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SUMMARY

I. Title

Development of Automatic System for Quality Control in Ready
Mixed Concrete Manufacturing

II. Objectives and Necessities of This Research

Ready-mixed concrete (REMICON) has been a major construction material
for infrastructures so that REMICON with poor quality is reported to be
social issue since it directly threatens user’'s safety and convenience.
REMICON with poor quality causes not only efficient product of concrete but
also recession of government initiative of GREEN GROWTH. Usually,
REMICON with normal grade consumes 0.3 ton of unit cement content and
this leads 0.27ton of CO: emission. In the case of 531,152m3 product of poor
REMICON, 143,411ton of CO: emission is released, which amounts to 0.55%
of total CO: consumption from all the forest in Korea (33.3Mton).

For the problems due to poor REMICON, several counter measures are
proposed, however the repeated problems are still reported. For the reason,
T/F of construction safety improvement supported by the Prime Minister,
related departments and experts is founded in March, 2009. Furthermore,
guidelines for REMICON/ASCON quality control (KS F 4009) is being
revised by Korean Agency for Technology and Standards in Ministry of
Knowledge Economy and Ministry of Land, Transport and Maritime Affairs.
Previously explained, policies and counter measures are focused on
enhancement of quality control of REMICON but domestic companies still
have difficulties in the setup of equipments due to expensive imported
equipment. It is the time to develop a quantitative, efficient, and automatic
system for quality control of REMICON product which agrees with the policy
of GREEN GROWTH and Kyoto Protocol, available CO; emission market.

In this research, measurement systems for surface water content in sand,
sludge in recycled water from REMICON, and unit content of water are
developed and these systems are applied to domestic REMICON company for
verification. Finally through the feedback of problems and difficulties, this
research on Development of Automatic System for Quality Control 1in
REMICON Manufacturing is carried out.

- vii -



IM. Contents and Scopes of this research

1. Survey on automation of quality control of REMICON
Ga. Literature survey on sludge of recycled water
Na. Literature survey on unit content of water

Da. Literature survey on surface water content in sand

2. Automatic measurement of sludge in recycled water
Ga. Measurement of sludge in recycled water
Na. Relationship between ultrasonic pulse attenuation and sludge

concentration

Da. Prediction of sludge concentration
Ra. Washer running check and output in stage
Ma. Oscillator of ultra sonic pulse and temperature calibration
A. Improved design of apparatus of sedimentation type
Ja. Evaluation of frequency range due to concentration change
Cha. Evaluation of variation in sludge ratio with mix proportions
Ka. Accuracy and repeatability assessment

Pa. Analysis data

3. Measuring system of unit water content in REMICON

Ga. Integration technique of high and low frequency for high
resolution to aggregate

Na. Relationship between water content in concrete and electric
capacity

Da. Obtaining of unit water content through the proposed
relationship

Ra. Oscillator of harmonic frequency

Ma. Design of Sensor module and control box

Ba. Evluation of variation in water content with mix proportion

Sa. Measurement accuracy and repeatability assessment

A. Related data analysis

— Viii =



4. Measuring system of surface water content in sand
Ga. Generating capacity of microwave and signal type determination
Na. Relationship between microwave signal and surface water
Da. Prediction of surface water ratio through relationship
Ra. Angle of air washer, location, and washing effect evaluation
Ma. Performance evaluation with installation type
Ba. Performance evaluation with frequency range (accuracy and
repeatability)
Sa. Design of control box of emission and receiving, prototype
A. Variation evaluation of surface water with sand type
Ja. Evaluation of measuring range for change in surface water

A. Related data analysis



IV. Research results

Sub items

Results

1. Survey on
automation of quality
control of REMICON

m Understanding of condition and problems of
domestic REMICON product

- Conventional installation of recycled water but
limited operation.

- Use of non—automatic measurement of surface water
content but few companies

- Use of non—automatic measurement for manufacturing

- Few cases of automatic measurement due to
expansive installation and difficulties in spite of

their

Interest in water content measurement

2. Automatic
measurement of
sludge in recycled

water

m Current domestic state of development of water
recycling

- Obtaining of quality and standards for recycled
water and analysis of measuring technique of
recycled water

® Development of automatic measuring system of
sludge in recycled water

- Obtaining of prediction of sludge through pulse
attenuation and concentration of sludge

- Application of air washer to automatic system of
recycled water through washer location effect and
check of concentration—dependent signal

- Design of sedimentation type system considering
variation of sludge ratio through evaluation of
change of frequency range with concentration of
sludge, oscillation of microwave, and temperature
calibration.

— Digitalization of sedimentation type system

- Remeasurement of sludge concentration through
digitalized sedimentation type system with improved
results




3. Measuring system of

unit water content in
REMICON

m Current domestic state of measuring technique for
water content

- Obtaining of current domestic data for measurement
of unit water amount

- Efficient techniques are air meter and electric
capacity measurement

B Development of measuring of unit water content

- Development of integration technique of high and
low frequency and related device

- Derivation of water content prediction through
relationship between water amount and electric
capacity

- Improved accuracy of variation in water through
design of sensor module and control box

- Integrated measuring system for air and unit water
amount considering field application of electric
capacity method

- Relevant application of air meter compared for
electric capacity method for measuring water

content




4. Measuring system of
surface water content

in sand

- Obtaining of current domestic measuring system for

- Analysis of system characteristics

m Development of domestic measurement for surface

water ratio in sand

surface water in sand

® Automation of measuring system for surface water

in sand

- Derivation of surface water prediction in sand
through electric signal and water amount based on
determination of signal type and microwave
generating

— Development of sensor module and control box and
double check of apparatus design

- Verification of the proposed device with foreign
conventional system through qualification analysis of
variation of surface water content

- Achievement of better or equal performance for

conventional device

V. Utilization of this research and development

O Core technology for

advanced quality control and treatment of recycled

water and avoidance of poor REMICON manufacturing

O Eco-friendly technology to remove distrust of REMICON quality and
promote the recycled water from REMICON

O Solid foundation for policies and guidelines for REMICON quality promotion

O User manual for construction/quality control system through field application

- Xii -
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Increasing energy

Increasing wavelength

Tm 100 m

1em

1000 nm  0.01 em

10 nm

0.0001 nm 0.01 nm

Radio woves

Rador TV FM

Infrared

Uliro-
violet

Xtays

Gamma rays

Visible light

700 nm

800 nm

500 nm

400 nm

19 3.2.10 Electromagnetic waves
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[ FAGY S (Kg/m®)=(W2+W4)-(W3+W5+W6) ]

W2 @ 9 2ZF(Kg/m?)
= WC x (WH+C+S+G)——————————————m o (2] 3.1)
* C=C+FA+BFS+AD
x WC @ DY-500Xel oJ3] A5 ZAYES &
W3 1 A ATHKe/m®) => A 55 o] AHES} Agte] ¢ :
= (A/100)/(C+FA+BFS+AD)~———————————————————— === (4] 3.2)
* A AFTFRAAT(%)
* 3 331 FaL
W4 @ glolExTEld RAANKe/M’) => #2234 e F2lshs te] R
=(B/100)*G————————————— (%] 3
* B felExAeyY BAAT(%)
* G Ao FEKe/m®)
* ¥ 3.32 il
W5 @ 2= 9] 523 (Kg/m®) => A5F5Y d=AdA 559 T
= (Q/(100+Q))#S———————————— (2] 3.4)

Q1 Al FEGEH UERXES e oA F5E %)
W6 @ iz A9 57 Ke/m®) => AT Fd2Z AN 558 F3

= (P/{LO0+P))*G —=-—========= === mmmmm oo (4] 35)

£ P FETA FFE%)
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1.473
0.846
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1.044

90(75~104)

60(45~74)
1.254
1.305
1.320
1.345
1.482
1.484
0.820
0.866
1.056

ARFRA ()%
gAE A

1.246
1.251
1.282
1.355
1.357
1.487
0.848
0.868
1.030

30(1~44)

(%)
60(62.0~57.1)
55(57.0~52.1)
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O Air-Meter method(This study)

3.2

1.7

2.4

P 0

-2.3

-3.6

30.0

o
]
&
[%

=] =] o
[Ea] =] [Ea]
— —

o
o

] Jodim Bnes pajopasd

=
b

-10.0

w185

W175

Wies

T
g

ruze]

i

JJo

-

=
=

o
-

o] A% 179%g/m’ Air

ﬁo

o
-
oF
)

o
&
oF
e

b=

e

a9 3338

R

%

d

g

A

o
Chy

9/]

B -27%, Air

< 170kg/m’,

s

Meter

[%]

10418 U0DoNpaQ UsiL0D) JZ1e

= - o o o = M
=1 i = 4 d :
N = = A S t il
T T T T T
s K
2
g B
.
< W
1 1 L L
= = = o= = =
! = [y =] [Fp]
~ ™~ — —
[ et /B Jusquon J=em

Air-Meter (This study)

Electrostatic capacity

- 121



ﬂn,.o

_ZTI

o

o
00

X

of A T2

i

FElo] it}

E%

b

)

o1

]_

o] 9] ]

Nr
ol

—_
file)

Aol =

o

o

el

T

o= B}

A E wf et

=
T

o]
=

() AHE&A =

=
o

1% 2.63g/cm’,

=
=

=]
T

1.50% <]

& 2~ 0O
- T E

Bl

3.3.33% %ol

__,é!

A Ee it /A A o] W5(30, 35, 40, 45, 50%)°l whet

=L
T

A wEgeel 10, 20kg/m’)

4=

S

H, =/dgAr 50%]

Fe] Zhspell ut

)

L= e

2
MErE F7)

]
H

rviel

rvael

3.3.349F 2t}

=
it

5l O
e

]

A E

i
o

olo

N

st

9 S

o0 Lo

H ~ N Sg

~o S o

N g

WS~ |8

,me ~ 5 ™

m | X

B RO ZO | toidf
B o o
fo fp &
o

[9p]

2 &

S|

‘umO M —

Mg | o

ol = B

! [aN|

w9 =

0D [a\]

mUa oQ

O | 3

ﬁa El Mo | &

ol W3R

oo — N S
o

mu_z/ S

[l m 2y

H S o

HE s

U o3

Mok | B

o

1) OPC : Ordinary Portland Cement

- 122 -



1.57
1.65

54.10

63.1

1.50
0.76

2.63
2.72

3.54
6.49

ol —=|—|0o|l—|w|x
ORI S ol=8FI88
X oV | || || 5
= N O ||+ |||~ | D>
o ln|loln ol o =o o
= XD|0|0| 0|0 || X]| 0
/
eli]
Y]
N~—
o
Nfo
o olololololololo
TEIEEE S XS
| ||| ]
ol ololaololo
O[NNI I DT
DIF|IF| N || B |
B\m olnliolw|lolnlo|lo
=S || T w0 mm
M —~|N || <o o~

olo

X

(Air-Meter), &

el

il

l
P

Bl Aoty =2 AH|

)

“AHIER] O] gl A

HEH 59 =

Ak
=

min

A7A 7

9

N

)

I
™
)

ol S/t Hed 7hsdel

fite)
o
B

- 128 -



¥ 3335 AN W e Msjo] W 24 %o ZagEe B4
W/B P s SHZ ok 3 712k
No (%) (kg/m®) (cm) (%) S.P37H
1 30 170 18.0 4.9 5.95
2 35 170 195 5 4.86
3 40 170 20.0 4.5 4.25
4 45 170 195 5.1 3.78
5 50 170 20.5 4.8 3.40
§) 55 170 19.0 4.6 3.09
7 50 180 21.0 4.5 3.40
8 50 190 22.0 2.3 3.40
8
7
"'g' 6 - _
2
Z 5
z -
c
S 4l
o,
(D -
3 H H |
2
25 30 35 40 45 50 55 60
WI/B [%]
S19 3339 Wl =g 2AAN S E5A AL
30
25 -
20 -
=
LS. 45
o
&
=
9D 40-
5
0
25 30 35 40 45 50 55 60
W/B [%]
9 3340 ©9FH AN 2AGA N SH=




@ 24 %o masee wsd 24 4%
BoAMEN 2 Aol mhE wFs Addzzy, AA8Ey 2 Aouegel o
a =4 e FTAYES W9 FdFS FAS A= % 3336 2 19 3.341~3343
o 2o, @] A= A 389 Ydf AbEs At
_ Wy — W
WAFF YA (%) = —— X 100 e 4 (3.8)
d
371M, Wy : BASGETF (kg/m’)
W, FHSAFF (kg/m’)
¥ 3336 &4 &2 FAYES G5 F F4 2y
qerzey | WBGO | 30 | B | 0 | 6 | 5 | 5 |50 | 5
i (e}
24 [EAeare
ASAF® o | 170 | 10 | 170 | 170 | 170 | 180 | 190
B ErE
wmsore | | e O | 1657 | 1684 | 1658 | 1643 | 1654 | 1642 | 1760 | 1840
]z 2 = 5
CEER|FRER ) 95 | 09 | 25 | 33 | 27 | 34 | 22 | -32
TEAIATI | 1672 | 1679 | 1671 | 1648 | 1656 | 1642 | 1786 | 1836
AASHY oo
d #4003
k% 47 | -19 | 36 | -43 | -51 | 31 | -17 | -47
| TReATE s | 1663 | 1740 | 1762 | 1734 | 1736 | 1855 | 1975
7Rk =0
kA 52 | 22| 24 | 36 | 20 | 21 | 31 | 40

- 125



-10 kg/cm®

+10 kg/cm®

Mix No.

[u/B¥] e3eM\ un pepipe.d

1201

SEE8REEE R

=3
=

+10 kg/lcm®

210

200
. 19|
180

/By

§s
>
X
o
| |
" |
I "
] =iy
I I
| |
| |
| 0 Lo
. I I
| |
5 | |
k_ |
ol FE
N 1
1 |
.rl._ I
| |
g1 |oo
m. I
E| | "
3| |
Bl mo |
Cl 1
D !
ni 1
%_ 1
I ]
| (]
/ "
| |
I I
| |
PR Y PR |
m m

B
1B AN pePIPRld

O

1201

- 126 -



Predicted Weter [kg/]

Predicted Unit Water [kg/nT]
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i Designed uint water : 170 kg/cm
180 _'""'/@ """""" = a o
170 = | - g @ ____]
- -
160 ----mmmmm 1 -10 kg/em®
150 |-
140 [
130
120 I . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 .
0 1 2 3 4 5 6 7 8 °)
Designed Water [kg/nT]
1% 3343 deleE =4 Aol o v Ey]
210
N +10 kg/cm®
200 -
190[ 3
| Designed uint water : 170 kg/cm
1% = -—- D ______________________________
L O O -
170 T R
5 (@) 8 8 o C
160 f----- B EREEEEEEEELEEEED O"r" —N -10 kg/cm®
150 |-
140 — O  This Study[Air-Meter Method]
@ Japan[K Corp.]
130 L ©  Microwave-Method
120 . | . | . | | | | | |
0 1 2 3 4 5 6 7 8 °)
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gtk webd B oAelA: AN BeFEE e Agste] oled §gadlol
o

a9l 5d 2o WA 492 Pgradr.

3 3337 ZAYE WFR

. W/B @915 #F (kg/m’)
(%) C W S C
4 45 378 170 881 911
5 50 340 170 897 928
6 55 309 170 910 941

HOAENA AMEH mFe E-AZ AN 40, 45, 50% S @2 170kg/cm’el o
Zage wigo] AHgstgdon, AlgAs 2 wige ¥ 33383 ¥ 33399 U %
33408 oxtael 2 AAHeATS YEtd Aow GgHAdTH] oxeoor:
7%, ool e &4 Agde] Ao AWE FFA FeTA Aot

U de=A 9 29}

Horo

3 3338 AHEAIR

P Nz 54
Al HE C 1% A WEW®E 3.15kg/cm’)
232 ) S AR = 263 g/em?)
o A G A7) SFEA 4 (D2 272g/cm’)
=3 W e

e W/B 9% % (kg/m”)
(%) C W S C
1 45 378 170 881 911
2 50 340 170 897 928
3 95 309 170 910 941
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Sand Coarse Agg.

45%

I \W/B = 50%

I \V/B

55%

Il /B

Density Error Surface water Error

Weighing Error
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B o= AUAES F& dE a5 AN e H5S 95t &
NGV H As ASFS Fsgen, A Ao ZagE A AFd dI He
135S 359

7FAEA A5 (FJAAE 7 9H)

(1) ELFL]E HHsL

2 ATE B8 At 2Age A ES 495 H 54 (Model:DS 1000W)7H]
54ﬂﬂ@%ﬁ@%aﬂvﬁ@q%%MLﬂZﬂ]gﬂéﬁ. NEAA SdEo 7= A
7157 % 27MPa, 456MPa, 4.5MPa % $== 8 E(45MPa)oll thste] A A==y =3k
o] HAE HESIT AFEARYE XHE& YEfS X 33428 pon FIAYES]

W EE ¥ 33437 2t

3 3342 AHEAlEE H e

iﬂ‘rﬂ °H*l o E A | FEFA | F2FA | F2FA
ARLE = oz = A=A Qomm) | Comm) | 5mm) | (30mm)
3.15 290 1.00 261 264 262 262 2,62
¥ 3343 ZagE g
BH 61:]]‘“5] Gmax W/B S/a D]-_A E]: (kg/m ) :ﬂ‘/‘é% %%

(mm) | () | 0 | ¢ |FA | W | S | G |AEZFA| 34
27MPa | 25 | 45 | 45 | 346 156 | 792 | 971 | 06 -

45MPa 20 32 42 500 | - | 160 | 681 | 944 0.6 -
45MPa | 30 43 36 280 | 70 | 150 | 629 |1122 0.3 0.005
a8 E| 10 45 65 480 | - | 216 | 1046 | 570 0.8 -
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(2) Addat

o} o] 2= 2 DS 1000W
;j;m P
WarE Sl (kg/m’) =R =703
=@ (kg/m”) (%)
27MPa 156 156.2 0.2
45MPa 160 161.6 1.0
45MPa 150 152.3 15
S =A==t 216 214.8 -0.6
240
20 fck = 4.5MPa[shotcrete]
E
2 200}
5
180 +
g | fok=27MPa
g < fck = 45MPa
160 -
fck =4.5MPa
140 . 1 . 1 . 1 . 1 .
140 160 180 200 220 240
Design Water [kg/n]
19 3347 Sl A A FA 2 9k wA
¥ 33449 19 33472 A& wigE (LW = 27MPa, 117 % : 45MPa, EH-&
45MPa, =38 E) DM# o] AgAet FGXe] Aot} o] AR & |
o Al

AT =E2d dead SAARY dF 484 BUsh] fEA 229 E
% =z A D

S-1000We] Als< Hr71aavr. & 33455 A4 "o A
1 !
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No. C FA A% S1 S2 G
) 9] % F(kg/m”) 357 168 171 653 921
2 = (g/cm”) 3.15 1.00 2.68 2.56 2.71
. 9] %= #(kg/m”) 360 166 770 949
9 = (g/cm”) 3.15 1.00 2,62 2.59
. 9] % ZF(kg/m”) 376 166 787 1051
%= (g/em’) 3.15 1.00 2.64 2.65
A 9] % FH(kg/m’) 500 160 692 959
2 % (g/cm’) 3.15 1.00 2.61 2.62
. 9] % ZF(kg/m”) 346 156 792 971
% (g/cm’) 3.15 1.00 2.61 2.62
6 ©9) % F(kg/m’) 280 70 150 630 1150
9 % (g/cm’) 3.15 2.2 1.00 261 262
. o9 = 2 (kg/m”) 500 160 631 944
% (g/cm’) 3.15 1.00 2.61 2.62
. 9] 5 2 (kg/m’) 376 169 666 1018
% (g/cm’) 3.15 1.00 2.57 2.66
. ©9) % F(kg/m’) 450 174 714 837
9 %= (g/cm”) 3.15 1.00 261 2.65
10 9] % F(kg/m”) 280 70 150 630 1150
% (g/cm’) 3.15 2.2 1.00 261 2,62
¥ 3346 A @ H =4 A9
E}ji;ﬂq%t P DS 1000W

1 163 165.6 -14

2 166 168.7 16

3 166 170.4 2.7

4 150 153.8 25

5 156 154.9 -0.7

6 150 155.1 3.4

7 160 163.0 19

8 169 169.0 0.0

9 174 175.3 0.7

10 150 1515 1.0
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[2] A8 710 3 ZA

3. MEE8 §3™I171 A3 EL
ARt Abdel FAue Al Al sele dojol dAnh ', 54 28 ARte] 108S 2HEHA|
ghotof g,

3.1 BESHY 1T FAE PAS olgsle] BAFHL 45 e ARL WEstolop

Ela=

a) A1 &5 E 13T Fi4E 50MHzE AA £3F 2 A7) A3 Ao 715 shojof s}

b) A8+ HFde]l dguo] dojof s, AMgAlRe F4 ¥ weE A% WA 7}
satooF gt}

c) 540l AIEH= 5L UF 842 300cc o]’dolofok gt}

d) 5295 Agsle] S48 A9, AMgste Al Ie719 7HERE JEHe 18 m/s” o, =
e 35 mm/s ©]7, WX EFS 0.27mm o] Fo]ojof st}

3.2 CHR S HABH (MO HIEIH) D& dge] WstE ol &ate] @dFEFS SAsH oy A

g5 wEslojof gt}

a) 9T F 37NF SHAA Tl Thestolok sk 48719 &AL TR gk

b) 749 AFd= &719 ¢F 5% WE&FS 71kl 7|2 7L glojof gt

c) &7 HEE 5 dE A5 ¥HEE A 2 HeE T
Eol HQJsA &= FERE FHofof g}

d) 4879 ¥4 29s9S wl 100kPa2] &= 7] 2 Zo] A &= FFolofok
Eila=s

e) HE Al &3S 100kPacl Al 1.00kPa F=e] =9l Aoz 3Jio},

3.3 AF A Tt E A (A /AN E o] §3te] xR AT AgarEs Tl w9

FFE SA3

W g A S WEsholol Bt
a) LTt FA = nFe] AAEHo] 1,700w o] Felofof e},
24719 27)(230£30mmE 1 ste]  7HR 300X 4 Z300% 0]

A

c) 153 AAZE 1,700we R 15% o] A& 7 E el #A417F §lojofF gttt

d) 3 ~32d(Wet-Screening)el AHE-3t= Al FE7]e 3.1 d)dlA HASIE 55 A% ol
o] A& Ags}.

e) AlZ87]9 A7|= 230430mmolH, AFL dFu} ©AYR 31
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