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ABSTRACT

A Study on the raw material possibility using

cementitious powder from waste concrete

Hwang Jong-Uk
Dept. of Ocean Architectural Engineering

Graduated School, Korea Maritime And Ocean University

Recent environmental problems which are related with waste treatment
didn't find the appropriate solutions in the relevant industries and the
problems are on the rise as a critical social issue. Examining the nationwide
waste occurrence and waste treatment situations, construction wastes occupy
the biggest portion in the total wastes and among all wastes, waste concrete

shows the biggest percentage.

Accordingly, active recycling plans for waste concrete are required and
recycling plans for waste concrete powder where the aggregates are removed
are under the basic research stage. Additionally, the plans are not sufficient
to reach the commercialization stage and most wastes are reclaimed and

discarded.

Therefore, this study has a major objective to evaluate and review the
manufacturing and utilization possibility of the waste concrete powder as the
substitution material of limestone, using the limestone which is a main

material of cement and convert slag which is an industrial by product.

_Vi_



After the materialization possibility of the waste concrete powder as a
recycled cement was reviewed through chemical composition and ingredient
analysis of the elements which are included in actual waste concrete powders
collected from all over the country, the recycling cement model which has
similar type of composition with actual waste concrete powder was established
and subsequently, chemical composition analysis, instrumental analysis and
burning degree analysis were conducted. When establishing the recycle
cement model, optimal mix design plan was drawn by applying the

multi—purpose optimization method.

Additionally, the degree of materialization possibility of waste concrete
powder was reviewed after sufficient theoretical study about chemical
composition and structure, hydration mechanism of the cement. Through the
recycle cement mortar model which was established using actual waste
concrete powder and the comparative analysis with physical performances of
regular Portland cement mortar, this study has a research range to suggest
the basic data which are related with the recycle cement development using

waste concrete powder.

Conclusively, contributing effects to the distribution of low carbon type
recycle cement can be expected which deals with the requirement of
environment friendly scientific technology, and considering the difficulties in
technology development of substitution materials as construction and structure
materials, development of complete circulation type concrete can be thought
to be indispensable in order to satisfy the construction structures which

become High—Rise and Mega structures.
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<# 4-3> HIAYEY LA 35 &
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52.3 8.8 2.3 19.9 1.2 2.1 3.2 9.5 99.3

55.2 9.2 2.2 17.6 1.1 2.2 3.4 8.4 99.3

58.0 9.6 2.2 15.2 1.0 2.4 3.6 7.3 99.3

63.7 10.5 2.2 10.6 0.7 2.7 4.0 5.0 99.4

69.4 11.3 2.1 6.0 0.5 3.0 4.4 2.8 99.4

75.1 12.1 2.0 1.3 0.3 3.3 4.8 0.5 99.5

47.4 8.1 2.3 2810 1.4 1.8 2.9 11.5 99.2
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4.3 GEFHHEFE 53 AYAHNE A=z

4.3.1 GRG Method¢] €3
B AFgA AMYAHES AFE MEPD(Mechanistic Empirical Pavement
Design)®] Helo] 273 GRG o]&°] A&HJow HA3} stux d= o
Aol aresfA HA S SE Fete Aoe=m 7}
24 Fete SAS BEF U Al F Ae s Fe Ao 539
Atk e H4FFE nysiA F3 HHY e 2 58 o= 3 53T
j FE ST ACE gk 2 A gEE A5
= LT S 7HAA ¥ HAHs o JES 7HAA He Aolnhs) o] d-

5
HgE U= HsE T ABANES Ax 7Hoz Aot

oft

A 2R AR BHGGE

N
X
N
X
oy
i
Ho
ol
i
i
ol
ol
K
kol
o
i
o
%
1%
N
.
o
fo

E
T3 4 AT o] o
T H+<=d MEPDE ZH&3st=d 99 Generalized Reduced Gradient
Optimization Method (GRG Methods), Genetic Algorism, Neural Network & 2]
AYE o] & F AU
2 A e 919 dg FoA HAFY E e d v ARAo] =2
AL E H7kE= GRG MethodE 83l w2443 E 58 AYAHWE 4
AZS AASF o™, MicrosoftAbe] Microsoft Office Excel®] 7FAHEA =491

Excel Solver(3]&7]) 715& A}&3st99t).



4.3.2 GRG Methode] & &

(1) 2xEgk 4%
AGARNE 28 Az A HFEANZRE AUE 448 5T 5 At
FAZ, HI AR ANCEVE A2 F JE ANE HFE 24

LSD(lime saturation degree, 23] ¥3}% ), SM(silica modulus, 74+&) IM(iron
modulus, &) T3] AHES HAAS 1otdd 4 o F2 il AW E

Az A A7 23 Bely 4 Beldl o]eHT

[:‘

B Ao A= o]d A AFHY CsS, CoS, CsA, C,AF 2 1L.SD, SM, IM7} B

E YENZAMES] AT 7)Fd HU3 FABIEE Excel SolverE A4 3149
om FzAE] Wte] W& A s FetunA

(2) 34 AHE Al COBAF H2E Sskstr] sl 434 AL vl&
< Hago 2 NP F Excel Solver Z2IH LS o] &3] th=2 3 H35}9]
& AR Lo 2H 7t 489 g dE o]&3she] LSD, SM,

IM9] 7]Ed Fedst=A HE B ZRlgioh

1o,

BN

g 11
L

[o

fo H

Excel Solver= <18 4—4>9} o] FAE o] Qo <y 4-5>9} o] Excel
Solver ®dl HA& T3t & et & 7] Bd 242 dA 434 A
|FS H4E e AS 5x A= AAQse™ LSDY F8H9 90~100,
SMe] &89 2.41~2.8, IM9] FE&HHQ 1.48~1.73% AFxHoE F24&
AR o] 7| B TEASANE FY79 A8 Bg7iEol <AsIATH
olo AgxAE B3t TEHE 2 HEZIAYE wEL, MIN, H2&HYa

derel zulz AR

(3) 99 71&3% =4S EHE GRG MethodE # &3+ Excel Solver A3}z
olg] <} 4-5>, <Y 4-5>¢} Pt}



<29 4—4> Excel Solver?] 7]& T4

1. FRA=
== 5i02 | 4203 [Fer03 | Gad [ Ma0 | Waoo | k20 [ 3503 Lol [ Sum | ZFhH|
Hol2% | s513] 922 22| (785 1o06| 295[ 339 ooo|  &an| 9430 | 11.57
EEE 11.15 | 204 | o081 | 4520 | 182 | 014 | 0.88 0.20 | 3760 93.85 | 54.06
HEseyd | 1490 27| ao| e 653 006|005 0.1 n.oo| 9505 407
100,00
= 5i02 | 4203 [Fe?03 | Ca0 [ Ma0 [ Wa?o | k2o | 3803 Lol | Sum [Factor |
ZERE 655 29| 25| a137] 19| 03| 115 0,07 3261 | 99539 1.8 |
Clinker 2453 | 433 a7a| 6laa| esa| 57| 10 026 | 000 9339
Clinker | [ [ C35 C25 G4 | CAAF [ Lsp [ sm Ih
zExd | [ [ on98| 4848 E18{ 1134 | enan| aoa| e

T .
E2=A8l =2 aEy
sep z3: O EHEM @ EHAZHN) o MBIV
S HIE 4 ()
! ZE(G)
B Z2U)
$K$26 <= 100 R =
sy q litis
406 >=22 |E W20,
it o i
p AHI(D
M$26 <= 2.2 M (D)

<I¥ 4-5> X34 HATF WE Excel Solvere] 3§

- 21



<X 4-5> Excel SolverE °] &3 AMAAIANE =4 wgadA Az}

i 0% 10% | 20% | 30% | 40% | 50% | 60% | 65% | 70% | 80% | 90% | 100% YA d22 7IE
S (S0) | (S10) | (S20) | (S30) | (S40) | (S50) | (S60) | (S65) | (S70) | (S80) | (S90) | (S100) HE =z =22
§ HMz&a 0.00 0.20 113 1.09 1.07 105 1.04 1.04 1.04 1.03 1.03 1.02
| Ag|M 34.08| 76.30| 85.25| 89.09| 91.25| 92.64| 93.61| 93.99| 94.32| 94.87| 95.30
— | mojpeew | 65.92] 2350 1361) 9.82| 768| 630 535 497) 464| 410| 367
LSF 90.00| 90.00| 90.00| 90.00| 90.00| 90.00( 90.00| 90.00| 90.00| 90.00| 90.00
g SM 2.66 2.57 241 241 241 241 241 241 241 241 241
3':'- ™M 155 173 153| 156 157| 158 159/ 1.59| 160| 160| 161
:I c;s 50.13| 48.73| 4841| 4827| 4819 48.14| 48.10| 48.09| 4807| 4805| 4304
2 (3 26.11| 2670 2624| 26.34| 2639| 26.43| 2645| 26.46| 2647| 2648| 2649
L C,A 7.96| 912| 848| 8.65| 875 881| 885| 887 883 891| 893
C,AF 10.00| 9.60| 10.93| 10.81| 1074| 10.69| 10.66| 10.65| 1064| 10.62| 160

100%

B0%

B0%

70%

60%

50%

Wb

40%

30%

20%

10%

0%
0% 10% 20% 30% 40% 50% 60% 65% T0% 80% 90% 100%
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(c) 24 (d) 29A Ax 9=
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4.4.3 XRD &4
XRD(X—Ray Diffraction) ¥4 Wi e Z87, =4, AHE 35 5 E29
Y5 244 29 F25 st vl 783 WHoz A8HH RS

w2 GRESHA E40] ThsetER AIRIE AelA FEA o]&Ha

712% ]l XRD9| €= XA (X-Ray)o] AA F=sHA HW 1 9 I+
3]4d (Diffraction)S do7ith X9 34 fdo] we} 22 24 T2
vetd o 3tk XRD £4& Fst 379 F2 4714 e A 4
ol deol HH 2 AddS Fokd AWE e A A% 2 5

otk 7F Uk ofg o] <a¥ 4-8>2 UWHAR] X EWE AHES FA

]
3et=o] dubE ]l XA IEEFE S yEd ZAelth

Fll‘

o

=

B AT e 2HdLES 24 ABS T3 2HAY T5me A= AVE
g vl thete] XRD 45 AAlstier ofdd wet AYARNE 2
T ABANES] Az el tHeto] BE
= T3k Hrke AAsH.

{

XA gd E42 5(Cu) kad AF&38Far, FAY 40kV, #HF 20mA, scanning
2% 6°/min, scanningZt=(20)5 20~50°7}A] ZA}s ST}



] 1 1 1 ! L 1 1 ! J A |

L
26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

26 (") CuKe
CsS(HAh A-C.S C.A (AH) C.AF (AF)
M /,\ (@b
| TR L___J L 1 1
32 33 51 52 30 31 32 33 34325 6.5 483 32 33 34 35
26 (") CuKa

<39 4-8> AHE Y7} ARHE 3= XA JE=F
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452 4= =4
REEZE 4SAE AP KS L ISO 6799 wWiel oAt AA|gon 2=

B2 FAAE AH3Y, 790l Fete 27IAHA I dSAEE 27 A

<¥ 4-7> == ujd
(Mg71% : KS L ISO 679)

A AA(EA) w/C A E EZA} 82

@ e 50% 450+2¢g 1350+5¢ 225+1g

<E 4-8> REZEZ9 4=AE AH WY

Al KS L ISO 679

A AE ZFH(40<40X160mm)

Hl &) & A E EFAF=1:3, W/C=50%
FZAL ISO ®EFA

= 1A (1,23] @ Z+60%, 603])
39 A= 12.5MPa 3Y+45%
74 A= 22.5MPa 7942471

28Y A= 42 .5MPa 289 +8A]7F
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A5 F A¥En R Y

51 2879 FA4%= 48 £4 23

5.1.1 79 AEEY 279
<% 5-1>¢ BHE IFEA=ANFE FYPA ZAS A¥EW Si0, AlOs,
Fe;0s, CaO, Mg02] 57}A A&o] FE o|&t} o] 571x ARS 7|Fo=2 A

BEEX3 H71E AAEHoH <% 5-2>, <X 5-3>& AHAYAHNEE o] &5

Az 2YA S A AA AR BA e KS L 5120 9 7]
Zol 2ASe 24% A2E Vehplth B 2YA9 sz MaE <2
¥ 5-1>2 Sate] ehhgn

<3 5-3>9] §aEA Az QYAHNE F A Si0,o] FFL 22.50~23.80%,
Al,O3 &2 5.52~6.48%, Fe:03%] &2 3.50~4.09%, CaO9 T2
61.80~62.50%, MgO9] 3t&Fe 3.25~3.63%2 WS 2t Aoz &9 Hrh
ol <% 5-2>¢ OEAFHHE St =Ed 33 ¥ AR ¥

S o vf FARSE S VA o=
AA B ETESWEAUE ZP7A9 58 xAgH|9F Hlus] ®HokE wf SiOy
S 7HAH CaO® Ha1, MgO9 7

E Fe EHE Holt A T 57 Ak



<E 5-1> HF ISHEANE Y79 35z
we SR si0, ALO; | Fe0s Ca0 MgO A
=37
237 | 23.00 5.60 3.20 66.80 1.40 100
<X 5-2> AAYANWME FHAY = (AR
we SR si0, ALO; | Fe0s Ca0 MgO A
50 22.29 5.10 3.29 63.52 3.13 97.33
510 22.13 5.45 3.15 63.41 2.99 97.13
$30 21.88 5.53 3.55 63.10 2.99 97.05
S50 21.88 5.57 351 63.10 2.98 97.04
365 21.88 5.58 3.50 63.11 2.97 97.04
<® 5-3> AUANE 279 oA (JREAZD)
we 22 S0, ALO; | Pes0s Ca0 MgO A
50 23.80 5.44 3.50 62.50 3.63 98.87
510 22.50 6.48 3.66 62.50 3.48 98.62
$30 22.60 5.92 4.09 62.40 3.41 98.42
850 22.30 5.52 3.68 61.80 3.28 96.58
365 22.50 5.71 3.57 62.10 3.34 97.22
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A EH|(%)

70 70
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50 50
40 8 10
£
30 IH 30
0
20 - 20
10 - 10 |
0 0
sio2 Al203 Fe203 cao MgOo si02 Al203 Fe203 cao MgO
OSo(dA gl msodE&EMgh Ds10(d7gh) mSL0UEEEMZ
(a) SO (b) S10
70 70
60 60
50 50
40 € 40
o
30 IH 30
0
20 20 -
10 10 -
o ! 0
sio2 Al203 Fe203 cao MgO si02 Al203 Fe203 cao MgO
DS30(4AIZ,) mS30(HEEHZY DS50(d Azl mMS50(EEE2MZH
(c) S30 (d) S50
70 70
60 60
50 50
40 £ 10
o
30 IH 30
0
20 20
10 | 10 |
o o
sio2 Al203 Fe203 cao MgO sio2 Al203 Fe203 cao MgO
DSe5(4AIZ,) mSE5(HEENZN OOPCEZH mEAHEL) BE2EMZNEL)

(e) S65

(f) Hak

<I¥ 5-1> AYAHNE ZFHYA9 3stxA vl



5.1.2 XRD ¥4 A7
<39 5-2>% A=A £ B} 1450CE 243 AYAHNE F7 e
XRD #4& AAIg 2345 YA 3lo|th
BN AxE A9EY XZ9 205 XA A7 Y= age &
Ao el wet vidste 3Ho FEE UERA Aotk dAags T A
wele VEe Y=o 7B =8 intensity#S YEME HE

1000]gka Bk W 7} s=ge] oF20% ool Mg AXW 1 ¥AH

B AYONE 2FUAE TAE 459 TR BTRY AYRY v B
M AAstgon 2o NA4ANA FRNE BPBL AYHYG BE EE

HEAWES dukdel IHAEFP S 7|Foz (CSE 29,52, C,SE 31741,

C:A, CAFZE HE He AS 308 £ I
Agke] FHHA Hehde As & 57 AT B9 A e S+
of we} 52Tl HEHE C.S9 Akl HAF Aashs A%e Hole
g ol= XA EdE] S7hs GSe ¢ dF= VA= Aoz Aad
T At <Y 5-2>0 719 Ho] AA= @ S654 37 HZTAM CaO7F
dF AEHRd=H ol IEA EdEC] M =2 MR Quartzd £
SiO.7F b EJ=HHA CaO9ke] FAgo] 33 o] Fo)xx] gh7] W]l A
oz Z=AHETH10)



S65
S50
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> A [ ] [ ]
D S30
o .
f= '| “va i .l
S10
e = * I~
.
S0
¢ va - t ™
OPC
30 40 50 60
20(°) CuKa

<3¥ 5-2> F=A vjEEe] EdEol wE XRD ¥4 A



5.1.3 F—Ca0O ¥4 A3}

<X 5-4>, <18 5-3>& A=A Y& o}t zHzF 1200°C, 1300C, 1400C,
1450CE 243 AYARNE 879 F-Ca0 £4S A3 272 Yehd A
J=3

b %7t 52 F-CaOgkol B hoE A ¢ 5
2

L9 dFE 1450TC o]AFe] F7hol A

o] Skl webA FZA ol A 7]
CaO9}e] wh-g7de] "ojx7] W&

M o

918t Quarz 2RZFYE vb=xF ¥ SiO
A Ro7 FHo] HT}.



<¥ 5-4> ZIZA v|ELe EYE

AT F—CaO =A%)

- BREE 1900T 1300°C 1400°C 1450°C
SO 1.18 1.01 0.56 0.50
S10 1.40 1.18 0.73 0.70
S30 1.43 1.29 0.87 0.78
S50 1.54 1.37 0.89 0.81
S65 1.57 1.40 0.98 0.95

—a— S0
+— S10
—a— S30
Ly v— S50
$
-4 SB5
o t.._ﬁ__ T AIE 2N
NN 83 220z
P 1£0.29%)
- 1-2.-0011 sEsssmEssRssR s R e L L LT
i | & W\\ 4 "E
o] ‘ ,x b E
'S 104 . | 1 x\ * *
g \ ~ B =
= 084, ciscnned FEsssssEEESEEEEEEEnEn sssssas o.--:-.r. ------ ::.‘;‘;'--1---- E
\\ . &
.
e \-\.
0'4 ] L T L L L bl ] b T
1200 1250 1300 1350 1400 1450
AMEE(TY

<Y 5-3> ZIZA nELY £ WE 24 58 F-Ca0 =3



52 ARANWME n=¢gt29 =845 B7t 243

521 E2% =3 2%

<E 5-5> <I¥ 5-4>% BT IEWUSAMER A REE2) 3
A EGEe] wek Alxd AYANE REEE] 229 5% AH}E U

o flo
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Hufo
£ oo

G o s

HE EEASAWE BEeed] wste] AYAHE Reee 35 B2
grol WA tEkom @EAl EgEol F/hgel wet WA Pashs 3ol

UERsTh BE ESHWEAMES SO v s wW E2F ghol oF18%

aspglon, IEAgo] #Ha, ?4“41%%3 b= S0 S656F Pl S
oF349% 7} 7k asl= Ao w vEhdth o] YMAWE REEgEE= HE ZIEW
EAHME R2EL2o] Hlgte] fEAdo]l A yEhy JEA E/dEo] S

of wekA FEAel F43] Atk & B 7k vk
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<¥ 5-5> AAYAHUE F=EEg=29 ZZ2 ¢
OpPC SO S10 S30 S50 S65
Flow(cm) 17.3 15.5 15.2 14.4 13.3 12.1
Flow(%) 173 155 152 144 133 121
200
180
160 +—
140 |
L 120
Bﬁ 100 +—
By
60 | |
40 +
20
o
oPC 50 510 530 $50
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