Development of a Boiler Production System

Utilizing Plastic-Film Housing
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SUMMARY

I. Title of research

Development of a Broiler Production System Utilizing Plastic-Film Housing

II. Objective of research

The objective of this research was to develop an environment friendly
plastic—film housing which can house broiler and achieve higher production
efficiency and heat efficiency. This study also was intended to develop
environmental control system to maintain optimum condition for broiler
production and, to develop breeding management system to increase feed
efficiency and broiler productivity. Manure treatment system was developed to

utilize broiler manure as compost.

M. Scope and contents of the research

1. To develop and construct environment friendly plastic film broiler
housing.

2. To compare breeding environment between plastic film housing and
windowless housing and to develop control system for optimum breeding

condition.

_11_



3. To develop breeding management system for the plastic film broiler
housing.
4. To develop broiler manure treatment system for utilizing broiler manure

as compost.

IV. Summary and Conclusions

1. Development and construction of plastic film broiler housing

To design and construct plastic film housing, film life span and structure of
frame were analyzed as a basic study. Dual plastic film broiler housing and
traditional windowless housing of about 330 m’® were constructed to house

5,000 broilers, respectively. The results are summarized as followings:

1. Heat containing capacity was superior in the plastic film housing than in

the windowless housing and dewdrops were not generated.

2. Broiler manure on the floor was dried fast in the plastic film housing

resulting in lesser ammonia emission and malodor.

3. Broilers were more lively in the plastic film housing than in the

windowless housing.

4. Nipple water supply system was considered to save labor cost and to

supply clean water, and to protect dirt and disease more efficiently than

_12_



circular supply system.

5. The blower could be used effectively to make the floor clean and dry and

to increase the ground temperature.

6. The plastic film housing was approved safe from the natural disaster such

as typhoon. The housing was safe from typhoon Maemi in 2004.

7. The plastic film housing needed more careful management than the

windowless housing.

8. Sun sterilization in the plastic film housing could be conducted effectively

in the condition of above 50C with the window closed.

2. Measurement and control of environment variable

Measuring system was constituted to measure inner breeding environment
and outer weather environment such as temperature, relative humidity, solar
intensity, wind direction, and wind velocity and rainfall. The inner breeding
environment included temperature, relative humidity, wind velocity, CO-
concentration and NHj; concentration. Fuel and water consumption were
measured using flow rate meter. Control system and computer program were
developed to get optimum condition for broiler production. The results are as
followings:

1. The temperatures of plastic film housing and windowless housing were
consistent with the suggested values by previous researches whereas the

relative humidity was changed irregularly.

_13_



2. Daily average CO:2 concentrations in winter were 1,698 ppm and 2,619 ppm
for plastic film housing and windowless housing, while the values in summer
were 1,057 ppm and 1,090 ppm, respectively. NH3 concentration showed higher
value in winter than in summer, however, the value could be maintained below

3 ppm through the enough air exchange.

3. Windowless housing was more efficient than plastic film housing in terms
of fuel consumption in winter while plastic film housing was more efficient in
summer. Fuel consumption for plastic film housing corresponded to 58 ~92% of

that for windowless housing in summer while the value was 133% in winter.

4. From the analysis of water consumption and image analysis, the broilers
acted lively at day time and took a rest at night time in plastic film housing.
From this point, plastic film housing could be said to be more environment

friendly facility than windowless housing.

3. Development of breeding and management system

We have conducted a broiler chickens performance research by using

windowless housing and plastic-film housing. Our research team experimented

on the subject five times for three years from June. 6, 2003 to June. 22, 2005.

We have assessed the broiler chicken’s production and index. The followings

are the results of the research.

1. During the summer months of June and July, chickens average weight

_14_



stood at 2,048¢g in windowless housing and 2,104g in plastic-film housing
respectively. Therefore, we witnessed that the latter weighs about 56g more
than the first. On the contrary, during the winter months of February and
March, chickens average weight came in at 1,293g in windowless housing and
1,2582 in plastic-film housing respectively. The result showed that broiler
chickens in windowless housing weighs about 4lg more than those in the

other one.

2. Comparing the feed intake of the two subject groups during summer
months(from June through July), we noted the chickens in windowless housing
consumed 3.23kg and those in plastic-film housing 3.16kg each. Thus, the
latter group took 70g less feed intake than the first one. Furthermore, during
winter months(from February through March), the total amount of feed intake
was 19kg by chickens in windowless housing and 1.8kg by those in
plastic—film housing respectively. So we could see that chickens in windowless
housing consumed about 100g of the feed intake more than those in

plastic—film housing.

3. During the summer months of June and July, the number of dead
chickens was 112 of them in windowless housing and 143 in plastic—film
housing. That shows thirty-one more chickens were found dead in plastic—film
housing than the other group. However, during the winter months of February
and March, the number of dead chickens marked 120 of them in windowless
housing and 57 in plastic-film housing each. Therefore, sixty—-three more
chickens were able to survive in plastic-film housing than in windowless

housing.
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4. According to the result of broiler production index assessment, during the
months of June and July the production index stood at 353 for windowless
housing and 379 for plastic-film housing. That means the production In
plastic—film housing is higher than the other group by about 26. During the
months of February and March, the production index was 293 for windowless
housing and 291 for plastic—film housing. Therefore, the plastic—film housing is

lower than windowless housing by two.

5. Our team conducting the experiments without using antibiotics, for the
first test, we found that the feed efficiency showed 0.66 for both subject
groups, and that the number of dead chickens were 63 less in plastic—film
housing than in windowless housing. For the second test, the feed efficiency
marked 0.66 for windowless housing and 0.67 for plastic-film housing each.
The number of dead chickens was 302 of them in windowless housing and 147
in plastic-film housing, which indicates 155 less chickens were dead in

plastic—film housing than the other group.

4. Development of broiler manure treatment system

This study was performed to analyze quantity and characteristics of manure
generated in the broiler housing and to develop composting system for

recycling manure as fertilizer resources. The results are as followings:

1. Broiler manure corresponding to 10.5~11.5 percent of body weight was
discharged a day without out any difference in moisture content and pH
between the plastic film housing and windowless housing. However, electric

conductivity(EC) and organic matter quantity were higher for the windowless
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housing. Moisture content for the compound materials of the broiler manure
and rice hulls was 28% and 35.4% for the plastic film housing and windowless

housing, respectively, showing 7.4% higher for the windowless housing.

2. Moisture content of the compound materials was too low to be used as
the composting materials. Compound materials from the plastic film housing
was mixed with dairy manure and composted in the static pile system.
Composting was performed varying the airflow rate to find out optimum
airflow rate. Optimum airflow rate appeared to be 0.5 L/min - kgDM for the

aerobic composting.

3. Shakeable bioreactor was developed to supply air to the composting
material evenly and composting experiment was done with different shaking

frequencies.

4. Optimum biodegradation period(upper 45C) was obtained during 185, 219
and 234 hours for no shaking bioreactor, one times shaking every 4 days and
one times shaking every 2 days, respectively, showing longer periods for
higher shaking frequency. Bacillus destroying period(upper 55C) was obtained
during 88, 174 and 200 hours for no shaking bioreactor, one times shaking
every 4 days and one times shaking every 2 days, respectively, showing
longer periods for higher shaking frequency. Application of shaking bioreactor
during composting could enhance the quality of final product. However,
optimum shaking frequency should be determined according to the reactor size

and composting materials through the further experiment.
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9. 2AAAS FEZAALS] A AH] H

7h. 22 AL
3E2-2. B 2AAAS B AW Bl
R
AR
Al 1003 2009 300
<A A AL L7 0]
. 15m * 24m 15m * 47m 15m * 69m
™
HE 21,000,000 28,000,000 39,000,000
A dxH] 2,800,000 3,800,000 5,400,000
~ ] & 12,000,000 22,000,000 31,500,000
21234
&5 Q17iH] 2,000,000 3,800,000 5,400,000
71 Z(d v 2) 1,100,000 2,000,000 2,850,000
71Z 4] 500,000 900,000 1,290,000
=] ¥ = (10TON) 1,500,000 1,500,000 1,500,000
oA A
el 2,200,000 3,800,000 6,300,000
592 (1TON) 200,000 200,000 400,000
FTAA
R 2,200,000 4,200,000 6,600,000
HAIAE (d 3,300,000 4,100,000 4,800,000
N7, 2EE 3,500,000 3,500,000 3,500,000
#71A 4
of ol & 2,000,000 4,000,000 6,000,000
HEAAL  [HU7) 5,000,000 9,000,000 14,100,000
Al 59,300,000 90,800,000| 128,640,000
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o] A& F7kste] 7lso] /EHI AMSHEE FF AA I Jok(E, 1991). 1970

dul el A%He e Al 43 FUAS el e Husle Fak
Ea
h

0.7 kgol A& Aol 261 F¢1 19870l = 32 kgo & 457% = F7hsto] e 717t
T 9 199 &7 Fa8Y SUFE 3U%EY =g, AdE 1961 19T
2Bl #o] 1.8 kgol® Aol 1990\l 9.1 kgo & 505%= F7Fsle] a7 ¢}
Aol am| ko] thE FAMERT T7FEo] EkTH(A, 1993). &4 AL ThSE
Fasta Qo AL wlElRE S7EEAC vk b s7bE Bt AbS R
= 909 T 1% 6162 whElQl Aom FAkwo] FEldh e o) A o] e}
gk ey o8 e Axe R 4 Azlarel] wiskd obz GAdk R,

=7te] R Mo M FedAol AFRET T "ol gl AAH oA

h

5, 1999).

o= Ao AbddEl FA S Aesrr wol WA H AR Ho, |
A AA Sl Aol wm=o]l ol Aeofyo] 119 #ela7k wWobxa A9
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A 5(2003)2 FRUYol= zb=o] ZstH, 20 ppm olstoll A= H A Fo] §l

ofgtol A= Aol glo.
F& 300,000 ppm ©l¥ ZEFSTL E8, FE, A4, A4 5 dozivta Baust
S tH(Barber &, 1993).

Hans(1993)¢ 2.(1990)& elitgetas AAe 2aAAE 45 7 84 24
7F He tRRA 7 SUbEA 270 E A dEs AEHATL AE
2ot stvl] AR E e ALHW Aapel7hA] o2 Hedl AAE AAL el
10,000 ppm °l8t7F S == afof i shalrt. datstebie A el dlE
T g 2o Aol o8] TASE shaEA Azolu WAL gly] wjEe]
Asbebae]l SAS AAE] olgan, ske] dibgwie A5 AsbeA @

B osseh GEUok shaE A 22 5 9E £ 10 ppm FEIH, 25

e
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o, o] At F T0% o4& A Aol FUSHA Ho WS FAE + Ak

A Baslnh g S(2003)2 WAL T2 = Fol HHstER FFAARY

ol

_60_



_61_



W AAetgth 9% Age A 26l ko] AAU(AY 3DE AAshe] &
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D dely 344

B o]g¥ doly A+ Campbell Sci.e] CR10X Dataloggere] ™
ArLe]l B Rl R A e

HE 2oz 2AAME Aoishzd olgsoldth deld £/ analog

AL AT HolHE FFh 3 F3E fol
input, excitation output, pulse input, digital I/O port, analog ground(AG), power
ground(G), earth terminals, 5V output, serial I/O, switched 12V S22 A4
of dlon, & A= olHg VsES AHds] o] &ttt

o8 4% 7](CR10X datalogger):= Flash Electrically Erasable Programmable
Read Only Memory(EEPROM) 128 kB¢l  Static Random  Access
Memory(SRAM) 128 kB¢ wWR#Z 7% 92w, Flash EEPROM o &
Operating system©¢] #7g= o] gt} 3 49 dolE = SRAMS final storage
of A7geTh

FHE A=ZE PCe &A1& AR CRI0X  Dataloggere] 93 Serial
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Input/Output £Ee°| 93] HA%o] ™, Boud rate

L

L

3-12 CRI10X datalogger®] A 9-< e Holt}

3# 3-1. CRI0OX o8 =3&A <] 2l

Item

Specification

Program execution rate
Analog input

Analog outputs

Resistance measurements

Period averaging measurement

Pulse counters

Digital I/O ports

CPU and interface

Real-time up to 64 Hz

6 difference or 12 single-ended

3 switch, active only during measurement,
one at a time

4- and 6-wire full bridge, 2-, 3- and
4-wire half bridges

Duration of a specified number of cycles
2 channel

8 ports: binary input, control output,

3 ports: count switch

Program storage: 160 kB,

data storage : 128 kB standard
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< Zto] WY (radiation shield)oll F2¥ = - FE AAE, 19 3-45 CO9

NH; 7} AME, 29 3-5+ 95 F9AE Yed Aot
& 32, AFFEE A ARgE AlAY] Al
= Wolzl/ma | =@ Au | =3 w9 e
HMP45C capacitance type 0~100% +3%
Campbell Sci. .
=] — o o
LIRS 024A potentiometer 0~360 15
Campbell Sci. 3-cup 15% or 0.11
7] Ak ~
1" 014A anemometer 0~45 m/s m/s
) silicon
Campbell Sci. . - o
112007 photovoltaic +3%
detector
Campbell Sci.| .. . ~ o
TE525 tipping bucket +1%
Campbell Sci. thermistor -35~50T 04T
A AL HMP35C | capacitance type | 0~100% +39%
Solomat . +(5% reading
=] _ ~
2 199T hot-wire 0~10 m/s + 01 m/s)
_ Vaisala thin—-film polymer +(10 ppm +
2 _
e AMTI101 sensor 0-100 ppm 20% reading)
Vaisala silicon—based B (2% reading
GMW22D | Carbocap sensor 0-5,000 ppm + 30 ppm)
MacNaught reed relay 2-100 1/hr 1%
MacNaught reed relay 25-500 1/hr 1%

_65_




7k AA

a9 3-4. CO, 2 NH;3

_66_



Fdde TF

hul

,ﬂ
Ho
X
o
et
olft
ox

S s EAS xAE7] 98] digital video
recorder(DVR)E o] &3ttt (F)3tFe DVRel Z/W7F AAsor xdH=
% #W=(Asung, 550 mm)7} F&E Zet CCD 7hl g (Honeywell, =@ GC-
435N24-G) 205 Ak JhvletE AR 2AAAbel A A ske] AARRE
FA9 FF54E vud F JEF v e e 29 1 ZddS A
detdom ahFell 3A17Fe] @S AR VRS 17 3-62 A AAL

of A% CCD 7hviletE el Aot

K

rlo




@ AAAel @4 Z4e AsE Aw 2o WS AHgsdon, HSe CO Fha
AAE F7hz AR B3 grle ews AusEs 2487 st du
T&DAFS] & TR-72S Zto] =5 &

A3k,

FAZAE Bokel §A9 @ 0 £R AT B ARE YA
2. Ao} AxdY FA4

24 #79 AjE A% Aojwe T A Phoz Awsdc shis A

o AFg® CRI0X AEFH A9 digital output 7] 5S o] &3] Alojsts ==&
a3 Aol thE b 7]Ee] A A AL E = Alojuke] $y|Ao] K
TS T8t 2% ¥ ofYgl CO; B NH3 7t s wel S3 o] /fHH ==
sk otk of7]el A= CRIOXE o83 Aol /ol dhste] A atsl

®

b Aol A%

Aol Al2=El& Campbell Scientific®] CR10X dlol¥ =ZA, SDM-I016 tj#¥

_68_



A 2Hg7], MD485 HEJ=F g Hol~ Fx 2 g HAFHE o] gt

Wk 17 37 A% - Aol Azl TAL el Aol

RS-232 RS=485 CR10X-1
MDA485
PC MD485 ] (374
D CR10X 2
(A AAH
SDM-I01
5
a9 3-7. AR AlE - Ao A" AR

Aol e 224AA el =36 HAEN), Fr1e A WY, 7S]

N
N
N

offt
N
N
1o,
offt
L
ox
fluj
il
°
ul
=
rlr
i)
e
P
i)
[
il
4z

L

=)

2

o
=
=
4z

o= Aol
2 99 delols AXAPEY] D driver IC 527t Z3E o] v,

79 3-9%E 3-12% Aol HEEE tehd Aotk Aoy 7171E F 1670
W, mHe Aol 4 A4 e AN Fo ANY Fo] BHE HusE

2 3yt I ZEoA DE HA

i,
P
rlo
=
o,
i
i
A
1o
iuj
X
i}
i
vy
bl
[m
lo,
2
fol

Ll

2250 adon Aed Aotk £E/AF 9 REHe 4
HE Hzz FAsar.

7ha719 Aol #71(87] wnhet 7hso R Ves st o

_69_



O

OOCEEO0 c}cﬁj‘%i’:}t @ :ﬁ '?JEHE}HE-%@H :34-){;}&'

¥ 3-9. FE/As AE s voly 279 "gAd gl o7 "ol Ao

_70_



ol =L=t

I3

2 &
X
1:.':
: 8
e

?E'Eﬂ(ﬁ'{i‘{'l"jﬂﬁj‘) 2EEEHOG E'B(FDE'}EEJT
I

o
|
oo
—1
-

-

B |
oy

o
— 1

o
—1
T

=
—

o

-0

@

i H i iR e A L A P el e S A it W e kR EE _I

a9 3-10. BH AojE L] IR

o
=

—
A =

1:1a:};ﬁ:ﬂ:t:n:}m:n[}ﬂ::rutjﬂﬂ
| ,

A OEW aEE ARa EEes

a9 3-11.

EN-F ICRE-N IAE-F DieT-8 JER0- Hied-d mar-d did e e dEEd W

Aol g Awiel syl W Hw

_71_

Al A



o Alo} ZE ) 24

% th Main logic2 AAFY] A AA Hast A, &5 2% HFUsE, T5,

(
adr

B, ALY, CO, NHy 7h BES AAZYE fojSe], e 443

df ol

flo

AR vlaste] 24 R 2k §% 2 UtaFEvE AA WMeE vl
23 A= AgP3HA ©rh. Main logicd] Ao =g& aA 3], 71

W obroR THHL SRd FEI AdE D) medFd 4%, 2 Aemgal

o
B

B, 3) (A2)nFS A 4 (A2)AF] A5 AR FEske] Z
3 sub logice 2HstAth @719 Agol= T53 T, A 2 S AR
& 1#ste] Alo] =& ST dAle REE HAEE AA dA zE2a

2S5 Campbell Scientific®] LoggerNet SDKZ o] &3}le] #4354}

e

_72_



FRAMNG SAAMNS A A5EF W

1.

=)
e

o
Az

M
ol

717kl F471(2004 2

]
=3

47 A}
(20041 59 29%E 64 17274A)9] ¢

KeR
T

a3y 3-13

o2 et

A AFE717EQ1 FE 712004 2

7

=

p [e]
-

Iy 3-14

(2004 5¢€ 229d%-F 649 17474A)9] ¢

%

-
o

of
N
N

[e]
=3

Al gedel wel thed Aol A}

il

Al

Az

T COz 7F2=¢F NHjz 7h2=9]

3

Dz

Q)
=

ojtt. AAL W

w

=

we} el

B
Ll

U
Ho

ol
—_
file)

]

o)
o

—_
o

=R

Aol

)

2,619 ppm, =AAAE

1
fu

A A
FA 719 A9 EZAAE 1,090 ppm, S AANE 1,057 ppm

S|

s

1,698 ppme] o™,

g7 o] we sAvlel EF AR o] FolH

134t

o

_73_



COy 7}=9] wmrk 47 Bup Sk

Temperature (C)

Temperature (C)

35
30
25
20
15
10

[ D.%ﬂﬂ‘&d""oox,\o
| C‘fv\c%A
[ 'LO-O\O\OJ;»-O—Q‘O’O\O

2 5 8 11 14 17 20 23 26 29 32 35

Age of birds (days)

(a)Winter (Feb. 5 - Mar. 9, 2004)

o, -
-

.'\O\:/O\o-cw\ oo o
. S 0.

1 4 7 10 13 16 19 22 25
Age of birds (days)

——Outdoor
—o—Windowless

Plastic—film

—{+—Outdoor

—Oo—Windowless

Plastic—film

(b) Summer (May 22 - June 17, 2004)

9 3713 971sk AAL Wl A 2w

_74_

1 3}




100
&
>
5 —— Outdoor
€
Z —o— Windowless
&
Plastic—film
0
2 5 8 11 14 17 20 23 26 29 32 35
Age of birds (days)
(a) Winter (Feb. 5 - Mar. 9, 2004)
100
80 X\K Jﬁ "
g
> 60 X
S
g 40 L —+— QOutdoor
E —o— Windowless
€ 20
Plastic—film
0

1 4 7 10 13 16 19 22 25
Age of birds (days)

(b) Summer (May 22 - June 17, 2004)

Y 3-14. 9 7)ok AAE W] At dieE W

_75_




CO2 (ppm)

CO2 (ppm)

10

4000
—0— Window less,CO2
3500 || —¢«— Plastic-film,CO2
—— Window less,NH3 4 8
3000 + Plastic-film,NH3
2500 16 E
Q.
2000 | =
2
1500 ¢ 14z
1000
2
500
[ T A - S 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Age of birds (days)
(a) Winter (Feb. 5 — Mar. 9, 2004)
4000 10
—O0— Window less,CO2
3500 - —x— Ptastic-film,CO2 8
3000 | —a— Window less,NH3 1
Plastic-film,NH3 .
2500 | le6 €
g
2000 —~
2
1500 |- 14z
1000
12
500
[0 o S = S S A )|

1

a9

3 5 7 9 11 13 15 17 19 21 23 25 27
Age of birds (days)

(b) Summer (May 22 - June 17, 2004)

3-15. 9 B CO, 2@ NH; 7b2 =9 wsg)

_76_



NF

o]J

o

7144

=
[}

o] 1t}

50

ol
T

A

o] WA ¢kol i

o] ol

14
A AL

°©

7}

=

[e)

ted E =7t

o

7}

=

[}

A
o
ﬁo

] CO

0
z]t

7

34

A 8k Sl et.

2}
1_
Ry
=
=
Eal

g A%
ks
er i,

10,000 ppm
Al

1
.

A 7ol A

e
1l

=

+2 1,750 ppm ©]%1tt. NH; 7}
A

3

sto] ZAAALS] COz 7k F7h S

S

Fit 0 ppmo = Ao HEHA
A

]

hy2
=S

R

R

gl

= ZAFE ATHL, 1998).

°©

7} ok7bR T} Yokl NH; 7F~ EEi E7|A}e)

=
314 A2 39 6€9] FAAAS] CO, 7+

64< CO; 7F2= ¥ NH; 7}
5

Eal
5
T

)

=

o

69 14¥29 CO; 7}~ ¥ NH;3 7}

=
-

H
L
R

[e))]

T 0.06 ppm °|leH, AA A
3-172 3t

ke CO2 7}

3t, NH37d %+ 25 ppm ©|

S

]
FA1 71

)
'LO

9

ppm °olgloew AAA CO, 7~ FE9
o & Aoz 2AEY CO, 7HAE

of oA LA

9 REE B3] Be A4
Aom ey NH; 7h2s FE9

319A =& 3

S AAAL COy 7}
ppmo.

2494 =

A A COz 7}

ol

o

)

bA17191 4

o

T2 0.024 ppm ©°|t =

3

oz

on, 247

1,034 ppm °]¥om, SAAALS] CO;,

_7’7_

14919 73AAe] CO, 7



2] Pt 762 ppm o9tk NHy 7h B2 3Sol T3AA 3

0.116 ppm ol o, 2AAALe] HitS 0188 ppm ©]th Wt T4 7] 9

Sol 4% F 2 A BAe we] AR HF o] wA o} wUE

=~ = REA

Ea
e
Y3 2719k 2341719 CO, wEE 47] FEe) 20 P 2alch NH, 7}
59 7
[e)

o ool AAW, Fukrlole wAR Fo] Frste] FE Frbekgitt.

4000 25
e \\lindOwWless,CO2
8500 - _ __ Plastic-film,CO2 1 20
3000 Windowless,NH3
— Plastic-film,NH3 —
£ 2500 - 115 E
3 3
< 2000 WW g
O 1102
S 1500 | z
1000 " — 15
500 bt stosar— w'\“‘ kg M\/ﬂ‘“ S——
0 | . L \h. L | 0
O O O O O O O O © O © O O O O o
M O M O M O M O M O M O M O ™M
"BYIBRISEBEEE38E Y
Time (min)

(a) Winter (Feb. 8, 2004)

6000 - 25
s \ indoWles s ,CO2
_____ Plastic-film,CO2
5000 | Windowless,NH3 4 20
Plastic-film,NH3 I

NH3 (ppm)

Time (min)

(b) Winter (Mar. 6, 2004)

19 3-16. Daily fluctuation of CO, and NH; gas concentration

_78_



4000 25

s \/\ indOWIleS S, CO2
3500 - — — — —Plastic-ilm,CO2 1 20
3000 | | Windowless,NH3
E 2500 | | Plastic-film,NH3 | 15 E
g 0 f ‘ 3
g o | VM || 10 §
o 1500 1 zZ
1000 15
500 |
0 l . L ‘ h L.AA‘L\ AL. i . 0
O O O O O O O O O O O O © O o o
M O M O M O M O M O M O O O ™
TevYersogdoREe R gy
Time (min)
(a) Summer (May 28, 2004)
4000 25
Windowless,CO2
3500 — — _ _Plastic-film,CO2 1 4
3000 | Windowless,NH3
- Plastic-film,NH3 —_
€ £
g g
N ™
I
8 z

O O O O ©O O o O ©o o o O O O O
M O M O M O M O M O M O M O M
- M <t O~ O ON MO WU © 0 O «—
- - v v v - v N N
Time (min)

(b) Summer (June 14, 2004)

9 3-17. Daily fluctuation of CO, and NH3 gas concentrations

_79_



&
Hlo

7] AF5717EQ1 249 109 2270l A 2374A] 1AIRE E9F &

|
=

=
<]

o]
00

224 CO

=
i

2bg/deol w

Hhsl ol

1
.

R R LR

w2}

AR Al

UERA Aol "M B

HstE

s

e

].

COy 72 &2 &

7

el

el
i
ey
e

ol

o

(uiwy99) uondwnsuod |an4

=)
S o o o o
=} S S =) S
- @ © < « o
T T T T
c
™o
Qs
Qg
=}
£3
£g
2}
=2
[}
835
0w
L L L L L
O 9O 0 O 9 9 9o 9
n & H &6 mn & v S
N & «~ -~ © & & &
- - - - -

00€¢c
9G¢c
[4144
21444
4444
ovee
9ece
[A544
8¢cce
veee
0cee
9lee
clec
80¢¢
¥0¢c
00¢c

Time (hhmm)

(Feb. 10, 2004)

I

ﬂwﬂo

7 A4

53] 9]

R
R

a9 3-19%-¢ 3-23714]

Aol

=

58 e

ﬁo

Asbel

=1
=

7P R 27

(]
=

3-32 72 At

e

A

B

——
o

22
EE

ﬂwﬂo

_80_



20034 8¢ 211 - 99 16

F - 300
1250
i ] >
r , ©
_ : 1200 2
S 20| |2
L : 1150 D
1 10 | .
o {100
0 ;é y 15 &
N X P AN
-10 E \&\%7675\0\\-?‘}670\‘- S5 35 L L5050 5L -5 L S il | ()
1 3 &§ 7 9 11 13 15 17 19 21 23 25 27
AH
—e— g 7| 25 —*— FYAA LB D 25
—o— RAAXN LEF 2E  ---x-- FEAAL ARDHFH
o - 2AH AL AR AH|F
g% 3-19. =4 WeF 2t dg AR Au e Wsk (20034 kAl
200414 2% 52 - 3% 22
40 ¢ . 300
1 250
1 200 §
1 s
| 150 1
|4
| 100 B
1 50
10
sA)

_81_



200414 59 202 - 62 172

40 4 300
30 | ; 250
| 200
~ 20 F 1
e 1
LH 1 150
ofl 10 E ]
1 100
E o-a ]
O W 150
. X;Q:o O % X g X % % a O:
-10 t \O-\as:\=8’\-6\ ‘\O"O" ‘\té?ﬁ\ﬁmfg\_\gf@uﬁggg"@)e )(‘Rtﬂﬂ.){ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
o
—e—d"ET 97| 25 —>— A LT 25
—e—2MAAN LEHD 2 ---x-- REAHA AR A
o 2AAAL R 4|

a9 321 24 et 2es Frg AR A el wsk(2004d sHA)

20054 39 242 - 49 182
300

250

200

150

100

50

3H2005 =A)

I

o
w
i
rfo
i
=
to
r
rfo
b
o
e
ok
oo
r o3
kil
[N
=
ol
{0
g

_82_

A 2 AH|Z (¢/day)

AR AH|Z (¢/day)



20054 52 262! - 6 222!

- © 300
- 1 250
1 200 &
C B o
- ] s
{ 150
g ] 4
' 1 100 ™
C (o]
0 R R 1 50
T X7 "o X\X écg «
C R i SR B ORI S RN -0, f
T — 0 88° " RO N T TT- St B
1 3 5 7 9 1M1 13 15 17 19 21 23 25 27
ST
—e—UWT QY| 25 — xR LW 25
o SMAHA YD 2F  ---x-- DEAA} AR AH[Z
o - A AL AR A
Y 3-23 &4 el eEsh Whg AR AvlZe] Wsh005d SHA)
E 33 A7 Wl AR el )
5717 947j or 74]_/\} ew gl ] g AH|
o FAAAA | A AA FAAA 22 Al A
2003. 8. 21. - . ] . 259,867 ¢ 167,126 ¢
9. 16, (2797 | 26T | 23T 1 293C (100) (64, 577)
2004. 2. 5. - , \ . 11,045204 27 | 1,564,060 27
3. 2. (2747 39¢C 25C | BIC (100) | (150, 133%)
2004. 5. 21. - . , . 471,822 ¢ 486,521 ¢
6. 17. (2827 | 204C | 286C | 284C (100) (103, 92%)
2005. 3. 23. - . , . 2445835 ¢ | 1602324 ¢
418, (26a17r) | 103€ 296C | 20T (100) (66, 58V)
2005. 5. 26. - . , . 655,578 ¢ 555,956 ¢
6. 22. (28217 | 22C | 312C | 291C (100) (85, 75°)
T D) AFS x27] 159 7R &9 Hrdd.
2) 29 54 HEE 20¢71A] 16€7Fe] Aw A .
3) U wA e o] BHAD gk,




2003 A1(8Y 2195E 99 16Y971A])e A 2799 A {77 &
72 56Tl %7] 15Y &b FEAAN} 24 AAE Hit 293TCTE A

2
ot
xt
o

o] e 2EE AT AA ARSI ES FAAAANRE 2598674 9] dARE
Anlg WA 2 AANE 167,126 0 & An|ste] £AAALY] B A ko] A}
an o] 64%0l &3t

2004 SHAI(5Y 219 5-E 69 17474 A9 289 9] ARS7]7F Ft Bt 9
712 204TColem 27| 169 FF FRAAAE 2AAANE A4 Bt 286T
oF 284T= A9 2 2%E FAFA AA A7 F FEAAE 471,822

lo

29 98E AM3 ubd 2AAANE 486521 4 2 AH|Eto] A AALY] A F 4]
gro] FAAAL Anl el 103%el & FskA T
7, 20059 sHAGYE 269HE 69 2297bA)e] A$ 2899 AMSTIE B
Pt 9712 212CeIR e 27] 159 B FFAAS LA A= 2H2t
312Ce 201CE FAAALe] HF2x7F 24AAAET 21T =9k} o] 7%
FAA S 6555782 9] AmE And WhH 2 AAE 555956 4 & 4] S}
AAAS] AR AR ol FAAAL awEFe] 85%el dFEATt o Ag-ol=

E_
AN eEE BEF AFEART B SA5E] g A0 97 &

= ol
o o o\ Ml 2

!

Z310] RS 2004 d = ShHAlCl Blsko] AR LM Fo] Al FEEFITh

7]l AAE As5 FEFAY wWiTs A7t 29 219 EHE % vyt &4
AT 249 209744 169 &F FAAAA S 1,045204 ¢ o ARE AH|gE vhH 2
AAAE 15640602 5 avEte] 2AAAS] Amau| o] FAFAA A e
150%¢l &l g3+

20051 =A1(3€9 23U H-H 49 18U7HA) ] A S 269 9] ARV Bt H ¢
7122 103Collen 7] 159 T FAAAE SAAAE ZH2 Hat 206C



1
.

A

s

A A}£7) 7

T 2%=7F 06T Eokth A

3

i

AAbel

3

)

&t

Fdeh 29 3-2000A4 B el 2

S

i}

AAAE 1,602,324 ¢ 5 AM]

ol

2,445835 ¢ ¢]

1A

93]

Zenl ko] FAAAL Al ko] 66%¢

A=

o 3719 EvF v

fu
R

A A

1] 7]

=
fLE

)

<

(Hote] 9

-

o

np

o
4

O E R R

&

27]¢)

ol

171 o

3|

ZAAAE 405 mE A A ALY A A

<2 o

a3k 360 m'e]

Ho

1 125% t©l =Z7]

ol FZAALel Hls

w7

9] 7]20]

Aol oA o]g ZwolA

2 2AAA

bz o

3|

o &

18z

o

ol A HH. EA7F Brekd 20034

of Al W= A4 b

H71 o

A8

el

X
oF

]

z%

olgate] 2t Alel

=
=

o] Testo 545 Lux meter

B

jariy
o

0

X
.Zfl

4709 A Abole] el 58 m x 65 me| WA

ki3

EERESE

2 B7HES AAste] bz wpg o 2R 0, 30, 60 cme] ool A

o]

]_

Nr
i

N

2 217t ule] A A HiE e

o]

16.8m,

ZFE 30 cm =olol A9

N

jariy
o

vzl
.Z;
il

_85_



o4 ®i= whe} gl

N o mﬂ 7l -
= = T B F g G
SRR % B W 0
HH I % © W M @ % o .w o po o0
o I I - I A e 2 o=
- ==
_i 1__/| :i 0
o 2 T
T M = i
g = N S
< = B
© o WX o)
} X
9, ) RS S
~ 3 E = © o >
o0
<= - I = o o M T %
LS <f Q . <t o Lo e ﬁo
I I B E N | = | < A o 1H o
X =} W i M mﬂu
S
NS e
o Mt ﬂ| H/d 1o <
3| = = bt W o E] N
o B — > o~ O_ dl ,M'M o.t S = o
,ﬂﬂ MM M ,uAl ‘mﬂ ,_lﬁ_w._ ™
T % 1T oo L
— 53 Lo o Or; = 71_
5™ " BN R . i
(L\ T _,_ﬂ = ‘ﬁ ﬂﬂ S - OE ,ml OE oru
= o | W ® N o I iy i il
e ) I 5 e ot "
i 7o o O i ad z
vl P T g o B oy W
M| o Mg T g B T o o o ™
HT ,Drﬁ Ml (L\ ﬂo B Bo HT 5 - ~ %
q|F e ok ) " =
OB ol AR

to] 19 3-240] YEbRlTh &5 A

©

_86_



sl

AAE Z 500099) 7k

A(z71ol =

o
=

S AArE R AA

7 &

o
ﬂo

20054 3¢ 242! - 42l 182

1 800

40

o
ofl

H o
ol ®E

B

o
i
TR

a9y 324 A dd &

Y
0
ol

o))
S

o)

N

7'(()1—

A

B 647t

493y

a3 3-59

B

o] 7 3}sto]

b1 lskel 4

3|

=]
w4

=
=

3]

4 el
2 24

15

A

T

tth 28 3-25014 Hi npe}

S

4 1643 17¢

_8’7_



N

L
L

ol FAALE 7 gl

o
o

)

ol =
= o

20054 49 162 — 172! (242 - 25

A A

%o <

0 2 4 6 8 1012141618202 0 2 4 6 8 1012 14 16 18 20 22

INPA:

o W3}

B
s

= %7

a9 3-26%-EF 3-2871A

i

UK

el

o

[e]

o Al L& ellA

ol .

Aol oAt ske] A7k glont &

_88_



2005 38 302 (723)

700

A AL

__‘?_x
— A

1+ 400

I 300

oo
200

100

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Az

a9 3-26. AAME B 5 AFHE A (TLR)

A

20054 42 82! (162H)

700

FEAAL
— 2AA A

0zt

"
71 300
<k
ojo

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
AlZH

a9 3-27. AAE BT F5 AR A (1699)



2005 48 162 (242E)
700 [
60 ¢ — EEAH AL
— 2 A A A}

__ 500 r ///-’_
>
T
IF 400 "
o
R’E [
z1 300 r
<k r
oo L

200 |

100 |

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Azt

b

ofs
oo

1% 3-28. AAPE T AHF A (244 =%)

2) AAL D5 ol&% v

% B7el we AAd g% e A2 AL GHL Fhel wusigh &4

Arbel A A= S0 35 el M2 g2 2 149 1049 9d= A

agorRE RAAAY Aol A A we PE Hue] B B

W3} 24 edol A W) vho] WE &4 o

AbE A dde] JE AT 5 ootk SAAAGA ASEE SAe] 9o

A A6l g4t ALRES AZEE SA) v go] Be whd oA 104e]e
Q.

DAY FAAA R vle] B Z

)
RN
o

_90_



FZAAAN 39 289 1A A AL 39 289 14
FZAAAE 39 289 104] 22 AAL 39 2849 104]

9 3-20. AAPE B AR SAle] lE slE (59 )

_91_



FZAAAN 49 169 1A SAAAL 49 169 14
FZAAAL 49 169 104] SAAAL 49 169 104

19 3-30. AARE B AIHE SAle] fE ' (249 19)

_92_



A

Aol A g 5l

o

]

I~
T

2003 SY2AH-E] 4U7kA] o

¥ g7)s weRAAL WY E19

[e)

pu

7h) B Y IR A AL

2. 44E AN BARY AF 24}
o9 3-31

o

o

bSS

=

i

sy
a

%

&

s}
]

Lx

il
o}

—

<

pariy
o

=S
S

el

715 ol &7

sz
)

|24 of3tel 23

F7

o 54 A S
ok 32T E HFAA 7|22

Q]
=

o
.

R 7] COs9 NH; 742=¢)

o)

o

o] b BEI Ol obAs

k71

j=3
[

L=y
AR

=
=

CO; 5=7F A

o
-

ox

¢

719l HZ3HAI1 5000 ppm

Al 40 ppm A =7FA]

e
N

el

|

A=

=13
=

Q)
=

Hholl = CO2¢F NH; 5%7F 2

39

4

8

B
)

R

¢

ol

o
NS
o
AJo
yAO

sha ghmujel 7b29]

S

o &

A ol

ul
=

Bobe A i e

stel ™, 500 ppm©]

AejH oz vobd of
[e)

o]
7]

el

el

FE7F okt 38 ppm7ZtA

aholu, 2|4}

S

&2 10000 ppm (1%) ©]

S

o A% A )

Ea

30%0] ol th( L, 1990). LH O ZFE F3to] 27

itk CO; 7}
o

=
e

A~
T
P
T

% dHlolH

Nr

ﬁo
W

3-5=

9]7] &= HujA7F 36.7C7HA]

7

R

¢
ol

0

o

oy

A
o

—

o
Fug
Mo

I
Ho

<]

o
=

al

A

i

3|
&

Z=
[l

Ak
peto 2R E <] B}

do] o},
_ 93 _

tel AA7F 7FEE A7)

°©

o o

fe=]
=



29 3-31 AAF Wl - 9l Fe] 2Eok AuisE WEE (B2H WAL okt

N

6000
8 o | e —
5000 co2 ¥ saturated
4000
B
Q.
£ 3000
o NH3
o
(&

2000

1000

0

/w N

O O A VO O VO O OO O VNP O N 0O O O O Q
R O Ol IR R U U R S SRR
|

3 82 42
Al ZF (hr/min)

29 3-32. AAF iR w719 Ths e WEE (B RAIAL, ot 7F

_94_

100

&

NH3 (ppm)

=(%)

e



F 35 oAl A BE2HIN AARe] &7 SAA (kR 7h)

971 AAL -
LE5(0) A= o (T) AUFE CO;, 5% NH; %
(%) (%) (ppm) (ppm)
3t 27.8 87.9 32.6 76.5 2589 8.6
A 24.1 55.0 29.0 65.0 435 0.2
H1 36.7 99.0 35.8 80.9 5678 38.0

) A

719 3-332 20039 8€ 9YUHE L1Y7HA yFAlA FA4E <R FU|et T
FAA WF 719 2ot FuUFEES Ui Aolth 89 992 47 20449
SV 2A ofgtel WS shA ekgtth 19 3-34% 22 7|3
3719 COx9 NHy7b29) % Was Jed Zojth & 3-62 &
o g SAXE el Bolth &vlo] oA st FEI}

[eJiKe) 2~
55 ¢ 4 Ak

s
o

B FEoE §45 1

H 30

20 -

10 £ 0

P O DO Q.0 OO Q.0
\ng\cgl,q:@ NP Y AW SV @Yl

8gl 9¢! 8¢ 10 A| 2+ (hr/min) 8 11

_95_



60

2000

1500

CO2 (ppm)

500

1000

o L/

NH3

J‘AM%M_&A

-4 30

4 20

-4 50

1 40

NH3 (ppm)

S O D O O O O O O O
é? ég,ip N @ QN AN 69 <y 49 A

8 92

a7 3-34. AAF HF F71e] Tk~

824 102

X 3-6. YFA AA FAAAAY] 4 FAA ()
9]7] AAL -
P AEE | CO, 5% | NI 5%

%]: (OC) (e} 1= —%E (OC) (e} 1= 2 O 3 ©
(%) (%) (ppm) (ppm)

3t 249 85.2 279 735 1046 2.4
A 20.4 45.0 26.2 524 469 0.1
A 33.3 99.0 31.2 79.1 1849 13.7

3. 2AAA Ao ==Y

Aol mzade A e B7 Aol xS

A]
2]

H TFEA71E Logic®l

1, Alo] Logice Main Logic¥} o]el w2+ Sub Logico® /4% o] St}

_96_



Main logic F#-& AAF W9 7]}

7}. Main Logic

= N = il
- X T = 1
=y AJm ) ~ ‘_mﬂ 14 L o) X Mﬁ \WIM_U oK oy = Ho N ‘W
I R W ~ T = o2 o= Mg °
o T XF R K 8T A S0P wE T
%0 = — N . o N =
meqﬂqw;wmwwaRﬂ IR I
Tox X LW o ®T Y o B N
o o () M 9 T m owm 9o Hl E]E o K s :
Pl s W B X T % < Alm ;ﬂ i ~ X = 0 B 1d_.l
o E o ~ Yo w = 7 o] Mo & .o o X
N 70 i X ~r o o . s ol of) IH iy ) e ol
= & P o M F o S g o ®» 5 o}
. S B W s T B LS T o P 2 oy
s M o 1y o~ 3 E3 - T o o = 8 | i
ST Waw TR T2 o L = W S Mo
e o iy h Moo um B . 0 0 X oy K o ol) Ho
aﬂﬂ%%ﬁgimﬂﬂﬁ% T Mo 5
F = R e o T g TR =7 e S T 5
WE ooy Pom o Do B4 g 2
I = i o T H o< = ol o ol < = o) =2 = )
A O A RO o = F LD L
R A - T ;5
— T o oop — 0 s W H ™
< o o ~ 2 s ® 2 ¥ R b =
= ¥ 4% coe o N IR o
X ® B - X N o8 -3
ﬂAH%&MM%MM%@W%WQ@W1 T =
g M o= o MO X w2 P om ® R W ol o X W
TR T~ T o PR A of o AK SO
W N g W < ~ ~ W o N —
. S A - = RN AN = R J— 3 ~ N
¥ MR * = ° 5 ¥ DT oo X%k < o
Y -~ : o - oF N T
o TR o= o o &M o}y o % KN
- 3 i N —_ o Ot o — z‘.rl =~ OT o
= U I AT I I M~ > T
o W oo K B T~ I NoX R
5 oo o o)) - L N
e AT F o oy om ow MW 5 = H Jo 2 = o g
@ N R 2w G o L E o~ o o B
. T oy B For oo Ao Mg o O
w5 g oy ®OZ A G Ay
T =K Ma A % W ‘Wﬁ % o 5 T o 3 =1 = dl o .
= X WoOow o) Am o o o 7 °
= Howp = ~ oo 5w i
N e Am % Moo T ~ T o % . :ﬂo

_9’7_



A

a7

7}

22
H -

o
2%

Logic)e] A3t} o o]

i3

Logic 3(Heating=

3

3 €l

/\El

Logic)<

-{51_

2 9

Bt} olx Sub Logic 3(Heating

-y
s i

AL (A2)

(12)

1
.

AAt 9]

bo A} el F7]

S

[e)
K

il

G

3

TNE &

ol

A HE &

=
=

e ol &

AAL W= Eof

ERdb=

shel AA} wtel

5e ol g

A

ojge] Alofoll A AL el 7]20]

—
1o

el

i

Ho

1Ho

NI
il
N
Hlo
o}
o

—

O

55
)

<0

o

3lo] Logics

Fa ok, 29 3-35°] Main Flow—-chart

A Se e
S

)

[e)

4= .
=

Ho

LHERA AT

=
=

A9% ne

Y. Sub Logic

A 7],

&

= AL e

A457)7)9) Baow Yol7hAl et

3

o
=

1) Ventilation Logic

N

e

X0
2l

BN
o
ﬁo
BN
I~

, HI7F 2.4

=

_98_



19 3-35. Main Flow-chart

_99_



_(H

o

N

ol

M2 358 7HA sl Hu
ol AuE AN A F% o]
A Z Logic loop7} X&=w =

2~
R

E]

He ASlE A Bt g

= o4

1=}

i
I~
R

S

Ventilation Flow-ChartZ e}

w7 A

al

3

=
=

tol, AAE €]

ge A el =7 24

©

3w

2) Cooling Logic
Main logicell A

ok
5

| AFE=ET A

=

=
=

|

’

al

e

AlAFH €]

7t ARG

)
&

H] L

.

1

o H4nT}

[e=]
=

Rhef 2t o, 7}

L

.

re B4e skl $g

= &4

3 o]

A|n

1
ol

o

w

<]
o

blet.

o

24

Al Al Logics

°

]Z

A
<l

&
il

™

)

B

O

N

o AR

ko3
T

gl

]

o

A5

el

Nr

R EER

™

vzl

A

o

o
He

- 100 -



»EF QO EE § |- pges
Il B W[

SH-AR T N L

& H - BT RS TR R -

1,
e = 1
i!

LU A
| oy 2

19 3-36. Ventilation Flow-Chart

- 101 -



4% 7hsAol 4

=
=

A7 Wl w7t

A=

el B9 AAe §5ol

B
il

T

|

o

e

e

—

;OL
B

AN

TC

3l 7}

o]

Az

Well m|

ol

U]

=
™

AA AR B71E RETIek A AAFToEA

5

7}

Cooling

KN
L

Fach 19 3-37

5

[e)
<

Ao logic

tebd Aol

=
=

flow-chart

3) Heating Logic

4

25717158 2E AR

1=

=z

=
=

M= Ao

7l &

el

s

Mz d3s

&

el
=

= 7HeA71A A

HpA o 2 vhy]

Zom

|

=%

o

TAA e BAHE A EW Main Logicoll 4 7F

bol %o 717k AvE Seles

3

Al

N

il

- 102 -



iy & IN0-JE0s -

B&R &g ano-umg

=R =L NDE B 2 EW-N0-DLES =
SE & IN0<pU

BE-f R Y0 2T ]an- L e
&'H-89 £'3°| "WHOB (E'2°|)9PIE-PLM -

m
B
L

M
!-
.

i}
i
T

PO QUIOH ¢

19 3-37. Cooling Flow-Chart

- 103 -



]

Aoigro A 7

S
=

jze]

o
Ry

N

6

el

e

—_
fite)

uj

<

]

Al

1o

o

Al

R

el
Fott. el A5 Aot

°©

A
P62 B 10701, AR 71719 B dvle] wueh s

o

=
T

=

Heating Flow-ChartZ e}
&

o

g

3-38

=
1=

2

=

EEEERTES

Aoltt, 1

i

S
=

4
& 47K o

o
X

AR
A e 2] %)

d

gl

t}. Ao

o~
T

]

z
o
T

)

st e,

S

[e)

2070 MEE WS

[

=

1=
—

433 4400 Zhzke] Aol el o
2]

3T
ar

Atk

A

}_

S

A

=

=

671

o

e eI

bs 7+ A

XM
gl

ol

o=

R

pu

3-8l A 2+
2 A

AL

Ay

% A7) 5e HE

5t Aot

9]
O]—

g
p2s

A
el

°

Q

°]-8

[e)

=

Hj

A
- 104 -

Timer Instruction

HSA ot

R

1717101 2t zhe] 1M E

;9o Hx
Nzro Aol

o

A
=

=

o] AX
Logger Netoll A &4

2ol
=
=
o -



Heat

#n comd bar ¥

BEE B e

Al iga

L T

Pie-gr | Bri of

T Wi § Hep

¥ W nzw § Boi

\aaaARAR

'||I Hr-EEE © 8or
il
i e on
I#
win-up : &

« win—gida | &&

1Y 3-38. Heating Flow Chart

- 105 -



E 37 7 A S vE A4
153 2% % 352
Side Ceiling Side Ceiling Side
Left | Right | Left | Right| Left | Right| Left | Right| Left | Right
by by by bs bg by b1y bi3 big b1
by b bg by by b biy bis big by
20 21 22 24 25 26 28 29 210 212 213 214 216 217 218
923 97 oll 915 919
00 O0O0|0 O O0OO0OO0OO OO|]O0O 0 0|0 O 0 O
01 0101 O 1101 O 1|01 0 10 1 0 1
10 1 0(1 0 1 01 0 1 0|1 O 1 0|1 O 1 0
E 3-8 7 A9 ME 84
Heater Cooler Underground ]
Light
Burner| Fan Fan | Valve |heat exchange fan
by b, by b3 by bs
20 2! 22 2° 2 2°
0 0 0 0 0 0
1 1 1 1 1 1
ARtel A9 emdgol 98 Fadt ned £F wivlel 39 sel
VFEHE W) ew MR sto] Fakh WAl A Wel el 7
Aeduieh 2ok olee W melste] Tz 44 A gPAS o gete] 7}
U HALED ANGAT. GRS SAS ZaaAg ofsje] Adage
v, dEE 2 A oA ok AlLbA e Ho A= 0499 Teol At

- 106 -



Y'=133.93167—1.07779X + 0.05759X* — 0.00197 X"

+0.00003718 X" —3.1182E—7X°

(days)

1
ol
ﬂmo
T

o0 Suggested temperature setting
Polynomial equation

‘
Q.

<
)

o W O
—

puimes ‘dwe|

20 30 40

Age (days)

10

N
Ao

i
g
A

=K

4. A9 <€

ol

Gates(1993) =

@ (bird age, days)< YEIH, Q¢ @1

sAe o

I
X

A

1

- 107 -



938t TF(ASAE EP2705)0 = A ei=lo] 9t}

A A
Q s=0.64074 exp (—6519+2.9186x—0.24162x %), 3<x<5
Q s=0.64074 exp (1.8662+0.054213x—0.00161x %), 6=<x<19
o 2% 156C9 4%
Q s=0.64074 (38.612—2.6224x+0.072047x *—0.00066x %), 20<x<4l
Q s=0.64074x6.717, 42<x<48
o & 21.1TCe 4%
Q s=0.64074 (36.070 —2.3107x+0.058862x *—0.00051x *), 20<x=<39

Q s=0.64074x5.220, 40<x<48
o & 267Ce 4%
Q s=0.64074 exp (5.3611—0.16177x), 20<x<23

Q s=0.64074%5.0, 24<x<48

A b A
Q;=0.64074 (—42.961 + 27.415x— 2.84344x %), 2<x<5
Q;=0.64074 (36.424 —2.8998x+0.08676x %), 6<x<15

Q 1=0.64074 (15.812—0.022611x), 16<x<19

o &%k 156TC9 4%
Q . =0.64074 (22.285—0.78279x+ 0.011503x *—0.000038x *), 20<x<43
Q1 =0.64074x1,192, 44<x<48

o & 21.1TCe 4%

- 108 -



Q . =0.64074 (11.221+0.40495x—0.02727x * —0.00353x *),

20<x<43
Q1 =0.64074x6.278, 44<x<48

o 2% 26.7C9 A%

Q ;=0.64074 (20.094 —0.70318x+0.015182x 2—0.000108x >), 20<x<42
Q ,=0.64074 x9.340,

43<x<48

Qr=aQ .+ 8Qs

A7 @=1.75—0.247 Inx, 3<x<43

Qr .
B l—l—QS(l @)

- 109 -



S a17]

3

o
H

A e %

o

A
%

2 etel

o

5

—L

A 4 %

=

2!

A1 A

CO - £ ﬂ CHECG CM C T N Y m% ﬂ
ﬁ T L B Lo T W <
Y R T BT — o o
OE o Og ) MM Ot S —_— _LL N,A & Ie) s o
— ,Dr JI ~ 50 N < yig ~ ﬁ
X T 3E W om N =" oo o
do CHC < oo o N - N
N T =SNG T SR S
W o= A P o B oy H xR LR E% o o
= Moo Lﬂc T o 1w o= M T - o
~ T W@ AR M T oE ook 5T o O
g = e o Hl ox o g D o = o
oy = i oy Uoo or TR o) Ma e iyl
© g A S R A B o
? o VI - ST S = .
‘Mﬂ = »A,._ ~ KH ‘q #O ﬂ > Lt Orl ,I‘” UK
R = oo, W No o S T
T —~ x 1rL Ot —_— ﬁE OT ,_.m—l., —_ < —_ Or.c ﬂﬂ
N e I o W =R ) < g ~o
T PR X oy d T LR =
K = X WO T o T oo BRI R L
o it o g — B = el B © = @ -
° T o T + . W oy = - o K m,_
T = B pm oo WX Z o i o G =
s OO = B B L B do wm oo
K o= = Mo @ 2o B Sk o w L X T o X
e dr < TR o Lo o XOR -
= 5 T =~ S celC A~
ol N _ o kR = = R ™ g e o <y
do oW X K2 e o I G Ao N
X e I U Mg - S R
W 5w T El T omog 2o T o g
g = T o ooF N ¥y T Am
oW = _ﬂ M ol m < m . w T oo o A_uﬂr Sy o @l E,
OT Or| ﬂrﬂ ,MA (e v WW 3 \K7W ‘_lfw._ \H_ol KR ,._Mﬁl = 5 ‘I:M \Hﬂl © Ot
Y & oy X ST T = ° o n
Ny ®om To5 &M T o BOR B o oW T OB B
O P B X E = doo NTom B X o WP
WG o 2 S % 5T BT 4 o5 T ox
0| T = 2 o O T o ol
b .o xO®T o3 Wm T " OTOW oo m TR
TonON O O L - B

- 110 -



o =LAl

3

2l 7F 5 A]
1998). Zrefut f-ejueke] FA e A AFSAA e A

=%, 1994)0]H, &

ATEA 2NA

R
i

hul

3l A o]

(2002)°1 ¢

FAAN Ao FArs A

B

AT 71

sttt

Ao SAANGA S Ealo

ArE

Al
=

=
=3

A A8 Bt

1.

ol M AAletitt

E

L

AIAE 100

- 111 -



EIsi=g
24 8¢

5
AFAIA, 28

&

L

R

1

A
4
5

°

T=

977 9 YO 500044

3

Kok
=

°F 55gA =2 Ross broiler
Al

=

=

=
K3

Tt A

o

]

Ry

A

Kok
=

Al B

v} 3

R
i

7138 20039 69 18U FH 20051 69 2297bA 3ol ZHA
Al

3

Kok
=

}
Al

Flom, AARTIHESE v 1F ek 1804 7 Ao pas 57w

°©

47]

9l

=
bl

=

2) Al

HAES

sk,

o
oy

sol At

ARE Aol =

—_
o

0

X

A
el
o

)

No

o
s
s

7 o)

Kes
=

Al

&

4-19 “eERH A

shiut.

S

shee.

1)

A # ARAZA] SAHIA BelEd A}

7], @71 AASEAER 39AR Yol Fo

S

of Ab&® Al

3

ks
=

A e
A

J

ks
=

=

AL A
(¢}

(1)

X

o g A AFdA MAA AFS ko] T

4) A

A

B

o

el
o
e
s

—~
o

)
A
el

N

o}J

N

- 112 -



b ARESES FATE ABHAFOE rold g

15a 9o, AL AASE F A

H,
>
-
i
=2
e
N
>
QL
0
—
N
oV
RS
fr

N

F 41 AR R
Y opn A A 83294
3} ZF (%)

EEEE 20.50 20.50

Z A W 3.00 3.00

R 6.00 6.00

. % 3 B 10.00 10.00

7 4% 0.60 0.60

) 0.40 0.40

o] %] @+ A] 2l 0.69 0.69

DE(Mcal/kg) 3.00 3.00

Zohul %) 19.00 19.00

Z A W 3.00 3.00

I 6.00 6.00

% 3 & 10.00 10.00

6~25 % 0.60 0.60

2l 0.40 0.40

o] %] 9.+ A] 2~ 0.64 0.64

DE(Mcal/kg) 3.00 3.00

Zeha 17.50 17.50

Z A W 3.00 3.00

B 6.00 6.00

% 3 B 10.00 10.00

26~35 % 0.60 0.60

2l 0.40 0.40

o] %] @+ A] 2~ 059 0.59

DE(Mcal/kg) 3.00 3.00

- 113 -



S ARAY F7t

3
gl

2. FEAA AEE T

N
XO

1) Al

e,

]

EAPN

ol A

3

AlAF 100%

Al
=

A} 10093 %%

2) A7)zt

71302 20049 29 49FH 20049 39 3Y7bA] 4533 2004

3]
=

Q79 A
49 19954 20049 6¢¥ 16€97HA 457Hs

=

g,

)A
Ho

TAE ¢ 41 ~44gA =9 Ross

3

A E FA= 3] AlEA %

<] 8l A1
broiler 10,0004 & €

ek, A}

24 2]

s

ArtE AT =

7 AzTuz 578w

ok W 1Fmi} 184

5

k

sttt

[e]
=

sfol A}

Adut gago] F

- 114 -



4) N R

© AFEA R AHEE AEAR S dEHES F 420 YEUIY. 2 A

=2

B
N
ol ol

—

o2 st om, & ALSEAI G ALEH A EAEE FAAE HIFsHA o, 3
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g/cfu)E AR kgd 1%Z H718H

X 42, FEAA AFY AP s AR
0 o I L
3} % (%)
E=anE) 2050 2050
E R 3.00 3,00
Ry 6.00 6.00
] %= 5 B 10.00 10.00 e kg
7 % 0.60 0.60 1% 7}
o) 0.40 0.40
WX 9+ A] 28 0.69 0.69
DE(Mcal/kg) 3.00 3,00
FRERTE 19.00 19.00
2 A 3.00 3,00
= 4 & 6.00 6.00
% 5 B 10.00 10.00 e kg
6~20 7 % 0.60 0.60 197 7}
ol 0.40 0.40
W %] 0+ A 22l 0.64 0.64
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1242 B3 SAA NN 3157 o @ol e AL % 5 gglon
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o4 7198 Ao melm, 1R st WAE EF BFLAAA
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B Ade F9E AF 9% FALE ¥ 465 2o FRA 479 AFEL w9,
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- 120 -



S-St FAAAE Ao 2AE A}, BS2AAA 665, FEAA
™

TBEE BELAAAAA 1057 @ A4 AR AL B S dgdon], WA
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BEE D K480 B A2 B 5 A
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woARe Fuw AF 9 SAGES ¥ 499 B TRA AT AFE ww,
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35 # 0.568 0.62 0.584 0.64
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FAN 25 e 4
F 9 - -

o AL 5 AL
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B oAge 9w AF 2 FARe ¥ 4129 20 A 459 AFS w
B3N 1234g, FAAN 122607 e, B3 AAATE ARG

°F 8gAE ¢ = vEhd A & g AT AA @ISt SAY] FSAFE
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£ 4-12. A9 FHE AT % SAHE Wt
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2 T 9 445.2 276.0 447.6 274.8
3T 7 861.2 416.0 872.8 425.2
4 + 1,226.0 364.8 1,234.0 361.2
TS = 1,185.0 1,193.0
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2o 1422, %
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>

107 & 83 Alo|ARFE FAF AR it e 2HAAAE 67.5%,
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FAAANE 686%%2 & Aol @Atk AR pHe &AAANRE 7.83, FEAA RS
799% Al zol7b gldth 2y, A7 HER(EC) = AL 914 mS/em, F
FAAE 1055 mS/em=A FEFAARS] AF4-7F F 16% w2 Ao yEuth AR
o 7= FHFS SAAR 74%, FEAA 2% E FRAAY] A9 ° =S
Aoz yepgth A vtg Az GAE ALSsd o, AR ulgAe] £3E
o FFes AT Axp A 280%, FEAAE 354%2A, FFAAL]

AE7F 14% Ee Aom yEyth ol 2AAAE FIE dule o3 Axg

3. ALAY Al A

AR AR BN AR Bl mHE GFRA

2a8letA JRozA FRTF 280%, D= 2997 kg/m?, T71E TFF 82.8%,
pH 7.7, EC 556 mS/cm, C 37.8%, N 2.0%, C/N 19.2 ¢ < 7FA 3L At

ZAAAS] AR vtgA] E3E] FREEFS 18%EA HHAR

E 420049k ol Hus AN AR FRIFE 2719 69.6%ZTE @
19 682-687%] ghow mASA ashch FRFge] As FasA g

- 136 -



fro Baxs "9stel Hsts 3% dAR SdE F57]e dF7E B
SAF HulAlg Hog "ojHy] wielth wabA A9 Hujg AavS A
e FHFTVIVE Wor wAud F dxE fFEHE MAAstojop &

= Fol W ax C(682%) 447t Hax A(68.7%)7
FRT FEekao]l offt Wol Aot fo7 Aol Itk Hust Ame
A-78% 713ttt ol& Hul ARl E3E

7
= f71AL7t Aol gEUel ER guy ojgom FRd §aHU)

o}
it Aoz FAHHEL w@axs GRINFEDZA 397%Z5E 36.8-37.4%9]
oz AA WEEHA LYot G784 E 3T%ERE 19-3.0%= 7Astanh o

2k C/N9| ke %7] 126025 166-1722 238 =713t}

¥ 4-2. HH|A 8 £AHN 9 o)3Ey HE

Moisture

pH | EC |Density| C N |C/N|OM
content

(%, wb)| () [(ms/cm)| (kg/m”) | (%) | (%) | (-) | (%)
28.0 77 5.56 2997 | 378 20 | 192|828

Mixture of broiler
litter & rice hulls
Dairy manure 85.7 75 2.94 9232 414 | 54 | 7.8 | 864

Composting material 69.6 70| 4.15 5733 | 39.7| 37 | 126 | 82.7
Bioreactor A| 68.7 78 | 3.84 540.3 | 368 | 2.2 | 16.6 | 80.2
Bioreactor B| 684 | 74| 381 5123 372 | 1.9 | 206 | 826
Bioreactor C| 682 | 74| 318 4682 | 3741 3.0 | 17.2]79.8

Finished

compost
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gu)3 A5 AU 5= 4 wax Yo Hulekx WIle a9 4-33
2o Z+ dlolg e e MM &9 255 ARFFAX (21X, Campbell Co.)E
=

SAsto]l A BUEE shslen, 3k 1Atvite] 3

(@)}
o
T

Bioreactor A

Bioreactor B

Bioreactor C —

Temperatures (°C)
~
(@)

20

Ambient

O |
0 2 4 6 8 10 12 14
Composting time (days)

a9 4-3. E7)%d 2ax g9 gzt =Wzt

Hujgt AT == 2F 4309k o]l M AlA 27AIF FRE AU

R7TAIZF 3 62.0C7HA] A4stdch Hax BY Ce giAd oz v =38k s B
z

A= TRV A AAEe] L

[-40
rII.
6=
o
N
ot
-9,
(]
to
.
~_
2.
=
=
9
-,
=
S
o

kegDM3#} 1.1 L/min - keDM< ¢ @& x7] £xws7t A9 =434 Vet &

A€ 05 L/min - kgDM®] gto] mA=Zo] Fa3t F7[Fo=zA T3 =1dS
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eR o gtk ol 7€ EddAM AAE AAF7# 05-1.0 L/min - kgDM <]
Helol £zttt F71%o] 1.1 L/min - kgDMe] ZZA A& 05 L/min - kgDMel
MEG g5 2y nde 2arh A8 Srh dojxl dde v 2k
AF7lel ok WA gy witolrt

Az o] el 45-65T 9 WA &Aoo

=
o ApEE ANAE BTG SRS Ak 397 FAstelok
A

L

il

o)
A

s

kS

o,

3th(Leton and Stentiford, 1990). 45Co| Aol =5 FX3% 7|7t Wagx
Al 105(T48-153)A1%F, &z BolAl  95(T40-135)A17F, Hazx  Cela 82
(T39-12D)A 7t 24 waz A7F 744 2k a8y Wdd Alge] 223 60
Coldel AN Wax A LEX B, Col Hgte] HJomz Wi Al
ZWoA B, C7F ¥ &#Aeletal gekgh

Hesh 2o Wal= Hujsh 2aA

ARe Bedtt AzdoR At = }
mE2 F/ERe U FHHA Faho) WEel Hulsh BRAsA AR
Bests] fistel Hulsh g Fe] HulA

2% ades wHe Aden gk wwe JAH FUL ol gate] saAL)

rr
av
it
filo
N
N
R
k!
32
ui
5
)
&
uo)
o
filo

oed e ALue FhE zesn AYuE LTd B dATiAE g

4-49} 2ol HEZE AHE FTAHOE 360% 3|AT AVE=Z A zsle] <lg

PN
o £47 HuARE N 5 duE 9k BREE WA 600 mm, Fol
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EHH 3} A|Aue 3z WExE FASFom 7zt wEzo]| o o] ALY A
2 o439 05L/min - kgDA ¢ ¥/ &S FFIATh daxreE Tyl 13)/4

d, 13]/29 anke] Wow FHuS AldE 38

Fwlsk A T8t | stA Rl o3hetA A & 4-33 £

F 4-300 A9k o] Hust Aol AT FRIFS 2719 674%=HEH T
719l 65.1-655%9] ko= uvAskAl skl wwks 1329 #3 Fax C
7 o ¥ o=A dEhsted fFo4 Atel= fIldh HAEIsE Ame] %7] pHE
868 olleont HH|sl - 937-9500 =2 FUFekth. o= HHl AR 3 3

o
rulo

o] Yo} = Ry ojeom SR &3¥7] W&
AT, Sas dEHAHZAZA 182%ZHE 13.1-176%2 #How
21% %2 W37F A gt

p
B
p‘L
32
o
S
i)
B
rir
S
X
it
_{
o
é

% 4-3 HulARsh SAHe oFety JE

Moisture .

pH| EC |Density| C N | C/N
Item content
(%, wb)| (=) |[(ms/cm)| (kg/m®)| (%) | (%) | (-)
Initial properties 674 |868| 457 532.3 182 | 1.10 | 165
Bioreactor A 65.2 944 | 431 524.7 148 | 1.11 135
Final
M Bioreactor B | 651 |937| 448 | 5280 | 131 | 1.00 | 13.1
properties

Bioreactor C 65.5 950 4.60 527.7 176 | 1.27 | 139

2) Hulst AAFT 2= W

ARAY Azgle] muantE BA7] fste] e wEEE AZse] W

o
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Hulgl Ads 7 wax o Hulek Wl 17 4-59 2k 7b dlolE 9

e AAMe 8 21352 A2FA4X (21X, Campbell Co.)

i
offt
P,L
£
Q1
P
)
)
o

o] ZAFH RUHY o, we 1Authe] Fighs stev A
A

One turn per 2 days

(@]
o

Temperature (°C)
~
(@]

0 48 96 144 192 240 288 336 384 432 480
Time (hours)

a9 45 wksled B Ex o] st xRt

i
P
o

HA o] Rl 45-65T ] WelellA EARA o o]Fojxm HH] Lo &
dE YT AEE A E 55-60To e 255 Ha 3UIHT2AZL FA8
ofof gty 45Telde] 258 fHe /e Faumke] whEgx AdA
185(T13-198)A1 7, &% Bol A 219(T10-229)A1 7, &% Coll A 234(T7-241) 4]
BogA wEE C7F 7MY Aotk webA aRA HRESE A 2d 19
ol uRkste] F= o] nigA g o ® yEyth w3 WA AES A% &
T 5TE #AF 72 2ax AdA 83(T21-109)A1%F, H&Ex BelA 179
(T18-19N)AI1ZY, L& % ColA 200(T12-212) A 7HS A 8le] Funbo] A x

A o FolHAT WA FIh Be4F WAT A@sIzre] AA et A
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Steel Design

R
. I
i| PC-4 Mg LIS U ZALALR 2\Al AL mgb
1. Design Information :
— B
Design Code : AIK-ASD83 5
Unit System ctonf,m i ¥
Element No 124 i
2,508
Material : $5400 (No:1) =
{Fy = 24000.0, Es = 21000000) LN
Section Name  : T1(No:11)
(Built-up Section).
Member Length  ; 0.30811
7 Oepth 0.03000 Web Thick 0.00230
2 Member FOFCGS Flg Width 0.06000 Top F Thick 0.00230
Load Combinatian : 2 AT(l) Point Web Cantar  0,05770 Bot.F Thick 0.00230
i = 15, Area 0.00039  Asz 0.00014
AisliFores Frc = 1.42182 v oyb 0.00050 025 0.00082
Shear Farces Fyy =0.00000. Fzz = -0.1765 lyy 0.00000 Izz 0.00000
Bending Moments  BMy = -0.0317, Sz = 0.00000 = g ooy
Moments of i-node Myyi = -0.0317, Mzzi = 0.00000 Y 0.01229 1z ©0.02141
Moments of j-node Myyj = 0.01953. Mzz] = 0.00000
3. Design Parameters
Unbraced Length’s Ly =0.30811, Lz =0.30811, b =0.30811
Effective Length Factors Ky = 1.00. Kz = 1.00
Bending Coefficient Cm = 1.00
4. Stress Checking Resuits
Axial Stress
Slenderness Ratio : L/t = 25,1 <3000 ..ot 0K
ft/Ft = 3618.6/16000.0 = 0.226 < 1.000 ......00e'uvreofeeee i, 0.K
Bending Stresses
foy/Fby = 8021.7/16000.0 = 0.501 < 1.000 ... ...\0oovriei 0.K
fbz/Fbz = 0.0/16000.0 = 0.000 < 1.000 ... ..ovvurmrrvr e, 0.K
Combined Stress  (Tension+Bending)
Amax = fU/Ft + fbty/Foty + fboz/Fbcz = 0.728 < 1.000 o' ovrerrseee . 0.K
Shear Stresses
fvy/Fvy =0.000 < 1.000 .ottt 0.X
fv-Z/F\_/z = 0,180 < 1,000 oottt 0.
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Steel Design
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‘| Pc-a EFilerName- CA.ACI B8 S AMZ 2\ AL mgb
1. Design Information z
Design Code : AIK-ASD83 =
Unit System : tonf, m
Element No 14 2 y
Material : $5400 {No:1)
(Fy = 24000.0, Es = 21000000)
Section Name ~ : C1 (No:13) 7w
(Built-up Section). o
Member Length  : 0.50000
Depth Q.06000  Web Thick  0.60230
- Member Forces Fig Width 0.03000 Top F Thick 0.00230
Load Combination : 2 AT (J) Point Wieb Center  0.02770  Bot.F Thick 0.00230
i = - Araa 0.00039 Asz 0.0c028
ekl g il ayb 0.00082  Qzb 0.00050
Shear Forces Fyy =0.00000, Fzz = -0.0352 byy 0.00000 lzz 0.00000
£
Bending Momenls By = 0.01757, Bz = 0.00000 bt 5 P
Moments of i-node Myyi = -0.0000, Mzzi = 0.00000 Ty 0.02141 2z 0.01229
Moments of j-node Myyj = 0.01757. Mzzj = 0.00000
. Design Parameters
Unbraced Lengths Ly =0.50000. Lz = 0.50000. Lo = 0.50000
Effective Length Factors Ky = 1.00, Kz = 1.00
Bending Coefficient Cm = 1.00
. Stress Checking Results
Axial Stress
Slenderness Ratio : KL/t = 40.7 < 2000 cwiinandileuilee s 0K
fa/Fa = 5451.7/14522.1 = 0.375 < 1.000 ...oovivuiinionnniiennanninn. 0.K
Bending Stresses
foy/Fby = 2926.9/16000.0 = 0.183 < 1,000 ........oiiniiiiiiirianneiinnns 0.K
fbz/Fbz = 0.0/16000.0 = 0.000°< 1.000 ........cvvevnnnn. iR 9.k
Combined Stress  (CompressiontBending)
Rmax = fa/Fa + fboy/Focy + fbez/Fbcz = 0.558 < 1.000 ............co. ... 0.X
Shear Stresses
fvy/Fvy = 0.000 € 1,000 L. er i s I 0.K
fvz/Fvz 20,017 € 1,000 10 ieiee et e 0.K



MIDAS/Gen - Steel Design
— . T I.J. 3 T ey

rid 4 JAUthor .| PC-4 L-‘;"FIIE'NE}E_&{? | CALAOIBU FAALS 2V AL mgb
1. Design Information )
Design Code  : AIK-ASD83 /f‘_‘“' -l
Unit System < tanf, m ;
Element No . 89 —y
Material : $8400 (No:1) . : :
.. (Fy = 24000.0, Es = 21000000) \\J/
Section Name T3 (No:20)
(Rolled : SR 18). i 0.016
Member Length  : 0.56569 :
2. Member Forces Outer Dia.  0.01600
Load Combination : 2 AT (I) Point 3;?,3 §f888§g éiﬁ 8:88882
i F = - lyy .00000 lzz 0.60000
ANl = SOve0t Yoar 0.00800  Zbar 0.00800
Shear Forces Fyy =0.00000, Fzz = (.00000 Syy 0.00000  Szz 0.40000
BendingMoments ~ BMy =.0.00000, BMz = 0.00000 47 0.00400 1z i
Momenls of i-node Myyi = 0.00000, Mzzi = 0.00000
Momenls of j-node Myyj = 0.00000, Mzzj = 0.00000
3. Design Parameters
Unbraced Lengths Ly =0.56569, Lz =0.56569, Lb = 0.56569
Effective Length Factors Ky = 1.00, Kz = 1.00
Bending Coefficient Cm = 1.00
4, Stress Checking Results
Axial Stress
Slenderness Ratio : KL/r = 1414220000 oo i . 0K
fa/Fa = 3661.79/4784.29 = 0.765 < 1.000 .. .. .o\reeureeeneriieeannns 0.K
Bending Stresses
fby/Fby = 0.0/16000.0 = 0.000 < 1.000 ...\ 00ierirerrrinrinrenennnss 0.K
foz/Fbz = 0.0/16000.0 = 0.000°< 1.000 ... .\uvrriveirinieanenenansnn 0.K
Combined Stress  (CompressiontBending)
Rmax = fa/Fa+SQRT(( Fbcy/Fbey ) 2+(fhcz/Focz)*2) = 0.765 < 1.000 ,........ 0.K
Shear Slresses
ivy/Fvy =0.000 <1.000 .........uuns T S R S 0.X
fvz/Fvz = 0.000 < 1.000 simvammsns somvseimiesemens oo s 0.K
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MIDAS/Gen - Steel Code Checking Result Output

PROJECTTILE: -

PC4 Untitled

‘MIDAS/Gen - Steel Code Checking { AIK-ASD83 | Version 5.7.1

MIDAS(Mode! ing. Integrated Design & Analysis Software)
MI0AS/Gen - Design & checking system for windows

Stee! Member Applicable Code Checking

Based On AIK-ASD83, AIK-1S097, KSCE-ASD96. AIK-CFSD98,
AISC-LRFO2K, AISC-LRFDI3, AISC-ASD8S,
BS5950-90, Eurocoded, CSA-S16-01,
AIS|1-CFSD86., AlJ-ASDOZ, GBJ17-38

(c) 1989-2003

MIDAS Information Technology Co..Ltd. (MIDAS 1T)
MI0AS |T Development Team |

HomePage : www.midas!{T.com
Tel : 82-2-2142-0001, Fax : 82-2-2142-0011

i e —— e S s St e s s i i i . ——

+

MIDAS/Gen Version 5.7.1

» DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS.

LGB ¢  Loadcase Name{Factor) + Loadcase Name(Factor) + Logdcase Name(Factor)

0 OL( 0.667) + WL( 0.667)
0

1
2 OL( 0.687) + SL{ 0.667)

Modeling, Intagrated Design & Analysis Software
hitp:#www.midasiT.com
MIDASIG2n V 5.7.1
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MIDAS/Gen .

Steel Cade Checking Result Output

PROJECT TITLE : -

PC-4 Untitled
‘MIDAS/ng - Steet Code Chscking [ AIK-AsD83 ] Version 5.7.1
*, PROJECT ;
= UNIT SYSTEM : TONF. CM
[ AIK-ASD83 | CODE CHECKING SUMMARY SHEET= c:-CTED MEMBERS IN ANALYSIS MODEL.
ELEM PROP Member Name Len Ly Lz fa fby fbz
CHK  COM SHR Material Fy LC8 Pa Hy Mz Fa FBy FBz

24 11T

30.8114 30.8114 30.8114 30.8114 1.00

0.3619 0.8022 0.0000
1.6000 1.8000 1.6000

0K 0.73 0.16 SS400 2.40000 2 1.42152 -3.1737 0.00000
14 13 Ct
0K 0.56 0.02 SS400 2.40000 2 -2.1416 1.75712 0.00000

50.0000 50.0000 50.06000 50.0000 1.00

0.5452 0.2927 0.0000
1.4522 1.8000 1.6000

83 20713, SR 16

0K 0.77 0.00 SS400 2.40000 2

56.5685 56.5685 56.5685 56.5685 1.00
-0.7364 0.00000 0.00000

0.3662 0.0000 0.0000
0.4784 1.6000 1.6000

Madaling, Integrated Design & Analysis Software
hitp:/iww,midasiT.com
MIDAS/Gan V 5.7.1
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'MIDAS/Gen - Steel Code Checking Resuit Output

PROJECT TITLE :
o e
AW 4 b;gﬁ"“‘ -
A7 EY PC-4 E‘,G’ll" Unlitled
MIDAS/Gen - Steel Code Checking [ AIK-25083 | Yersion 5.7. 1

e

MIDAS{Mode!ing, Integrated Design & Analysis Sof tware)
MIDAS/Gen - Design & checking systsm for windows

Steel Member Applicable Code Checking

Based On AIK-ASDB3. AIK-LSD97. KSCE-ASDS6, AIK-CFSDI8,
AISC-LRFO2K, A1SC-LAFDY3, AISC-ASDBS,
855950-90, Eurocoded. CSA-S16-01,
AISI-CFS086, AlJ-ASDO2. GBJ17-88

(c)1989-2003

MIDAS Information Technology Co.,Ltid. (MIDAS IT)
MIDAS IT Oevelopment Team |

HomePage : www.midas!|T.com
Tet @ 82-2-2142-0001, Fax : 82-2-2142-0011

MIDAS/Gen Version 5.7.1

o e e e e e e e

*» .OEFINITION OF LOAD COMB!NATIONS WITH SCALING WP FAGTORS.

cg ¢ Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor)

10 DL( 0.667) + WL( 0:667)
2 0 OL( 0.667) + SL{ 0.867)
Modellng, Integrated Oesign & Analysis Software
htip:/fwww.midasiT.com
MIDAS/Gen V 5.7.1
- 172 -
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Steel Code Checking Result Output

'MIDAS/Gen

‘PROJECTTITLE: .

. Glients

I

! PC-4 L FlaName: Untitied
MIDAS/Gen - Steet Code Checking [ AIK-A3083 ] Version 5.7.1
+. PROJECT
«, ELEMENT NO = 24, ELEMENT TYPE = Beam
«. LOADCOMB NO = 2. MATERIAL NO = 1, SECTION NO = 11
=, UNIT SYSTEM : tonf, cm
*. SECTION PROPERTIES : Designation = T1
Shape =8 - Section. (Built-up)
Depth = 3.000, Flg Width = 6.000, Web Center = 5.770
Web Thick = 0.230, Top F Thick = 0.230. 8ot.F Thick = 0.230
Area = 3.92840e+000. Asy = 2.76000e+000. Asz = 1,38000e+000
Yoar = 3.00000e+000. Zbar = 1.50000e+000. Qyb = 4.96145¢+000. Qzb = 8.16395e+000
Syy = 3.956436+000. Szz = 6.00334e+000, 2Zyy = 4.56453¢+000, Zzz = 7.51083e+000
lyy = 5.93464e+000, lzz = 1.80100e+001. iyz = 0.00000e+000
Roy = 1.22911e+000. Aoz = 2.14116e+000, Rop = 0.00000e+000
J = [,37598e+001, Cap = 1,00000e+028
«, DESIGN PARAMETERS FOR STRENGTH EVALUATlQN :
Ly =3.08114e+001, Lz = 3.08114e+001. Lu = 3.08114e+001
Ky = 1.00000e+000,7 Kz = 1.00000e+000

. MATERIAL PROPERTIES :

Fy = 2.40000e+000, Es

. FORCES AND MOMENTS AT (i) POINT :

Axial Force Fxx = 1,42152¢+000
Shear Forces Fyy = 0.00000e+000,
Bending Moments My  =-3.17371e+000,
Moments of i-node Myyi =-3,17371e+000,
Moments of j-node Myyj = 1.953466+000.

2.10000e+003,

Fzz
Mz

MATERIAL NAWE

= 55400

~1.76485e~001
0.00000e+000
Mzzi = 0.00000e+000
Mzzj = 0.00000e+000

({11

CHECK AX|AL STRESS.

Check slenderness ratio of axial tension member (!/r).
-==> 0.K.

-. Lambda = I/r = 25,1 < 300.0

. Galculate allowable tensile stress (Ft)
[ AIK-ASDB3 Specification 2.1.1 (2.1) |
-.Ft = Fy/15 =

1.600 tonf/cm™2.

. Calculate axial.tensile stress of member (ft).

-. ft = Fxx/Area =

. Check ratio of axial stress {ft/Ft).

0.362 tonf/cm"2,

ft 0.362
=, T ee— = 0,226 < 1.000 -—> 0.K,
Ft 1.600
Modeling, Integrated Deslgn & Analysi
hitpwwew.midasiT.com
MIDAS/Gen V 5.7.1 - 173 -
24 SAA 0|87 L A2 AIAY Y / s8R



‘MIBAS/Gen - Steel Code Checking Result Qutput

PROJECTTITLE:

® i [
1"‘! -.“’r':.‘.' 1 ;1 7
Vid 14 T PC4 I Untitled
“ MIDAS/Gen - Steel Code Checking [ AIK-ASDS3 | Yersion 5.7.1

[[[+]]} CHECK BENDING STAESSES ABOUT MAJOR AX1S.

{ ). Check width-thickness ratio of projecting flange of Box (BTR).
[ AIK-ASD83 Specification 4.1.1 (4.2) |
-, BTR = (B-Cw)/(2+tf) = 0.90 < 24/SCRT(Fy] --—-> O0.K.

{ ). Check depth-thickness ratio of flange of Box (DTRf).
[ AIK-ASDB3 Specification 4.1.2 (4,3) |
-. DTRf = Cw/tf = 26.09 < T4/SORT{Fy] --> 0.K.

{ ). Check depth-thickness ratio of web of Box (DTRw).
[ AIK-ASD83 Specification 4.1.2 (4.5) |
-, 0TAw = dftw = 11.04 < 110/SQRT(Fy] --—> 0.K.

(). Calculate allowable bending stresses (FBCy.FBTy).
-. FBCy Fyit,5 = 1.600 tonf/cm2,
-. FBTy Fyi1.5 = 1.600 tonf/cm2.

nou

(). Calcuiate actual bending stresses of member (fbcy,fbty).

-, fboy = (My~Ccom)/lyy = -0.802 tonf/cm™2,
-. ibty = (My~Cten)/lyy = 0.802 tonf/em™2.
{ ). Check ratios of stresses (fbcy/FBCy,fbty/FBTy).

fbey 0.802

= = = 0.501 < 1.000 --—> 0K.
FBCy 1.600
foty 0.802

= = = 0.501 < 1.000 ---> 0.K.
FBTy 1.600

([[*])] CHECK COMBINED STRESSES.

. Gheck interaction ratio of combined stresses {Axial tensién + bending).
[ AIK-ASD83 Specification 3.3.2 (3.3) |
ft foty fbcz

—
~—

~. Rmax! = Y ———— p ————
Ft F8Ty FaCZz
= 0.728 < 1.000 -—> 0.K.
fbey fbez
-. Amax2 = -=—-= 4 e
F8Cy FBCz

= 0.501 < 1.000 -—> 0.K.

({(+]]1 CHECK SHEAR STRESSES.

Madaling, Integrated Design & Analysis Saftware
htlp:/iveww.midasiT.com
MIDAS/Gen V 5.7.1
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MIRAS/Gen . Steel Code Checking Result Qutput

PROJECT TITLE :
9
Agl -
Vg PC+4 Untitled
MIDAS/Gan - Steel Code Checking [ AIK-ASDE3 | Versien 5.7. 1

(). Calculate atlowable shear stress (Fv).
[ AIK-ASD83 Specification 2.1.2 (2.2) |

-. Fvy,Fvz = Fy/(1.5=SQRT(3]) = 0.924 tonf/em™2.
{ ). Calculate shear -stress in local-z direction (fvz).
(L= 2, P0S = (I
-. Applied shéar force @ Fzz = -0.18 tonf.
-, fvz = (Fzz+Qyb)/lyy = 0.148 tonf/cm"2.
(). Check ratfo of shear stress {fvz/Fvz). i
fvz 0.148
- = = e = 00160 < 1.000 —> 0.K.
Fvz 0.924

Modeilng, Integrated Design & Analysis Software
hitp:/Mwww.midas(T.com
MIDAS/Gan \/ 5.7.1
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NEEM: S524 SHAM OISl

'MIDAS/Gen -

Steel Code Checking Result Output

PROJECTTHLE:'i

@ | company, | F it
AV N oAt | PC-4 < Filaame Uniilled
" MIDAS/Gen - Steel Code Checking [ AIK-ASD83 | Version 5.7 .1
* . PROJECT
v, ELEMENT NO = 14, ELEMENT TYPE = Beam
*. LOADCOMB NO = 2. MATERIAL NO = 1. SECTiON NO = 13
« UNIT SYSTEM : tonf, cm
., SECTION PROPERTIES : Designation = C1
Shape =8 ~ Sectlon. (Built-up) _
Oepth = '6.000, Flg Width = 3.000, Web Center = 2.770
Web Thick = 0.230. Top F Thick = 0.230, dot.F Thick = 0.230
Area = 3.92840e+000. Asy = 1.38000e+000., Asz = 2.76000e+000
Ybar = 1.50000e+000. Zbar = 3.00000e+000, Qyb- = 8.16395¢+000, Qzb = 4.96145¢+000
Syy = 6.00334e+000, Szz = 3.95643e+000. Zyy = 7.51083e+000. Zzz = 4.56453e+000
lyy = 1.80100e+001, |lzz = 5,934648+000, Iyz = 0.00000e+000
Aoy = 2.14116et000, BRoz = 1.22911e¢+000., Rop = 0.00000e+000
J = 1,37598e+001, Cwp = 1.00000e+028
. DESIGN PARAMETERS FOR STRENGTH EVALUATION :
Ly = 5.00000e+001, Lz = 5.00000e+00f. Lu = 5.00000e+001
Ky = 1.00000e+000., Xz = 1.00000e+000
«. MATERIAL PROPERTIES : ) )
Fy = 2.40000e+000. Es = 2.10000e+003. MATERIAL NAME = S5400

+, FORCES AND MOMENTS AT (J) POINT :

Axial Force Fxx
Shear Forces Fyy
Bending Moments My

Moments of i-node  Myy
Moments of j-node  Myy

=-2.14164e+000

= 0.00000e+000, Fzz =-3.52266e-002

= 1.75712e+000. " Mz = 0.00000e+000
i =-4,20662¢-003, Mzzi = 0.00000e+000
i = 1.75712¢+000, Mzzj = 0.00000e+000

(([~]]] CHECK AXIAL STRESS.

{ ). Check slenderness rat
[ AIK-ASD83 Specifica
-. Lambda = Kl/r =
(). Check width-thickness
[ AIK-ASD83 Specifica

io of axial compression member (KI/r).
tion 6.1 (6.1) |
40.7 < 200.0 —> 0.K.

ratio of projecting flange of Box (BTR)
tion 4.1.1 (4.2) |

-. BTA = bf/tt = 0.50 < 24/SQATI{Fy} -—> O0.K.
(). Check dspth-thickness ratio of web of Box (DTR).

[ AIK-ASDB3 Specification 4.1.2 (4.3) | :

-.0TR = dftw = 24.09 < 74/SQRT(Fy] —> 0.k
Madeling, Integraled Design & Analysis Software
hitp:/Awww. midasiT.com
MIDAS/Gen V/ §.7.1
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'MIDAS/Gen - Steel Code Checking Result Output

PC4 Uniitled

MI0AS/Gen - Steel Code Checking [ AIK-ASD83 | Version 5.7 .1

(). Calculate aliowable compressive stress (Fa).
[ AIK-ASD83 Specification 2.1.3 (2.3) |
[ Pirg+Es |
-. Lambda_p = SORT [ -~——--- ] = 119,97
0.6%Fy
-. R_lambda = Lambda/Lambda_p < 1.0
(1 - 0.4+R_Lambda"2)+Fy
-. fc = = 1.452 tonf/cm"2.
(3/2) + (2/3)*R_Lambda™2

(). Calculate axial compressive stress of member (fc).

-. fe = Fxx/Area = -0.545 tonf/cm™2,
(). Check ratio of axial stréss (fe/Fc).
fc 0.545
e = 0.375 < 1.000 -~—> 0X.
Fc 1.452

ST

(({+]1]  CHECK BENDING STRESSES ABOUT MAJOR AXIS.

(). Check™width-thickness ratio of projecting f!ange of Box (STR).
[ AIK-ASDS3 Specification 4.1.1 (4.2) ]
-. BTR = (B-Cw)/(2+«tf) = 0.50 < 24/SORT(Fy] ——> OK.

(). Check depth-thickness ratio of flange of Box (OTR{)
[ AIK-ASD83 Specification 4.1.2 (4.3) |
-. OTRf = Cw/tf = 13.04 < 74/SOAT[Fy] —> 0.K.

(). Check depth-thickness ratio of web of 8ox (OTRw).
- [ AIK-ASDB3 Spscification 4.1.2 (4.5}
-. OTRW = d/tw = 24.09 < 110/SQRT(Fy] —-> 0O .K.

{ ). Calculate allowabie bending stresses (EBCy:FBTy).
~. FBCy Fy/1.5 1.600 tonf/cm™2.
~. FBTy Fy/t.5 1.600 tonf/cm 2.

nou

(). Calculate actual bending stresses of member (foey. foty).
~. tbey = (My*Ccom)/lyy = -0.293 tonf/cm*2.
-. fbty = (My*Cten)/lyy = '0.293 tonf/cmn2.

(). Check ratios of stresses {fbcy/FBCy, fbty/F8Ty)

fboy . 0.293

= = = 0.183 < 1.000 -——> 0.K.
FBCy 1.600
fbty 0.293

= = = 0.183 < 1.000 —> 0.K,
FBTy ' 1.600

Modeling, Integrated Design & Analysis Software
hitp:/Mwwew. midasiT.com
MIDAS/Gen V 5,7.1
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'MIDAS/Gen . Steel Codeé Checking Resuit Output
PROJECTTITLE: ~
% e
AB 48 ,
V44 PC4 Untiled
MIDAS/Gen - Steel Code Checking [ AIK-ASD83 | Version S.7.1
CHECK COMBINED STRESSES.

(L0=]1]
[ AIK-ASDB3 Specification 3.3.1 (3.1) |
focy fbez
F8Cz

fc
———— + ————— + [——

{ ). Check interaction ratio of combined stresses (Axial compression + bending)
FBCy
0.558 < 1.000 —-> 0.K.

id

-. Rmax =
Fc

0.924 tonf/cm2,

[([«]]] CHECK SHEAR STRESSES.
(). Calculate allowable shear stress (Fv).
[ AIK-ASD83 Specification 2.1.2 (2.2) |
Fy/(1.5+SQRT(3])

-, Fwy.Fvz =
{ ). Calculate shear strass in local-z direction (tvz).
{LCB = 2, POS = J)
-. Applied shear force : Fzz = ~0.04 tonf.
- fvz = (Fzz*Qyb)/lyy = 0.016 tonf/ca"2.
(). Check ratio of shear stress (fvz/Fvz).
fvz 0.016 )
-, mmw—— = rmeme———e = (017 < 12000 > 0K,
Fvz.. 0.924
Modeling, 1 d Design & Analysis Software
hitp-/avw.midasiT.com
MIDAS/Gen V 5.7.1
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'MIDAS/Gen - Steel Code Checking Resuit Output

‘PROJECT TITLE: -

yr ‘; i ; ' oo St
V4 4 WEE PC-4 " MeNime: | Untitied
" MIDAS/Gen - Steel Code Checking { AIK-ASD83 ] Version 5.7 |

=, PROJECT

“, ELEMENT NO = 89. FELEMENT TYPE = Truss

-. LOADCOMB NO = 2. MATERIAL NO = 1. SECTION NO = 20

-. UNIT SYSTEM : tonf, cm

». SECTION PROPERTIES : Designation = T3, SR 16
Shape = SR - Section. (Rolled)
Outer Did. = 1,800
Area = 2.01100e+000, Asy = 1.80956e+000, Asz = 1.80956e+000
Ybar = 8.00000e-001, Zbar = 8,00000e-001, Qyb = 2.13333e-001, Qzb = 2.133336-001
Syy = 4.02124e-001, Szz = 4,02124e-001, 2yy = 6.82667e-001, Zzz = 6.82667e-001
lyy =3.2169%-001. 1zz = 3.21699¢-C01, lyz = 0.00000e+000
Roy = 4.00000e-001, Roz = 4.00000e-001, Rop = 0.00000e+000
J = 6.43398e—001. Cwp = 1.00000e+028

*. DESIGN PARAMETERS FOR STRENGTH EVALUATION @ _
Ly = 5.65685e+001, Lz = 5.65685¢+001, Lu = 5.65685e+00i
Ky = 1.00000e+000, Kz = 1.00000e+000

=, MATERIAL PROPERTIES :
Fy = 2.40000e+000. Es = 2,i0000e+003, MATERIAL NAME = $5400

*. FORCES AND MOMENTS AT (1) POINT :
Axial Force Fxx =-7.36385e~-001 :
Shear Forces Fyy = 0.00000e+000. Fzz = 0.00000e+000
Bending Moments My = 0.00000e+000. Mz = 0.00000e+000 .
Moments of i-node Myyi = 0.00000e+000, Mzzi = 0.00000e+000
Moments of j-node Myyj = 0.00000e+000, ‘Mzzj = 0.00000e+000

ioma

“[{[«}]] CHECK AXIAL STRESS.

(). Check slenderness ratio of axial compression member (KI/f).
{ AIK-ASDB3 Specilication 6.1 (6.1) |
-, Lambda = Ki/r = 141.4° < 2000 —> 0.K.

(). Calculate allowable compressive st}ess (Fc).
[ AIK-AS083 Specification 2.1.3 (2.4) ]
[ Pic2*Es |

-, Lambda_p =.SQRT { — | = 119.97
. 0.6+Fy |
-. A_lambda = Lambda/Lambda_p > 1.0
0.2774Fy
- Fc = — —~ = 0.478 tonf/cm™2.
R_Lambda"2

Madeling, Integrated Design & Analysis Software
hitp:/iwww.midasiT.com
MIDAS/Gen V 5.7.1
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PRoJEcwrrL

'-SteeLCodeJLCheckmg Result Output

Untitled

* MIDAS/Gen - Stee! Code Checking [ AIK-ASDS3 | ~

Version 5.7.1,

(. ) Ca.Lquate axial compressive stress of member (fc)
U ode’ = Fxx/Area = ~0.366 tonf/ca2.

( ). Check ratio of axial stress
c 0.366

—_———

(fe/Fc).

= 0.765 < 1.000 -—> 0.XK.
Fc 0.478

{{f*)]] CHECK COMBINED STRESSES.

( ). Check Interaction ratio of combined stresses (Axlal compresswn + bendlng)
[ AIK-ASD83 Specification 3.3.1 (3.1) ]

fe {1 fbey {72 [ fbcz 1re |
- Rmax = — + SORT [ | Podf—— }
Fe { | FBCy | ‘b Fecz I g

= 0.765 < 1.000 —> O.K.

RO ST

“Modeling, Integrated Oas!gn &Analysls Software
hitp:/Awww.midasIT.com *
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