AF 1= BV i 3

=
)

PN PN

TR TR

% & K

2 H

2010 4F



RSB Fb A A

%z K K
o] wm = LB MH-LEBfN mer RIS

20104 2)1

LRl TE Wi LBMy me = Rk

iz
% goryg vt 4 ;%T vy

i
£, B 1 7. L)

PN PN T

20104 2)1

@ jeju



Mechanical Characteristics of
Lightweight Aerated Concrete using
Waste Concrete Powder

Young—Min Kang
(Supervised by Professor Dr. Sang-Yeol Park)

A thesis submitted in partial fulfillment of the requirement for the

degree of master of engineering

2010. 2

This thesis has been examined and approved by

Thesis director, Sang—Jin Kim, Prof. of Civil engineering

Thesis director, Sang—Yeol Park, Prof. of Civil engineering

Thesis director, Dong—Wook Lee, Prof. of Civil engineering

February. 2010

Department of Civil & Ocean Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



i

List of Tables st

Vi

List of Figures ittt

vil

Summary T T

T
B

mK

oF
TR

wK

alo

B4

~ < 0 0 © O - > > 0 0 O O O O D

)
N
E

o
T

TP E Q] A Q] terenrraniinii e

==
XN

1) &7

o
itz

G
|

7

2) AE7NE

TH

ai

ZAYEY 74 A

=
XN

2. A7)

-
XN

1 7]

r.
XN

(2) &4 7]

-
X

(3) 3LEA 7]

@ jeju



(1) SIHCA TUITIE +eereeeeereresessurmmessunmmesetsmemetsinraeseinssaseismsssessinsstsessmsssessusscsessaes 10
(D) MIEtA KAOLIIL «eveeerreresreresessunmsesessmmtsessummsessinmeesersmsnsessansesersesnsessasessssssesessaes 10
(3) FLy @Sh sveerveeresesssssssmsss st sttt s s 10
3 AL FEZAT] E Q] BB BEA] e 11
1) G ettt 11
D) B G ceereeteetuetiust ittt bbbk ek ke e bbbt 11
3) BRI oottt bt i, 12
4) 437 g A R L W 12
AT IR E O] A ZTFA] corveeservrsssessssssesississssssiss st st 13
L. Tk i HVTVIRIONEN: “IPIUPTPRNTRNIINRNTRIMBOIS Y 3. VRN 14
1) B E ] EZFE O] HFAI T BF ceerrrressnnssssensisnnsssssnsssssssssssssssss s sssssssssss s 14
9) W T E] B FFEO] MR TR oervessernsssessissnsissssiss sttt 15
3) FH FEAE) ERE- O] A Z] ] creeeerrereenninieii s 16
A B AT B AL T HEH] s 17
2] ) T Q@ ceeeeee Lo S ... TR 17
PARP IR B SRR SRR 17
D] Z A E TR s SR . noenicnanotholg it 17
(1) B RAEAR Al gl Bl RS . S ... 17
(9) B AEA reiediaisncene b Bl I et 18
D) AL I ettt ettt 21
3) AT T T gy oo eeseeeseeensernneinenssessesseee e e, 29
A) 7)FA| B g Mg ool R B 23
AL B T B cerveeeenereeee e R e 2
AT B]HE B oot 2%
1) TEEALA] AR ceeeeeseemserssersserstean ettt 2%
0) A1 B FFEL T AL B HFH coeoerinerinennne ittt 2%
(1) BE G AJE corvrsinnneressssiisnscesssssss e %
(2) GO A B BE A] B] v 27



27
28
28
28

=4

(3) &7 A

30

30
30

0

Ui
Gl

—_—

Le]
ToR

NN W TR oy ey PR I ETTSE T AT v TN
<2

2) HH7

=

e
=

1)

1
Ul

1

33

34
35

25
- 36

(1) =/4]
(2) =/4]

37
s

P
41

o
Nfo

X

sl

(5) E9IA

42

2. BN FHAL | ceveerensreonsrnsenessitingrnsecesoseds clfosaloplneso oI ....oovoorrissrianssnssnssasianssnnes

43

43

D =Aavsst Z2r e w
2) ZEAN L A4

45
47
48
49
o0
ol
5]
w52

s

3) W/Csgt 5/Ce]

4) Ax 7]

5) HH%]—/gﬁ] jl].?((—)]

el
Ui
mo
G
o
|

M
E

-

ol

oy

=0

A}

H

)

9]

7l
£

4

1)

ol

o
i
gyl

iii

@ jeju



o3
o4

90

By
T

>

B
ok

Re

_iV_

Collection @ jeju



Table.

Table.
Table.

Table.
Table.
Table.
Table.
Table.

Table.

Table.

Table.
Table.
Table.
Table.
Table.
Table.

List of Tables

2.1 Occurrence quantity of construction wastes

(Unit: thOUSANA—TON/YEAT) weeeeeeessesssssssnssssassssersssessssssessessessessssssessnnes 14
3.1 Chemical composition of waste concrete powder «««eeeeeeeeaaaanes 19
3.2 The analysis of the harmful chemistry ingredient

Lo 018175101 R TR R R R L T R P PR P PP PP PP P PP PP R PR PPRPPR PR PPRPRRPRRY: 20
33 Chemical CharaCteﬁStiCS Of COITIETNE +#eseesrereestesaesneareartantintiaiiiariraancs 21
34 PhySlcal CharaCteﬁStiCS Of COITICTNE +#eveevessessessesrestantentenianiiiiiiiiiinies 21
35 ratio CompariSOHS Of additive .......................................................... 22
3.6 Physical characteristics of animal foaming agent ««eceereeeneenes 23
3.7 Mix design table of lightweight aerated concrete

(TTNTE: KE/II') #rereeresnmsnassssessssesnsssnsesistestssis s isinsianassans s e sis e snsssssassssssnsnsnns 25
4.1 The coefficients of apparent density and

fiNe AGOTEGALE TALIQ «reresrsresreresrsresrerestesiatinmmsinnssistisistesissesinsisissesissens 44
4.2 The coefficients of fine aggregate ratio and

unit cement quaﬂtlty ........................................................................... 46
43 The le deSign result ......................................................................... 49
44 The comparative result of the original infrared ray -« ol
45 The test result Of deodorization ration ........................................... 52
46 The afltlfungal test result ................................................................. 53
47 The thermal conductivity result of heat conduction e o4
48 The SOUHdS abSOfptiOH test result ................................................... 55

— v -

@ jeju



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

3.1 Particle-size distribution curve of waste concrete powder ==+ 18
3.2 SEM result of waste concrete powder (x10,000) «weremmmmms 19
33 Material teStng maChiHe ......................................................................... 29
3.4 TESE PIEEE #werrrsressresssrssssssresetts s sins s bass s ss s e 29
4.1 Relationship of fine aggregate ratio and flow e, 30
4.2 Relationship of fine aggregate ratio and apparent density -« 32
4.3 Relationship of fine aggregate ratio and

water abSOfptiOH 02 0T RRR R LR LR R D P P P PP PP PP PP PP PR P PR PPRPRIRPRRR: 33
44 Length change of lightweight aerated concrete « s 34
4.5 Relationship of unit weight of cement and

COMPIESSIVE STIEMEEN +eereteeresrssssrssrsssmssmsimisiatiamiasanssnssisnisissintsnissismsinnenns 35

4.6 Relationship of fine aggregate ratio and

COMPIESSIVE STIEMEEIY +eerereeresrssesrssrsnssmssmsumssiatiammasansscssessisississaninsismnsssinns 36
4.7 Relationship of apparent density and compressive strength -+« 37
4.8 Relationship of 0, and g e . 38
4.9 Relationship of unit weight and apparent density «-o«eeseeeeemneas 39
4.10 Relationship of unit weight and compressive strength «ooeeeeeeeee 41
4.11 Relationship of silica fume and compressive strength «««eeeeeeeeeee 42
4.12 Relationship of apparent density and compressive strength -« 43
4.13 Relationship of S/C and apparent density e sssseesssmsssmesssseees 45
4.13 Relationship of S/C and W/C «wsrsrmmmmmmsimmas 47
4.14 Relationship of apparent density and air ration s 48
4.15 The result of compressive strength test e 50
415 Gas Conceﬂtration CLLTV 4 e e et et entaaatstestestestaituatiateestesttntostaasaeaseascacs 52
A.16 ANEITUNGAL TESE werrerereeresreresresmsusmssustismsmismsimisimisisi st sesnes 53

_Vi_



Summary

Recently the concrete building and the road were been old. The redevelopment
project is advanced actively because of this and the waste concrete every year
are the tendency which increases. Also waste concrete are recycled above the
maximum 90%. But waste concrete powder below Smm occur from production
process of the recycling aggregate and waste concrete powders are above 9% of
waste concrete total quantity. Waste concrete powders are used almost in
reclamation work. It seeks the recycling method of the waste concrete powder
from various field.

From this research is mixed the waste concrete powders, the cement, the
silica fume and the foaming agent and manufactured the lightweight aerated
concrete. The lightweight foamed concrete improved the weak point of the usual
concrete, and will give the efficiency which is excellent. The lightweight foamed
concrete according to dry method is classified with the lightweight aerated
concrete and the autoclaved lLightweight concrete. Also according to foaming
agent mixture method it is classified with the pre-foaming type, the
after—foaming type and the mix-foaming type. From this research is used
pre—foaming type of the lightweight aerated concrete.

The material which is used in test i1s the waste concrete powder below
0.075mm and makes with particle grinding of the waste concrete powder (below
bmm). Implants the foam within the concrete and the general concrete compared
to develops the lightweight aerated concrete where the specific gravity and the
compressive strength are excellent.

The compressive strength test result plan compressive strength standard of
the lightweight aerated concrete it was satisfactory. Also analyzed excellently
was the original infrared ray, deodorization, antifungal, thermal conductivity and

sound absorption of the lightweight aerated concrete.
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Table. 2.1 Occurrence quantity of construction wastes (Unit: thousand-ton/year)

Contents 2003 2004 2005 2006
Occurrence 53,078 54,198 49,241 61,679
quantity

Total I
ncrease or
oW e 21.0 2.1 9.1 95.3
Occurrence 33,813 34,969 98,655 40,258
Concrete waste quantity (3,043) (3,147) (2,578) (3,623)
(WCP) Increase or
decremen o, DT 3.4 18.1 405
ﬁiﬁfﬁc‘? 6,698 7,359 5,615 7911
Asphalt waste I
ncrease or
A 24.6 9.9 923.7 40.9
Occurrence 12,566 11,870 14,971 13511
quantity
Others I
ncrease or
decrement(%6) 47 55 26.1 9.8
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Particle-size distribution curve
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Fig. 3.1 Particle-size distribution curve of waste concrete powder
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Table. 3.1 Chemical composition of waste concrete powder

Sample waste concrete powder Aggregate
Constituent Contents(%6) Contents(%)
S0, 42.76 46.29~62.18
Al Oy 11.02 13.90~19.65
Tio, 142 0.26~351
Fe, Oy 7.87 4.25~13.59
MgO 3.57 0.1~8.69
CaO 16.39 1.02~10.32
Na, O 1.67 2.710~6.54
K0 1.30 0.85~3.83
MnO 0.16 0.09~0.23
P,0; 0.26 0.19%-089
LOI 0.83 0.25~10.97

¥ LOJ : Loss of Ignition

@2 SEM+4
HEZAYERTY] ARG AHE AHEY] f5te AYUEFAAAEEA A
(Field Emission Scanning Electron Microscope, SEM JSM-6700F JEOL CO.LTD)

A WA AAEE

I ¢
& 4

SEI 5.0kV  X10,000 Tum WD 7.6mm

SEI 5.0kY  X10,000 Tum WD 7.6mm

Fig. 3.2 SEM result of waste concrete powder (x10,000)
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(¥ 7] = & 2] ¥,2000).

Table. 3.2 The analysis of the harmful chemistry ingredient contents

Item Standard Result Item Standard Result
Pb 3 0.27 Cr 15 Non-detection
Cu 3 0.273 CN 1 Non-detection
As 15 0.042 Aerobic(P) 1 Non-detection
Hg 0.005 Non-detection PCE 0.1 Non-detection
Cd 0.3 Non-detection TCE 0.3 Non-detection
¥ Unit: mg/ /¢
— 90 —
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Table. 3.3 Chemical characteristics of cement

= SulelA AAEE DALY 1E MEXEA=ANE
EJe <Table 3.373.4>9} #t}.

Element Ratio(%)
SiO, 21.71
Al, O 5.46
Fe, O, 3.45
CaO 62.27
MgO 2.61
SO, 2.11
Loss 0.89
Total 98.50

Table. 3.4 Physical characteristics of cement

Contents

Normal portland cement

Volatile solid ignition loss(%46) 0.99
Density (kg/m’) 2.972.95
Fineness(>45um) 2.0

Nominal particle diameter(um) 10713

Specific surface area(cr/g) 4,210
Air amount of mortar(%) 3.46
Specific gravity 3.04
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3) HE7+E

22 7} (Silica Fume)< A2 7HSi), A28 Z(FeSD59 H48HF 55 Axs
dio] WAL= FHUbA Fo| 2FHO Qe S0, E FFVIE Hopx dojA= zv
Hare] A FAE R FAYEAR QoA ofF Fo3% EaARE U AMRH
L vk dekd o AR P E VAW FAZEA WS doF F glod
NEAQ) o2 2ol F¢ Sio, T B e &t gl AE g vl s2EhA
v Ao FeYE FskaL 7] it ZAEC A= TR Filler2 283k
Aoltt, vk AE7tEe] Si0,= BABAR Hol lonm dzkg]l godA ¢
o] FAE AxEde] Hold Ades THsta vk HeukEe 54
H7l55HA sl B EA Si0,7F =854 thFojA L 9o
W g2 <Table. 35>9 2}

e oo

>
H
e
s
rlol
.
P
o
o

Table. 3.5 Si0O, ratio comparisons of additive

Normal portland Portland slag
Material Fly ash Silica fume
cement cement
SiO, 21 35 35 85797
Al,O, 5 18 12 -
Fe, O, 3 6 1 -
CaO 62 21 40 <1
Specific
150,000
surface 3,700 4,200 4,000
~300,000
area(cn’/g)
Specific
3.15 2.60 2.94 2.22
gravity

%)) Silica fume association(2005)
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VNEA = HARS =4 @M ZEAE ARl e 48, U 9 Tl F
=% ed A 9nEs U 2Hld & FhoR vREE S A

(pH6575) 0.2 ZRAFozM <A 2 8749
sk Bl A
<Table. 36> 7},

A Aol

= [
=3¢

Askgol A ¥

Table. 3.6 Physical characteristics of animal foaming agent

Contents Animal foaming agent
Color Dark brown
Viscosity 27 7 50cps
pH 71
Sulfate 0.01 ~ 0.1%
Freezing point -18T
Solubility Fusibility
Solidity 37.8%
Specific gravity 1.18

Other

Non-inflammability
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Table. 3.7 Mix design table of lightweight aerated concrete (Unit: kg/m’)

No. | Cement | WCP | Water | W/C | Air(%6)| No. | Cement | WCP | Water | W/C | Air(%)
1 0 77 25 0 69
2 99 73 26 135 63

— 200 55 272 55
3 198 67 27 270 55
4 297 60 28 405 46
5 0 78 29 0 69
6 99 71 30 135 60

— 330 218 60 450 297 60
7 198 64 31 270 51
8 297 57 32 405 42
9 0 77 33 0 68
10 99 70 34 135 59

— 236 65 322 65
11 198 63 35 270 49
12 297 56 36 405 40
13 0 73 37 0 65
14 117 68 38 153 58

== 236 55 272 55
15 234 61 39 306 49
16 351 53 40 459 39
17 0 73 41 0 65
18 117 66 42 153 55

— 390 257 60 510 297 60
19 234 58 43 306 45
20 351 50 44 459 34
21 0 73 45 0 64
22 117 64 46 153 53

— 279 65 322 65
23 234 56 47 306 43
24 351 48 48 459 32
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Fig. 3.3 Material testing machine Fig. 3.4 Test piece
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Table. 4.1 The coefficients of apparent density and fine aggregate ratio

Fine aggregate ratio(S/C) a b
0.0 9.0616 -3.0603
0.1 9.8933 -3.4178
0.2 10.071 -3.5127
0.3 11.564 -4.4628
0.4 10.776 -4.1200
0.5 10.442 =-3.7750
0.6 9.6833 =3.5079
0.7 9.9353 -3.8157
0.8 9.4464 -3.3253
09 9.8464 -3.9118

AR 289 dEAR(EE AAV=HE)Y AHUjHEE

b=—2.8425(S/ C)? — 2.8808(S/ C) — 3.2048  wstsessreeevereerrereusunreererses

A7 A, S/C: ZhE A&
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Table. 4.2 The coefficients of fine aggregate ratio and unit cement quantity

Unit cement quantity (kg/m') a B
330 0.3394 0.3803
390 0.2898 0.5385
450 0.5525 0.5374
010 0.7381 0.6915

<Eq. 48a>¢t <Eq. 486>%ow, Ar7|dwe o] go] AsfAH <Eq. 4.7>
of tidstel Ao Gl ER

Qe OT024C— 0.5412  vooveeer 0. S LS00 i oo sk nsernernrnass (4.8a)
B=0.0016C— 0. 1158 +sersersersrssrssrssusirtisiuiississts s s (4.83)

o7]14, C: G A HME ZF(kg/m’)
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Table. 4.3 The mix design result

W) Silica S/ Air Unit weight(kg/m’) -
| fume/C quantity(%6) C W WCP Silica
fume
67 0.1 0.53 43 488 327 258 49

@ jeju



1

0.
H

6) i

Mo e
o
M <
R
3 g %
i < = %
1 + 5 =
1 v 63
" g 0
1 5 h [a\]
' 41 8 = SR,
i 5 % A
: 5 W
i L 0 i
/] -1 © ) N i‘._
; 2 N
. s 7 e
: > 2 = 2
“ 8 £ N
1 1 == a8 oW o
i zm m % ﬁo
o
= O
1 = rm MM ﬂ@d
1
T T A4l = N%lv
i > 1
i o ol
i< Booo
! 4 N~ Q
] = ~ T
o) - N
& ojy 03
1 1 1 1 1 1 1 1 1 o < 5 \mvl
OO N~N©OWLUST®m®AN - O .M @H%
<« Mw” jidag
(edW)yibuauys anissaisdwod B
e ,
T o
LU=
>
TS
S
W(

=77l 522MPa® A A7} E o] Ake] <hs

3

k=

@ jeju

4.15>¢8} 7rol

A,



30
&
i
W
A
[
P
s
o
>
o
2
o
o
N
ke
i
W
A
[
1o
e,
oZ
I
o,

g = 371000mH ) =2A A B AR 43 gz
3l WALl A 7} A A ola Ao AgEE QoYX E Ve HEaE
AE-S AFR3E A7) EZ A9 E (Lightweight Aerated Concrete, LAC)9] €7 9]

A WARE E7T sk

Table. 4.4 The comparative result of the original infrared ray

] Original infrared ray
Contents Unit e
CmISSIVILY

LAC % 91.7

Jade bed % 93
Ceramic powder 92 91.7
Loess % 91.4
Lightweight concrete % 91.2
Healthy bracelet % 90.7
Original infrared ray film % 88.3

Method KICM-FIR-1005:2005
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} 23 <Table. 45> Yebil o A 7-74 3

T3He <Fig. 4.15>9 2t}

Table. 4.5 The test result of deodorization ration

Colants Lapse time Blank Specimen Deodorization
(m) (ppm) (ppm) (%)
0 200 200 -
30 194 69 64.6
Test result 60 188 52 72.3
90 183 43 76.5
120 178 38 787
Method KICM-FIR-1085:2006
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Fig. 4.15 Gas concentration curve
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AEAYEARE A8H AuvlzEadEd] §o8S 457 Sske] KS F
28149) Aol wE FEES 2T F7 20mm, A 100mme) 9 A=

SE A F35 HY7F 50HzT1.2kHzol L, T4 20mm, A& 29mm<l Y3

N
lo
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dlo
il
Ao

2
>

P NEE 58 34 Fi5 W97t S00HZ 6kHzol v F+ &5
BE AZI 5 EFL&=A7)7)(Type 4206, BRK)E o] &3l &FLE8S =43}
=43 500Hzol A9 &&FaEso] 43dBE 7]5X 43dB9 9 Fi= AL

e HEAGERES AMSE AL EAE

Table. 4.8 The sounds absorption test result

Frequency (Hz) 250 500 1000 2000

Transmission loss (dB) 41 43 47 49

Sound absorption 0.07 0.09 0.1 0.12
Method KS F 2814-1
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