNZINE ol &3l oJHMZFE P oliaMdEL: HAS
o] 3.05kg/nmday, FAHFL 1.5 kg/mday A7 LdEFIALH,
BEZUZGIE oY ZB oV AL AAZEA FAHFo 7
2]  0.39kg/nmday, 0.20kg/mday < A} UFE P,

(Cresswell etc,1989). 2av} #¥ FBEWMLIIN HMHE HE

4t 8 7lo] uje) Ay e F S/V(Surface to Volume ratio)Zto] =

rlo

R AdAut B JA =& A& nysiy, AARE
o] Folclstel ume wWPrE AdYste FHeol HAHstee AeH
th, 2 A EANY FhEE e oYL DFHELELS YRR
A AEE7 wE o 2R Az A Y 239 /27

ojaHEt: FHELEE FAAINE F LY AAolr.

A
EHD Ak, 3] E20u $& F& ol &t wys UX
F,oRUYE TS5 dF22 FAM3e HdRRE ol &sE He
FA N, P FY BFEFA RINEY AA Vel &F UE

Hogco (¥ 5, 1993, 4 55,1994, Kim etc.,1993, Hong etc.,

o 2R 2233 MY W uAdz2F widzdYg 3

2
HEREre HWyPol o FojAW BAAMLY ofUz} ARAE,



AZFE7MA, 44, dAdE & FA FHez AFE #

e HMELEL HEXNYLEN OHRFY SLEIN U E B

gl

e
7.

o] t}.
5. 23 ER ENQ= ¢4 o &

19234 o] F e H FANE AWELL THstd AF5E AY=
HEE BEAUTHE 71 Fol(Hough §.1953d) ¥ AANE T 2UES
Tdgee Austaice A2 TR =Yojck. ofF 19719
ol %9 P.K. Mehta §& A Mot VP AN W
oo, 19749 SAANE 27423t ¥R HAAZ A&
¥ £ e 7leg MUstz uF 535 Y5 Ack(P.K. Metha
T .1974). olof A4 19753 & HFREWE ARME(0PC)et WU
st FAAME Basts Y L2242 5 A den, 1983do &
MA3Y Adeldtzt /8 FAAY AHYY vgge A3 A
g7t #HE AN Eo: o Frie A E YEIACT. o o
S Aol Ankra(1976, 0] ZF )52 7 Fo N 224" AN M2 E
223 FEste HEHE 27%le ARz SAAMY ®H
AActes AAE EastHct.

B3l 1947 2Ry KANE =22 ZHFAE A& &
o ANFE OE =29 A&He] F Mo iz Raxnd
t}l (Buton, 1979). 1977d CookS 2 OPCY U HE SAANEZ cfNs
e 93T E AE3sH 20 (Cook,1977), ¥AME =2XHL Fe

t}d T3 ER YUsty] 1 dF(Somjai K., 1992, )% 4] 33}

arl.
et A F 4L FHP ZEHE}E C. L Hwang 2 1989d © A
U Edxte L BLES $AZEYH AAY F A2 E W



9 ostde W RANY sud B4e 2wz opcet TaA
Bue £330 S43 $AANT BILET AFRE 5S4 A7
HEL T L

FroAL WANE Y THLE FAHOE YA AWVE(SA

A+ E CORHAC) M RIS

lo,
2
-4
X,
it
(L
=

2
S 2425 F 450-700C 2 HHAINAN L 7H A QG A
o WMFAHE At en, cha 19823 2 wizia A A s

A E =221 8 & AE S ElRE 1012 sgaA] g

tte A3 SAAN B2 KL FEFZIA HEEF duAE s

thE ol® uelETh RHACY W - R Fol AEY IAE Azl
=

o, dEGAHE AdE dx2ctsE 248 Fao
|
<1y 1->% 28 222 & AAste 1:2 4 &9 A ZE & RHAC

A 7} E & RHACE A4t B 23
=

Axe olodrt. 19804



be)
f=< -7

Ty 23 EE Azt A HAAEAN dFa 4ES
Bldted A8 & HAY v A 2222 A 500Co] 37
Holu} 700C 7= g3t HAES EAcrh. (iggarwal,
1980). 23y oPCrt BFF oz Y Aoz FFH7 A E3
" ZAAEE 94 B AR FAolu ot x® 0PC A
G of = RHACYZ} B 25 3 rct.

ol Mde s ofg] 35 2zZ2L 3AL22 28 F iy
e AN AAHY NFE TYY HA AU RHACE A =3l F
At ol A& FPol Raux gttt . (R.G.Smith, 1987). E
g 2l gt 650TC oldtE 2 FANY HMHE 3:4
Bl & 8 st RHACES A 238 ul rth. (Sooriyakumaran). 2 ¢
o= Jtolotrtol 4= HMHI BaEHz o= 0PCY AR E
FANE Aty sl AN OPCE TYY REH FE
Ay v gt B3 elch (R.G. Smith,1986).

ol Alotol e =AM FACuE 27452 E& of LAst=
AR BHHE TSty RHACE A ¥ A4 2of (Mohanned,
1979)8td o ut A7 A4EHA Retdeoen, Loy g F4A
o2 RHACY U&7z FuE 1 27uEx My wgs &
13 uF 2rch. (Ong,1979)

gH oo M ol EM HANYG WA E EYI] RHAC 7Y

2 NEstde

£

BANE A Yot Ao Hustdrta
8l 4 3 ¥ Aezlgt
7t dRE FAAE St MM E 24 2EF 700T oI E
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Wekelo wetsl tholMe FFe 7lexY obel <Y 1-2>
o ge FEHE AZZEF o8N RAZ 4£2% 1 ANEE
o HEAMz§& RHAC AMZ7&e ALy w Az 2
. (R.G. Smith,1985). E3 dEME FAME HF Aaau
detn £: ol I AAF5ol B AN A2 E
ol gy AZWE YL 75T Uon ThE YHANE SANE 2
deee gHa-2ANE AAA=L %%3}% Aeg AwFolch
ololwtal FuolHEe oW YAEZ ZalEg TugE=
Adstzl sl old N2z gaden 9 AMAed T AR
(1995)7) $AMS MEddol & 2e o8 wAw Azwya

I BAY el E HERY v At

<Y 1-1> A5 re &AH4 2zt 2
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olof wizt & AR FuielM BUEE= 2 FFL2A AN, FH
o, A3, iy gl YN 5FF S Meiste EET E=l - HYFH FAe
2ol & EM3I/NE st =¥ Fd FEFY Aet: zAuir|Ho] tIE B &
fuf Rl 2ol 2 U G E 2GMLY zlolFeo]l Ueld + ez AR
Aol AuiEE FAHY AL GolM zuiE = FAHE HPslA ol &
w3712 st oY= FY EFo Y AYgelA el etz z2)u)
e 1E7t Hopyet AR NP M2 "et Y EE EAY Aol U
g R 244 xtolHe] Uetd £ 9tk
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1. #22 sy x4

A8 F3E-A98 % A2AE dEHA LAY HUPE 2EE 2

A A2E 3 BYP Zo] (FE 2-1dojrt. EFE - Ay - Ax]E HE
g

Z44 A4 Aolg Relu FIY F¥E UAY &+ ddch ol A
2= Shimizu(1978)7F 4% 422 A 9d - F5E A8 SHEAA% &

Absteh. mebd Fuial A Hole 274 AUtg e Aestet 22 RIS
kol 13 - 17% oln, HAHHo] 34 - 4%, 23d FJEo] 23 - 30%0| &

29 - 12%U98 & £ AUgrh

<E 2-1> #AY 22 - A% 54

FFEAEFA O
g 2 FRLFEN| S| FA | A% | 2l | 38 | FH e
FHA|FEDHED) |(FH|HAD(EB) (B[

7] A A 7121348 113.15117.11 | 1544 | 1350 | 13.34 | 16.44 | 1565 | 14.76
= (AR71F) | (15.06) 1 (1496) | (1884) | (17.06) | (15.03) | (1483) | (1822) | (17.36) | (16 43)
& |2z A $%713 11005] 1208 965 951 {10.16|10.16| 9.77 | 9.84 | 10.19
=2 7..} %k (A713) | Q167 | (13.74) | (1068) | (1051) | (11.31) | (11.14) | (1083) | (10.91) | (11 35)

Carbon [32.736{39.092{37.314(37.77138.240|36.612{36.747|38.268 37.098
Hydrogen| 5.843| 5439| 5577 5.287| 5.564| 5427| 5454 5.736| 5.541
A2zt A]| Nitrogen | 0.315}] 0.497] 0.266| 0.314] 0.367| 0.343| 0.372| 0.285| 0.345
7+ 2| Sulfer | 0019} 0.050} 0.022{ 0.019] 0.039| 0.029| 0.033| 0.019] 0.025
Oxygen [37.157]29.692/30.081 |31.659{32.130{34.229/31.18430.202| 32.01

& A 176.070|74.770|73.260|75.050|76.340|76.640|73.790|74.510|75.050

gt A(ER71E) | 100.0] 1000 100.0] 100.0] 100.0]| 100.0| 100.0] 100.0] 100.0
DT FE (k]/kg) 3,746 113,660.5|3,520.5|3,571.213,429.413,570.213,503.5|3,550.6 | 3,569.0
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olgi gt Azt Ax, AMuiAldgoll} FF Er Aol BAUC] AWY LA
d e 42 E3te] ZANER IHARE YEY o) TIAEL HF
of afolzt AL rie A& FAstR ded, S=, 2 7oA 33 2

A 4wt ERAZA AN TAAEY Sio] nE GPol BY BE



Adgztzet 242 fAd FFolud Auialg EE Abx]o] Alo] Ao 3%
& WUz ¢dgAolatE AU S vehz o, Alzf, ojduiet & dFolA
gy Zaeag TR YAE ¥E&se 712 offd AY ol
AZHoz ¥ ALY 5 Artes A& vdehia Adrh

T FAU] R B WAl GdEol v Hof A4 wjdrta e
7] 2EHY A4asBolu} Aol AL Ao £E5HE=Y ol & &
T3 AFF AAZ wdrial LAy FANES HEFEAY A
2 drled &Rt ol AA veld Aegx dFo] Hodrt

2% 21> R AW 2-DE AAWNZS o Fotol YA YANE B
Aol <ag 2-3> ¥ <Y 2-4HE 1994450 £¥ED 1995950 =3
Hol Bad AE ZAAY FIHY LAEZ  EDS(Energy Dispersive
Spectrometer) g o] §3tol Ujelule]l HE S 243 Fzfolth. IUelM $A
o dule AAPefo F4(Si)7 A8 322 FAY

Hol Awio] oA nEA BES USE VHUY 4+ vt BY Y 2-3

o] Bof glon e ¥

4 Oy 2-OERE AU F4E #AY UdEcies ¥ YFHoE
2xEo] AL HAY F ot
2. 279 =¥ ”RY

(R 2-1>2 1994d Eo] $%E 3T 19958 5] EFH xgd - 354 -
Atz - A ABE HBIIRA 600TE 222 ¢ &
Ay - 2438 ZHajolth, Agwgezss 19 udaS Bonb Calorimeter(Parr
Instrument) 2 ZA3IE D FAA VS 242 F¢ 4248 AF Jd FA
Z378 3sdon 42 FrIeEPo R HAsidh
23 XY $AES tixA g Aelold BRIV UWEE F3Y A #E
ekl what xfoli= oon} 102 - 107kg/nt (HF 105 kg/m )28 UElRtog

2ol are 3,430 - 3,750kd/kg(BF 3,56%d/kg) 22 PA 2.7kgd I
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A2z d A Esty 54

EZ3zEY A FHo F¥E v e 274" SAANY F -
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i
i3
Jn

’doltt. ool utel KAz EMEZAN I EM AMES
sl UL ARHo 2 FAMstn dx4Y F MUY HEE 472
2 s Udste AEERE A7 #AM 58 - AxE - A¥9E AE A7)
oM FUY 2EZ L7451 A(H PJE 24 S EALAct =Y 442
o wel THSHolu v AP Adelst dFz2E HY F3 B2 FAA
o] At Ze] - 3%y o] MY 4 9oy Ao uE FAzY
e - Y F54& EA4stArt
1. 87209 %X x4

BAE 600T 2 H7ZolA 24 % T BAALAYD F JEE EXT

A7t KR 2-2>0lth. BolM FEF T - Aol oA ot xo] & Holi}

AP F ol WA dsten Si0e ol Hrf 92.92% FE=ZAM 4z



2t & uebdch oyt B2 Aol FAA ¥IEE A AwistA]

v Ao e " Aeg L)

<E 2-2> AN JAYE =4
Z U9 38 JAANY HEZA AR (%)

AR (agzxg| T2 | FA | 8 | A | As | 0 | 3K | FH
(%) [AAED () (FH | (A (E8) | (F5) [ (D)
Si0; |86.0~97.3| 86.21 | 92.92 | 87.88 | 90.55 | 89.92 | 87.39 | 87.60 | 90.96 {89.180
K20 |058~25]0.847 | 0.996 | 0.631 | 0.991 | 0.755 | 0.770 | 0.871 | 0.829 | 0.836
Na;O |0.6~1.75| 0.873 | 2.142 | 0.403 | 1.059 | 0.714 | 0.403 | 0.937 | 0.543 | 0.884
CaO |02~1.15|0.271 | 0.224 | 0.304 | 0.278 | 0.278 | 0.199 | 0.280 | 0.388 | 0.278
MgO [0.12~1.15| 0.274 | 0.240 | 0.206 | 0.278 | 0,290 | 0.158 | 0.280 | 0.298 | 0.253
Fe:O3 | ~054 {0.057 | 0.100 | 0.071 | 0.057 | 0.071 | 0.071 | 0.071 | 0.113 | 0.076
P:0s [0.20~2.85{ 0.286 | 0.342 | 0.191 | 0.309 | 0.321 | 0.183 | 0.268 | 0.208 | 0.263
AL,O3| 015 [0.114]0.112 (0091 |0.123 | .099 | 0.136 | 0.113 | 0.120°| 0.113
MnO2| 033 |0.095|0.114 | 0.088 | 0.153 | 0.134 | 0.080 | 0.153 | 0.238 | 0.132

TiOz | 0006 |P]%4} |0 24 o] 24 0] 24 o] 24 |o] 24| 0] 24| 0] 24| =] £ 4
SOz |0.10~1.13} * “ “ “ “ “ “ “ “
cI | ~o042| © “ “ « " ; ; ) )
e - 110973] 2810 |10.135] 6.202 | 7.418 10,610 9.427 | 6.303 | 7.985

Z) a): dEes, g2, 71e 2N U A&(TiO, SO; Cl 5)
A£272125 7} Tt E AS BAzY PPl de2tA 4 rch weld ‘d4d =
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4™t 22 800C oo r AZstd A Fol Akl AP Y Hedt
o] gFol A3 F713t7] AR mieta 700C B 8 Lz ole 6l A
23 Aeigtzt wol wige]l 24 duAZt AA 3 =Y BAEIIFo] W
2ol FAY EHUAZE A FHA AWE £2033 223U 2F

kol dojirtr] itk Y njyolHA v EHYo] B2 AUNE $3HE



o FIe FAS] YAPEE FAAACH EAY Byl B gom
2 QHY AYVE 4288 BA(ER)TZE dAsts AHE Ushiol 23
GE QgZEe UBA Fuh EAE MHE 4 PomE TRYTA we

felstch. EXR ol e & dFoA AdYHeEx gFHACL
2. 871 22X /Y
ThA} 2] o FAzY MEUEE FHY A FFol AR & 67
kg/m BEZA %A AEUEL o 64% st 22 grolth, uwhepa ut

&L 2stE 24 tiE FAANE st Aol Felsich

o

27259 FAEF W AT Aolo] wtE LAz FeF BAES

Matn & AFolA MER AHE 27422 £2154& F33817] fA ‘94

Ar

Aol #3353 '95d%0] =3 AS FAN FAHA A"y, F7] it
A a3 S A oy, Fe LA B8 e +5A A8 E

B EFeE APt 2AYY LA & dFolA AUt dE & £7
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25 ol &3tn £27Zt2 Y Al XEE 600-620T (A 22|of)e} 700-720TC (-
Ao )2 AW tiE A4 FAE L7t KA SHIEN = FF
WA E ol &3t 344 2a471¢ Milly 718 HdFstdct AN 2
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sted 158,308, 45
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AUz 7t Frted4+E FostA Aot ety MU 7t Figs+F I3l
Eol5o] " A A Au|Fo] FHA Hed oyt Ar F
2-3>0] Uety Qlth. 5 EE2HE KA Wu]F2 Wiy 2.0 ~ 2.1 A}o]e]
Zaste] REZEAEAIVE =} Au|F Y of 2/30] TS o + Ut

CE 2-3DLe2HE X228 AHojstod 22 FANE L2202 Hojslod &
23t AR HfA FUY EHolUAY el Ty FAY EFH F v
Ed o] Atk A& & F ATk olZFE H2Hodlo] 27t FHY A
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ARE £323 2848 EEIVZ0] o F doid + A Holet:
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#AGol &7 AA Yetdoh T FAR £ZA2xHE EFSHA 94l
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A 33 aGoReE 72 A 2A2dH
A1 A N2 34 % A
1. Al2aHse ¥
BolRE R ¥A 427 A2 A Fety 5
BE& 21sA oG 4R AAH 24RAHE MY
29 FF A AHAggE 83 AFHy A
Aadde] da®sle Ao Weta A Lol F& VMUY
degstdet. d44d9 stdfes 223 Ho axste oo
X} AF AAg AHAY ol 1 FL& LYyl FEE A
et = Aawde] AEHE st dAY QA AR S
Azl okl gt ¥A WU AANY FFA NAE FNNeR 8
drh. <2 3-1> & A2l FAHEY At Pojct.
2. N2H2 A
o] RE FE FA 47 A2y HULE A3 HEFE ¢
Bt A AR AE22H A4 FFEL2 10 - 30kg/hr £ ELE
stdem o] FRo HYSHA FoiAded AMdE AFsdct. <=
3-1>E A2 UG By vetd Aojrt.
A 24 A2 FJF 54
1. 2242 FE o (ESH
2722 A5 A5 AL AdEFTIHA, Y, YL
AARAE FTHH ded d8Y FIFRXE 23F Yol
o Aol 22 W dAUME ol g3ty FHAT, 23 FAMlo
AL E Aot ALY FAZIZTE 2HSIA Hoalrh.
a7z AP 4 dFA27Y U R go] o] &HR

g A FoM HYI FALE HASA (100,000 kcal/hr) d 24
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Ricehusk incinerator

Ricehusk tank

Hat vwater tank

Ricehusk feeding cyclone

Ash collection cyclone

Dih & jWiN-a

Back filter




<E 3-1> HolRE 72 9AH 42z Alade AY

2zt A4 @9 mm
L3 1100 ¢ x 2100
A2 600 ¢ X 1500
94 &3 A A (feeding screw conveyer) 100 @ , Pitch 70
A A 2] & 2} (ash removal screw conveyer) 100 @ , Pitch 70
2 & F7lygd 50 ¢ x 1000
Zahuy 100,000 kcal/h
By
R i, 2 ¢
ErE 2000 liter
go44dds dmgr] D =640 @ , D, = 840 @
H = 1500
71e}
GATHE L 27 £ Ale]EE B Ayt Ale]E 8
25274 1 480
M3 F el 300
EEZe] 90
ZHEAR 274%: 120
B x| shull ML el (10 m*/min)
A22t22 8 M 1HP o 2 F ASEREHEAN d4a4d 3t
Tt M B Ag agolE(HAA ) AR YA HAUYEESE FF
st MBS dAd2Re HEZELoE WA= W A} B3}

<
ded, dAdEN d24 e 22§ ZAAS AF2E A
ZIEH HE¥ HARHE F5AA Fr73eg HE] IdsiHE
g stdrot. d3® HES vE AN £FH Ao EE s£HE

th. <238 3-2>& A28 A5 ATy dnAEE UYEIE A0



Buzer ON

Main Power : ON

Air supplying Fan 1,2: ON

ice husk is more than half
of the hopper capacity

Bumer switch : ON

No

t

Rice husk feeding
pneumatic  conveyer motor

123 & Fan 3 : ON

Tc > 200 C

Yes
Bumer switch : OFF

<2¥ 3-2> &%=z 2§ 2AFs duYs 55X




No Ash removal motor 4,56,7
& Bag filter Fan 4 @ ON

Ash removal motor 4586,7
& Bag filter Fan 4 : ON

Rice husk is more than hal

Buzer ON of the hopper capacity

Yes
<1y 3-2> A2zt AFo xEs duEg ZER

2. A28 RERY
B AYY da2z2d2 Y 5i0, v BHHE ¢3te Y

Hgdar =& dFsA7 dEe A2 RE 232

2
3

oA a4

¢

£:3

1A

Eolt 45 cm o] st gt}

ol B d4A sre SEWHI AW Mooy 2z
$9 AEHLE ojaglol ool Aow VALY T2 AEHA
o #el7t A AATH. U FABILA AojexEe: I
S840 Aol ddi olk Uz A48} N2 dXEY
AAYE wAy Adolr., B M4 UE o &t ¥HE A
Aed 2A%A 2428 MEPE ¢ 200 ce I ¢ ¥y A



ojgdcrt. o] A& £ A(1988)8 Ao H$AZTZSE 1.5 kg/h
g ME A2y ZdY 202 2242 FEI 10 vjd A
Zorald Ao dA Ko 108 £F LR AEAChT F4

uj
3
¥ 4 ook, =Y FAA = HFol FAMNA Hed o 30
3
!

H

2o A53FA Fox A7 ctha FFHA A Fol ARHA
ol dglel A4 AKHE
A 38 N2 A2 54

2 Ao A&¥ FAAEE 199440 sHEHI 19950 =

FElof BAa" odeaAdy dwty FALdey FE -2 I 4

ol och.

S Vel A, HdeFe Bomb Calorimeter{Parr Instrument)®
23500 UEUFL AEE A7 ZoA 600C, 2 AT A&
¥ F33doed Y482 FredHer FAHALLG.

<®E 3-2> ‘MM &4

F B 23} 2k(%) F48(%) |(wgn 0 =

FT(H) 712 |d%2 63712 @y |(Wke)

SA(HE BAF) 1315 | 1496 | 1208 | 1374 | 36605

SAAE FAAD 1348 | 1506 | 1045 | 1167 |3746.1

FAAE D) 1544 | 1706 | 951 1051 | 3712 [HEEE
A3 ga7 289)| 1711 | 1894 | 965 | 1068 |3s205| (ke/m)
(A AT FEW)| 1644 | 1822 9.77 10.83 | 35035 274:102-107
ui(d% YT £¥W)| 1334 | 1483 | 1002 | 1114 35702 |44 e co
AR AAAD 1350 | 1503 | 1016 | 11.31 |34294

23(F7] A 1565 | 1736 | 984 | 1091 |35506

1. N2H2 SEEXE
da2y & BAALI T HedAd H2Ad 4
o

festch. AuUstE 1000 T oA ne&d

— 82



Aaung B4 784 5y 53 FAALME 900 T o
dY ol HWE HFEY Si0; ¥ 2P H(Crystalization)7}
HEE7 dFojct. FALHES AZAY e ddels] I
Aol @2l A Si0o, 7t AFo] HA u MM A

ol gol A § TIUE g MY o Gzt

o HI 10 08

—

<2y 3-3> AAMNH A2 dazue &Y AXE HELT

AAZTFE 13 kg/h, A= 620C
ZF(5 2, Az)o dtA(FFE
il

A) 442Uy HHAE 3

<21@ 3-3oll A wiAAL LE(THE AYstd A2z 2
E tfAE FYsted 900 T ol E FAACE. FAHA B #
b 42 o 22E fAAdEY o RAL FABI AHHA vl

2 omgt™c. AR 52

& fA%E dAe T AAEAM A2 At HE 30 co

Fololtt. BlE o X7 AALRAE PFP3tEe Fo2AH MR =



T 2EF FANE AR BAHI o ARG g&FF T
% =7t ARl

<23 3-OOx Ay FFol chsty 23 XA Ty AL to] o
E 53828 2=83EF UEtd Aol (FFE 13 kgshr, Ao

X% 620 T). J2 oA 2d FAAE =este A2 o} 5 -

== d3I AY RS 4 3P d2EFH TAHEAN HAHF

X y :‘W" X X “ ‘ % % R .’_ XX 3

& 3 4 4 AP A v A OIS A

! 'y MW B s o OOA VSO O Y '*'-“"\M

ﬁ Al }2?69.&5;%“ ﬂg‘i‘ﬁﬂ:ﬁg&ﬁ“y‘ 2’.“*"‘.'."‘:.’{)?{&3“‘f“;\:{i“h« ;
4 T TR O TOYs " X2 dag 4 -
r;;g.!h,....;.!'ml.l "il“““nlll.llil'llll'llllllllu"ll'l'l

S HIo
-EHE888388E
&K

...ﬂuuuuunnuuuo««cu'uuu«'«uu’«ouuuuuuuuuc“u’
o° ;

USRS —— — _— A

-T2 --B W *T6 *T8 0D

01234567890V UELEBUBEBETIBIYD
AP HHo)

<3¥ 3-4> &A% ME AL2 U9 A 2z}
’ T ARAAA), SAFTIE 13 kg/h, A2 E: 620T



T: 8] 2E& A2 A&stded 2 olfe o A7 4
24 YolXes =8I 71B Ho AJ2EE o] &7 %
Ayt o Folrt.

1200 ——————=

=Tl OB AT B T _—O-D

<19 35> AAAH AxAe Azel e dazuel 9AY Lxus
FF FA(EAD), $AFFTE 20 kg/h, AL E: 700T)

<2% 3-55& FaM E3ol ctistel HRF 14 APl Ay
Al Fadeiol SYY FEEH 12 A2 B¢ LEuUHE e
dozZdu 2edsols] R LEWHI G MY RO e
Uz gtk 53 T, - Ty o REE JAEWRT WS #AY 2

E2EAN HIEAZA d4EY

rr

2 da&EdHo] ZUE o
il

_!I:_l_
FAH3] FstAcis of EAY 47 FEHP F A

s

fir

& Bolm ol WHI s AsA UEUyz A,
2. 8§29 HAE, dRBI EF R ANar"Eo &
CE 3-3>2 4254 d¥Y 227738 2dstol Uy A

ojtl., U ALY HdAL&LE FTZL 20kg/hr, Hoj2x 500T ¢ AS$



87% 24 dlay W2 AJE RHojtd AL d4£2=E YA
Hojste 2 FFEo W7 o ¥5EdZ2 YWEY 1
Aot daHA U2 dLEA(FA) HEAMAF A 3 2
T2 YA HAI zolth. o] A2 JdAY HAZAY uw
ghA Bz ZEE CIE 2P ustg VA W2 AAJE
Bolx rtt. daHJ] ZELEL o) 59.5% FEL2AN s F=2
¥ Az ugEo AdA Aoz AZSA fHd d& BAAH
glel Bt o] A& 5 A (1988) AFoM EHFAH 2.5 co

d ufo] daB|IHEE 47.8%(AFeold Ao uws o 25% ¥

248 Add 2 F8 ot & AYdAHNE da¥ WH n
€ #Z2E FAMN 4 2.0cn BN F 25 % A= o duv W
o2 e, $AFZE 10kg/hr € o A& xE 600, 700T
d M d48Y FolZt UF A ¥ F/NEFol ¥}
Al ¢tol A&AdAI EVtsstdrnt. 2 ojgole BRE ZWAAN ¢

I} A2t olFolHew A AL E 93 -99%, Fa¥J AL

50.3 - 59.5% , AlA2® A XAE 46.9 - 57.7% 9ol

32

of vl 23
HE} Aj2 A5Hco. WAL E wel A4 wez Wy
te 23 E d428x d$ wof ¥F 95 % o 33
ol cidt &L vl 4 0.5% B2 A WX gkt
daf7] ELLS AALXE 600CHAN 1% A UElUZ U=

-t

g ol VAL &3 Pol EAHH 4 drt. Ao 2=zt
+5 da23d A el d2EE Y
F7HstA "Hreh, whetd d47t FHSA ol R LAY
&3 Yidets UYAFS FastA "o, 29

_'?L
o =R EE ¥l FYSU FY 2= FHI stAER



da2d FF2EE 238 o Hotd 4 o

<E 3-3> Aggd d2EA #4272

2gxe 2 |GmEy|| Alam
27 el s o= -
_—6,_%% xﬂo_i_gi(oc) ?_1-1-5 §"§ oa.g.g— Ul LN
{ka/h) (%) (%) {%)
500 96 53 509
10 600 98 - - - EF - ST(ReLUA)
700 97 - - |- 2ABI| 100 %
500 93 50.5 469 1 i}gyi 12 j}{%;’
15 600 97 59.5 577
700 . 99 | 503 | 496 1)
500 87 438 380 |+ FEMe REUIE : 05 %
20 600 94 543 512 |. 8&x9 148 : 95 9%
700 94 532 499
3. HIarce M8
A4LEY MANA2 HEFolA dr7edx) #A" HJEL2 F
& widstA &M (ENERAC 2000E, USA)E ol & ZFsid=vd 3
o

=2 Si0: AEHIN ALY e 2dAd $AFIFE 15kgrhr, A
=% 600C < H2d4L 244 F A
& 20kg/hr, Aol &= 700C ¢ 2&d4L 2o ztz 48 A
ol d&dx Fo 5 NE oY FAHsAc. 2 AH(S FE 3-4
of Vet ded AHE& dazdolM dAarerae uwaao]l &

=2 2 grh. ol A& 7tdAd 7
22 A4 AE8A ol FofxA R¥ A¥dd ALY sio,

ARAE WA st AUAA d2Ad &2 & YA /=



47l ot JdU o BEaE A4 9 2go 5o

Z1chEl ol NO. 9} S0:9 HEE HEAE YA U=

Y AAE Bol: o] B 2z WAL

B A g BP0 Agslds 2 BEAE Qe Re
2 2729 wMAdZ22H nAZR(52)5 WYL S

W EAl7 2Asta eatch. ol maz

€ % otde e FEIHE YA

s} T},
<HE 3-4> wjd7l29 YriegAdE B
“ = Cco CO2 NO NO:, SO,
© = (PPM) (%) (PPM) | (PPM) | (PPM)

Aol&T : 600C

IABIE 15 ke/h 500 - 650 |57 - 87| 40 - 47 | 50 - 70 | 40 - 52

AojL&x 70T

GHEIE : 20 ke/h 429 - 570159 - 89| 60 - 8 | 30 - 60 | 10 - 50

HE7NE
(2zt2 By

600 200 300

Al 4 FAAY sio, 2B FH 5

<2d 3-6>2 B3y FF& A2AdL(¥$AZTFE 15kg/h,
Hol2x 600C)2 1 2AL(RAZTFE 20kgs/h, o2 700T)
Al EAHA HFY X-Ad HEEN Ao, J2H4EEAN A
2% 900C oo HYE ZAAHIN A¥HE Aoz ENIHAEY
ol Yy AE o4 dFoAN BRIH vty KA. B AP
Me 2ddAe o] &ALy AL M AEHIG A H
Atz e Aoz ZHPci(ded mIaBAo ¢gdF). uetA
o] HE& sl ZANEL ERANEE ol &t Wi H o
ol gl& Aoz uvrEo HA ZIANE AEAA}AAHE Si0:

A2 A FAe A wAsA de Ao veiur.



REAL TIME DISPLAY
Bie BRI nen! Moo oh

anple: niensity :

*
e
n

%MMW«wmmﬁwwm AP iy
T ¥ a8 M

T8 T 3 T T am T s@ v gl 7

REAL TIME DISTLAY
ile 8.RAU t atio 1 of

fide i foend iRl fosogh o
*

I8

["Ym ' ki L L NTNTIN NEVEENT R Y SVIRO

| ABAAARAS- " SORAMAN | CTAMMAAGES T AMALARAN"" AAGSARREF. RAMAARGS " RANSAMEAS

<ag 3-6> AL, T AAzPAA AN X-A FHE &4
($1): A 2AL(FA FFE: 15kg/h, AloI 2% 600T)
(obeh): AL (RA T8 20kg/h, A} %: 700T)



q 4 3 3A8 &4 S
A 13 A 23229 LA 2343

ZANEE EHAEZAN AN V&Y A8 EHRAE
A AN FHY FRAYE AU dojok & dF4AY A
€37 10491},

TRAEEAN FTHY ZBY S ¥R} HdMMEe SANE E
Al 83 EY AFEe oA AN U= SANE TYA 2

A 4L ARt EANEY Z=E7 FIHC 3t I F7

(&4

oX ol

EE Ao Aol £ AEe NEY LFIdE EHArET

ol upof stry, otz ALY FFolU zAuiA g Aolo] mE

AelEY FHo W7 golop ¥t

A BAAdE HEI AN AN FAA gy A
&

il

(W

o Azue LANE HaRAAL FAd 24 4
Ut 923 MdtAs HUE BEY 4+ A: &S Aus
oqof wTh, 21U BAHeE YA S $E= WEHI 7
HEol ARZY AFY 4 Ao AFAAL AA #
@ 2oz ujsts WE AEu Y AL A AFch. 2
2 HAg ARFe B AL PHEHos wAst: @3
4 & e AuH Had 2y
gAE2A FAAY EAE A2 A
g = g#"c. vW dFA WdA2Y
B84 ®olsl PAMAE A2Y BA £FFolY azeE o
A E 2%z dEE VA

dg AL sleel AR} VA WAL BEHE AU

ol Futslojol o2 VAYE AU UM vz $H Tt

— 90_



A ZAAyGe YA ese TLAL ZH7e ALE A AHc],
28y ZAME ASA EHMEYsE T IAUEL ETHAEEAN
g7 ZFejste WY EHu &2 FuistA Hrh 2R FAME
44 27 Folu EHAZ L B e %A dFste A
of wtat ZHAE Lo et F FHA Bl A LHHol ubap FHA
nydAde Hajstu oA BHRLEET E0jF] o= 5F 2
HAZE 2std ot R EFMALE Fcoistets o o4 o Y
Az 2AHA otUdct. oy B FHMATY A= 47
o FHLU YU Fol wet depdct.

oz B dFdHaE A NHFAY FTHdLALEF UFEE A
ANste 248§ HAs A& FFolg ;A o
wet Z2Y 43 ouxle A FAA EAWEG DY L FAY
22 (Ball Mill)® E48dS dAFstd AN 2HES 24
3tod ol AL A FABEE AdBsaA st

ol & g3l 1994dEo £ 1995dxo =AH FEF A
SA8E 2 dx APl M AUy dA7HEE 242 R 600-620T
(X Ao £zt)e 700-720C (2 AAaz)E £7tstdct,

Z7e G5t FANYANE o] &t FauAe hEHA AP
FEAE Y 4-1>3 & ZIHEELE ZTAY uf2Ag AEd =

2308 YLIELE Los Angeles ol REAE 7] (YA FH : Tlcon, £

m

1 AY 1.76/W)8 Aesta fol /B 390g H3te 248 BT
(273 47.5m)E 18718 HUsto o HAG F 3 187471 7lcn
S dsste FHddUAd g A EHMH=F stAct.
EY 5 AEY YALEE of 1589 5253 HAINEF 23

don HAANLHALL 158,308,452 . 602208 Hd A3},
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AA E4YY oA Attrition Mill WA E A &dEe E4=2
A Cad 4-2>9 22 HEE AM od EHIE A A4
oA WP AELEHE EH3I MM EH4 AEHAXE 15

.30 45222 HAF2 189 HASF(rpn) & TeldtdAM A F

B oardne 48uE AL ¥A 2243 FH 24Tl
YRFFS FAN steu AN FAYWe 2ho W ol

o
s
Ygsel YBAGA HY FaAA AP WU TE AMF

o

T 29 trFel w2 EIJE AL sty del demER

2
ujn

W Aast7] A £} AA SHAYEL ZHEES v 23}

AWM Iy 4-3>2 22 HE ] 54 I FAE AUsta

ojojtidt EM AlZE - 18F HA+E FHELLEE A FsAct.
3

=Y E Aol &Y E vz

rOl
&
L
R}
his

X,
N
U
2
ol
S
38
lo
H
32!
ri
2
flo

5
d2FHYE ol&ste BET A ¥ E ol fstden, Auze &

1
——
>
3
o
o
N
N
o
ot
Jo
|

S AH&dtod At =2¢ 2@ HF Y
LFE AASI fstd IABoFeoerg AAHG - 2HstA o
EE A8dRolA HEL2AE Z0l7 fsiA 3Hoz MES

Aot (E 4-1>2 ol e AEFAAE a4 Fely Rojrt,
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<H 4-1> HAAH BH4A

48 2%

ey EH e BERE FEd|uEnd| W # oA 1 o3 !mg% 2]
APzt Wem) | Am)| (m/g) (W8lF| (Wh) [AdAbsk od 2 (kéh)
5 A e27|04-1920] 302 1163-482] 198 | 044 | 15ke | 0293 :
22 472H04-1920] 336 191-396| 205 | 044 | 13ke | 0293 |
qou I ELA(04°1920] 254 |326-548] 199 | 088 |15k | 05% ;
LA. T2472H04-1920 258 | 60-238| 206 | 088 | 13kg: 0386 |
o2 7] o A227H04-1920] 214 |394-56.11 200 | 132 | L3kg| 0880
T24704-1920] 229 | 78-219| 206 | 132 | 15kg ; 0880 !
0 A& 274 02-1280] 187 |368-948| 201 | 176 | 15kg | 1173
2&4704-1280| 216 [78-382| 207 | 176 | l5kg | 1173 |

<a¥ 4-1> 3 234

LAEE A g7



<Y 4-3> F A Attrition Mill & 4 7



M2z 4273 AA4L FAHE LAERAEINE 27 15%

rJ
L
of

2 Rt Zlo] <2/ 4-4>0] W
dolx EAH7leol ¥ UFEX HEAAE (Y 4-550]th. U™
%

LA r A2 AAN FIHY zbzh <Y 4-6> ¥ <

o
rlr

a8 4-7> ojrt}.

eAol Rrie AL g

dAs AT, o g LA SEAYE dFAULOET H49
Ay 28 2477 b 44

eZAY wR4e AUsE P HAE EAsZE 1Y B
HA FAA 1.5keH TS EHASNALBZ 1y ¥ Fo]
Mill® M7 Bcohe dws A uEbdc.

gd 2 SelolofH =2 EHE JE

A= H2 20m olst7tA st FHo] LRSI FIAUESLR
g ZEH S FUHss MM E 10m 37t B

sl= Zlol Wesdich., 2y WP et ¥ & AE LA, vtRE



ABNIZEME 1A o 2Md3tdx FFUFol 20m olst7t
55 EM3s7 oldct. 2@ LADRA®IE FH AN &

ol A UAHEE YF AgHoE HIHy ANAE 223

HE WA} ¥ 7 AMdY u o] HYE "Wasicia
Ht}

Bty A Al = £ 4 Attrition Mill& ol &% Eywuys uHy
A% N E 477 aFAHEL LR ExeA ARHE £ £

1Y A 2= 10-15F ol vh 10m ojst7ta & A 4% 5 AUrch.
b AA EE= HFA Attrition Mill 71 A849 Yo s
A ZEEE FANE a3 FANE <457 st vx &
2823 5454 AP Aoz YA 1k EHol
28FE AYFPo] LAURAEIE €% Z Lol vy ¢A
vetwth, 23U LA, mbREAEI] N @ Attrition Mill® £ 2
& FUHE A B A HAY B AN 1k 24
of 285+ AHFo] LA npRAHIAgAM Lo HFHgH]
HE &5 2eg 49t o3 480 HA YAz &
LFHE shasty g% 27l gol AL We goeEE LAGE
ANENE dEHE 34 £d47 BoEs felsictn Ba .
dty oz THRANEE TUHESE Fridol wet 23NEY 7
7t st H A EY ol TEstd Hog ZFEEF X
ThA]l EAZol Fcoigoe] wel BEI AN o= gF YL,
5 Mo ZUgel ol=2dW EHAMFEE TYdA U4 F$
M oLsla Z=r Dot HF TALE} Ho TY& FZJ
Aol EHAMEY UZBEE S¥E LA "t BFY A &

&
I dB2EY U Fod Ho TAdLA A TYLY Ao



b AAd. a2y FFAdFeol HExegs AFEE B4 d

od YE&+H Hol TUEA HY T &Y zolst FA FobA

M HFHAELE: HAZTUEY HoATLd &Y I771 €A}, o]
A

Ay NS OB Y YFELEE MU FAME EHAEE A EE

717 3 A EXe Hely &L Attrition Milla EH77 o
M oFelsicia 2ol
Bt 27tz o YA EHELS AHEH LA OfRA

7 T4 BAHAGAAE H2AJ2 2748 AN 22
HAZ 2208 F Lol v FFAZY 277 4T FHotA o,
YZEEY HeE &2 AL Yepur.

et 600Co]stY H2AdE £74F% AN FLY dF 7
A EMdte o ey oAU HA £8FHo felste 4w
g v A $A € FHdZY vy A B

& FYHeoz 3t EHYPLEME FHA Hroies MillF

(¥,

pa

of 7% Helstcix dtHCTt.



K28 4-0O% 2" 4-6>& Hlasld ZAols 422748 FAA

fr

2472 el BAG F(R)o A7e Y¥E Y
A7 goeu AeAdE 274Y AL 2(EIYY ¥ D o
A7h wol Urued ok s7Zexe mE FRY AUy @

ol Wi HZol slAg Aot

(b) 602 &4 T8 LA

<2 ¥ 4-4> A2 AL AN AR A A



- Average -

(%) 27.0 mic.
100

80 -
60 -

40 -

0.1 ’ 1 10 100 (mic.) 1000

(a) 158 &4 3349 A

- Average -
(%) 19.9 mic.
100

0.1 1 10 (mic.) 100

(b) 608 24 28 $AA

<2 Y 4-5> A2AAL7Z FAANY JAELE



(b) 60% 24 T3x¥ $AA

<3Y 4-6> neAALY FANY DA Y
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- Average -
(% 33.6 mic.
100

80 -

66 - z
40 - =

S 1 v ' 100 (mic.) 10603

- Average -
(%) 1. 0 mie

1ece

80 -

60 - -
40 - S S -
20 - -

oo . 10 160 (mic.) 100C

(b) 602 &4 FI9 < AA

<Y 4-7> &AL FAAY YA EX
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<1 ¥ 4-9> Attrition Mill
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oAb AdEZAz LM4Bo FAANIE H$7 €4+ E dxE=
ZotAly 13 B 7HF BEol wTh. <2TE4-11> & B
HAHol 28" Mg dZBEES UElYD Ry 2EH7 AA
of A8 " AE: 2742 HlZ w2l FANZTAH FFYdE
487.3 ym ol uHEZHA LAY AEE ZEMIAM EY HA
T 4000, FUAFS 2T 1 kg2 2 sl 1 3 TAANUN $ANE
HFUEE 177.9 m L},

(E 4-2> £ 234 48 Z2H3E 24 2oy <oy 4-12>3
(313 4-13>= AEAMzE FIFUdzd EHEAY Ay o
UAE vetd Aok, oA npol Zo] ZEMIAANE A
T FHYTHF, 48 FUdEo RELF dqx e zopArt. g
U 2 dyAE zstd Wy o veldrc., gdAy 1A

24 E2H4dUAI S8 AL FHolAE ZAo|rt.

—

SRZ B EXL MY Al UTRE
40 - - = e e e -
3B W oo o
B CTaaEwEM
25 f--q-coc - oo oo - eOMEMEBNE .

YV T(%)

81 128 215 428 855 1700

<3P 4-11> EHAEo) A48 $AM AR YT REE
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<E 4-2> 2E¥H 4¥€Ag Ax

 eqa | 2471 844 (pm)
A
(kg/min) 3000 4500 6000
32 % (m) 18643 | 14459 120.46
282 (kg/h) 60
1 I E4a- - RE B
A 1.26 2.10 2,88
11 akl:l» -
‘ ,1 X] (kWh/kE) 0.021 0.035 0.048
HZY E (m) 22970 | 15598 138.25
3 & Z((kg/h) 180
3 A1 oy A
AR 1.50 270 306
223 0.008 0.015 0.017
N A (kwh/kg) ~ : :
37 Y S (m) 22030 | 188.11 171.73
2 4.8 2(kg/h) 360
6 A7 o 7]
aag 27 342 366
At o1z
e 0.008 0.095 001

A 3 d aAEHINYg EHEA
1. 84 D2 N2 H
7. AN AR aEe 7Y
A oAEHALEE dF 2y 4-2>o veld Ad
g Attrition MilI(AFELY)E AYstdct, 10 m o3l A=

ZHA R A Hgol F3

o

& °l

i)
flo

= TH7E I o).
2 dyEe 48y IFELU2 A2y ZTYY B(30)7 E2& w

2A HAAINE dA AEIE Y "9y, 23 B4 2Ly
B 2Ee g2 FAEHcH £712 £ 1000 cc, ¢H®y Ho

HA4E 1000 rpn FEoln EAANRY YWY YA+ E MY
A= 5o aAth,

I
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Hkg/mn)

[
0

<Y 4-12> Z2E4719 28 HIFYs

=EH47Iel FARD pmoll wWhE 2 ol X (kwh/kg)

005" -7 ...
ooas” o7 e | X

0047 -7 o7 TTT e el
AR wee B B RS
§ ow’ .o T K-
£
Z 0025
) .
2 oo
I 0 0157
B4 ,

001 8o
0 005¢

3Kkg = o 2Hkg/min)
1kg

6000

<23 4-13> =847 AgAgd BAEEDT E4d A

AN AL EHF5S

A4 olAgd Aige MANLETN HPRALS 27
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°
v

o] Ay AL EMAPR Taz gog stdc. A4E
83t (E 4-3>o] YEIURA o <O 4-14>9 (I 4-15E
AdBAeld #H7

AgAelve Ay ¢

4
t

ol
H
2
Iolid

ALY EHAUAE Uty Rolt.

Ht
A

X 1.78-10.18m Helol slon E4ds

o oY A &= 0.256-5.226 kwh/kg B elo] 2t YgEJ 242 B

HAdAEe FHolale ZAYL At Ad & Edz vay o
gy B yxs v x£8 0.25-0.3 kwh/kgoll A HF Lz = A
dE& 8292 30 m ol W3t 2 AE L AFELYL 10 m
2

A e 4% s tAe Ao M.

<E 4-3> A4 o4 48238

471 ¥y R &4 A3 min)

750 rpm

15 30 45 15 30 45 15 30 45
B Y = (pm) 3703 | 2435 12,178 1 21.18 | 2.292 | 2.098 | 1.881 | 2.337 | 2.280

5903

?.
(g)

g
&
3
3
a
3
g
3

%ﬂl%%‘(kg/h)' 0.160 | 0.080 |0.0530.160 | 0.080:0.053 | 0.160 ; 0.080 | 0.053 ,

0 3 > i
12k el ;
(kwh/h) 0.112 1 0095 |1 0.11810.1720.2130.223 1 0.280 | 0.343 | 0.277
ke Nk =
(kwh/kg) 07 | 119 |222611.075126634.208 | 1.81314.2885.226

BEY=E(m) (5117 | 3614 [3.133|3.330 1251512431 |2.4902.292 | 1.785

T8 Fke/h)| 03 | 0151 01 | 03 015 01 | 03 {015 0.1
B g A

(whh) | 0138 0.190 |0.20410.292 | 0.306 | 0.373 | 0.466 | 0.410 | 0.441
2y ol i 7] —
Qewhokg) 0.46 | 1.267 | 204 |0973| 2.04 | 3.73 | 1.553| 2.733 | 4.41

HAA=(um) |10.182]7.3676|5.901 | 4.806 | 3.723 | 3.082 | 3.326 | 2.731 | 2617

T & kg/h)| 05 | 025 |0167] 05 | 025 10167 05 | 0.25 {0.167

125 I~
120 oyl R
(ki) 0.128 | 0.113 | 0.100 {0.190 | 0.243 | 0.197 | 0.316 | 0.304 | 0.339
FEEEEEY
(evehkg) 0.256 | 0.452 | 0599 | 0.38 |0.972| 1.18 | 0.632|1.216 | 2.03

—107—



12

10

BRYUE (um)

ol X (kwh/kg)

A 2Hmin)2 Y e 2] A 5 (rpm)

<3 4-14> AY OHEY A2y d¥xgd YFYE

30 45
750rpm

24 A ZHmin) 2t 2% 2131 H 2 (rpm)

<3¥ 4-15> 4 ujAEd Aol d¥Md 242339 Bz

—108 —



2. 64 MBS NAHe 74
. EA MRS ARy 24
4 MEN AdrwozE AN NMEMAN2YDN A
&4 Attirition Mill(A FZ EY )& A=y
e AN A¥AN EHEAE e Egoy uA
2 4§37 oYty wUH VA
o nlAEMY AEUEST FHoE MUy Ao, o F <2

4-3>2 FA oA EAANaR APdojn 27 4-160 A AR

Adxojct. AL Hao A4 £HUPN(E)E T2l 24
23E& B Zo] £BAINEM A BMEes WAojrt, B3
EE d43o2 BsidE AN B oMY ZYELS A543
2 28 = do d&5 3 zHFEo] Lo]sr}.

Precision %? A

Screw TR

conveyer

A& oA
= g | FEuE

&4

Attrition

Mill O TEud BAERe

TYE uiEs
Stirrer

Tygon Tube

Ze)sag
HRYz el 2

<ad 4-16> F viAEH 2¥PA 74

—109—



U, 44 A2y Nade 24 54

4 oA AAY ZTASES AAA FAE 5EY S
AU ey B &3 Zeol HAAINZ 3 A THUES
A% &2 2t of

A7 A Eo M dyxZt v Fstd o
Cl

=z
>
-t

2
N

17 QL A& Aol Bol¥ 5 & vetlr., H¥ Y A
AE (E 4-0O0] vetdd e <23 4-170 HdEAHE FFY
=& UEetidrt,

A2} thFao 3 YEEEE FA3 U
Ao vsle FFAdEE 4 Ao e, 23 &8 K
Mot ZHELY ETYAAN ZAEELY =7 AUAA dod 5
< B ot nAE YFAdEs 2318 AANE FYgol UAN
o, oleE =27 o EAMUAN E(e¥FHA)Y F4& el

TTULEHN B FEO APA UV WReoes wrhHc,

O625¢g ®W500g O375g 02009

UE (#m)

rt
H0

75 150 225 75 150 225
50rpm 75%rpm

BH A 2Kmin)2}t om

<23 4-17> g4 vlAEH A2 AgXey HIAx

- 110~



&4 ofAEMA2EY EdodAe ¥y HATH ot Yz &
BAFE ddAI 87
of visted oY 27t H3 Wel £8H Aol 43

BE NS HIAANAG o= AU Au FY AL ¢
g Z

fr

S 3

A AR £ k. (B 4-D M EdodAe ¢
dHAY P FAdH AU YoM F

o u] 2k o}

A dd=RE

i

<E 4-4 > &4 oA EY 4849
ol 47] A 2 B4 A 2Hmin)
(o) T+ B 250 rpm 500 rpm 750 rpm

g 75 11501225 75 1 1s01 2251 75 [ 150 | 225
BFAS(m) 6994 |4.769 | 4557 | 5.379 | 4.637 | 3.796 | 6.180 | 4.553 | 3.802

¥4 & F(kg/h)| 016 | 008 [0.053] 0.16 | 0.08 |0.053| 0.16 | 0.08 | 0.053
200 (AT 1A

(kwh/h) 0.167]0.235|0.217 | 0.200 | 0.314 ] 0.290 | 0.351 | 0.409 | 0.359
B akctolid A
(kwh/kg) 1.044 12637 14.068 | 1.250 1392515437 12.19315.112 | 6.731

BEUE(m) |[7782]4.339]344016.284|3.557 2831 4.707 {3.368| 3.07

48 Fkg/h)| 03 0151 01 1 03 {015] 01 { 03 [ 015 01

375 [AIEE AW A
AR 0263 |0.177 | 0.186 | 0.241 | 0.237 | 0.278 | 0.352 | 0.290 | 0.343

AFFol i A
(kv:h?kg) 0.88711.18011.8600.803}1.580|2.780|1.173|1.933{3.430

HEAd=(m) (92045061 |3.652]6.363|3.622|2.913|5628|3.563|2.963

& &3 kgMh)] 04 | 02 [0133] 04 | 02 |0133| 04 | 02 |0.133
500 AR SR

Nae 0213|0238 | 0.220 | 0.247 | 0.287 | 0.272 | 0.347 | 0.390 | 0.383
B39 05321190 | 1650 | 0,617 | 1.435 | 2040|0867 | 1950 | 2872

HAY=(m) [9579]6.029|38146.760 | 3.700 | 2.837 | 6.505 | 3.395 | 3.001

=& ZFkegmh)| 05 | 0250167 05 | 025 |0.167| 05 | 0.25 }0.167

625 |1 SMAX 0,950 | 0.275 | 0:237 | 0.307 | 0.299 | 0.338 | 0.429 | 0.438 | 0.428

A F el Al
(kwh;’k;z) 0.500]1.100| 1422 {0614 |1.1962.028 | 0.858 | 1.752 | 2.568

il



q 5% ZasE8 JYAS Esdze 54

ERAEE AVE . &, IH(ZH. . 2Z) oY Ar=24 3
BEY 2E2Ho 5EY FHE FAAY A& AMdstz A3
o EAMR B2 o Yo, 3

AEE AAY 45BE UEhUE ol kU ¥ A ¥4

A Aste AMBRE U}

d Fdeoly AAE FAo A Uk, =Y} FAPE FREY
EdHOU uxd Ao iy HZ ZFN AYY a3z 59
F P& E LI EY £ AFMHe Yy & F Fol ¥ &3
o AR FHY & Fol v ctg3f 32 dr}.
JEu EHRARE FHEY AE A4y FAELA wA A3
Agstd ZAYEY FHolU d5& AAdste 5 FFIQ F4
ol gel EHARY FAFALELE FANI HEA HE 23 d
Z3agEY FA-HoU 4% & Hozeges § dAx el
atetd THABEE TIAHEAGAH 2FHE 35S €7 st 4}
€% BAMN Ao O 37 ERNEY FHREE YAt
TAEE 8 & B7 ¢33t HAAHE 9 ta(H
ool wel TRA(BRMA A ERA(EMHE)E EHFHCH. i3
s

4
1)
fr
oX,
o

F B7hZol AWE F39 1% o5t & A 7}sl

L EZNBE EAa RE23 5% ol ALIE B T
gtz FEch. ¥ BN ZHAEI FIdH2E AuFHD
ditd oz wol AEHE WEAHY EHUHYEE A=

EFE Ao thg <E 5-1>0lt}

¥ SAAE XEF oY B £734& %



E E3A4s F ETHA=

AN F8 F

= v

23 o] 4

4o

o
Lo

Z{Blast Furnace) % &=

1
Al 2l 7} F(Silica Fune)& & £

. o mE Ezyg
Feholol 2l (Fly Ash)u 2 &
alrct.

¥Y B A7E YANE ZaAEL A BRAE SIS
2 AWstE o] F2 BHOEZ ol F AL
A, FAA A2 HAdE TR v ARG Yol
M2edd AW AUES $A 2742 gely 240y =
43 29&Y A9 2L Aes AY == FEsoiol o
B, A& de A8HL Ak THAZA Beolofdu 1
H3 2L des B ¥AA Nz Sy Y 2B A3
ABdol Qge FRstojol v},
oefutet & AFolAE DA AFelA olu Yel AEHIT s
Hdg THAEY FFY UV 533 oo Tasessy Fx
Sqol nAs Vg FRFsLA s,
<E 5-1> g EAY 2AE EHARY s5¥ 2R
7y 285 4y 22 e
4% £t 5288 A4S A |AEA, AE B4
AT BANAES 24 254, AE 24
ge5e 22 % 4E gEER 4% (AE)RSA
i zadE $54 A4 %53
4 s gd A =4 234, AdA, 22A
WHe 24 2 93 )
zagse 3% AEA, HEA
zZadee Aake ¥ T
EEAVEod A $24E 88 |EolaA, nEedT,
E ee g AP7HE, B
% sz 2ages 9% = 245 B34
TS g ojBY 4E

—113—




A 23 P3G NEAF EARY 90y 54
1. 2243832

R (AWMLY HBERE AU} FAd F2 ¢F
Ngades 24HE A7 a8 o §84HY 22
¢W2E E, F7 T2 FIH 2
(granulated blast furnace slag)gl ¥ Ec}. Wztw o] ube =
Eo BARE % Ao deixmg aAA NI g, %3y
gH2, I ¥ T2E EHEHY =& (E 5-2>9 rt.

<E 5-2> n2£yda1d FHFYE &%

z ¥ £ =

Misda | E28(ES, =0, £3), T3HYES A, ¥R, AW AFE
(Fdeda) | AdE, 297 948, #4438 Blg T

REAMEGANHNE EA), AINE Y7t 98, TIAE A,

(u*‘@;}l}:; A% 71E 2AUE YE(ALC), AW AZH, 3L ATA,
THE ) o ’ - s
Anstag TERES AEA =P A oA, FANS ¥R, T AR,

EEZTAE

HEdeda

iuana | 2F TIUEE BA A2 YA, S ved

7t. 2 &A1 43
1) 3ty 33
12&H2Y HRPEL oo et FAHE HIFE
R AP ELE FAHD (FE 5-3>2 F2&Aa9 HHYYE
9 MeE Yetdz sk, M Fr HAE n2gdr 22
Ca0 ¥F% 9 WEEJN . sdgd $ S0 §HFHFS
0.04% F=ol7] whEol LEENR2T &Y F Hz2 AN

22y d7=EEs LE2EsHI EH HYENFU(x2E FH

¥
fd



F3"Hch. KSL 5210 # el 3l XEFAE 2 2& 2 A WE
Mgt LE2gATY AV 1.4 o] Folofop ¥l
L12gR Fdel 4 TSt 48 8&S Vel WA
dgteld F2 FAFES A4 S Bt OH ol 2eoly
SO- o]l o] F £33 ZANEEF sjof st o] E ol 22 Z 3t
125 LS RS EEA=ANNESY FAd3tA 348 44
L=

dgt 3ol A FrFoz s MH¥ ZAYJse = UELY
71 dfEol, 12&AHT THL E2EF PYFE YA e EAZ
s 2 .

<2y 5-1>2 19979 = A FAHaoN gz A 22
g2 EHE 3t EDSE FM ¢ Ao},

<® 5-3> vz FHYE HAHA T F%)
SiO; | AlOs | CaO |[MgO| FeO | MnO | S | TiOz | NaO | K:0

312 - 122 -|380 - 47 - |0.006 -|021 - 049 -| 038 {016 -0.22 -
367 | 163 | 450 ! 74 1.00 142 151 | -199] 042 | 056

ps

. | !,

—rh
- o
o

[

<219Yg 5-1> n2&#HP 31 EDSE M A=

—115—



2) 29 44

Z3AEL THANAEE FE 2o AL FEsHdEA

(e
=
%

o2& ¥ Fo] 1.89-2.778 2 ¥l YA, 74m o3t E

5014
2
%

TR BHY v F2 2.85-2.94(¥F 2.90)8 ¥ E
ZtABEE BEREEIA= ARNEL " F(3.15)8ct 8% B = 2o
Eetolald Y HelstE U AN Eoie o 30% Ak, 224

de THAZAH T HAFolY 4

sty Aol M= A

B
[«

5 %
g FFAHBLE 422 gy 2 2
19973 = A A FPoly BAHE 12
2 dolAEMIE A FHBAY AAFY szt BH 2
g 5-2>2F <2 ¥ 5-3>0|t}. ENU=aiy A
& Ze dBHLE 23 Hidx STuE FEHHRE Holx Y
EEFRE AE date} vtz Az a
o] & %S ulxzA vt 4B 10m olste 22 AQH 28¢
7h2l o] 2 F 2o BASH 10-40me A FAE
oA ded A FFodN HAHIT U T
& HolAd dxFAMI/NE AEZE uvlof o3F oy
BIFUYZ2 10-16m, 10/m o]t &2 14-50% Helof oo,

44/m FHFE L 14-52% F xolch. =3I BET AJE 7ol 23 vl EH

(ENR 3

9] AJNE 7.88m/ge 2 LUElYon AuF S 2.88%2.90(F

2.89)2 1ilEelubcl,

—116—



° Median D: 12.725 Modal D: 14125
q3(%) -

%) [R Index=2.00-0.20i][ Mean v : 12714  Std Dev : 0545
© .

Normalized Particle Amount (%)

of

<21 5-2> n2&£Ya ARAu AA

o

Y5059~ R WREH

0.01 0.05 0.1 05 1 5 10 ' §0 100 500 1000

Particie Diameter (um)
<K1Y 5-3> n2FHe JAEE
3) #3471+
T2sdl BUg pH 12 o4ty S s THLAY F

Yo dFoeqatdy &A2(AR)ZH FAusgHo £33

—117-—-



Al E o A8 Zdgoldo Auv ™ Ty Ca(0H): o FFol
o] dstePol FF w&E ods HdE NS APHA
o, €d37 &3 A A3 g FH LYY EFSFA
o A4 (ME)vgo] FEH HEo FUdstel & A&l o ¥
Hg FAor! UFol AL AYFHB ol & 9| A NaOH, KOH,
Ca(OH), + CaSO4 Fo] A& Hr}.
., 22gda £ ZTAgEY Ay 54

AU JqFAANY REEIR ZF =2 (W/C=50%, JIS &

= § A ¥+5F5 4F 3

ek
o
A
@
o
1y
2
()'
2
o)
A
N
o,
0
He

7d e 27Zx 3 289 ZFxY Ao ¥AAct et
BHd AE7e ¥ BuUx 3,000-4,500af/g8] RESHT B
& A8 ALEY 27ZFETE REXEIE AWEYD 24L&
Z3AE Bt 23 o] ZYL A2 ABFo] E4F, EE E-
A EN L &4 5 @A},
ol ol 4= ASTMC 9899 F 3o WEEF g2 VHE 2371
TF 1200 2 ESY 2&H 2 EU(5200af/g)o] AAtE 3 Q).
ES AY 74y gH2 BAEE AF7 90% ol g2 &
O A& 30-65%, B-AWE u] 44-76%2 HeloAM z2AH 742
ZaE ZE7 2B ZAE ZEE HYta ot =2 o

2ol

==

ME F4E 8,000ai/g ol 2Ll o RAHIT

32

v gd3 AVE 50%Y Ffole TYZE NFEH B U
< B3 Z3YEY FEEF Y3t Art.
2) HE %

A2 E FTUAY TIANEY BRE REE dUFo

—116 =



2 HBEXEVE AWED ALY F3E Rruie 9 10x F =

Ao, 2T FTIEAdAHE= wel® 3 13%x % I A YE

% 9 AT diHdes H4E dHolE 21 Fd &+
2Ztdolzs APA7lof atet ofE AARE YESE FEE AU o
oz 279 A243L AL Aoz HF +5EE 2
RBEEUHE AUWEY F Lo & o7t gog nMstA 24
A& 238 Zolr}.
3) 4%

DE2gH2 ABVFe g3 FUEI AE APz EALE
oME EH A VANt EaeEY 4 Aol A2 =
H7tA] =edstA Hol Uty ZAdod wE ZaHEY YA
of A HWojA A Hrc}.

Yy AF ZIAEUAAN 2B L2 2¥EUd HE
22 A8S 3tng FUxg FA St = AP 147 A = 23
ol gov 3dNYHE 42y ZE=FALE EAdr. ZUAMEA
o Jlseol 43ty ol ¥ U FH4H fzo it 2

dag oA

o} = ol 5 FtstA =HE F=ddo dH
3 A3t wetMq HALEY £HELE FHR2IA HEHIEF
S8 NTE dANL 3 FolE Bl 3] WUHYH

= &
ot 2o BEUS TUY EIAHEY FHEs 2xd

~119—



ngsng 53 A2 RIJ cfds] F2stc.

>
"
=114
(13

& &Y EAEY F3Ud 52 9

(104
>
ol
o%
¥
i
2
3
bu

gdW2 2Ly =, FeAHEH FeF

2, 24x, 432 ETYY, ZEUE AUEd ANUE, ALY

Sese & 2uEs %e sd2dHE NVl wat 34
ol wolALl o] B¢ ol T ALol: Sl ABgo FL He
AL o3y BREEXBUE AnNEY FeuvE 2A HE Ao

2 g8 A k. Feol= 30-50% AEL ABLE HYd M= 43
gdeo Ass veldcia A Addo H2 dFAde o3
H60% FEY XNBE(ELUE 4000acd/g2] Z)7tAE FHAd A
37 vEtUR et HEH I Q.

6) W23y

REXEUE ANE

rr

FH Ao iy SR E Y

2%l FE (CS, CA F)olv} H4t

j11°4
H
flr
ng
M
o
o
N
2
o
2
Je

dg& BEste FE(GAE /3t A= 3P Fo] Eof

2% Yo ANy cuyEE AYY 27z

e A2ANAAN 7Y AFAEE JA: T HHYAY

—120—



2. 20l 004
AL Fo d4 RAdHAN frF e YEIes AL
Hrta Fole MAu Fage ZEF ded oF I FA
T H BMRBBE Setolof#(fly
ash)2l sty REZLAE R T3 5 stuolrt.
Zctojol e A A&HE Y FFH(Ca0 T2 W)Y A
429 Fz, £34, AN el Fol whet detAct.
P A Lo M HAIHE AN N F 80% o Fo] Feto]of 4
2 wia™ch. wety MHetanFo wmet Ho gt g Feho]of
7t M EHEZ 2 A& & AU Fetolof Y o &7
& Mol <E 5-4>8 TS Z UHo AZA AP HI drt.
2eu Fulol A AasHE Setojoii e YRV AY FYo
g3y £eddx gty FAHA wtet sjoict delct.
of ol TYd HFUF LA Aetx Fetolofsl e HIJ=zAFo] 3

oirh cf 2 A3 E HolRE Z3AUERL THAMEAN AEP0 D

[a]

3 oA ZTAUAE Fokod FAstE ZisAs A AEE 7

Bt A= ARt

w

2 dFodNE Eelolof2 st THARAM FTIAUE A I
& FE2 FAMAY FEAZHHE w2y gHAH FE HH
YA LA 1996d o] B SetollHE FHSY 2 5
4E& WA dYstden ofF EUR ZAEM nAes T¥E

dygeastdc.

—121—



<E 5-4> Kk FEBINE

¥of| olgaz 87159 4%

% e sgq [FOIAE ESIZA AFESE ATE, BES AUEEG
AALRAN SUSHT THE NANZ AZ 75

x NAE = 29 Su4d HEE AAFE AS

5 es gEA :}gﬁl;vs; g e RS AAAE s

FIIEE |42 ZadEd 319948 ZA5e 20-30% €8 5

T RCC AL&9] A% 30-50% &d7t5
Z3YEL ZA|TYE FIJEL AZAEAN ALE 7?%
ks olABE 27 Eeolo|HE ol ABE X o ALEE e FZA(HIHE)9
HAEZHN AR VS
2 0T A% el 4¥A £ A% 59 vddE Hsslg 248 A
94 A4 A3l g HUAB(SEvolE B)3 £ 7td &8st Az
2 A7 8t Meslg Ma. d33EAasy £ A7HANE Jrstg 2gA e
2ty AYFNE £29] ZutAEM olf
oF 71st 2 A 7l ZS HE dAFT 15%, EAUE 124 10%
AE SN AMd 8.
AE ey [SEaFHAG). BAZFA, HAZA vfgol g
vl (EF7l e EclolojH & EFuEEMN ol8 AU FHEFT T e
2 |{green ash) Eode] sgke A
u (TFAMEE Aer3l 2 g Aelstd Az 229 Mol ol &
o} 714 vl& Mg F71d W28 &3 HaAA ol ¢

7b. Eetolol e 43
1) 38y 434
K28 5-4>c AARP WA Lo 1996d o] Aatd
oo 4] o] EDSE M ZAolrt. Fejolof g UzH4L 2 8
o 24 wel ety gy oz Sio 60% FEE Asto
7t % W3, Al03 25% B =, Fe03, ®A(C) Fol FH glo] &

el

z}

gl

B 2ol B3l Cal 7} H 2 Si0;, Al037} 28 E o] arc},
Fetolold I AAE 340l AAW 2 $FH dE= It
&89 F4a Fol A THEL FARBEAR F2AM 4 A3
22t g3t E8EY GFY FAAE £UEFS AU, o
L HEE EER N Folet sty Feloloj e YFTRZF T
HEAHQA Rolct,

2) 8294 43

—

2
|

—122—



AAsIdUdA LA 1996d =] BAYH Fefolojd Y &2
A EAQAg AV A3 AwF S 2172 N FAAY vxsA U
Elxt oo, BETAI® 7o 213 uEHAH LS 11.26nf /g2 2 LELYCT.
ol £Mo gy UdAEE HY A} BIFLF2 16 ~ 17 9
Helol gtdoed 10m ol 37t 35 - 38xol HcoygFe A=
Mol 0.045 ~ 700m B2 viEtWTH. T Y
22 2.23 ~2.24(8F 2.23)2 % YetkEd ol $AN Hrle
et 5% Ao AsAEFL AY vz FEolrt.
<13 5-55& 19963 ol MAgdudLos Fad Fefofof
A28 n Fol g dAFPLE EH4Y ZAAelw <2 5-662
ol A B Mol A JBEEZ Mot <Y 5-55 F ¥ Fejolof

AE WA doem2 dyo] dFe] wWrte RS Y

-

Ca

byl -
,f\,ﬂ‘r% ! f\u\}:\-:_‘\,\-,,..ﬁﬁ: L"\At\w |

; ;'\...\. .’«\}w\w.a‘m "“."J v o

4 2 4 6 8

Energy (keV}

<1qg 5-4> ZFetolid e EDS ¥4 #A

—~123—



..... AR APPRO. QUMY S AP AIRPPASPDIERORT TR TP
cevandenean Sanomy ewwma PEpr drawns PGS P T R
cennbdaerotibasannfrisyodornend e TLR e ER T 2

S S LT T R L SRR T
v : " . . 4

500 1000

e _ ............ . , ..... .J .....
Gnrescfaacer foomnn P PP feovee Jewrre dreee
; H T
B SO Led. PO SO SURPON SORUR- OO -
@0 i i T
~ 18 H ; foor ot
~lg ; i i} 8 2
- Liagii % - ,
O (A k o
5|8 ; s
o R e 3
M w ...... v E
i HT
b 171 I IS I TITON SROOTPIPRREY ST .u .....
; o
:
i o e
Py -
oo

¥ ] 3 +

© 15.888

[P S S R
Y Y H .

DR R SRR SUPPOE PR S
H ! H

Median D 16.054

1| Mean v
2} of of 4 9}

EagEY

Particle Diameter (umj)

=z
=3

056

o
L d H
FUUUUR SRR R SPP A
Poob : w
® B T ts TR H |
L m H H : Vo)
H H
[} H H : H
» H H H : bt
% B e rer b ‘ = ™
SLLRNITIRULLGTN
3 :
m ..... ;. ...... evann Sreare + + A % 3
+ : + n " q
i p---o- deceeedfrnnns booons S DOV FUPP SIS, B v
— feeeedeeasfrannni EONUE SOOI -
meessfunreaprnrenfusvanfarovagerenis ameve fronen E TR femaon £
H H H : H . H H
H H H H H H H
H H ' H ' H 1
..... PN H . H -
1] . [} M . . I}
! 1 : : H H )
: : : ! H ! H
¥ H H H H H 1
¥ + ¥ . * ¥ + -
» 2 + Vi * i 1 0
d
]

< o N -

FollA &
vt & 3l 7]

A8

E

54
3 g
A o of

<A
L

7

=
=g

L

gl

F(R)F S u Y=t
7 e
124~

x4
st 2 8

o

i,

A

<

#
&

o] of
K
Z 2} o} of 4]

&
1)

.



agrch. ol BB Fretolofale FA, NHE, T2
g, Mg dx Fol utet detAAT AV 25% F Lol 7x

e D4 e 2aNVTE 2T Q.

U]
rN
(e
olo
Al
(o o

X
Ve BIIZ=EI Fh%ch. 2 Fetolofal g ZE 3 g
=

E7 wotio we BEHHS Z

o
dEL S3dol o A %A 2RO Wolu HaFwH A
al

Aboll x| & 10-20%8 gio] ol L5 1

Fetololal 7t EE Y NS s ZAJE FY

al
2
o

rJ
2
o
rlr

HEAA HAZTE&Y FoAd dFte]-Z A HL

O
=
FALE o2& FAAIL v BERAH E MUY FaF

or o

=
(L ..

E(CSH)E& B8 AWUct. oleutet dste] o2 F 2 o

[

AME wo]L2E 2Zo] AWHA 2 oFH=7 A3ty

b ad

p ZARE F2E9 27 FAEA

i
H
w2
¥
L)
1]
2
rﬂ:
olo
2
lo

Ok

—125—



ol Y e FAME TUY AL YUY xH¥E UEUU
5% B2 2% FJdMe M¥Fol 2318 Fistd dH-Z
A WS FAY:s HaMx drt.
5) Uy
EetololHE HB7IYo wet AAWNEZo] Hrzxoz A
3t EEFY UL AUME F2o CA ¥ a2 AdF(Cal0H)2)o
ZAdo ojo] uhel o] &} Fiadel HF
7}ol E (ettringite)?] o] ZAHOZHN oEZYsoE Ao
u S Y Agel VA adFo Fadd oy Mgl FR
t}.

th. Scetoleld ¢ 2aHEY M4

1) 271725 48 A @ $HdAN A4

e Eo vy §
AA ol RolAn ANAdF == gtoj o 4] o] uml A gbA o} AHEH ul

UE(V0s) B8 ¥ "HaEs
oM Mtz F/E &
dHrct.
2R QP2 ZFEI FA UEtUEE Fas el I
Ho BB =7t $713t7 s REE WGo] FE3] o Fo
AEH 27 g8 82 27t 323t}

2) a4V INB(ATEAR)Y %2

Setojold F RBRRFPo 23 AEd Fol FHE

AR FFel BA stz FEZFVNHFE A7 e d
WHH o R AEA o A& o] FIHr).

3) Eetelad EK

—126—



Zetololsles 2 M B34S AY deoeud I F9

T3 V& FHAHIL stddHd N nAHE Ao o=
2

3. 423 &(Silica Fume)

destE 2 AdefZou Hzied 59 F42¢FE& A7 of
AA oM Az2Y o HIt2ol BRI YAsE= FAE 9
FX¥olel. F42¥F 82N 34, FEH, ANFE S #HAdF
EXN ZLa2g AJNZo BUstod o 2,000Cyg o=
del8g AMzsA At ol FRHREEA Siort Azt o
2ol FIlel g3 isted Si0.2 HoH vhA] §&Hstd oy
2 A4 dch. 44" ZoyAE ANAARZANE ol &3t 4y
L2 MeEgtEol AL Zolrt.
AetEL F2 23, 03, 290 5 $Ydol F
ghof A AdAatEof 1986 =9 A AMAY FAaAFL 4 160
oldrtt. feuet e MestFo HaHA go=mz
doll &3t Aoy 1997d = A Fuhe AAALS 1kgw
900d o] FAd = gt

. deEsnEyg 83

1) 32ty 44

CE 5-55+ AHestEd drAd xS vdetdz o

th. EEY} A2=2AM HYPgsA U2 CaSigd SiMne 2 RE G H
t At E S AYstE FAHAE 80% o) o]l Si0E FAHE A
o, 2y FU F4AYF A2 LEE AEY ANEAE Ay =

A Tol gel PPl M2 v E AdelgtFol Fadr.

—127—



<E 5-5> #4F 4 €3 Az 988 RAsEE daFd x4

White Silica

A FeSi | FeSi FeSi

- Si Fume FeCrSi| CaSi | SiMn

i -90% | -75% FeSi-75% -50%
Si02 | 94-98 | 90-96 | 86-50 90 34.1 83 53.7 19
Fex0:10.02-0.1540.2-0.80.3-5.0 29 8.0 10 0.7 39
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50 65 65 109 85
60 42 53 72 89
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4 RANE Ty ZAHEE == EFALY BEHI ¢
Aed Asde BhASA AHA YA EY TANES BEFY
Zazed v AL FARHY $44 APEAHIA 8
drtt.

A 2 d FAA T FANEY AF5F=E 5Y 2L AF4
1. 4uAEe B3 WY

7. AmE

£ Agol AEH ANEE AFolH FUW RFEEUE

AE=zN 3 Fed F54S 48T A E 5-6 9 2

. 234 ¥ F22A
2 A¥ol 28" BZAA F
T EeZA A U FIE GPT BN FEEEAN 2 EH
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. &34

2 dFAUEHAM A8Y HYIHAg: 2PE U I/KTF
ZaeELLE AEHI A UZYHIA 8% AEZFAHAEZA

a
EA BEH 2 (X 5-9>0] vield uiep g},

AXAPEAAN AT FAAME 1994d = BAHI
1995d 2ol =3®H AE AAYG FIHE & ATl AUE A
g 2728 A 2(6000620T)AA=E 22 ofF 4 A&
Atgstdct. EAUEeEMAE BLUEU 20mAd FAME AAb
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ALY AER 28 oAEH7(ZA)E A gstdct. 4zt FF
AdZE ZAAN A2 U 5SS AEY FAE F 2-0
4 <E 4-1>0] ERL gt
2. Yy
2 2o AMYHoZE 2FFHE ZTAHEY NAY AFTE AR
3ty KE 7-103 2 3hAN AA A@EEslol uel 21+ 39
BESHEZE HdA332 ARy 27 vEtUR UdEF A

F AAY ttE SHAZ2YATE - AFE EEFAA(9100X200 E

fr

#150X300)& F AN BIUBER Asly EE IR (FAEL
£ 22x2T)& AU F ANPHEE UHFYEE  KSF24058 A o
utel AdBstAct. o HEAAZFEH AN Tdo g &%
E F7F A dElUI] ARt A APy 2 EY
AFZEE HuHstes 2AHY A TLE U $ANE £
el 2% ZTAUEY dHF=H} FHolxx o= e $A
Al TUEE F ot LAAME TLA UL ERE 3
ZEe i APE ¢FAE FUES FFYZEY AVEdE 22

LIRS U 8

<E 7-1> 8A4AA & EagdE B4 484y
2

SE 7 GoAT | APy 3 G EIAE EE (R A9
AL | AFkg/m)| F(A) | 2 F [ TU(%) D A&(%) [ E(em)| (3]) (3=
300,320,340 ]
1]20 360282?400 3,7, 28! 9AA 051015, | &&)  05 21+3 | 6 il
o Rt R 20, 25, 30 | 4| ~ 20 - B3E
500,600

372891 IAA 0 |EZ| 05 TS

2 |20,m| 400,500,600 ] 21+3 | 6
m 365,730 (A M S AR EQ L || ~ 20 Q1%
300, 400, |3.7.28.91 051015 |E=| 05 TER

31 % 21+3 | 6
Ol 0. 600 1365730 | 270 | 90, 95, 30 || ~ 20 B
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3. 48dA 24 ¥ 2@
. SAARE ERAE AEA 23HE ALY AYAQAY
CE 7-1>2 124 AEEs ded EE2QEE AN &

d Z23APE JFAMNE AFELZZE MBS AASA 4348 -
AUAZE - AN TUEE UZPEE 2 & olE $AA
E TUstA Ae BEF E3UEY AP - A¢APE ¢F =
E 7 uvUre AFE - AYAgE JELES F3hdr. 2y
7-1>2 o] F AP 28dol MY AYALE - AN Ed&E ¢ &
= vl &E& YElE Rojth, Y F 7-10Y 3¢ A HdEES
A BEESRY FAANE 194 Y FUT Yoz H4EEA
¥ AR E AP Aol FE 7-2>0l8 <E 7-1>Y A 2vtA MEW
AUl EEIGAY FAANE A 1A TUT PPz AY
THY ZAE B ¥ HRol < 7-3>0|t}.

Unit Bind to Ratio of Compressive Strength

Compressive Strength
Ratio(%)

300 320 340 360 380 400 500 600
Unit Bind(Kg/m®)

<Y 7-1> SHZ2YAFY AN EYEE GFA=H(HEZEZYAE 20m)
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<E 7-2> 9928 A3E A EY LY ¢ A=uEHTFIYE 10m)
AR AN | 2N AR ke/ m) . S
24| EUg [ 300 [ 400 | 500 [ 600
0% | 127 | 148 | 362 | 462
5% | 90 | 8 [ 104 ] ot
109%” | 8 | 106 | 101 | 91
39 159% | 71 % | 78 | 8
0% | 61 | 8 | si 75
D% | 51 | B LT LT kg AYY, wAARARY
30%” | 54 | 75 | 52 | 62 oL o
0 %az 166 232 459 538 t}‘-ﬁ‘%g(kg/ﬂlf) ]
5 95 108 103 106 99 b) i 5 Z2aglee ¢&=7}5(a)
10%> | 98 106 | 109 86 of ¥ YEF=u|(%)
79115%" | 83 | 98 [ 8 | 7
20 %” 62 96 85 76 1% % : SAA HX Y98
Ho 1 99 | & | 8 | 73 L RAMN H8 AR B
N0 L8 LB LB gAw Hn Ede
0% | 287 | 308 | 480 | 614 T =
5% | 95 114 | 118 | 113*
109%” | 88 | 115% [ 121* | 107
28Y| 15%” | 70 109 | 105 | 112
20 9% | 79 | 105 | 130 | 100
2% % | 72 |100% | 1097 | 1007
30%" | 68 | o5 | 93 | 87

<E 7-3> @AZ2%AZY A U 23 PR E 540 S AF

o Z 71 4 = (29 : kg/em?) B A&
] T % 2 = T [B9%] (289)
1 T 139179289919 3659 ] 7309 | 289 | 28 ¥ |(kg/cmd)
w0 |EE 259| 272| 367| 387 | 404 |HY¥ZF| 30| 62 | 298,000
Kg/m? A" 286] 326] 433] 500 ] 549 A% 34| 70 314000
A7 300 360| 442| 510 | 545 |[A¥F| 35 72 | 315,000
50 |2EY 297| 325| 444| 470 | 529 |A¥ZF| 38| 78 | 314,000
Kg/m? AN 333] 396| 494] 536 | 577 |a¥=] 40| 81 | 328000
A7 362] 390] 49| 563 600 |A¥Z] 40| 82 | 328000
co0  |2EY 35| 377 48] 510 540 |NY¥E| 43| 81 | 327,000
Kg/m® SAA| 3821 407| 545] 664 712 |49€F| 45| 82 |339.000
A 378 434| 56| 625] 665 (48| 46 91 [ 340,000
% a): BEe E3E b)) SANHTYT 20m) 10% T Tae,
o AeE 10% & ZTaYE, d): WANE 5% &Y ZagE,
e HAMATYA 20m) 5% &Y 2adE
K2 7-1>el BFUE 200md $AANE THAZ 228 F S
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e v AgAMgo] Aolx 320kg/m o] 4ol H
2809 EANE U&=

PEBstE A AT 300kg/m oFHY F S
THRHEAM ZARE EYE B 2313 AF 2849 2
d2xZ=E A3t
A (B 7-2>F Ay
E EHAE ARY B Loz AU L] 300kg/m ojstd
2 A

F7Z5F FMAUtE LY 235 veEtiz ot

fr

AE TUHA UL Aol 23ly MY 28¢ 9 EANE &

zhetA B 10~ 20m I BANE ZTAIEL AR
Apgste] HE E3EY MY 284 dAFE Hrl o 22 4F
Z2E UetUA 37 HAMHes HLY DAY IFo] 320kg/w
o] 4ol = ofof gr}.
. A {3y Edu s AFxFR T 54

ZAME THAE TUA BT FRgE vlMAM 2P
28 AUEFZEE Husstie HHY AN Y& 2¢ RF
Z3AEY Y 284 LdFLE ¥NA HY TULY FANE
TdY E3PEV UetdEe AF 228dol MY dFT=E FHES
A" 7-DR F 7-2>2F¥ 4 st AHYZE2 b F <
E 7-4>8 o] viERRTH.

<E 7-4> 4497228 A4 33 &3 ¢S5 e

§ GAAGAT (he/m)
T AR T T 500 | 600 | B ® [BAAE
T A A | 20m | 10% | 10% | 10% | 5% 9%
amsse | 10m | 10% | 10% | 10% | 5% | 9%
78U GERE|  20m | 5% | 18% | 119% | 12% | 14 % | 023
=5 g 10m | 20 % | 2% | 21% | 28 9% | 23 % | 015

T RoA AN MY ZTALL FALIFY AV A= FARIMY
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S AYAY HE2E Ao Ak, F, DoAY Fo] 320 ~ 500
kg/m BHY ol HAHETY Lol 10%o]ut e AYRFo] 600kg/
o ¥ e AWE FIF S5%0lr}.

VA HAZTALEY FAAME TUA AP 28¥99 dFxT=c B
ZdAol 20md A2A FANE ALY = AF 284 ¢ F
ZE7 A Z2gAZ o wet A 11% ~ 18%(F & 14%) H ¢
oM F7sted JTAY g AYATE F71&8 HFas AM 2
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EY} FFYFol AEFE AY 289 U¢FBE F/AE A Y
Efuvted ol BZUd Bl HE ZF¢ vuEHEH AA ANE £
HE} EEAUZe] AA o F dojung ANWVE £33RETY F
F& Uy & 3337 dEel dEld @4 o= i,
. AN A vy
HAETULY HHE dolMd AME FA 2712 TYUY
HEUE TEY EAA: TERUNIR £HE Aoy F

=2
& 33 Hu dFF=E LMY U AN XZF

-

deoslx Rz 222 FF FIEAT A7 wEo
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<E 7-5> 24 Y742 g2 AGdE AN HdA &
E Fis A A FE EAE (%)
2ydA 320 kg/m’ 400 kg/m' 500 kg/m’ 600 kg/m’
10 ¢m 25 25 25 25
20 m 10 10 10 5
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ode MdestEY g viayd o 2 A7 e=g
deAstEol vidA Ag B 0% Frob. A3y AestFol v
MM EaEEE THRHEA FAANY JdAEs LuAGeA o
¥ HenE SAANIN A EN FAY FAE vElE F=E
Me A48 %o FAste 25 74 E4Y E¥AUY F

€ olRE YHEY o] oAA4HTL.
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U FIFUAZ 10mA FANRE SHBHALY A BA Y]
Ao YL A7 Y FYFHET A AA vElUH, B
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TUY o AP 28U AUFAE FAE VWA GAYAMAPER
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<HE 7-6> HodAdY vdZ2g A Pd EadE Q5P

9Add | 2794 | HAHEYE &9 A8 FHke/m')
2} Z(ke/m') (4m) (%) AAE 3 gdaA | AN (2EE

2002 A A) 10 360.0 166.0 11.25 400 -

400 10(#AA) 10 360.0 166.0 820 40.0 -
27t E 10 360.0 166.0 12.91 - 40.0

20(% A A4) 10 450.0 157.0 13.70 0.0 -

500 10(2A &) 10 450.0 157.0 10.24 50.0 -
A E 10 450.0 157.0 13.53 - 50.0

2008AA) 5 5700 166.0 16.53 300 -

600 1004 A ) 5 5700 166.0 12.10 30.0 -
At E 5 5700 166.0 13.74 - 30.0

Med RAA EHAZA ANAEY e ANEE IR
st Eel v vz S04 EARAAL 27 ANAE A
Hel AQAMAE B2l 10w FAMAL B2ZLZA 20m
QYA BUE AdAeE festin BoH.
I EETL

A4 AYA RNAIE FuUSA ven e AEL =
29 + Q.
R, YA ERAZA TaNE YAREE A 9
A Sl AUALol Aol E 320 kg/mol ol Holop gul.
Sa, YA 20mY FAAE THAL VEA HA UA
A ZUee DHAAUAL 320 ~ 500 ke/m & HWelojA L AW
E zuy loxelz DAAYAB] 600k/md 7S 5% Lhehy
O EQ ome URREE BEY ZaEo ualy A P28
At 1% ~ 18%(R 2 14%) ZA%H 2780 vaFYADAL
2 BAHE Moty oldY WAL MANEN W ¥l zso).
SHU MeES gel HuEAes As AAELEY 27
o WA WEel AN FEE A8 AReAs WA

L33 FANE TYSHA U= 2Fe TIAHE B ¢FAE
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7t oAl @A wAe T A& FJE adtoy, AP 28
Yol AB2ZE 27189 277 AedsFRTGE A A2 B
€ 371E AA dABA¥YAZTEE2 T HAE UErdc. o] o
EAZEE EFHAMNT MHedtEe #1AL E& AAAGAY 4w A
oA A== Hr},

aetd BFUZE 20m A FAAI AadgtFEA vl A v 2P
3} 231 484 & 73 4 Qi vk,

A, BFAdFo 10mAd FAME AHEA HAY KA TA L
S e AgAYgo] 320 ~ 500 kg/nd A BN E AWNE FIF9
10%0] 32 Tl A Y Fo] 600kg/mM U F ¢ 5%F LiELRTE, E ¥ 0]
e AdFFEE RFY TAHEN A zF28Ud = 20%
28% (B & 23%) 3713t F 71 &o] el ZAYAYEE  HAE B
olz %t T HeANEF Rrix Fdo o $ ¥ x3tct.

EY BFUYZ 10md AN HAETYES HedtFolLl B F
A7ZE 20mA KA wMAH 2 A WA Y2 25%0] 3l
ol AA FREA LA FANE clIA AEY + AL
B2 gAY F47t ook dagdct. 23 AF 28U A gH

ZE F7H& 277 deElstEolU B2UZF 20md FA A vy
A HH A FIE AAMAANAE 2 "HAE UEIUA UEsE F
ZaNEL TAAMZAH HAFE Brix FHo] slojyrt. o] g

E ANFE FHME HedtEF Eruix Ho vUE=2 FHdGAY
28z EoA AR} WEdE EF3L vy FF FA
gog Jd ¥F T AR AUA F&H3] T HA AZS BFAY
Roz oig=ct.

A, T3ELE EHAEY FF R ¥F ARZBY &S
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S & KSF2423¢8 F B of ulet HAFHPE= KSF24078 FH o uwe}
HAZTLEY FAAMY AestFES ZLY EEFAMNE TE
T F ABE - AUYABEE AFZE AEE A2
2 2xE E4stdr.
3.8 Hd#% 2o R 2 W
AFdE e dyAVE A ZE AEZAJE HFey Aol (
F 7-3>0|t}.

7t ddARFx 54

et 1/128 hE} YL},
B UEJIRAE FIEY ZJe A& EHAREAN AR I
gl ABEHIZ A+ AHAAEFEHA FANEE AdAARE FHAgMHE

BFEBol 20md ANE 448 A== FHY FHUY

el 200md FANME HAEYH wFY REXRE
VEAXNANEES A HdAVNEL 28d HAAXZ=EI BREF E3
g Eo v o 10% st Frstd, HARREY A7 ¢
2759 o 1/622 LElYT}.
EW HABZE F7HEY A7 Y& EHAEAN F d
A&H e HeER FANER FFUZ0l 200mY RAA
Ex Ad% THAMzEZA FAHY ElPHo] A& EE2 ¥ #

%

ABZ =7 ABA ZefAL2E Z3HE AMFoAH FF
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md $ANE TUHARE FYA A Bl A Hold:
Re H3Y 4 Ao
A 43 AA Y EAaHEY 43 54

=
Y of o 120cal/g 7HA] EES LAY
o] WJ wFEe W F FTAYE
Ate +HIdE Jdq Z3eE WY
of §2 24 wWwRA¥c. 2y FAYE JRE AR
= of U5 2 2 AHAA3 JFrE YastdA
UgFe FAN 2 F3 A2 A3l A28 Fdo] ¢ grt.
ARMEL] FHUZAM UYPStE +HES AWEY H Fol o3
ol & 9] F MM B2 (CS(Tricalcium Silicate, 3CaO -
Si02), C2S(Dicalicium Silicate,2Ca0 - Si0;), CiA(Tricalicium
Aluminate,3Ca0 - Al1,03) % CqAF(Tetracalcium Aluminoferrite,
4Ca0 + Al203.Fez03) 4oj 1 ol & 2z A o] UElUYE +34de A7

£ R ET-DHDE 43A Adrt.

<E 7-7> NWE ARy $39
O 1 g3 #3514
° - Vg cal/g
CsS 502 120
C2S 260 62
GA 867 207
C.AF 419 100

A FINEAAN £ g3 ety FH s 3 +3
HZFEdY I g A UElUI] Ere dEHAdEE k7 A2
of A (FH#H)Y TIAUNER B FU A7 A Z3EYA e
E WY Fd FAY &2 Aol2 Jdf Urtudes FdE e ¥
# oden F2 oja E3EM ol ¥ el

3

'aa

Mo Aozt AN Kol vAFF Si0 v
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ez ¥HH o ofZlo] AMESL 4712 Y& F FH3 CsS
L Cuet £ EE &3 AP, AN £ HesEFELS 2
7ol #ZEol&z wgstd HAgol2 & ZAAFIL oldupet AR
BEHE +HEY F4o HA HY o2
8 AWME Fo £UF AT AWE REFH Rropx: ZAA uE
ok, o2 HeAEES YU AVE Fo dUd 2= B
2o Z¢ Bt o& Arct.
K2y 7-2> gFoM AN TULE - E-AWEnE - AP E

BAAN TY AVEEFY s£3d W AF S HEY Aot

YAR(GH pv)

AYEH:ADh A YR

<Y 7-2> AN Y ANAEZ
(AH-ZANED-FAREYE)
ol2 8 E HAANE TYsldax BE ANWEY £3VFHEF g
R 2 2¥o] AA A wdFE Bolw Hcof #dIFol UE
U A7 g 01X 23 10AZ22 N Aol st k. =R KA
Ao TAgoU TULY ool FNUYSLF HUUAdIFY A7

L molaAy 4de WAANSADoY Hojuwdago uetus

Azl A= W dth. ol HY +3%d WA s ANEY 4
23 CS7 Ushds 439 w4 4 dAstes o I ofE
C:5¢] ZF ol the A AWE FFe 50% o4& HHs WE

—177—



of SAAME ETYstdetxs VAR Uetya g o &l
¥H e FILEL YR ZHA £33N 3 Fo abep 3
do] U3t 2 EE=HEUFE KA. Ty L Kzt
%71 WiEo oF &= & A2

& A&3 HAAAIA R
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Bld% S=ZF A7 uvEidrh. 94y
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t &3 dEo g HY & Aol E Ky
|
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& A fEHA "t
wtetd ofa 23AE R UElUde 22 Td (AN
Htg 2= ¥4 ot XFY I E
¥ A lernzE ofF EUE I 32
dexds B (2= 453, 22454
+)E& F+B3%2 Art.
Jy SANE TUY EAAE e dd2=8s B4+
§ H3Y ¥ JeBE olF FHI #AANE vja ZIYE
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