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Study on the utilization of the industrial waste materials and the
briquette ash as mixing materials for the concrete Products.
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Summary

In order to investigate the utilization of industrial waste and briquette ash for concrete
production, briquette ash was used as fine aggregate for mortar production and three
different kinds of mortars were produced by mixing carbide and bottom ashes with
cement. These products were compared with mortar, produced by standard sand, in the
respects of compressive, tensil and bending strengths. Further study on the economic
aspect of utilization of briquette ash is needed but the results obtained from our prelim-
inary study are summarized as follows:

1. The compressive strengths at the age of seven days of mortars, made of one to two
ratios of cement to briquette ash, (cement-+carbide ash) to briquette ash and(cement
+bottom ash) to briquette ash were 70%, 61% and 58%, respectively, of the mortar
made of standard sand. The compressive strengths of those mortars at the age of 28.
days were 56%, 49% and 48% of the mortar made of standard sand.

2. The compressive strengths at the age of seven days of the mortar made of one to
two ratios of cement to briquette ash, (cement-+carbide ash) to briquette ash and
(cement-+bottom ash) to briquette ash were 84 %, 73% and 70% of the mortar which
was produced according to Korean Standard Value, The compressive strengths of
those mortars at the age of 28 days were 85%, 73% and 73% of the mortar of the
Korean Standard value.

3. The tensil strengths at the age of seven days of the mortars made of one to two
ratios of cement to briquette ash, (cement-carbide ash) to briquette ash, and (cement
+bottom ash) to briquette ash were 64%, 36%, and 36%, respectively, of the mortar
of standard sand. The tensil strengths of those mortars at the age of 28 days were
702, 47%, and 39%, respectively, of the standard mortar, The mortars made of one
to two ratios of cement to briquette ash at the age of seven and 28 days were higher
than the mortars of Korean Standard. The other mortars were 61 to 629 at the age
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of seven days and 75 to 90% at the age of 28 days of the Korean Standard mortar,

respectively.

4, The bending strengths at the age of seven days of mortar made of one to two ratios

of cement to briquette ash, (cement-carbide ash) to briquette ash, and (cement+

bottom ash) to briquette ash were 46%,

53% and 50% of the mortar of standard

sand. The bending strengths of those mortars at the age of 28 days were 90%, 77%

and 692, respectively of the mortar of standard sand.

5. The mortar of briquette ash which was lower in strengths compared with the mortar

of cement have shown possibility of its secondary products of cement and concrete.

The uses of briquette ash and industrial waste as construction materials would

contribute toward solving various pollution problems caused by industrial wastes and

saving labor costs needed to cleaning up. Furthermore, the effective use of briquette

ash would greatly save the aggregate resources.
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1. (ERME

h AHE

TANMEE SHERTEGAG AHTHAA 1978
@ 4H0) Wi 2E XEAE ANEE HAYe
o o (LBEST HEE HEe Table-1,4 2%
2},

Lh Herxy

debd & FER 257K wansd Aoz Xk
Hfi bRl A A st gl 0. smmA o] &

Table-1.

BAA EEder 29 {LERS HEN #HES
Table-35} o] fyENfie Table-49} 3},

(ChH FHROIE RIAH7|

HEE shutol E A A S {LBEyE Table-5%
Ze},

(&P Bottom-ash

FHUKDEERFAA BB .o (L8RS Table
-6 Zeh,

oh) WEE

FEAE B (KSL 510008 AR #E
By M 2 KEE Table 7, 2 83 e},

Chemical composition of cement used (%)

Item I Sio, ‘ ALO, , Fe,0, ‘ CaO ’ MgO ‘ SO, ‘ Ig.loss ‘ Insol. resid.

Cementl 21.6 ]5.4 | 3.3

,63.] ‘ 2.5

iz.o | o4 { 0.09

Table-2. Physical properties of cement used.
Setting time Fineness | Compressive strength Tensile stren gth
(kg/cm*) (kg/cm?)
] B
Ttem S.G | Initial | Final | Blaine | .
(min.) (hrs:min), (cm?/g) 3days | 7days | 28days| 3days | Tdays 1 Z8days
Cement | 3.10 | 210 | 6:15 | 2800 tes | 20 |80 | s | 2 B
Table-3. Characteristics of briquette ash used(%)
Ttem ] Si0, | ALO, | Fe,0, | Ca0 | MgO | KO | NaO [ Tg-loss | grgﬁx'size l S.G
Content] 54.0 [ 333 | 56| o3 | o9 o8 [os | 0w | osmm | 25

Table-4.

Grain size distribution of briquette ash

diameter (mm) [ 0.5<

| 0- 5~0. 297 | 0.297~0.177 | 0.177~0.105

0. 105~0. 074 ( 0. 074>

i
| 34 ] 12 i 6

ercePnt(%) ‘ 0 l 20 .
Table-5. Chemical composition of carbide-ash used.
ltem | SO, | ALO, | Feo, , Ca0 ] MgO | Ig. loss
Content ‘ 20.9 [ 37.4 f 10.8 I 0.02 | 0.48 [ 26.0
Table-6. Chemical composition of Bottom-ash used.
Item | sio, | AL, | TiO, | Ca0 ‘ MgO | ~ ngig ’ Total
] 25. 49 { 0.22 | 0.71 ] 1.61 | 2. 54 ] 99.36

Content f 57.17
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Table-17. Physical properties of fine aggregate used.
: Percentage finer| Organic
Sample ; S.G ' Absorption 1 than NO. 200 Sieve Content Remark
Jumun jin sand 1 2.63 [ 0.07% l 0.01 ’ good ’
Table-8. Gradation of standard sand.
1 Gradation Unit
Item i — weight
| No.20(8414) No.30(595¢) | No.50 (297¢2) Peat
Sand for tensile 0 o
strength test below 1.0% over 95.0% — below 0. 4% | 3g ot
1.53g/cm

Sand for compressi

ve strength test below 1.0%

4
!
i
|

over 95.0% below 0.4%

2. BBRFZE

AME R2Hd fFRIAE A4S A4z K
B3t duA ZE2HE ifERad. BEee A4
E g8, AYE 484, (AWE+F o] EH
7171(90% +10%)] : 44}, (A= E+Bottom-ash
(80% +20%)) : S 9 4= 19z Wak:
1:2,1:3, 1:4, 1:52 dgon flowEE 160
+5mmz ste BHEEE, SEEREE 2 IWEM 4
ABRE BBz BE® IEY HEAA &% =
RERRS 35

7). sEHEBR

EBHEE RBRe TR EARERatae B
FERE B0 TON) & A9 2EEE 2
IEE BB AERERBTEMY Mechaelies
type cement tester& {#FI s} o},

LE giEee $HE

EEER MM AvE nzg9 BHEE
ARk (KS L 5105)d #sigor dAe HE
900g, E# WIS 3.5cmXx3.5cme] 4FTH EiEl
E3olrl 9% 18cmA o]y HA YR o w JBon
Hre] £F R2EY AT, FIREE HRMEE A
JE mzd9 FREE R@HE (KS L 5104)4
#slon] MBMER HRAEE JIS R 52010 #3}
o H{paie ).

A ES dubA o] E&e mEE mixery: {#H
st on] dwA o WokEe] F A workability: A
AE mEHo] Wt BFsA Zigot BEE
Mg %4 43 471494 flowfEiz} 160+5mm>} 5
=& Bt

HESE R 4R BART(0x2°C, BE

90% Llb)d) MEY 1% 20+£2°CY Kige] 4 T
9 28H e Wete] B 55k, 2 YBESo=
A Bt MESEEE 100V, 2KW2°Cy A
KR REEES EATRAL

I &2 % =&

1. BiREE

BREE RBEe Table-go] 4] wg ulgzte]
ARE ¥R M4 72 28HY BES &5
100% 2 $&u AWE: A== AdE  FEHED
BES 4 THAA 38~70%, #4 2824 56~
75%° WEE vellod (AWE+dulE A A
7))t deA = M4 7THAA 38~61%, 4 28H
A 48~85%2 BEE ¥z (41 E+Bottom-
-ash) : detAl & 4 7THAA 33~70%, 4 28H
o A 45~77%¢ BEE YeE =z s+

P47 2 28HAA BF ERAYATS 4B E
REEET oA vevx geor] FF 12604 7
F ¥< BES Yehiz Y, o 494, 7
wlo] . 5 A 7], Bottom-ash’} 452 ==2¥ =
A e &Rl F+5 BEV Bisle AdE R
EHY Ze FHme 2d Fx gk 1:2 1:3,
11404 Ao = WES =Z7e A4E:S#
B, ANE 494, (AAE+Fute]E A
detx], (A"l E4Bottom-ash) : d&tA]e] JHe =z
vtz Qe

4 THY BRABHEEY &% 1:2404 s
vz glen AdlE gERERPo] A 180kg/cm?, AlRL
E 1 dgAef A 126kg/cm?, (¥ E4-FLulo] B A A
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7) : drtA | A 110kg/cm?, (A= E +Bottom-ash)
D detAo] A 105kg/cm*E dehd = vk =M
& 28FAE 1: 2044 &% BABRES ez
ARl E ; g A 369kg/cm?, AHNE  dgdA ]
A 208kg/cm?, (A=l E+Fhulo] £ A [ ARA
oA 179kg/cm?, (A E +Bottom-ash) : x4 ]
A 178kg/em?s] BEE vedz ek 112404
ARNE : QAR AT Hikdd ERBE: #4
7Ho A 58~70%, ¥4 28Ho|A 48~56% 2 WE
E Yehz gvh ANE  dude Bdez1:2
2] B4 28R o A HMLED [ERIRES] 56% BHEEVT i}
Wz gon FulolE AAS (10%), Bottom-ash
(20%)% ANES HFmY A$E mmsA  Fe
34 Bt 5% 7~8% 9 BESE ETHRe B
#ye APFAoE B ojAxs BEETE 2
RS =57 e Aoz BHEY ddAE o
Fhule] £ ] 7 7], Bottom-ashe] HMHAH= HIEEHE
o] otz Bzl

KS L 52019 A=le9 B#EEEIA H4 THS
s50kg/cm®ll bk, #4 28HE 245kg/cm’ll bz
#EH e ARBAAE 1:29 ¥4 7Hd

Table-9.

A KS#igel 70~84%, 4 28HAA 73~85%
BEFE Yeblz 9l

Setetey dEAAE] T4 € AAAE
A dg4d 4§ EREEE 80kg/cm’Ll ez 5
o] vl ZREANAE HAMESS Rl AT
2 oA HkEol R HE LEKAYe ER
H AdE:ddd, (AUEL+TelE AAAN)
c @84, (A E +Bottom-ash) ; Qdwbfe] 3ol
1:2, 1:3, 1:40]4 HifEE tmsia gict

wolfgan®e- HE9 9] E¥9 BEE 30kg/cm™
o BREEST JEIGr dRE vk FRBER
1:29 4 28HA Ade i i, (AAEB+5
ol E 5 A7)t deAl, (A4E+Bottom-ash) :
ARA Y W 2T o} Lllhojz MLV E 5
(Block)9 WHBMKERA KEEA H BB
EE AL 130kg/cm?, B g9okg/cm’, CHEL-
e5kg/cm’z 5o vl FRBAA = SEHEMAES
HREY AF 9 A HESo MRS EHESHEE
71 RES A 1:29 #4 28HA o] &4
EWEESE L@tz i

Results of compressive strength test

Mix- o, (kg/cm?) 7y (kg/em’) | 0:(%) { 9(%)
ing
io I - . n.[C+Ca{C+Boi~, ., [C+Ca|C+Bol ~.cl - g, C+CalC+Bo. . n../[C+Ca[C+Bo
Ratio |C:slc : Br[“Tg2| “H0c:s |0 B [CH5A CIp0 cis o« Be (SRR Crgioess o - e R O
| '
1:2| 180 126 HO% 105 369! 208‘ 179 178| 100 70 61{ 58 100 5 49 48
1:31161 73 59 53 222% 144 104 101 100 45 37; 33 100 66 48 45
|
1:41119 45 45 44 142‘ 107] 83 84\ 100 38 38| 39} 100 75 58 59
1:5 57; 26; 34! 40 79‘ 47 67| 61| 100 46 60, 70l 100, 59 85 77
i ! ! .
C : Cement Ca : Carbide-ash S : Standard Sand
Bo : Bottom-ash Br : Briquetts-ash
c:s [ C}ZY‘r ‘V ftca) 2B " {C+Ro) :Rr
! or 34 F cB P feica e [' (c+Bal 18r-
- - ] ¥ {
5 L
3 ) / l wh  \& t
} -/ o ;
% o _.“\ r i . \
t i
- I}
3 N RS
'.!unu S e e Tt T .

Fig. 1. Relationship between
strength and ages.

compressive

Fig. 2. Relationship between com pressive-
strength and mixing ratios.
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2. BIRBE

BlEEE KBS Table-100j4 23 npeb 7
o] AME EmHERY) K4 7 428H S BEE &%
100% 2 Hev ANEdEAE ANE  EEED
BES) S 7HA 48~68%, #4 28HA 70~
119%, 2 BES Jehyow (AHE4stelolE
A deAE MS THAA 36~67%, 4 28H
o)A 47~97% 9 WEE JEbdz (A% E+Bottom
-ash) : debd = #4 7HoA 36~98%, H428H
o)A 39~103% ] BEE WYehllz gk SEREEE
% BEEES o) ¥4 7 2 280 =¥ BFEREGY
S5 489 FEREE oA vevdz feon &
#% 1:2d44 7174 &L BESF e 3o
A& duA], slulole A A7, Bottom-ashrt &4
4 zeve AMEY BEERA pESA ¥
A e &80 I35 BE/ 4 dEivde A
< BiEEEY A% 2o

Ao 2 5lREESY Zrle AWE [ ERpP,
ANE A4, (AHE+Ite)E A AY) A5
A, (A E+Bottom-ash) : detf 4] oz R
BES e EHmS e

W4 7THY BASRBEE &% 1: 204 et
=z gleon AWE :EHpol A 3tkg/cm?, AW E !
At} A 21.9kg/cm? (A=l E+Flulo] E K A7)

DA o] 4 12.4kg/cm® (A7 E -+ Bottom-ash) :
AetA A A 12, 2kg/cm*E ez ek, =3 H
4 28HAAME 1:204 &% BRASIREES e
Wi Qon AuE : EHHE] A 48. 3kg/cm?, A
E I =tAl o] A 33.6kg/cm?, (47 E 4 Fulo] E A
A7) - detA o A 22.6kg/em?, (A=) E +Bottom
-ash) : d=b=lo] 4 18, Tkg/cm*E ez gio}

°]

o] ¥4 THE 20kg/cmLll:, M4 28H-& 25kg/
em’l o2 #Esdel et ARBIAE 1129
¥4 7 4 28HA AME AR SE BRBE UL
olflz 1: 244 Hibe M4 THAA 61~62% #
4 28H A 75~90% 9 BEE Yz Y+

AME : dael Hill (ADE+Ie]E A A
) A eA) g (A E+4-Bottom-ash) : A& 9 5]
EEE ETHE AL FhelE HAZ 1054
Bottom-ash 20% & A5l Eo ifiiste AhEAF
ARE A Eoi7 Ro] = FERel=tz 44R
o

1:29 #4 28HAA AdEe gt BE
o B FREEEY 70%9 FIREES ez
stou] KS L 52019 #HEM LlEel7] A& 5k
BEY AN 2] A9%A s BB 2
g3 g, =2 el AAY 10%,
Bottom-ash 20% & AW E wingd A& A3
2 e ALuct 23~31%9 WEL ETI=Z
o EEYe AxAHcz HE o Az BWE
BETe BRBESY 74$9 o] & HET IA &
Aoz 374s ddAE M Fhulel E A A
7], Bottom-ashe] BE#FIH T AaEHES] A& Ao
2 A4gc,

W4 2809 1:49 1:50A AE Kbl
d AE A4S 5REES 106%, 119% =%
vhebk H4 28H9 L:15dlA  AHLE  REERD]
3l (A¢ & -+Bottomeash) : @=k4l7 103% = Y
B A2 ARE I AR L d5Aqte] B H
nz o% 294 metd REAQLA) BANY
BEES vYebhA & Ae] obdrt AAse] HHREE
s AR #BEel 22 g =z FER)
otz AT, whebA 1:29 1:39 BEL Fil

1:2614 #4 28H9 FIRBEL: ANE  EEp FTTREMES) B0l ot 1:49 1:59 ERGS
2] FERBES 39~70%] A RHE Aojrh, oln] BiEEENA FMATEME] e A2z 2F
AR AT Mol FEBE ¥ Zko T BRRE A ¥4
glem KS L 52019 A=E 2289 5REBERE
Table-10. Results of tensile Strength test.
Vg o (kg/em®) 0, (kg/cm?®) (%) 0u(%)
C+CaC+Bo [ C+Ca|C+Bojl~. ol . C+CaC Bo C+CaC+Bo

ratioC:$ C : Br CHS3 CHBoc s o - Be[CFSACHBolc:s (¢ - Br s Crpoes o Br g R
1:2[30.0 219 12.4 12.248.3 3.6 22.¢ 18.7/ 100 ed 3¢ 36100 70| 47| 39
1:3014.7 9.2 6.8 8.3;23.0 18.9 12.4 14.3[ 100 63 46 56 100 82 54 62
1:4111.9 5.7 5.7 6.417. 4 18.5| 10.9 12.8‘ 100! 48 48 54 100 106 63 74
1:5]60 43 40 5996 1.4 93 9.9100 ey e 98100 119 97 103
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Fig. 3. Relationship between tensile strength
and ages.
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Fig. 4. Relationship between iensile strength
and mixing ratios.

3. BRE

PwE RBEFEE Table-11o]4 B2E uls} 7o
AWE [ EEpH M4 7 2 280 ABEE £F
1002 Jgd ANE  dutdllE A-E | FHEP
WEES] 4 THOl A 34~64%, 4 28H A 87~
107% 9 ABEE veflon] AHESFule]E
AAA) A E HS THAA 36~67%, #4528
HolA 47~97% 9 JEWEE vz (AWE+Bo
tom-ash) : it H4 7HAAN 36~98% HE
286 A 39~103% < HBEE b=t

ABEE B 2 SEEEES o) H4 7 L 28
H Z% EREU9FS 489 HES 4 v
I Rew £ 1264 A% ¥ @ES Yt
T At} oA dekAl, shlo]lE 5 A7|, Bottom
-ashyl 4HE ZEfE AdE BEfEHd BHE
HA g3z AWES] 4RI EFE BES A Y
Bue AL BE 2 sIREES A9 29 K

22 W4 8B A9 JEEE AYE@H
B, A E  detl, (A B+ Aol HAA) 1 4
A, (A=l E+Bottom-ash) : det4 9 ez K
WMEE U 3BEEEY 2 @EHe Yz o

4 789 BAYEEE &% 1:204 et
2 Reow AdE NP 68 lkg/em?, A
E : gdetAel A 26.9kg/cm?, (A E45}eto] E A
AA) L A ) A 30.9kg/cm?, (X1 2 +Bottom-
ash) : d&tA oA 29, 0kg/cm*E el Yo}, =
3 M4 28HAAE 1:2d44 {F BAIYEES
Yehllz geon A49E @A 62 2kg/cm?,
AHE : dtAoj A 55 9kg/cm?, (A=l E 4 Flulo]
E AAZ) i ddAdA 48 lkg/cm?, (AHE +
Bottom-ash) : detA] o] A 43.1kg/cm*E el
ek, 1:20A #4 28H9 IFEEe A= #
el 69~90% 4 JBE HAFHE Aok JIS
9 HRHEY AME 228 AYFA KIH M
4 28H9 Y WMEE 40kg/emiLl Lo 2 HESH ] A
¥t 2% o] HEM LS vez U

ARE Ao [dll (ANEA4-FHulolE A
71) : d@A s} (A4 24 Bottom-ash) : detAl9 3
BEST BETE AL FhuleolE HAZ 0%
Bottom-ash 20% & Ajul Eof HingAe] 2 FHe|
gz A4Ade,

ANES dukd EEos |WHMP FH 129
W4 TRAA 46%, 4 8B 90% WA
¥ vehllz glos ABE BAA 2yl dwA
BAREAEEY adz A4dch, 2% Fhule]E A
77| 10%, Bottom-ash 20% & A9 Eo] ymi 3
e 37 A @ Afuch 1:29 H4 28R
oA 13~21%9 JBEZ ETIN) BERY
BFAes B o] BEY BEKTE BE 5l
EaEEe] A9 o] & WE HA 9 Aoz
A 7R,

W4 2809 1:5404 AE R A A
dE 49 J\WESL 107% F ebd A 5
EEE A 2 FHEoz A4dd,

PR #EE fFastd ¥4 BREEE oA
= KS L 5201¢] AlES BEHE HMHEE 1:2
o #4 28AA AHNE  dB A 73~85%5 B
EE vYehz glon =% duA4 BEY +4 2
AR FEAA AetA JEY BERMES LOOY
9 WMARKE AR, BE, CHY FEEES -
el gl

FlREEE KS L 5201 Aviee SREE M
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Mix- ‘

Table-11, Results of bending strength test.
ng o, (kg/cm?) 0, (kg/cm?) a,(%) 0,4(%)
i . . C+Ca|C+Bo|~. . ne. IC+CalC+Boll~.a '~ . C-+Ca(C+Bojn~. ., C+Ca|C+Bo
ratio IC.S[C.Br B2 :BrC.S]C.Br| K sy (TR - e s c:slo: Br CTgH O

12 58,1 26,91 30.9

} 29.0l62.2] 55.9] 48.1

1

1:3 310 19.7) 17.20 15.9/42.1} 40.2| 25.9
T4 22,8 12,9 1.4 13.236.3] 31.7] 21.5
1

43,11 100 46 53j 50 100) 90 77 69
25. 6] 100 64 55 51 100

22.3| 100 57 5()i 58| 100 87 59 61
17.0] 100 34 57’

95! 62 61

57 ]00‘ 107, 94 80

25117.9 5.9 10.2' 10.2(21.3] 22.8 20.1

. s C!Be o (CHC)IBr g (CHBe)IBr

‘Fig. 5. Relationships between banding stre-
ngth and ages.

[ eiouiw [ cintsny
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122033 104208 32020234000 202 15404113 1:21:3 154218
B Midey reslap

Fig. 6. Relationships between bending stre-
ngth and mixing ratios.

HE 1:29 ¥4 28HAA AHE: gt = HE

HE Bz 9ot (AR ELF et E A AS) !

d BAE 9%, (A9E+Bottom-ash) : g&tA =
5% g ez o

AdE zeddd mafiBez BEPY 4%
AL FERES o Eo BES KTy &% de
I oRgRE, RE, KA MBSk HEs
2 BEY it T5dE ez &4

2|22 R, BELR REERSY KEEE
male Fof RS 2 Bt FRY Aoz
AZdd, FAY Zasie xRz KE 4
B SBYsSE V9E REHEZA R B
Ik, = Kol K3 Bahe] PbSoz HEEE
A%, EE7FAA AR EAZTY RBz F
RAngEtEe] ek R

V. & =X

faE HRY M EXEEYS daA49
FlAC BT WREE st ALE 228 FHS
E AEA RAce A4 E HAS%E Ak =
EEE HERR AdEdE dulolE H A,
Bottom-ash& EAsle] 3 =Z=2HE wHE
BBEE S 2269 B 5IE 2 UBES
KB BBt AR iAol @tk R,
MABRBT Aol b MET Fol g2t &
Al A 42 BRE B &3 2

1. BMpDE FRY 2260 B Sk 2 3
BEE 8% 10022 H29 1:204 BEEES
¥4 7HAA AdE : AdAE 70%, (AH=4+5
ol E A AY) : daAE 61%, (AdE+Bottom”
ash) : 954 = 58% 9 WESl velsted H4 28
HelA AHE : dgA & 56%, (AME+7ulojE
AAA) : A& 49%, (A E+Bottom-ash) :
%A = 48% 9 BEE el

2. BREEYE 1:29 4 7HA KS RigfHEd
#alo] AWE At 84%, (AHE+FuolE
H A7) : 484 = 73%, (A4 E+Bottom-ash) : &
gAE 70%9 BEE Yz a H4 28H0A
AHE 45 £ 85%, (AMEL o]l E A

— 106 —



22 E MR ERERYS 4949 FHE WY #E

cd=A = 73%, (A€ E+Bottom-ash) | Qe
73%9 BEE Jehiaz gl

3. FIERBEAAE 1:29 H4 7R AAE
BHERbe] WA ASE Ak E 64%, (AHNE4

7hetel E A A7) @ A9t & 36%, (A9l E+Bottom
Cash) : AR E 36%9] BESF vhebsken] #4208
BolA AdE [ dadE 70%, (AWE+F}ulo) &
AAZ) i d9AE 47%, (A% E+Bottom-ash) :
ARA = 39%9 BES Yebliz M4 72 288
o)A AAE  dA L KSR o] o] glew Kb
- M4 THAA 61~62%, H4 28RelA  75~00
% ©] Avt,
4. YBEAAE 1:29 #H4 7HAN AE &
Hghe] el ARE : ddAE 46%, (ANE+7
el E R A7) L Ak & 53%, (A7l E+Bottom-
-ash) ! A&t & 50% Y BES Feiteos 4 28
Rold AHE: At E 0%, (AHE -+ uto]=
AAN) . d&dAE 77%, (A4 E+Bottom-ash) :
AL E 69%9 BWEE el
5 A4 E AAY 2E2HE AdE z2Hd
3 e BEE JeMY BEEBEE e A«
E 2y 23dE kMM el wAfEsitim
e AA o EREEYS BERHEZ mEsD
22X BEAENILS MEYREY HHHNT B
RYe EHMAZ ARY HiYe BT ¢ 9¢
Aoz ByEd,

B2EXR

1) R 1976)  HEBRD =2v 79—t
Iy H#¥EIZ ovT, =¥ r— FTEBI49)
pp 19

2) EHITH#(1976) .#ﬁiﬁ% BAxA I s
i X3 MRYMBL TO ERFE, wr -
P BUER XXX pp 105

3) BR, &% &8, WE, S4H, (1975 ;84
BE BRYO v v+ BCREEEC BT 5
BB 5 v M ERES XXX pp 74

4) SHFRATE) i = v 2 V-1 EBHD avy
VA EHELTOMA, 2>y y—rTE
14(9) pp 16

5) RABHE196)  RARKRL QEyD 2wy
VY—r~DOFMAH., =¥ 29— T8 14(9) pp63

6) Malish, W.R. (1973) : Laboratory and Field
Experience with Asphatic concrets Containing
Glass Aggregates. Symposium on Utilization
of Waste Glass in Secondary Products. Alb-
uquerque N.M : pp 35

7) WAREHRCLTE)  BAREER YO £ 2 v bEL
=7 )— T2 14 (9) pp 58

8) a2 -+ TRRS REFHECU9IT6) ; HH
DBFAE =37 9—VER, avryv—rT
2. 14(9) pp 8

9) AHE 34 815 (1798) ; dudl NE (45 &
4 719 49 347 E pp 35

10) =%, ALII977) &2 bAEICED FKE
Bo PRCLBEYD {HRE © 2 v F
8 XXXpp 126

1) #IUER=PF(1956) : = v 7 VY —rTu v 28 K
U RE= v 2y — 35 HTHIR pp 47

12) Wolfgang Czermin. % BEF2R(1977) © + 4
by y— MER BEHE pp. 3

— 107 —



