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{ SUMMARY »

Purpose &

Contents

Finding industrial by-products that can satisfy permeability and material
technology

Acquired technology of filling material securing permeability by adding
developed material

Obtain customized filler technology that can be modified in response to
various site conditions

Development of automatic management system using automated mixing
equipment and injection equipment

Sinkhole Case Study and Analysis

Examination of differentiation plan and technology applicability through
investigation of existing technology

Cost-effectiveness analysis through cost analysis

Results

Development of lightweight and permeable filler manufacturing technology
Development of mass production technology for lightweight foam filler
Development of mobile equipment for sink hole or underground cavity
recovery

Development of construction technology for sinkhole or underground

cavity recovery

Expected

Contribution

Development of filler materials by utilizing material characteristics and
development of materials through industrial by-products and pre-mix
mixing facilities

Development of Lightweight Foam Concrete with Water Permeability
Development of materials for heavy emission industrial byproducts
Commercialization of industrial by—products into high-value-added materials
High value added of industrial standards and industrial by-products due to
new material development

Developing experts in related fields and developing new markets through

design sales

Keywords

lightweight

underground | concrete

sink hole cavity

by-product
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3 Agol og ARMA L ® 363 wrh olw AWE
= Akl aRglel diskel 10wt S WrhsAT.

H 36 95 e AAEE A% EdE 29 AR

s PERE

;z (9&) A B C D SUM

- OPC ZgtolofAl | fE=CIA | g3M3  SgavET
10 0.10 0.330 0.000 0.000 0.670 1.00
20 0.10 0.000 0.000 0.000 1.000 1.00
19 0.10 0.000 0.000 0.330 0.670 1.00
18 0.10 0.000 0.000 0.670 0.330 1.00
25 0.10 0.125 0.125 0.125 0.625 1.00
16 0.10 0.000 0.330 0.000 0.670 1.00
9 0.10 0.333 0.000 0.333 0.333 1.00
8 0.10 0.330 0.000 0.670 0.000 1.00
4 0.10 0.670 0.000 0.000 0.330 1.00
24 0.10 0.125 0.125 0.625 0.125 1.00
17 0.10 0.000 0.000 1.000 0.000 1.00
13 0.10 0.000 0.670 0.000 0.330 1.00
15 0.10 0.000 0.333 0.333 0.333 1.00
7 0.10 0.333 0.333 0.000 0.333 1.00
21 0.10 0.250 0.250 0.250 0.250 1.00

0.10 0.670 0.000 0.330 0.000 1.00

1 0.10 1.000 0.000 0.000 0.000 1.00
22 0.10 0.625 0.125 0.125 0.125 1.00
6 0.10 0.333 0.333 0.333 0.000 1.00
2 0.10 0.670 0.330 0.000 0.000 1.00
14 0.10 0.000 0.330 0.670 0.000 1.00
23 0.10 0.125 0.625 0.125 0.125 1.00
5 0.10 0.330 0.670 0.000 0.000 1.00
11 0.10 0.000 1.000 0.000 0.000 1.00
12 0.10 0.000 0.670 0.330 0.000 1.00
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% 3-8 %= AAG o HIdgrsE dSAE
agan =43

EE | A B C D w/C 427 = (MPa)
2= = 2=
= orc %]i f ] T;i ]5 33 j;‘_; SUM| 09 3 79 289
1 010 |1000 0000 0000 0000 |100 | 350% 134 244 371
2 lo10 |o0670 0330 0000 0000 |100 | 60.0% 061 178 446
3 lo10 |0670 0000 0330 0000 |100 | 40.0% 162 363 11.08
4 o100 o670 0000 0000 0330 |100 | 35.0% 456 14.19 20.10
5 o100 033 0670 0000 0000 |100 | 75.0% 047 218 496
6 010 0333 0333 0338 0000 |100 | 55.0% 105 348 1142
7 lo10 033 0333 0000 033 |100 | 60.0% 2,60 702 1556
8 010 |03 0000 0670 0000 |100 | 375% 490 792 21.84
9 o010 |033 0000 0333 033 |100 | 40.0% 49 10883 2195
10 010 |0330 0000 0000 0670 |100 | 350% | 1114 23.47 31.02
11 010 |0000 1000 10000 0000 [100 | 1000% | 041 0.76 151
12 o010 0000 0670 0330 0000 |100 | 800% 0.27 1,50 1141
13 010 |0000 0670 0000 0330 |100 | 700% 360 1136 1880
14 010 |0000 0330 060 0000 |100 | 575% 055 293 748
15 010 |0000 0333 033 0333 |10 | 550% 333 846 1517
16 010 |0000 0330 0000 0670 |100 | 575% 711 1450 21.14
17 o010 0000 0000 1000 0000 |100 | 375% 371 393 1398
18 010 0000 0000 0670 0330 |100 | 400% 827 1758 2742
19 010 |0000 0000 103% 0670 |100 | 400% 9.84 25.43 36.19
20 010 |0000 0000 0000 1000 |100 | 425% | 1099 22,03 3257
ol 010 |0250 0250 0250 0250 |100 | 55.0% 208 6.12 2435
22 o010 |06 0125 0125 0125 | 100 | 475% 113 420 1524
23 010 |0125 0625 0125 0125 | 100 | 80.0% 048 342 -
24 010 |0125 0125 0625 0125 | 100 | 450% 392 9.35 16.13
%5 010 |0125 0125 0125 0625 | 100 | 50.0% 769 1963 38.42
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X 3-9 Regression Coefficient of Compressive strength (3days)

Coef. SE Coef. T P VIF

A 0.92 1.026 * * 2.759

B 0.96 1.026 * * 2.759

C 4.65 1.026 * * 2.759

D 12.09 1.026 o * 2.759

A=B -4.15 4.396 -0.94 0.360 2.028

AxC -0.06 4.396 -0.01 0.989 2.028

AxD 1.94 4.396 0.44 0.666 2.028

Bx+C -11.66 4.396 -2.65 0.018 2.028

B=D -8.06 4.396 -1.83 0.087 2.028

C*D 0.44 4.396 0.10 0.922 2.028

S = 1.15537 PRESS = 102.467

R? = 93.05% R? (Prediction) = 64.43% R*(Adj.) = 88.88%

* A:PCC Ash, B:C-CFBC Ash, C:P-CFBC Ash, D:BFS

¥ 3-10 ANOVA table of Compressive strength (3days)

DF Seq. SS | Adj. SS | Adj. MS F P
Rﬁﬁ;ﬁ“ 9 268.020 268.020 29.7800 22.31 0.000
Linear 3 254,502 107500 35.8333 26.84 0.000
ond Order 6 13519 13519 2.2531 1.69 0.192
A*B 1 0.305 1.191 1.1909 0.89 0.360
AxC 1 0.012 0.000 0.0003 0.00 0.989
A*D 1 0271 0.259 0.2591 0.19 0.666
B+C 1 8.293 9.3%5 9.3853 703 0.018
B+D 1 4623 4.487 4.4871 3.36 0.087
C+D 1 0.013 0.013 0.0134 0.01 0.922
Residual Err.| 15 20.023 20.023 1.3349
Total 24 288.043

* A'PCC Ash, B:C-CFBC Ash, C:P-CFBC Ash, D:BFS
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F 3-25 12 AlE wieH &

No. SAA Hl& E H& NEA T = i 712‘% (%)
(kg) (kg) (%) A EF TF v
case 1-1 2 1 10 80
case 1-2 2 1 10 110
case 1-3 2 1 10 140
case 1-4 2 1 15 30
case 1-5 2 1 15 110
case 1-6 2 1 15 140

() A A s
- ARE VIE2 7Y, 28Y 2R TuEY 1A Adem 7L AW A Al 36
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E 3726 12 A8 A
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Ahs AY Ze&Ade] vou, wigk A el H REA Flow FHES Flsith
¥ 3-27 1= wjE]
N F XA & & 5 A e 71EA & = ¥ 59
(kg) (kg) (ml) (L) (%) (%) ()
case 1-1 200.0 100.0 200.0 °F 145 30 °F 10 °F 0.33
case 1-2 200.0 100.0 200.0 ok 200 110 °F 10 °F 0.38
case 1-3 200.0 100.0 200.0 oF 254 140 °F 10 °F 0.44
case 1-4 200.0 100.0 200.0 °F 145 80 °F 15 °F 0.33
case 1-5 200.0 100.0 200.0 ok 200 110 ok 15 °F 0.38
case 1-6 200.0 100.0 200.0 °F 254 140 °F 15 °F 0.44
A 1,200.0 600.0 1,200.0 °F 1,198 - ok 2.29
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2 85 7.72 1.30 OK 7.50E-03 O.K
7 3 9.3 9.38 1.50 OK 3.30E-03 OK
X 09 10 0] 4
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ATIE S TR e ST PP
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F 3-31 22 A A1 s

— 134

W SAA = | 7TE3A 72 NEA FE T FE
(kg) (kg) (ml) (L) (%) (%) (m')
case 2-1 306.0 153.0 306.0 222.0 80 10 0.5
case 2-2 262.0 131.0 262.0 262.0 110 10 0.5
case 2-3 230.0 115.0 230.0 292.0 140 10 0.5
case 2-4 306.0 153.0 306.0 220.0 80 15 0.5
case 2-5 262.0 131.0 262.0 262.0 110 15 0.5
case 2-6 230.0 115.0 230.0 292.0 140 15 0.5
G 1,200.0 600.0 1,200.0 1,198 - 3.0
(3) 2%
- AgES 91~92mm=E YERY 715£% 10mm °]dt= YERS
- dEIdEAEE 090~5.15Mpa® YENY 7|2 & AslsteE Aoz Felstit
- JIEFE 10, 1% 0HE w9 FF3} FERS FAS, ATl meh welF P
HEA Aok . ANEF 80%A M AEREFEA 2A ebut
3 03-32 22 AIE A7)
Ea st 49T F 7 = (MPa)
(mm) (kN/m') SA# 7| & %% a3
case 2-1 9.1 7.30 5.15 O.K
case 2-2 9.2 6.59 1.70 OK
70) case 2-3 9.2 6.24 111 09 O.K
case 2-4 9.1 5.90 2.76 OK
case 2-5 9.1 6.54 0.90 O.K
case 2-6 9.2 5.90 0.91 O.K
- 289 AlEAY F9FF 532~7.81 kN/m', %=+ 1.41~6.85Mpaz LEFSLTH
- BFASE 150x 1~5.10x° em/sec®E FFAS NFHS w58k
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2 33 A% (10218%)

(1) AT A¥

- 27 AF MFAY ALY ABE vigo
o 9.

S E Fqzdr] new Wus TR A2 & £ b WE 4§ ATA FAS

AE &t

it
>,
i
>,
ol
N

EEEe 10, 15% F7HA 7<)

(7h) whgke] B ¢ F

- FAA, B oS 212 NS, TS Fue | EFS 2ds] APS 7R

3 3-34 32 Al vl gH S

N XA v & 2 H & NE F (%) NNEA T =
o. 2 —_
(kg) (kg) FRA &F TF (%)
case 3-1 2 1 80 10
case 3-2 2 1 110 10
case 3-3 2 1 140 10
case 34 2 1 80 15
case 3-5 2 1 110 15
case 3-6 2 1 140 15
() A1 A =
- AEE Ve 7Y, 289 2FFE R HESIY
- 79 AEE AN AGH, /E AGA FE 2 tebd 71 EF 80%E 499 Y

- A7 AEd R FeAde "rbehr] fleke] 28d AeE 499 AR oF st
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3 3-36 32+ AlA AT Hi g

No. XA = | TEdA X F NEA & = F 7Y
(kg) (kg) (ml) (L) (%) (%) (m')
case 3-1 | 306.0 153.0 306.0 2255 80 10 0.5
case 3-2 | 2620 131.0 262.0 262.0 110 10 0.5
case 3-3 | 2290 1145 229.0 291.4 140 10 0.5
case 3-4 | 306.0 153.0 306.0 222.5 80 15 0.5
case 3-5 | 262.0 131.0 262.0 262.0 110 15 0.5
case 3-6 | 2290 1145 229.0 291.4 140 15 0.5
A 15940 | 7970 | 15940 | 15518 3.0

(3) 2=t

- G T EFS 750~892kN/m'E HERGon dS¢SA4 % 0.95~1.35 Mpa® ERY 7]
=X g A3sAr. .

- 712§ % 10, 15%° wE 9 FFY Ak fAbete, V1 E o] nEk a9Fd 2
w7y Apol7b e

3 337 3 Al A7)

2w Z] 3} g 9= = (MPa)
S =
(mm) (kN/m’) =3z 71 = %% o A

case3-1 89 8.81 1.25 0O.K
case3-2 9.0 8.73 1.12 0O.K
case3-3 9.3 7.50 0.96 O0.K

74 09
case3-4 9.1 8.92 1.35 OK
case3-5 9.2 8.26 1.23 0O.K
case3-6 9.3 7.90 0.95 0.K

S AR AERE R REAY ARE H HAss] Astel 3% AP 499 A A

GEEIET
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- 499 NEAY G F % 7.85~85kN/m', H = 1.42~152Mpa® FEFSLCE
EFASFE 1.20x °~6.40x P cm/sec® FFAIG 73S whES
ZEdrd oy FA Wt SolshAl YElUA = Sk

3 3-38 32 Al A¥H499)

. 4S5 F %= (MPa) T4 A4 (cm/sec)
B - -
(kN/) | S8% | 71=€#& | &+ A = B S = G S
case3-2 8.18 1.52 O.K 2.15x 1 O.K
case3-3 7.85 1.45 O.K 7.05x 2 O.K
49 14 10%1%8 ——
case3-5H 8.50 1.63 O0.K 1.76x 4 O.K
case3-6 8.12 1.42 OK 6.46x OK
CHeEE -d=sY= HREE - B
10.00 1.00E-02
900
- 8.00 8.00E-03
£ 700 2
L 600 £ 6.00E-03
~0 500 b
L; 4.00 TE X 400E-03 5
;EE 0.COE+00
5.0 6.0 7.0 8.0 g0 100 50 6.0 7.0 8.0 90 10.0
CERIEEF (ki) CEREE (knymi)
<$¢F4= 2> <FAs 2>

(4) B2} 8 24

- 27 Algo] 7Y Amel 289 Hx BAF HEUE A Aol Wlste] 3% Ald 7Y, 49U
T &3to] A o] LpEFLT

T ARZE AHEE A6ty fAFeEA A E ST

Q
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(2) 2A A E
7hH AldAE A7

- A Harl 9 BEx de A4S 219 3-659 2.

1% 3-65 Al E A

- H37] Q&L cased-1 FA, EX 2/ & cased-2, cased-3 ZHoE ANFHL st

- Hy Aed BEx oAle 1 A § dF 94 19 3-673 2o

- 141 -



% 3-67 4 144

'®>E§ﬂ%

- A g E HES AYshd F 3-409 o
® 340 NG FF
No =2 A = 534 71X F JEA TE F FY

i (ton) (ton) (2) (£) (%) (%) (m')

1 11.45 5.72 11.45 14.58 140 10 38.0

2 0.55 0.27 0.55 0.7 140 10 1.2

3 0.55 0.27 0.55 0.7 140 10 1.2
- AEE 7Ee 7Y, 289 22 FE LRI
- cased-2, 3o 7o dlsle] dF, F Al oo, AH 7Y APS FAJS

Aol o# ki 28Y Ald & T sk
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¥ 3-41 43 A8 A

T % A 7L A= 284 H| 3L
dEPS4E 2
Hj g 3 A A ZHA Al Y
FAE -
A5 2
Al A& Fot FAJST Al Y
FAE 2
(4) 23
- ExY ZH7) 3Gl A AlBEE A F st AT stE st AldS skt
- e Ee 92~96m= LEFRE
- 7| FE 10%00 71 140% 2 71 S} 744 sAAE A8 A9E AESAH
- G THEHS 704~830kN/m= YElgror, d=U=74 5= 0.75~1.37Mpa® YEY 7]
=2 0.9Mpas 3]s
S AEA A W #ARO AR FHE JEde Slgln
¥ 342 42 Ag A7)
25 =9 7= (MPa) F4=A 5 (cm/sec)
T (1:11’1’1) N 54| 71F g = =
case 4-2-7F 94 7.20 0.75 N.G 5.30E-03 0.K
case 4-2-% 9.3 7.80 0.92 O.K 2.60E-03 O.K
case 4-2-3} 9.2 8.30 1.10 O0.K 9.58E-04 1074 0.K
74 0.9 R —
case 4-3-% 95 7.04 1.02 O0.K 5.46E-03 173 0.K
case 4-3-% 9.6 7.20 1.21 O0.K 2.90E-03 0.K
case 4-3-3} 94 7.40 1.37 0O.K 8.90E-04 0K
- YA EE 72 SAALL, £HAF A 20w HE ST
- @SS 7.04~83kN/mZ YEYUH d5dEHAEE H 1.66Mpa® UERY 75 A
14AMpaS 433ty cased-2-4 HHA AWMEES A3 AR M= 1.35Mpaz 7|3
¥ v 2= 237 vERg T

— 143 -



¥ 3-43 42 A" A3 (289Y)
7
i -

(KN/m’) A 71 =% T A
case 4-2-%+ 7.20 1.58 OK
case 4-2-% 7.80 1.75 OK
case 4-2-3} 8.30 1.98 0K

28 14
case 4-3-% 7.04 1.35 N.G
case 4-3-% 7.20 1.54 OK
case 4-3-3} 7.40 1.70 0K
e e g el [ el | B
10.00 1.00E-02
E_ 8.00 ? 8.00E-03
4 800 3 6.00E-03
I_\_ 4.00 7  4.00E-03
[2 2.00 a8 0252 {- 2.00E-02 —
0.00 e 0.00E+00
50 6.0 7.0 B0 a0 10.0 50 6.0 7.0 8.0 g0 10.0
:,_-_‘H%Ec kM) Eu_grl%ic: (kM)

(1) W51

- 3t AlgAd 2A A &

A w5 sl

=
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Gague, 2ou= S0
4

oy

3P0 FME FYEnE
e b

(3) «7} wja

a7 B MEY
U PRI 22

TS B EEA| Y R & ] H
(HHEJFAHE, RS HE

FUH= NE
R HE e

o | |

oS0 EH AE HH
O& UEEH] ST U

FULY, B AlF, HE B2
CHO|EHE ClA| E2tet0] A4E 715

3-72 =R A2 AW+ Process

o

'8

U a5

QiR g Salpa|

RCO T TeurE

0] Eagle Eyes# & 3156
HY U2 FulH HA T o 22

HRE 7| 25 2l

HUTHOR 4| DLIER] 81 THs

7hH 497 SRS 9/m)D
3 3-46 7Zn] vjal
A Fd] by B 2|
Alm7| = +3 -+ = = Hlm
ot o it e ezt 39
EE7| =4 0.1333 ] 160,096 21,340 21.340
SEels 0.1333 ol 152,019 20.264 20,264
H2EClT 0.2666 el 125.427 33.438 33.438
HLZE | mgam= 0.4 A 15,492 6,196 5,196
(£+=n 1
aj=e) MIXER sr-SsE2 0.4 g 89.678 35,871 35.871
PUMP 0.4 o 153,296 61,318 61,318
Feaz 611.0 kg 52 31,711 31.711
A 37,907 75,042 97,189 210,138
E271=55 0.1330 o 160,096 21,292 21,292
23% 0.2660 2l 161,455 42,947 42 047
Sdels 0.2660 2l 152,018 40,437 40,437
umIe— | ESUT 0.8 o 125.427 100,090 100,090
(2at F-RE 0.4 2 15,492 6,196 6,196 1.4
A=E) MIXER Sl 0.4 o 18,270 7.308 7,308
PUMP 0.4 o 66,697 26.678 26.678
FAME 760.0 kg 75 57,000 57.000
# 63,196 204,766 33,986 301,948
E271&5 0.0687 m 207.080 14,213 14,213
Ea =& 0.1210 160,096 19,372 19,372
283 0.2420 161,455 39.072 39.072
SEels 0.1210 152.018 18.394 18.394
slma|s—2 HEUF 0.3630 125.427 45,530 45.530
(HTE ZlAZHH 0.1210 187.068 22,635 22 635 1.9
AsRE) oo 0.4 96,532 38,613 38.613
MIXER wSEEE 0.4 85,250 34,100 34,100
PUMP 0.4 132,025 52,810 52.810
FHAR 685.0 kg 169.2 115.923 115,923
2| 154,536 150,216 86,910 400,662
7) 20149 AAFA REFAAAALE AY), 20200 14A7E FA(FHALANET27EH )
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m ZH|
| 2|
B 7= H|
(th) FAR7E vla (9l 9/m)
3 347 AT 97 vl
HEy| e R &
MBI & 3 TS chey Al =]
=743 =29 (=2 =29 =70 =4
)& FelE| 1 m 6,196 6,196 75,042 75,042 97,189 97,189 178.427
(Exsd FuMz 1 m 31,711 31,711 31,711 1
aetee) Al 37,907 75,042 97,189 210,138
H@7|a— | TaE 1 m 6,196 6.196 204,766 204,766 33,986 33,986 244,948
(2t FeMR 1 m 57,000 57,000 57,000 1.4
Azkr8) E 63,196 204,766 33,986 301,948
um7|a—n | TEEH 1 m 38,613 38,613 159,216 159,216 86.910 86,910 284,738
(HEM Fee 1 m 115,923 115,923 115,923 1.9
Ased) #| 154,536 159,216 86,910 400,662
= 2~ . —
(4) AFAF FAM] vl (=3 5mxbmx.1.2m=30m")
5 =) = _
AGAY A2 AE A Qe =z 1270 Aol A AR 5m X 5m X 1.2m = 30w’

>
o
>
of
lo
of

~

FA7E wA AT ) se] varlel Bt vlE 30% A4

7 Wiy &2 mY 48% AztEE Aow ARHAY.
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3 3-48 A &AM Bl
EE 1] =11 2|
MBI = 2 TE | ol A B|
=713 =% =l =% cht =9
Jetr| & F ol 2| a0 o' 6,196 185,880 75,042 | 2251260 | 97.189 | 2915670 | 5.352.810
(&2 THAR 30 m' 31,71 951,330 ] 0 951,330 1
Eaiic] A 1.137.210 2,251,260 2,915,670 | 6,304,140
wlmo|a— | TEE 30 6,196 185,880 204,766 | 6,142,080 | 33986 1,019,580 | 7,348.440
(o FHUAE 30 57,000 1,710,000 ] 1] 1,710,000 1.4
T12t2E) A 1,895,880 6,142,980 1,019,580 | 9,058,440
Hmols_s | THEH 30 38,613 1.158.390 | 159,216 | 4,776.480 | 86.910 |2,607.300 | & 542,170
(HEM THME 30 115,923 | 3.477.690 0 0 3,477,690 1.9
e ) A 4,636,080 4,776,480 2,607,300 [12,019,860
S 7L B A
B o
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E—E HEAEo 22t IF7IZE ST HZE At
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Study on Optimum Mixture of Industrial By-Products for
Lightweight Foamed Filler Production by Mixture Experimental Design

ool - w2
Yang-Yi Woo' - Keun-Bae Park”
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This research studied production of lightweight filling praduction for sink hole restoration utilizing various industrial by-products(2kinds
of fly ash, petro-cokes CFBC ash, blast fumace slag fine particle). For this purpose, the mixed raw material properties(compressive
strength) behaviors according to the blending ratio of industrial by-products were examined by applying the experimental design
method and statistical analysis was performed using the commercial program MINITAB.,

Gompressive strengths of industrial by-products were strongly dependent on biast furnace slag powder. Compressive strength(3days
aging) was 3~11MPa depending on the amount of blast fumace slag powder used. The use of CFBC fly ash was evaluated to have the
least effect on compressive strength.

In addition, the compressive strength and the coeffident of permeability were measured by preparing foamed concrete for the
experimental batch 1 conditionin the mixture experimental design. In this ase, the bulk density is 0.9 to 1.0, the apparent porosity is 30
to 50% the compressive strength(3days old) is 1 to 2MPa, and the permeability coefficient is 10™ to 10%cmsec.

JIRNE : NEEE, JIE B3EE, NHSME, FHN, S48
Keywords : Sink hole, Foamed mortar, Industrial by-products, Filler, Permeability
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Table 1. Design of experiment

:‘; ::; orc[ & B T D
1 8 | 01 100 000 | 000 0.00
2 4 |01 067 - 033 000 0.00
3 2 |01 067 000 033 0.00
4 | 21 [o1 067 000 - 000 0.33
5 10 | 01 033 . 067 . 000 0.00
[3 18 |01 033 033 = 03 0.00
7 19 | 01 033 033 000 033
8 2 | o1 033 000 . 067 0.00
9 15 | o1 033 | 000 | 033 0.33
10| 17 [o1 033 000 000 0.67
11 1 |01 000 © 100 000 000
2| 9 [0l 0.00 067 - 033 0.00
13| 3 [o1 0.00 067 000 0.33
14 | 16 | o1 0.00 033 . 06 0.00
15 | 3 |o1 000 033 = 0% 033
16 | 5 [ 01 000 033 | om0 067
17 | 1 | o1 000 . 000 . 100 0.00
18 | 1 | o1 000 000 = 06 0.33
19 | 21 [ o1 000 000 - 0% 067
20 | 0 [ o1 000 000 000 100
21 6 | 01 025 © 025 - 025 0.25
2|2 |ou 063 = 013 013 0.13
23 7 |01 013 : 063 : 013 0.13
24| 5 o1 013 © 013 ! 063 0.13
El R 013 013 013 063

Table 12t 22, -
RI7S ME5I%HCE

Ao M= Bl T2 A0 MINITAB

3.2 MEME
= C“?Oii AZet MUEE SAl2| BE EEMC AHE1FS
AEaten, S210[0iA s B si=2HA0| 0|2 B E2t

OIOHM(PCC Ashjeh HARS] MEH HERRHACIM Esls RS
& 23| Z210|0fA|(C-CFEC Ash) W HAIY HIER 334 §
E2 HAZ0)M LME = Z2J0|0§AKP-CFBC Ach)2} SAS] 11
=2 2207 0|2 YEFSIE A Soitien, 24t 3R smda Y
E EE& Table 29 R, 100 LIEO0], 2k (T 0l
== Fig, 29 2o,

Table 2. Chemial components of puwders used in the experiment

KO Na0 | THO, | ete. iSUM
1: 13

11:31:100

3126 |11 181100

03 00 {00 11100

BFS |31.1]129] 05 (453 5527 0,5; 03 107 06:100
OPC (204 63 : 45 600 21:36:12° 03 :05:11:100
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Mormalized Particle Amount {4)

i
Fartiche Diameter (o

—PCC Ash

——C-OFBL Ash
F.CFBC fsh

——BF5

a0

Fig. 1. Partide size distribution of powders

i
[A——1

(a) PCC Ash

Fig. 2. Microstructure of powder

: UBPIS] 2t ZE7IE BEN MES HE MpiRAEe] A uiE A

3.3 YU
3.3.1 MPRLE ZEAQ iy HFE

Table 1 AE4F0M U= =S SAH HEE 2B WeE
2t 2Z0iM Flow 210| 220%20m7} S=2 Hfﬂc} Fig 32 &
H UE 2=E sMAY gEZe MRS dEd 2ol
MINTABS 22510 U= 20l CHsid SIHEA, EMEAS 5}

Fig. 3. Cump_ressive strength test

3.3.2 7|z 232|E HZ= ¥ H7t
Zal0fo§A| 2ER{PCC Ash, C-CFBC Ash)8 HE=Z T3 A
3218 OHANP-CFBC Ash), T2 &2 0| 2HBFS) &

HEZSH=ARIER FEE FER 4 Teble 1 biix] Z0|A —.—/“

El

i o
0
HI

8h, 3Y YFLE 0| 5MPa olg% LiEH A= °UH S

X

gl 7, MeE &0 B2 ZHO tishM Table 32| Z2i2=
7|2 232|EE HiXel, USZE JEE HIE W E4AE
SHolRlth USAE S FAME PoemeiemH S=E Al
25igicn 27| 7HEE, £48 U 20| HIEE K5 L IS0 507

O Oloiol ZEEI2LT, Flow 242 KS F 403901 93104 SEBI%
OB, S47kE KS F 23220] 26101 SAGIACH Fig. 4E Fiow
3 NI R4 SHNEE Uei Rolc

Table 3. Mix Condition of foam concrete

Parameter Level
Foam agent VF
Concentration of foam agent 10% 15%
Plasticizer 0.1%
wic 50%
Percent of foam 80%, 110%, 140P%6

* VF . Vegelable Foam Agent

12 =27 2019 39 39

_|:|-
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Fig. 4. Measurement of flow test and permeability coeffident

4, dEdn o o

4.1 AMURLE BRI oiEH| M4
411 Y§RZE

Table 4= Table 12| 282 %guﬂ thet YEde 2480
S HERH 20|08, Teble 42} Table 5= 212} XiF 3 U=A=

o CHEE 2|74t BARMTES LIERH 2ioich

Table 42| 2| 1A40lM %EIUEDHM(F'CC), Zel0[0fAICFBE),
HEZ A3A REZ %42 EZAW(0)A| L T2 220 02U
1A= 2121 0,92 096, 465, 12090( OPO[HAE LiEHf=
2 NSZZSH0 UEAUSE HMathTIChE S LERCE
CHRIHZ0| MR ME N SERSHEAHE 1062}
E31| AZo| OlEyiC Z0|0, TZ 430 nigo) OEi

(#20)7} CIE 4=FHC} =20 0712 BE ZEMC \BIE §

=

Zlo| 12 220 AHiE 35(02 s S82H 60 £ 70 0[
af)=ct ™A 02 a7 AIES 22 HA 3 B3

o5t 2oz ua:mc\ J2fL} 0|28 B 2310[0fAls Ca
SRE0l Hn 7| BEH0| 79 gln, A=S LEMT| §iFt
NBIE Erfzio] BEs02 2407} U2 oz metEn) Tht
3 4 ol W SU0DI TES WE S g
o= 915t (-Callt LI EH5I22 $3-TF0| Hojusa
SR ZJEE HHEC

n2 Sl ) eEziso| 0|Rls Hale Fig, eoiAS) Zo|
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Table 4. Test result of compressive strength

Paramster Result
M| 4| B | c|D WIC Camgressive sirengfh
onder
PCC (CCFBGD-CEBC] . .
v D e e e e
i 011000 0.000 | 0000 [0000|350] 134 | 744 | 371
2 0100670 0.330 | 0.000 [0000]600] 061 [ 178 | 446
3 10100670 0.000 | 0330 [0.000]300] 162 | 3.63 1108
30100670 0.000 | 0.000 [0330]350] 4.56 |14.19] 20.10
3 0.10 | 0330 | 0670 | 0.000 |0000|750| 047 | 218 | 496
& 010 | 0333 | 0333 | 0333 (0000|550 105 | 348 [ 1142
7 10.10 [ 0333 | 0.333 | 0.000 [0333] 6001 760 | 7.0 | 1556
8 010330 0.000 | 0.670 [0000]375] 490 | 792 [ 2184
9 [ 0.10] 0333 0000 | 035 [0333]400] 457 [1088] 2175
10 | 0.10 [ 0330 0.000 | 0.000 (06701350 11.14]23.47] 31.02
11 | 0100000 | 1.000 | 0.000 |0000(1000/ 041 (076 [ 151
12 | 010 | 0000 | 0670 | 0330 |0O00|800| 027 [ 1.50 [ 1141
13 | 0.10 ] 0.000 | 0.670 | 0.000 [0330] 70.0| 3.60 |11.36| 18.50
4 1000 | 0330 | 0670 000|575] 055|223 T48
3 000 0333 | 033 [0333]3550]333 | 846 [ 1517
6 | 0.10 0000 0330 | 0000 [06701575] 711 [14.50] 2114
17 | 0.10 [ 0000 0000 [ 1000 |0000[375| 371 [ 393 | 1398
18 | 0100000 )| 0000 | 0670 |0330|400| 327 [1758| 2742
19 | 010 | 0000 | 0.000 | 0330 |0670|400| 984 (2543 | 36.19
20 310 000 | 0.000 | 0000 000|425 1099|2203 | 3257
fea | [i] 50| 0250 | 0250 250|550 208 | 612 | 2435
10100825 [ 0125 | 0.095 (0105 475] 113 [ 100 [ 1501
23 [0.10 | 0.025 | 0.625 | 0.15 [0.105|50.0] 048 [ 3.8 -
24 1010[0125) 0125 | 0625 |0125|450| 392 [ 935 | 1613
35 10100135 ] 0.125 | 0.135 |0625]50.0| 7.69 |19.63 | 3842

| _Coef | SE Coef
1026

-2.65

e

S = 115537
R = 93.05%

R(Prediction) = 6443%

PRESS = 102.467

* A° POC Ash B: C-CFBC Ash C: P-CFBC Ash, D: BFS

Table 6. ANOVA table of compressive strength{3days)

RY{Ad) - 8888%

DF | Seq SS | Adj SS |Ad MS| F P
Regression. | o | Sce 0 | 268020 | 297800 | 2231 | 0000
analysis
e L B v T e
6 | 13519 22531 0192
il ] 0305 11902 | 0.360
o 1] e 0.0003 0939
A*D 1 0271 0 666
BC 1 5203 001s
B*D 0.087
; ] 092
15 | 20023 13349
Taotal 24 288043
* A' PCC Ash B: CCFBC Ash C: P.CFBC Ash Dr BFS
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Table 7. Test result of compressive strength

' of | Slumy | Flo r
Cone. | Percent W =
3 e Water — Apparent ’ ., | Permeability | Compressive strength(MPa)
Foam foam density ue s Apparerit E Bulk density =
et | vels) |Gend) | ooy | FOPHR | sty | S |y | cocticent .
2 ratio : (gfem’) (cnv/sec) | 3days . Tdays : 28days
#ML | 10.0% 80 109 283 23.5% 232% 1.29 0.99 7.2x10-3 1.87 359 5.00
L2 R N - O 7 T W O . . <L -
#EMB | 100% 140 077 | 192 | s46% 581% 164 0.69 7102 | 057 ¢ 119 1 137
AMA| 1500 | 80 027 | 246 | 303% | 307% | 146 101 43x103 | 192 . 328 ! 529
#FFNG | 15.0% 110 035 239 48.6% 44 5% 1.65 0.91 2.4x10-3 234
#FFMG | 150% 140 0.65 186 91.5% 59.5% 161 0.65 2.7x10-2 124
7|3 FH7Ko| F7telol mat Zask=t olHE 7|12 A 219 W
HE mose ok w2t B0 Ut K 5719 gsos %
8
THEL, £ o
i
é,‘nw

4,22 ZS5E~YEZLT A

Fig, 10 WXl Fig, 12E YSAE, 2E7| 7|28, 7|2H 5%
% 7|2 HIKE AE =AIR J2i=o|ct

7|2 F7IEH0| 80% uf 7|2 =20 [t 7| E 232|E9|
7|1ZE0| 70|12 HO|A[PF 7|7 H71EH0] 100% 0|AuME 7%
H ==%t BAglo] 7|2 232|E9| 7IZE2 22 HEE =0
Ch 71= &7120| 80%Y ZHRol= 7|=H s=0f BAHS0| M
ol wet Y=AEE SIIBIC) T2 7|2 F2iol 10% ol4o
ME Z7| 2= g8 = SAHE A |zs B7is REER| pect
02 7|m Hyj2ko| Z7jofl e} AME 7|1 Z20| B215k, 7
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Abstract

indusirial by-products for more than 30% of

amount of caleium sulfur aluminate {CSA)

es, pore sitructure, and hydrates were analyzed.

were 2.5, B,

prope

f CSA could improve the deep ng depth which

showed that using only 2.5%

ference beiween the upper, m

occurred when using an eco- As a result, the weight dif

proved even after

ion of CSA also cor

lower parts of cast specimens was being hardened. The ad

However, when

to the fo tion of small, unifor roved

v =ized closed porez and

when

ed the target sirengtk

QWETET sa

n of CSA increased, the long-t strength decreased.

8% or leez of CSA was used The resulte of thiz study revealed that wae posszible to manufacture foam

concrete with low strength and high fluidity for repairing ground satisfying target qualities by adding 2.5% of
2 2 e &

CSA io the eco-friendly binder containing a large emount of industrial by-products.

Key words : Foam concrete, CLSM, CFBC ash, Quick-setting agent, Ground repair system
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Table 1.Chemical composition of the binders used in paste(XRF)

Si0z |Al:Os | Fesls | Cal | Mzg0 | 50: | K20 | NazO | TiQe |lzloss| Ete. | SUM
GGBS 32.0 13,7 0.8 |432 | 3.4 | 23 | 0.5 0.4 0.0 2.1 1.5 100
FA 6.0 | 13.2 | 8.9 5.2 1.2 1.0 | 2.8 0.8 1.5 8.2 1.4 100
CFBC ash|37.6 | 18.8 | 4.3 141 | 3.6 | 23 12 3.1 0.6 13.0 1.4 100
CSA 24.3 | 7.5 31 |534 | 45 | 37 1.0 0.6 1.2 = 0.9 100
EE st CSAE 2R 2% EﬁiﬂgT[ﬂ A = Z7%E Table 1.0] L4=hfSct.
PeME 9% BE 542 WD oF  HolAES 5% A¥e skl 20 DA
87 AR o8% AMeRs BUS 24 9 Tik AAE 2EAT O 0.1% AIS
22X Z2E3517] YT 7|=ARERE AAIStAl o stgEal, 7= F mo|2E9 AEE2E Rt
o PPAIE Psto] 2EAS 001%9) A7YA
AE A7rete 2R H] 50%2] mHol~EE
2 NEHE % W A=ste
sz 23EY 222 BHE] g3 Jl=
21 2= Al 89 7l F4E #ste] pH 721, H]
3 12005 AFE T 3% ZE U HA
B 0% AE7 Aguas ¥F 7222 o =% 7|28 JEAS ABUED
ZlE AzE Hs AMEE 72 28 = A% Ho] ~AEQ} 7]x 9] AL H[EE H0jAE §
HAE Bo AT AZ i AFEEIET AZ & Y] 140%9] H¥=E 2 St 7=
2SR OPC  10% OS] TE&dln Z2E 2sjelE Almsid
{Ground granulated blast furnace slag, ©°]
5} GGBS)Z} Z2}o]ofjA](Fly ash, ofs} FA), & 22 2¥AE ol gy

O ==  Z=glo|ofjA|(Circulating  fluidized
bed combustlon ash, 0|3} CFBC ash)@] 4t
WHAMEL 0% o4 AHgsted AxzE l=a
JaE xlﬁ}i’\xﬂi o5t ZEAjolh. 2R
2EHe woisy] Ystod AZ HjEO) 10%

o
ols) CSAR 4£E¥E Alele wwsise
o, A7l CSAS ET¥W RE 2T 45

=

ARiEsg Y 7| EE22EY CSAA 37
A AMgOl TE 71554 BHE A% WEAY
2 Table 20] LERJUTE ¥ 92k V)=
Z3RiEg HoAES AN EHYLEA

Table 2. Experiment plan

Test items

Teszt levels
Plain OPC100%
Base AZ100%
CSA 2.5%, 5%, 10%

" Flow(KS F 4039)

+ Unit weight(paste, foam concrete)(KS F 2459)
- Porosity at fresh state(KS F 2453)

- Setting time of paste(KS L ISO 9597)

* Sinking depth(KS F 4033)

+ Bulk density(KS F 2459)

- Compressive strength(KS F 2459)

- Micro structure and hydrates(SEM & XRD)
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Table 3. Properties of foam concrete at fresh state

Flow Foam con. 1525t§t Ma‘{_rix Porosity Foa(xpm {atio Sglkitig
(mm) | Weight(ke/L) (_L:gl‘%u r&lf (%) W"’}_S%e) (;Pl’n)
OPCI00 | 215 0.694 1.805 | 385% | 61.5% 160.0% 10
AZ100 | 195 1.061 1700 | 62.4% | 37.6% 60.2% 12
CSA25 | 185 0.988 1.691 | 58.4% | 41.6% 71.2% 0
CSAS | 175 1111 1700 | 65.4% | 34.6% 53.0% 0
CSAIO | 150 1.150 1699 | 67.7% | 32.3% 47.7% 0
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Fig. 9 Unhydrated particle by BSE(*5,000)
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Field Applicability and Manufacturing of Foam Concrete as Filler with the Low-strength
and High-flow for Repair System of Ground Subsidence

Young Ma®, Beom-Seok Kim®, Yang-Yi Woo™", Kyung-Hun Jung’. Hun-Young Song

+ [Jaeins Fpundation Construction Co., LTD Sengpa-gu, Seoul 05538 KOREA
ws Research Center. AZ Co., Ltd Chungoheongnam=do 33415, Korea
we Donghy Engineering. 372 Hangang=dserp. Yongsen=gu, Seouwl 04323 Kores

2

¥ APE denuEe o Best] Ay 3T WA U3 %72 A0 AYSDRE 4P)E 2
o gumee 24sln. o2 waol ABslel 7S W] Y Aol Ao WraL WYL of
Wl 7lzAle] gug solAe gAnl 7lxe £uglnl 4¥e Solo MUY YUMo wuNge

£o Jlx24g Blsian.
Asia) wes o) e 7jad SUSL 10%7} 7 E88o|at wetelelon] mMolAE diu] At
§ 7120l £YUEL 170K SEE URSSCH T2, WEAE A DAY BURLE Gk S12 £
& 140%2 M_J sitel ettt N#H AUME ol8e AYE 18S FYPNE 23z|E0 HENE
23 23452 BT BEelo] YRR WY U FLOEAS 1SS Yasac, Te 2lx Y aols
E7t0] a2 vls¢ Tetsol BRBAZL wARol wek ojo UL ATk £4 W} FHLL

FHO : 4=z, vz EIlE, R4S AL LFE SHA o FE5 248 E2bo|oi)

Abstract

The objectives of this study were to identify the optimal mix of foam concrete with the
low=-strength and high-flow for the repairing pround subsidence situation emergently by utilizing a
large amount of industrial by-products and evaluate the possibility by applying it to the =ite. The
factors of the experiment were the mixing ratio of mixing water and a foaming agent and the
mixing ratio of foam over paste volume. The optimal mix identified by the experiment was applied
to the field and basic propertiez were evaluated.

The results of the experiment showed that the optimal mixing ratio of mixing water and the
foaming apgent was 10%. Moreover, when the mixing ratic of pre-foam owver paste volume was
170%. it =satisfied the target. However, to ensure stable guality when applving to the field, the foam
mixing ratio was set 140% for the field application. The field application test of foam concrete with
the low=-strength and high=flow using an eco-friendly binder satisfied all target performances.
Therefore, the possibility of using it as a mixture and construction method for a ground repair
systemn is confirmed. However, there was a guality deviation between the upper part and the lower
part due to the separation between foam and paste. Consequently, further studies are needed to
improve it.

Key words : Sinkhole, Foam concrete, Permeability coefficient, CLSM, CFBC ash
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Fig. 1 Particle shape of binder(SEM X 5,000).
Table 1.Chemical composition of the binders used in paste(XRF)
Si0y |ALDs| Fe0s | Cal | MgO | S0s | KO | Nag0 | TiOy |lg.loss| Ete. | SUM
GGBS 320|137| 09 |432| 34 | 23|05 04 |0OD| 21 1.5 100
FA 6:0(|132)| 89 | 52|12 |10 |28 | 06 | 15| B2 1.4 100
CFBC ash 376|188 43 |141( 36 [ 23 | 12| 31 | 06 | 130 1.4 100
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foaming agent

(b} Pump for the
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Table 2. Properties of foaming agent

pH Spectflc Type Solid
gravity content
7+1| 1+0.05 |Animality protein 3%

(c) Mixer

equal arnount supply  (water + agent)
Fig. 3. Pre-foaming process

(d} Foam maker (e} Final foam
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Table 3. Experiment plan

Test factor Test levels Test items
Experiment | | Foaming agent content 93,2, % 8,10, |* Uit weight
15, 20, 30% + Foam shape change
Experiment I | Foam content in paste | 140%. 170%, 200% E:j: density
- Porosity
Experiment [II Field-cast test « Compressive strength
+ Permeability coefficient
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’ Pre-foaming [:'_::| Fresh paste |
K— gl Madng

l Placing specimens with foam :un.|
o] | Curing at constant temperature
7 and humidity room

| Test according to the age

Fig. 4 Pre-foaming foam con. making
process.
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Table 4. Test results
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of experiment [l

Flow Abs:or?tion Porosity ,ﬁsbst::lultdv Bul%{ PermelaF)ility Compressive
i) ratio (%) density | density | coefficient strength(MPa)
(%) (kg/L) (ke/L) (em/sec) 3day | Tday |28day
140%| 185 70.0 55.7 1.79 0.80 1.2x107% 089 | 1.08 | 1.43
170%| 185 797 573 1.77 0.72 5.2x107! 084 | 0.87 | 1L.02
200%| 196 B5.8 60.1 1.76 0.70 4.7x107t 0.49 | 0.54 | 0.74
- 6 -
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Fig. 8. Pore structure of Foam concrete according to foam content against the paste velume{=1.000).
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ATIAF T wH2| BAMI| 3) M_l I]LEI_]’7] ON lT’%
# MA-1 U472t MA-2 TAZ], BEE

et OFFA| o}o| 2 HE| )
P . 5) MC-4 &7 55 ON

a8 | = (=l == 6) MC-3 ZH[0l0] %8 ON

430l ok A

Mc-3 Mc—4 ¥ B ST AHE 25 H24

Me-1 Mc-2 L
OFF
7) MAE 2EA B3 2 w5 EHBER dAlF
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12 §84 &3
1.3 S SHaA

H 2 EHSYH

21 F2A HFE A« Iedd

22 HN S HFEAMT

H 3 E AaEa

31 R¥ 718X e 9d

32 HH 8% 715X
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18 +34 i

- RUSER EHE pEFY G 2Hn 52 950l TeHock

- 43 UESM 53] 71XESAS M J2t98 HEE 2 YA S FLAS LXE 2ft
0 AHSELICE A3 HEIE 22 J|Z51H AlS HIO|HE 2AF= 27t €0 ge2 Fa2t 8

HEE A Zaot glEyck

- 28 OHIE 59 7| =2 A A M2| Al - HEE, YEH 52| 22128 SA Al
B EhTe| xtEZ Gl K= Al - X[3hd, DSHE0| X|BEZ A
- Kot 2% B Al A - ERY BT A 2 A

- OfA YTt AIZ Al - 7|EF EE J|E H2) Al

2) AHB#H0F Bt 0}
TEo Al
Helsh To 9 US| ABIIS BEAA, AIBS| TSNS o)

=
L2|d e AlZ2z DEI M|t ZXA2)

3 8k

- LW, AJHE 23 Y - A Z=UBHCGM, SGR §)
- SCW, SEC, ESC 5) - JSP, JET, RUP.SIG &

- CLP, SIP, MIP, PIP & - I e}

-JEH ESE I4E FUSE 5
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12 /84 §8

T ¥ LH g
- (0~B0 L/min) ~ (0~60 kg/m)

AP X + (0~120 L/min) ~ (0~600 kg/a)
- (0~120 L/min) ~ (0~120 kg/m)

E + 500(W) x 550(H) x 350(D)

3 4 - AC 220 V + 10% SO0Hz & 60Hz T

+ 3 - 20A (20mm), 3/4", 25A (25mm), 1"

g - 34 kg

eyl S LW, A, AHE 23 J|E}

- Digital RN AtE

- Digital SN ABo2 R FMEZHO| 7k

- Recorder Chart Speed : 1~10 Hf 7t5

+ Flow Controller B4V @ 1-9 B ks

- Flow Controller 43 ZHztolst

. ZEay Ol EAT HE

- RE Y Y FETs : LOW & HI 887tk
FEEFA 29 MY FEHOYA Macca 7|5HE

13 784 FHEL
- APIEe] USE SH2} O[SSLL RAPF 52 0 1 0|SSEL 240 HAss 7[X20] X
Lt SHel Liso) wasichs [HaEolel MAP|REel WAIE 08310l RuE Zle R
Olck. HIZHOIMAO] ot WAS! JiHE SHEI0| LA 10f Ojate] HIoIM HEHC 52
o2 AME % Qe AU Ha NBE wEsl SR

Ten
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- (@ HYHEE ongiCt

- B20| SR2IE FYSHH @olIM 7ISX|7F 2=t L2Ck

— 389 —



22 HH |H AEA

- 390 —
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|
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ST B B

AU o]
' y ¥ HEAMHE 1 1910-360
WOO SUNG ENGINEERING

T2 375 wgA BE WUE 126 2H|=EMY B1338 M8 031) A50-3686 8 A : 031) 450-3668

1.2/2|%}

Yo MolA|EAHUE

F oA MESHA AT ZEH20 16(8LE)
2. &2

A2y EHX2| gEA

FI=tafAl:  DAE JUNG ENG.

T 2 40A
|7 WS-50-500-1000-14
3. 23y

BE:(26+2)T MUgs: 60% 08t
4. @YK : 2018, 10. 15
5. BYET7I2| 234

H21717l= WA S HAZ|FEAY IS EFZERISS)I 228 FHe 4

45 E BHEU[E(2019-337871) O| Zalo] o @A &
6. AHUN : P UM HE

4
RYyAAR A Y /(T

=40|

@@ xl: 2019, 10. 15
- 2. A1OURIL|O|=} ( WOO SUNG ENGINEERING)

@ IMEME SRI0 BY HuE0| SHB UiXE So(RE 25 S5 AR 80| e Fole FAE.
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wdZ 3

x| L
v FaAzHoIY MEAME T 1910-360
W00 SUNG ENGINEERING

T Y2k ehYA BeP WWER 128 24| =EIS B1338 HMek031) 4503666 B £:031) 450-3668

TEA YL (X] HEI AU (Y] BHE A A
[ Limin ) ( L/min ) [ XAY=1 1100 (% ) (%)
85,81 85.33 0.50
97.18 96.25 0.97 .76
96.94 95.57 0.81
184,79 183.37 Q.77
181.47 180.04 0.79 0.77
191.63 190.24 0.73
302.45 301.11 0.45
303,73 302 .48 0.4 0.43
304 .44 30312 0.44
387.98 387.M 0.25
aH8 88 388,156 0.19 0.20
394,78 394,14 0.6
458,78 487 .32 0.29
492 88 49112 0.36 .36
493.98 492,06 0.39

« nERM 0 (&)

w AIEPEIAL D DAE JUNG ENG

o 2" a0A

v Z|ZME 0 WS-50-500-1000-14

(#).
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I X] O
, ik Y& E 0 1910-359
WOO SUNG ENGINEERING

T T tYA S WUE 126 So( el B183% M4 031) 460-3666 M A : 031) 460-3668

1.2/2ixt

b Melaz|EHum

& AMEBEAl &0 2HEH 207 18(8EHE)
2. 37|

1219 HA2| g

M= E[AL - DAE JUNG ENG.

S > 20A
7|7|HF - DH-20-120~7
3. 3FEs

2ri(25+2)T Ai&E: 60 % olst

4. DHYUR} : 2019. 10. 15

5. SYEFEII2 L2324
71717 HHE M0 FEAL FTSHEET|HKRIS)2REE SH £F 40
B EUE| B EEY|E(2019-337871) O B 810 1| WA #.

6. RAUM : AU fxE

(A

2 Y MUR A n

WAl 2018, 10,15 ,
, S APUTIL|O1% ( WOO SUNG ENGINEERING)

s Me Sl 8 U detho| UEE ik Qa@ya), 25 g9 S48 Hag) gae g Role fadE
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wdgE 1

| X| L
[ HEAME 1910359
WOO SUNG ENGINEERING

<>

T AUV E QQUA BebT WRE 126 20| ZELR B1338 H8H:031) 450-3666 M £:031) 4503668

TR [X] BE&EZ|&EaE (Y] BEHHA ey ma
{ Lfmin ) { Limin ) [3)/Y=1 1 %100( %) (%)
10,11 10,085 0.60
10,94 10,86 0,74 0.61
12.11 12,08 0.50
32.45 d2.24 0.65
33.86 33,75 0.33 0.50
31.67 31.5 0.51
60.57 60.35 0.36
61.89 61,73 .26 0.27
63.25 G314 017
95.45 85.31 0.15
84,48 94.24 0.26 n.22
95.87 95,61 0.27
118.56 11824 0.27
118.81 118,67 p.12 0.18
118.01 117.82 0.16
» WEFA O ()
» K|ZFEAL ¢ DAE JUNG ENG

T Y . 20A

w J|2|HE © DH-20-120-7

(&)
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WOLTAGE A-METER I - CI-600ALS 9% w7 47 @4
N - CI-600AR 9. 2% =|4q7] 44 4
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13—
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|
|
|
|
|
|
|
.

@ HulE AF/45ow HEAAL 4

(% ]

y )
: =4

1) ITEM B &

2) &e] 7 44

(lom daz 44)

3) Enter | &

4 ANESL] FA A

(o= dA"zk A4)

5) Enter &

6

HOME (F3) v &
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@ FHE AF/TEoE AEAYE A

< AsEAUE >

RESHe |

[ agiMziziel |

B A7 |zlz

1A
oj7E

PRIME
oz

1RHLE
o=

o7

2RAE

Ié‘

AR
£HON

BAHE
FHON

b-2

+EAE]

a)

=]

@ A=A 7S
1) C-1 8 HA 2832 AgE3te
2 e
2) a2 A%E +HON &
(w7, =M 7] FAl ONA <)
3) a2 AZbE &3 OFF A
(g9 o }=]2 83 ON/OFF)
4 AEradN 2ed
- 17 & % v 238gd g
ON/OFF
- 23 ANYE
ON/OFF
5 AAE 2GA A F eE WBR
A F ARE
@ BYA 7t 9] Ul g3 59

[ ABM7]

[arg |

ELE]

MA=1

ABSE
=1

‘ MB—1i

o [BWor | g [spue |

[FE=oz
T 1

Me-1 Me-2

Me-3 Me—4

Me-5

1) #A5atde] o e-1 g BA] =92
5% FHor Ay

2) MA-19147] or MB-1%147] ON
*E

3) M-1 &7 ON 58

# MA-1 2472} MA-2 = 47],
a7l OFFAl olel A 4]

5) MC—4 %7 +& ON

6) MC-3 Zvjele| +F ON

# 08 aEa AME F2 33 gk
w25 OFF

7 A 2GA Ha 5 FE
a2 F AL

e g
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H2& a-600A F2 5%

CI-600A scrics

Weighing Controller

C=G00A Al2|ZE= Td/ Dipie o) A/D Wi at AHEXH I8 220 2IEmo| &0
SR BuE DU U Ho e 80| Jheliye

F8 U DIEing0| A% Vo8 EBPRE, Truck Scale, Hopor Scale, Packer Scale,
Checker Scale 8 CHER TR 212610 B + S0, HA MM 2RYUG.

am. (€
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| za/zess | rrisems xm
2Y 008 A/D SEHAS 0 10,0008 MKLa | X tlowaio) M3
aEtsEea el Aol Y B A L BEokds BREND AAH TEE
of sl s ghick

| camero) wa s ug | meie 7=y
Clagh =0l He #4880 Clgw SUC|F0IE mpatnl B 4 WK
o #8 SACQEE CARHOE B8 fEE o BEA T SNE
ik o L)

| atme o n
CHE00a J2|= = xR 7is7 ol
7imE o) 3 8 T8 gl JimEEol
oy Thatio] ApEx} Bajd LA 4E0] FHREICL

| 18 e clemol USS N22) 41 Tl
; EH Rl FIESE a0 A
m Malme a';'m “;“’QJ.L‘?' M Wl e Ec
EL BT SN Y SR S m Y
& ggick
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Communication Interface

YR B4 NS
RRERC BE THE TESR dEeiol 2 2 38
BUFISE Bu0l A48 @ UEo
| EEUE R NES HOIW B8 A8
ELSHE a8 syen & 3 EoiY B8 MRS 27
BUFI=E S 2 o ANy & #go) Sagyct

Application / Software

| usez | cote nuie o
004 M3lxie S5, SH7L U/ U8 AR 7L, Trok s, |2 mpte ool e 90| TieRus
Packir soe, Hoppr scal. FE71 8 IR Sl U ARETIE BE00
PHsc)
| rc 22w nm
C=-6004 B8 mRIge@m
HiC|mole s SHEUE e
& US 0, PR AR dolEi
gl st
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|| Grevhic User intertace (Gu)

(G Ty O-00W0 (Conmoller Type C1-8064)

HE ey

» &8 00M D& 0A &5

« 10,0000 2 EaE

* AR M8 HEE0A (4.3 Pl Graph TFT LCD2EE)
« FRLE MG Tl

* HO oMY BEEE XE

- E CEEVEL R

= A7] 88§ w7 2 i s Wy

* Weight Back—up (Al 0IE] 7))

» 2ICIA0IE B8 AC Z@ 5 TN

* CIR 84 A

4 b

» Angiag Out Cand (V—out {0~ 100} i=cut {4~ 20mal)
= FAES/ RS2

* BCD (ut Comd

* REE

» HECARNO|

28 wije B we

1677-5878
Www.cas.co kf  tavamEe
MBNTA MBS TRT AR MO0 RAEE
TEL, 00 TG N0 FAX_EIT 47% du0a

At

k| B NTRN R IEED 058 TITE S | 000 404 OBET
W00 JEN RN I IS AT IS T | D83 I 408
fh | 0K PEE YT 4 1062 100 204

#Ba
4102 BONE ATEE SRS 1040 61 NS 0| | 054 363 04T
£04|-08Y 725 MRET

RS

L= Rl oc 5V

L 0 Ap0)

A=Y B =2 0V~ A0 WV
WS 0.5W/D{ L, 03 N/DIRHE)
/0 LEMERE 1/520,000

1/ 0.000{Cma. /NTER /1G],

AD Hiypite 1/20000(Mon apcrovel)
AJD HikaiE X0 tve fsec

AJD Hain Aoh wEl
clafieio] el A% TFT Coor LCD
ARt 237 L Thg oA

| 7E RSZEZ(COML COMZ)

B | == RSE2. PSS, A _od/BCD o
i) = [ mousioupus
AR | ac £C 100~200V 30/ 60He
ABES ~“NT~HT

DA omL CE

T (W x D x M)mm 9w 002 Ba
RS g [
|

| Saes |
H
' -
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M 3% cas ci-600A AFE AHA

E¥ X F2IT7
=

m &, DET Mg DICIHOIE

m HIE, s AIARN =t

m =52 =5 9 Ot Jis

m 218 23| X (FULL DIGITAL CALIBRATION)
m TS CICIH0IE

= RFI/EMI ZHHI

m ADEE 8 TDIDE 3= Jis HE

m EH Al HOIE JI120|s (WEIGHT BACK-UP)

m CIe8t M

205

mEE A T AIZE Z2H I0I”H 23 Jls

m 242 B3s: =3 (DXIE 2H JIs)

m 2E ZgE 9d Jis (Serial)

-E=H A DEIE g 8 Jks

-NAIE LHESI0 HE 2 & AIZHE &8

m PC 84 Jl= (PC Command mode)

m 2R 2 2 S CHIE AIEE + AsUCHL (34)

m 5t= SR & 150 U8 MN2ID 2= 83

mEE & AL Calibration 2 48 Jis

m X SIERN HAE Jis

-DEYZ 328 HAEE 4 AN BH 2MAl A=5] A/SE K& ¢
2&LICL
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JISAS

m Analog® & A/D 21t

= 0.5uV/D{2I&), 0.3uv/D(HI2E)
oF EEE 0~ 2mV/V
2 oD DC BV
FMS piEEo) 3.0mv/v
esmmmemEs | o5 lichem o
FERES =0.64 P.P
203 gimsiA 100 0|4t
A/D HiEiEiS Ay
A/D Bl 1,000,000 Count{20bit)
A/D Bigiss 2008 / Sec
H|Zs 0.01% FS
m Digital®
~m X Full Digital Calibration (BI%2] XIS SH &)
A BNR A N
Key Jl=T1 @M, 2TEN(1070
1=9 3 X1, X2, X5, X10, X20, x50
AE OIS A “-" minus 88
27| 38 B O
—— ¥, 98, 8)|, &/65T, A, &4, 20,

SR/ WE, USB
—
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ANE =8 SMPS - AC 100V ~ 240V , 50/60 Hz
H&E 20| 196(W) x 180(D) x 98{H)
N8 8= -10T ~ +40C
Hi=E 2 2 1.8kg
RZ 8@ 2a L2850V
£H| BE oF 20W
u SMAY
84— Analog &2 V-out (0 ~10V) or I-cut (4~20ma)
84 -2 Relay module Typel
84-3 BCD Out
84-4 Relay module Type2
B8 -5 ZigBee or Bluetooth
S4-86 R5232 or R5485
857 AS232 to USB
84 -8 Ethernet Card

* TSR WS AFSOHs B opton ZE0| BEETI0 2I0L] HEF 0 B HISA 215K

FEN=
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2AF AlE

1. X+
-
1
1
L ¥
23 190.2
1™ A A A s | T
™ o
o 00 | r[j e
(&~ ") e
't L .5
- ‘ INSERT PANEL SIZE
2. YB(Front Pane!) &9
= B aNgiPe) L Ha= 3 40
wE B
[C601A)

WETEHING e :,D | DI’G:I:E .: 4 5:.

A NESSRE
B 135 : ABCDEF
1 ENTA : L000 kg

-4213.09. i'“';.i‘I

AREe: 35 BN 1205 . 24

Iutnm
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VEIGHING mode 2012/06/28 12:44:60
ofadxi: MESSAGE

Ale: 35 BASA : 0.000 kg

!'1 15 :

-4073.0 ZZZZI

126524 kg =2 124524 kg
12462 kg o 1245.24 kg

Fm:t]m

o

. FH BEA 6 RS, 208, 85

2. S¥9| EA| : kglton, pound, @)

3. BAITI BEAl : & et M2 HAIKIEA (ex, 3| 2182 AEKTAl Error A,
HAE T, D35 U= S)

4, SE3|TA|

5. 1~4 CHil &3 SHHA| (CI-605)

6. 2 CiX| AEHTIA (CI-605)

7. &5 CiR} AEREA| (C1-605)
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m 7| ALRE

» SF S00 U= S8 HAR 022 LI
(2%, 5%, 10%, 20%, 100%IHE HEge - Sl ITH)

+ 2|8 0|26 MESATH 8 AW MESLICH

» JIB =20 gl FHE 8) SHZ JIhgUlt

» BY|E HAESIHS ET0] HiH2l= SHHL 718
SEUC,

~ BH BN C- B9 2R HAE 8 [ MSSUCL

» HRZ2S 2@ N AL,

g
-4
= ‘?@ Eia %Eﬂ ‘Bl-GIE
-

» AHE B R0 D=2 HEE + 2aun

* A2 S50 20 D=8 2eE + 2ASUL

» AiE S=( 250 J=S EBEE + S0
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Editor Key

B
{
J©

« 2J1H0~9 g2 A AREHLICE
= S QNI A~7 U A AKSEILICH
= B8]} /B 22 A MBELICH

»O«

= FHE 252 0158 I AlEEUlt

+ HKE ISR OISR [ AESSLICL

« QIF 2eip 2118 1S [ AEELC.

ot
»T< . SN, AB (KK, YR AT 8 A NBRUC
1+A%a
CLEAR . Qe HUE D= XS I ASEUL
e . S5 o 2 2 e 20| O PSR SORILICL
| MENU . ozt S LEE [ ABELIC
Enter
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« GEe 200 @ B0 2E UG

« BD| THE 21 2= AL 27 3|2 Tare B
OlEciN S22 LzeLICt

=F1 0] Z2E J12 BEEH U2 [ S8

= 48 JiE SE 8 TEE 7|8 F20 43 0| TEIE
EUCL(F 9 712 B8 M= THE F) 2L

= OLIE & Data &A= Hs M3 D2t ZSELICE

=F1 0| ZHE JI2 WSt OE [F SEEC.

» 58 7| FB & D2IE 31§ =2E 27 20|
ORIES T 712 JiE @S = TEE 7] LY

 Z2IE § Date &7l= D= @EH G2 THELL;

+ 42 3|8 = 2 [Cloar)7 |8 +221 47§ U 022
SLIC

* 52 3B SE F [Cea]T B =23 8 30 022
SLICH
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3. BiB(Rear Panel) &9

I ,—_| ( 1 "N\ [ ) -IL-’ G{l s
- - i -
- Vo, 0
0 I J E COoM 1
/] 5 B B | etde
w Com 2

m LOAD CELL : 2E4d ®Z IE (p&4)
m COM1 : Z§ 9IEHI0IA TE(RS-485 Option I&)
m COM2 : =@ 2IEH0|IA ZE
mAC INPUT : AC MR(AC 110/220V, 50/60Hz) & =&
(B= =& : T2AL250V)
m OPTION : SME MNES: [ S8LICE
Haszes Miclol UL = A 2 108 B S0 stAl= 20| BauUch
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x| gE
1. E=4 94|

2o HEESE 20A0IE HEO LOADCELL ZEN AFSHAAR.

» 2 HUE Hay

'/_ mu ESR —"_\\
s [ mops sy
1 EXC+ Ea
2 SEN+ 20
3 EXC~- fLE
4 SEN- 2
s SIG* =
6 SIG- s
7 SHIELD YUF

J
« HIOI0| MME HMST2A B3t HAH wire 8| MAEILICEH

&h11. 4 84 2 A2 N
EXC+2} SEN+E "EXC+" BHECSd 2ld+0h,
EXC-2} SEN-E "EXC-" SHZECH oled-Bh,
0l HASHH MESHEAZ.
#1 2 FCU HEZH ¥ 2R MM M| CHE £ ASLUCH

A1 3. 20K 812l St 25| AFS0| JEs#LILL (3500 J1E)

#11 4. Folts & Capacity 0 2+ HAE BHx2| 8 JEGHK 2@ £+

AsLICH
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+ EEE BSL HSUEA 2
EHEe 2 2T= M 0.3uv/digit OIAILICE

A2 @ Al Ok2H2| B20] SHE SIOI0F BHLICH

SCd oD x 2EAEHTU x Bi=8t
02UV < e e i
SCd HASH x 2Cd e
Al 1) 24 i t4 0K

2Cd A 22 :500 kg
Zod 33 &8 2mvNV
gh=al 1 0.10 kg
2Cd o b : 5V (= 10,000 mV)

HArA Sfa = ( 10000 mVe 2mV » 0.1Kg)/(500Kg * 4) =1 = 0.3uv
HEAE 20l 0.3uV 20 282 B2 AI2AE ZH= 2HDJ! SisLICL

#15

» Test mode 3 2Sd HAE A0lH ATEM>IIZ 254 S&2H mv/V
e "elg 4 2USLIT,
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SH &% (Calibration) 2E

SFHAIYoIE?

SEE TNOE=H 2A0M BAEE= X &1 S0 AXEER U=
EEE cloieict

FHYY2E TuyE
QICIMOIEl Mol WER WD O JE A0l Cal HBEE 2 2
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1. 27 8% 0w (CAL1 - CALS)

1o CALIBRATIONMODE ... .|

CAL1 : 2 2H & 243 45
YA W AW MYy
CAL3 : =2 23 (Gravity Adjust)
CAL 4 : 52 &3 (Dual Range)
CALS5 : &3 U AW TF (Factor Calibration)
CALB : [HRE 2HEH
CAL7 : AIFIEE(DLC HRB)
CAL S8 : E&gjdx
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CAL 2(&8 & ~meH)
CAL 2-1 (HEIEH & g8 £3)
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CAL 2-2 (RS2 243 & ANdH)

sSSP 1.000 ARBAD1

2E2A2 2.000 AEAD2

EEFA3 5.000 ARAD1

ESFH4 8.000 ARAD2

ESFHS5 10.000 AREAD1

15532
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54650

89312

123510
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CAL 3(=22%)
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CAL 6(CHIME(S123) 2HEH)

= Al B
279 = Ol=5d FHYUH(MVN) 0.25462
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Enter il Ciear ATHOI R (mV/V) 2.00000
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CAL 8(&5 &£73)

=3 i A
D kg - Kilogram
o
2 7= OIE5H =l
CiSi HEBAICH [ - pound

D ton - ton
D g - gram

&1 1. JI2 &E2 kg SILICE
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2 AF(Weighing) 2E :

(1) ¥=8 2%
BAS £= A28 3| am 4 9
G
‘,“ ! |1 .05 g
=y 0 0 100 bio: i | SEOI S8 SRR
'Hl? =
kg \wl
.8 T 200 N YL 2R gy
ST PR 0400 kg BPE 0600 kg
e [TV -muul]ll'-wl
- UE IS S
211 0,000 bg ;
o =EE s A
AEHH 0 000 bo: om | 2HEE
=h [F2 ) TTHE | & pOHo; THIE Uk
o2 g kg &= 2 TRk
;' prodn i i';l.,,
MY
&1 1. SEI| BE H9I= HUSHO| =1% ~=00% K| IHsELICE

HEI| = HYE= HwHS[2-1-15] HA XIEELICH

31 2. 8N SHD SECUE B2 AT 23 o 21007, Z2HE SHuKE

SE ZHE JisO & 2

— 424 -

2IXls HsEHE2-1-14] OIA RIESLICH



(2) 871015

HANT E£= N88I= 3| aE -] ]
BN 0000wy
iin O 0 500 B | TR B0 8E
s F e | Y=sERLGE
c_’ kg L.:T> -
—_— i ". u ,.. \.mlu LFS)
o 2 L £ o
208 EPEE
WA oD by
K=y & B0 REED; R

i 0 000. &

4 J;ylg FSP
e 1] = L we

— 425 —

=70 BEE FELD




B=FT / FTT 4=
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DATE 200127 11
TIME 09:30
[s] 1
COUNT 5
TOTAL 360.0 kg
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GRAND=-TOTAL
DATE 2012/ /2
TIME 10:30
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COUNT 123
TOTAL 12350.0 kg
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HAE(Test) 2E
HAEZE ZIY ¥H
2t DEHM 5‘II B nﬂi =2 HAE DCE Hee Il
== n IIE =2 NN HEE HE Test 2SI} ARELIC

HAEZCHA H2E %, HEZCSZ XY AMKE= 3II =2
ELICL

EHAE HiR(-9)
M
1. 7| HAE 6. ¥ e gHA

2 LCD HAE 7. BCD, A-OUT HIAE

3 EAE

®
&
n
5
n

9. AA HAE

: I HAE

' LCD Hi~E

tAD HIAE

: bl HAE (COM1, COM2)

: Zele HAE (COM2)

P QIF o/@B HAE

: 38 _BCD OUT, A-OUT H2AE
8: HZ2l 2=

g : MHI(RTC) HIAE

N oo s W N =
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1. 3| H2E

Jis : 3| HAE
A8st= 3| AR = o
HAEHDA o=  JIE
(Mey) 1 w20,
-.A.,-t‘ell’tw 7| 2=l 7 O 3 Hese wE9
3903 : HAE S0
SR HAIELIC,
1 1. AT HAEE HAE 68 A% AN
<3| gAE>
1K : 1K
: 2 vg 8 8 &1 161
B R =
F1 - -
H““?—B‘?Be_f
s | s | RO | 162 | 162 a0 | 30
i:I0GK
Telte
=E L 7 160 | 160
2. LCD H2AE
Jls : Display 312 HAE
ABH= 3| 2 -
[ MENU | g BEJE > BIM 3 fAH 5 L_ZEAR
= £O= LCD Test B X#ILICE
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3. AD HAE

Jis : 2c4d HAE
AHESE= 3| BAIR & o
m i N Calipration & 2@
e A B o @220 BA BUCH

&3 1. M FHE S5 IS H, Loadeell BEU0 BE=T MSEMNZ
X7t -0 AL 2T 0" 0] HAEE= 320= 2= 30| AU
=T OA B8 ZASIEAZ,

[ meM)

20 2. Bl 3 == 2oy 8210 mV/V BFIE BN BT

4, Bl HAE
b= : ZESA HAE
AESt= 3| HA|IS o 2

HE | Hog glats

' m 3 |UE AR A

e W= m o ol
UE 2 pog Yuss
293 -ae X 0 s |u= mugm 20 BA
YUBN BH@E 1.2
Z Blla

&3l 1. 0l HAE= BHH2 ZEYEY CI0H0IE M2 COM TER SA8 18,
SBHHMA 82X T2 (Hyper Terminal) B A8 AFRNM NESAIAL.
32 8 EMEREHI HUR £L6K=7] ROISGLMZ.
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5. BRE gHAE

Jis : ZBIE H2E
AlEdt= 3| HANS = g
OFF ZAE smELn
SEETREC G -
TEL 16775678
TESTOK
6. QS USH EJAE
Jis : 8% 2/@ H2E
ArE5h= 31 HAIR ﬁ g
olsiele 1 gisgiE: 0] U2 W AT
im0l Al ELICH

FERE: = 1~6 8 I8 S22
e E BH0) SSE@20|
AWELIC
7. A-OUT, BCD OUT H£2E
Jis : 24(Analog Out, BCD Out ) Test
A26h= 3| BANS & 3y
IE =8 O ot
(%) Aout 2| @& ol
=T — ARICIEME =i 25%4% MeICH
. 27 0%
39 3 HAE BCD Out & KHESR
2l

— 434 -



E. =2 H2E

Flash Memory Error

Ji= : BI22] HAE
AR28h= 3| BN - | =]
EEPROM Memory Error .
HZ2! 0lar Al

DiysEES HASUCL

93 : A
= = M
Memory Test O.K gﬁ.gﬁ?fu‘ ?.IalklﬂLH'.}.
9. RTC HAE
Jis : AlH H2AE
WELTE] HAIS & E
.’ &7 W= 18:55:23  |&m A28 BAIZLICH
J93: aae
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2% (set) 2=
SFPIE Y B

gl S A 3II o BL‘!H =0 83 2§ HEg 0

L= Hﬂll =B MEA HAE HE QERCTF AEEUGD

SPCHM MCHIE 48 &, HBZC2 1Y NN= @E’Il
F27 8L

S8 2ENA 3II B 28 QN QTR HUE0 AIRELCL
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M-2102 : AD PiEiS T 59
M-2103 : CJX| 8 26 1 =38
M-2104 : CJA|E 2 144 &
M-2105 : C]X|E 2E 2 "5 24
M-2106 : 2H 2HEEg =3
M-2107 ; it BEEY &8
M-2108 . &% i s 249
M-2108 : 2= ¢Al 25
M-2110: S#EE A 238
M-2111: EC 3N EH 23
M-2112: HEEE MFEN 23
M-2113 : tSELE WH{EN 273
M-2114: 7| MrEZET

M-2115 : A 7| SaYe 47
M-2116 : 87|17 S5Y 9 43
M-2117 1 £7] YH S| &3
M-2118 : Ip=S2F H34Q 43X
M-2119: FMOF| B2 7=
M-2120 : F1 key @3

M-2121 : F2 key 273

M-2122 : F3 key 4

M-2123 : FEE 2 2F(Print, Relay)

M-2100 : 3

mk
ot

L}
i
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M-2201 : EHE|#i3

M-2202 : Data =& Time
M-2203 : COM1 Port 4 =
M-2204 : COM1 SAI&E
M-2205: COM1 =58 &8
M-2200 : EME M-2206 : COM1 &3 =3
[ M-2207 : COM1 Sl
M-2208 : COM2 Port
M-2209 : COM2 S4l&E
M-2210: COM2 Szt & F
M-2211: COM2 =& =3
M-2212 : COM2 Salgtg

M-2301. =215 &
M-2302: Z2IH B

M-2303 : &5 At =73
M-2304 : Z2IE| & 2t
M-2300 : Z2EHY M-2305 : Z2IE Bi2| 2
M-2306 : Z2IE X HAIZE
M-2307 : A 2gt E Z2E
M-2308 : ZT2IE AE} &F
M-2309 : Z2IE 34 HAGL

d
on

ru

[F K

[
ot
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M-2400 : 824

M-2500 : MY

M-2404 :
M-2405 :
M-2406 :
M-240T :

M-2501 :
PCHE
M-2503 *
M-2504 :
M-2505 :
M-2506 :
M-2507 :

M-2502
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1. LEXQ1 JIF (General Function)
Menu-2102: AD &% &3

| Jim  |AD &5 EH(AD Speed)
HAIR %0l
@ 2 0 AD Bigias T8 108
auE 1 AD Bigiac TG 158
(0-4) % 2 AD Bifias 26 408)
ng 3 AD BIIAS 2L 1008
| B2 4 AD HIpiaG £ 20081

Menu-2103: CIXIS EE_ 1 HH &5

= | CAIE BE 1 Gl &3 (Dighal fiter Butter

i AR o 0|

(-50 | SHEXX | e mEo) EOK g8
2J0gt:=10

&3 1. B LA SISMR(EHES A2l i@ &+ 2sU0)
Menu-210£= CIXIS ZH_1 yig &5

| Jis  [cous @1 3 Oigital fiter Level)
HAR o0l
(1-50) | FEEIX | e mElo) A g weam S o)
2J12t:10 it e

S . BAW S SIS (SHES A2 =28 + 2SI

Menu-2105: CIXIS WE 2 NS+ &3

e | CIUE BEL2 A GE(Digital filter T_Constany
HAIR = Ji
B2t - XX
“ . 200} ’ -~
| oz 50 | CN® BEK! NBS G (eEm 02

i 1. B LA SHAHR(SHASE AZI0] a8 + Asul)
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Menu-2106: SH & EH9| &5

s

S| PR3 &8 Mstion Detection Condition)

|
ettt
| (0 ~99)

B | o 0l

ox053 | SBAZ! L SHNNE0| S35 x 0.553 OlLE2

EORE 1x05 SHDE S5 OHIEE AR

#1. SBAZ UK S8 S8R0 d3=58 X 05 =301848 SUATI QRE W
EAHR 2 as= JisgLICh

12 FHEH NS0 WS BEA0IZE 2THE N i1 80| M2 BA0IIE 2 THE
5 o= 20 NE 2 SEE B2 ssuUc.

Menu-2107: XIS 98 BHY 435

s TiE 2524 5% (automatic Zero Tracking Compensation)
— HAS | 90l
| (© - 99) ox05 =R [READ L B2E0MR0| G52« 0 6= OLER

2ORE 1% 05 w3 | DHD 61 S BaGH= Jis

831, 0l Jis@ SBLAEAMA BRO| I3 A2 UK 23 292 =838 2L
SISHE IR USSR 33 236HE= J)saLICL

Ex) 2 HA=m0 120.0kg 0/2 8i=2| 20| 0.05Kg 2 QATIAS W

L AL

ol T L3O A0A

0785580 DL 1000 DRA% SEnARD] BT 6
WA TS "0 B WA

s gt | .74 SEC OlLA 1009 W} @

bl T T O WA

Menu-2108: &8 % Jis &%

JlE | =% IR Jis (Weight Back-up)
AR o1 0]
1822
guen [ - &2 71201 NIE 2 8
o Y S8 J120ke NS D)

1 1. 29| E= TR OIE5H Jl=MH & [Enter 3] B B HE®
2112 Back-up &= I HEDIS ATLEHR BHOILI H¥ OFF AT
JiAGER MEE ONGITE N AN RS0 80 U8 3= 11 58
*8 HuSUC
0l MBSO N0 HINiSE A0S 9F YET JIE = 288 W
A0 8L
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Menu-2109: =S 8k O
[ Pk =|E @ ZF (Set Hold Type)

A 5]
B {Average) 85 8= Key = 915 2122 Al

=1 BTN B |aco oym wm A2 59 Bos0 8=

SuE% -2 aOms  |FHIPEAK &< : BEoi= =Ho) 30l i 8=

(1 -4) S717I(SAMPLING) BE : B= Key Z= 0I5 92 Al

= 3220 8= | agoi oo 2217 @S

. THE{Auto Peak) B : BECI= ol IS

AXBBE | nsom wa

a1 210 E= SALIE 01850 =% & (Enter I B =0 NEE

4T 2 B BE & OIS SH0| B SHUES HO% @ )0l 2K
QL

D 3.2, % 43 A ETO HINE AHHA SES OIS SIH, SIS 539
HFAE NHEOR HOSIe! BAM BUCH

Menu-2110: BZES AIZ2IEE

| Jls  [E2x SEAR (Average hold time)

TAR o 0l
HEEH 00X 0.1 Sec
(00 ~ 99) FIREA0x 0.1 | &FE2E x 0.1 AOIS] BZR| Al
Sec

-Menu—21 11: ZS6iHl =2 &3
| = =B M = g8

N2 of Ol
e = | om0l sI2t WEHa0H ELIC
preoeey
= SNEE | ge im oo S HHELIC
a-2 [ 2853 o .
= 3_S=HRDI ] - -
| e | MR 3 SR &S HHELIC

Menu-2112: XISEE AZEH
s 1= == ANE
| R AR ETl

o ox1=m | GEe ey @Ex 1 =2 040K DI HE T
Rk 10x 1 =2 858 ASELIC
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Menu-2113: XISEC siH=Z &%

Pl TS == GlHeEA
HAS o 0|
‘g}ﬁﬁ] ook | BE S 20 cox 0I4S2 20| HK O &=
BRE10% nwuc.
Menu-2114: 3| Al =3
= HE&5|, #7151 27 O8 ZERO, TARE Keys Availabliity)
HAE ol 0|
SR =1 _ S ET (8MIS
(1,2 uz_g}lD} -
bime! OS2 SHD OrER [ Pt EHE
Menu-2115: &3 !
s o5 J| TSl ZE (Set Zero Range)
e — = =L
(0~99) BRr 0% | HH SHO +/- ooX O AEI| HS

Menu-2116: £713]

=Xk
o O

————
B7D| ESii?| &% (Set Tare Aange)

s
HEs| . 2 01
{0~-100) 712k 100 % FI[} 2HO| +/-oo% QILIIK 870 &

Menu-2117: x| g8 S= 89

) 58 52 B9l &4 (nit Zero)

s
s e 20
(0~99) 2oz 10% | H HE +/-o0% OLINK ) 2 =8
Menu-2118: =B M3 HH £3
I[ s =S A3 B 25 (Weighing Unit)
wmey 25 R 20
0-99) | oK oc) pige] A 0x1 Digit IB<E: Mia
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Menu-2119: HHH3| &3 Jis&83
AE K= ET0T} 5F= 1B A58 2 2ASLICH
=4 = AKR, B2 - B2

Ex) F1 2IZ ZT si= A2, F1 I8 =dd 8120 ZASE 122 Suas
BTNOT dTUSHR

Menu-2120: F1 Key &3
Menu-2121: F2 Key &3
Menu-2122: F3 Key &3

e F Key &% (Set Key Use Type)
BAIZ

9o
1_248 3| Fkey B 2 7|12 N
= 2 _@fe=mEl 7| Fkey B &/58 712 AME
= 3_8701 31 Fkey B 8| 312 N8
= 4 AN 3] F key B 23 31 M8
= 6_BH 31 Fkey B B 712 AIB
= 6 4AH 31 Fkey B 2H 712 A
= 7_DBIE 3] Fkey B TRIE 312 AR
= 3_&= 3| Fkey B B= 72 M

IR o9 8| & 3|

F key B S)I51H JI=Z AR

(1~-19) |o10.1% @lgkom 9|

Fkey B 1503 312 NE

o 11 _2& wildh 8 J)|

F key B 2003 JIE ME

= 12_3E or 183131

F key B 3EUE IIE N8

= 13 45 or 26 it I

F ey B 40 312 N8

= 14_A81 22 F key B A8I0I2 5i2 A
= 15 58t o2 F key B OIEI0IE JI2 AFS
= 16_AE 3 F key B A& 312 N2
= 178X 3| Fkey B 31| 312 A2
= 18_TRIER J| F key B TZIEE J12 \E

| = 10_@=H J| F key B =01kl IIE ME

&1 1. F1 2|2 JiEdds B

£ J1 guck

&1 2. F2 12| JIEd3E &= ) 2L
&5 3. 73 J12| JIedEe 87164 I ZUtk

Menu-2123: SEF2E3(PRINT, RELAY)

pli— |ﬁ )
= x 1 Digit -
- =1 Di e
‘ 0~29) 12k Ox 1 Digit 52t = 1 Digit TH| SR 58

— 444 -



2. FUET

Menu-2201: ZH|HE

[ols 2t Bi= &5 (Device ID)
f J— _mﬁ: =]
(©~ 100) 5’”‘;3'&1 o e vem e 2 i iy

&11. 0l JIs2 COMMAND 2X Al 2ILF0IE 2% 10 = AERt 201 21sUCr,

Menu-2202: Data 835 &85

ol 0l

F s GIolE] B == lﬂ
HAMR
HEER
’ (1 ~2098) 00 x 10ms

{ZJZk 50 % 10

msl 00 x 10ms B${E Data B Hag

1 1. 0" LA HANUSE datalt H& ELICH

Menu-2203: Com1 Port Setting

L s

(1~6)

HEIE] HIE & (Parity Bit - RS232C & PAT)

HAN=Z

ol 0l

= 1_Data_B/ Stop_1 /
Parity_none

HIOIEH HIE 8, &8 HIE 1, MZiE HIE:

MNone

= 2_Data_7 / Stop_1 /
Parity_sven

HIOIH HIE 7, 28 HIE 1, HZIE BIE :

i

= 3 Data 7/ Stop_1 /
Parity_odd

HIOIE HIE 7, A8 HIE 1. H2IE BIE:

=

= 4 Data 7/ Stop 2/
Parity_odd

HIOIE HIE 7, A HIE 2, IEIE HIE :

= 5_Data 8/ Stop_1/
Parity_even

HIOIE HIE 8, 28 HIE 1, BZiE HIE

= 6_Data_8 / Stop_1/
Parity_odd

HIOIE HIE 8, 28 HIE 1. BI2IE LIS :
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R 4% M

National m

Measurement SOTMLE
Office N

Certification

Member State of OIML OIML Certificate No
United Kingdom of Great Britain R76/2006-GB1-14.05
and Northern Ireland Revision 1

OIML CERTIFICATE OF CONFORMITY

Issuing authority: National Measurement Office

Parson responsible:; Paul Dixon = Director, Product Certification

Applicant: CAS Corporation
#262, Geurugogae-ro
Gwangjeok-myeon
Yangju-si
Gyeonggi-do
Republic of Korea

Manufacturer: The applicant

Identification of the CI-600A Series and CI.6000 Series

certified pattemn:

This certificate attests the conformily of the above-mentioned pattem (represented by the
samples Identified In the associated test report) with the requirements of the following
Recommendation of the International Organisation of Legal Metrology {OIML)

OIML R 76 - Edition 2006(E) for accuracy class: (111} and [lIll]

This certificate relates only to the metrclogical and technical characteristics of the pattern of
the instrument concemed, as coverad Py the relevant QIML Intemational Recommendation

This certificate does not bestow any form of legal international approval.

Important note: Apart from the mention of the certificates reference number and the name of
the CIML Member State in which the certificate was issued, partial quotation of the certificata
or of the assoclated test report is not permitted, though they may be reproduced in full

This revision replaces previous versions of the certificate.

Issue Date: 06 November 2014
Reference No: T§1201/0071

/%ﬂ
Signatory: G Stones : d&i #‘ﬁ'

for Chief Executive N ational

Wationa! Measurement Office | Slansan Avenue | Teddington | TW11 0J2| United Kingden UKAS
Tel ik (2120 3843 7272 | Fax +4d (24 8943 7270 | Web www.gov.ubinmo pReiE gl;;summaﬂ
(=3
WD iz an Executve Agency of the Depariment for Buziness, Innovation & Sils L
Pags 1 - This certificate meludas 4 pages DIML RTE MAA Rev. © 0] Apfi 2041
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OIML Certificate No
R76/2006-GB1-14.05
Revision 1

The conformity was established by tesfs described in the associated pattern evaluation report
P01466 which includes 13 pages.

Characteristics of the instrument:

Characteristics:

This family of instruments, designated the CI-600 Series, utilises the CI-501A, CI-605A or Cl-
607A digital Indicating devices connected to a weighing platform 1o form a single or dual-
interval, Class |1l or I, non-automatic weighing instrument,

The instruments are designated the CI-501A and CI-605A respectively, and are not designed
for direct sales to the public.

Main features

Plastic enclosure

43" LCD display

Operator keypad with numerical, navigation and function keys
Relay [n/Cut(4 inputs, & outputs) option card (CI-605A)

Reday InfOut{ Inputs, 8 outputs) option card (CI-G07A)
Analogue Out option card (CI-6014, CI-G05A, CHE0TA)

LI I T A |

Initial zero setting device on powear up
Semi-automatic zero setting

Zero tracking (optional)

Sami-automatic subtractive tare weighing

Preset tare

GEross/Met indication

Zero-indicator

Indication of stalile equilibrium

Met indicatar

Gravity compensation

Hald function

Soft functions keys (F1, F2 and F3 can be allocated a function)
Memory storage

| T T I T T T O T T |

= Load cell connection

-  R5232/485

- Relay InfOut {4 inputs, & outplits) (C1-6054)
= Relay InfOut {6 inputs, 8 outputs) (CI-507A)
- Analogue Out (CI-801A, CI-605A, CI-6074)

Lo I
Any compatible load cel(s) may be used providing the following conditions are met:

- Thergis a respective CIML Certificate of Conformity (RE0) issued for the load call.
The cerificate contains the load cell types and the necessary load cell data
required for the manufacturer's dedlaration of compatibility of modules, and any
particular instaliation requirements. A load cell marked NH is aliowed onily if
humidity testing to R7G has been conducted on this load cell.

Page 2 - This cerificate includes 4 pages
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OIML Certificate No
R76/2006-GB1-14.05
Revision 1

—~  The compatibility of the load cells and indicator is established by the manufacturer
by means of the compatibility of modules calculation at the time of venfication,
- The load cell transmission conforms to a standard fype.

Techiical tingicators)

Power supply 100-240 VAC, 50/60 Hz

Masdimum number of scale intervals 10,000 (Class |Il), single or dual inferval
1,000 (Class |11}, single or dual interval

Magimum Tare value - Max

Maximum Preset Tare value - Max (single interval)
- Max, (dual Interval)

Load cell excitation voltage 5VDC

Minimum load cell impedance 430

Maximum load cell impedance 11000

Minimum Input voltage per verification | 05 uv

scale interval

Measuring range minimum voltage | 0mV

Measuring range maximum voltage 16 mv

Fraction of maximum parmissible P =05
fror

Operating temperature range -10°Clo+40°C

Load cell cable (from indicator to load | 183 mimme (6-wire configuration)
cell junction hox) - Maximum length

Soltware,

The software is held In firmware on the circult hoard, and has the identification numiber Y1 xx,
with »x reflecting non-egally relevant changes. Access to the setupdconfiguration made is only
allowed via a jumper located on the clreult board

Sealing,

Access fo the setuplconfiguration jumper is prevented by sealing the enclasure via a wire-and-
seal solution

Allemative:

Having a modified instrument designed to be connected to a digital load cell, and designated
as follows:

—  CI-B01D when fitted with Analague Out card
—  C1-605D when fitted with Analogue Out and Relay InfOut (4 inputs, 6 outputs) card
—  CHGO7D when fitted with Analogue Out and Relay InVOut (6 inputs, 8 autputs) card

The digital load cell may be a VWBK-D, manufactured by CAS Corporation, a5 descnbed in
OIML Certificate RE0/2000-NL1 1308

Page 3 -This cerificate includes 4 pages
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	2 최종보고서 (v002_10 20-0220) [제출본 20-0220]
	개요
	제 1 장 연구개발과제의 개요
	1. 연구개발 목적
	2. 연구개발의 필요성
	3. 연구개발 범위
	4. 연구개발 배경
	(내용없음)
	(1) 침하(沈下) Depression : 지반이나 포장면이 아래로 처지는 현상을 광의적으로 표현.
	(2) 도로함몰(道路陷沒) Cave-in : 서울과 같은 도시 지역에서 지하시설물 노후화나 굴착 복구공사 등으로 인하여 땅속에 생긴 빈 공간(동공)이 그 상부지반의 지지력을 잃고 꺼지는 지반 붕괴 현상.
	(3) 동공(洞空), 공동 Cavity : 함몰 직전의 땅속에 숨은 공간. 서울 지역에서는 주로 노후 하수관 손상부로 흙이 유실되거나 복구 당시 땅속에 매립된 관로, 불량 재료 사이에 공간을 제대로 메우지 못하면서 생긴 현상. 서울시는 과거부터 본 용어를 계속 사용.
	(4) 싱크홀 : 땅속에 지하수가 흘러 형성된 공간이 주저앉아 발생하는 웅덩이
	(5) 지반함몰 : 지표면이 수직 방향으로 꺼지는 현상
	(6) 지반 침하 : 지반이 가라앉는 현상
	(7) 충진재(充塡材) : 광석이나 석탄을 캔 공간이 무너지지 않도록 하기 위하여 채우는 재료를 말하며, 지반함몰 충전을 위한 “분체”를 말한다.
	(8) 충진재 슬러리 : 충진재(분체)와 물이 혼합되어 있는 상태
	(9) 투수성 충진재 : 충진재(분체)와 물, 기포가 혼합되어 있는 경화되기 전의 상태
	(10) 투수성 개량체 : 투수성 충진재가 경화된 고화체
	(11) 기포제 : 거품(기포)를 생성하는 물질로서 기포 모르타르 제조에 사용되는 기포제는 식물성 기포제와 동물성 기포제가 있다.
	(12) 기포제 희석액 : 기포를 일게 하는 물질에 대해서 일정한 양의 물을 가하여 균일하게 혼합한 액체를 말한다. 예를 들어 10% 기포제 희석액은 용액(물과 기포제가 혼합된 액체) 100g에 대해서 기포제 10g이 균일하게 혼합된 용액을 말한다. (기포제 비중 ≒1)
	(13) 기포 : 기포제 또는 기포제 희석액을 기포 발생기를 통과시켜서 만들어진 거품


	5. 연구개발 추진 전략

	제 2 장 국내외 기술개발 현황
	1. 국내 현황
	가. 지반함몰, 침하이론, 원인분석
	(1) 지반함몰
	(2) 지반 침하 형태
	(가) 침하의 유형
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