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Evaluation for Characteristics of Coal-mine Waste Concrete
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Abstract

This study deals with coal-mine waste (CMW) for use in concrete as a replacement of
normal aggregates. The CMW was collected from Sabuk region, Gangwon-do. Fine and
coarse aggregates from CMW were prepared by using a crusher and separating debris
with #4 sieve. CMW aggregates showed good physical and mechanical properties with
having specific gravity over 2.65, absorption less than 1%, and abrasion ratio below 20%.
However, particle shape of CMW was poor because of non-isotropic nature of matrix
which causes particles to be long or f{lat. Since irregular particles caused a poor
workability, to make workability better, a 1/4 of coarse aggregate was replaced with
normal aggregate together with a superplasticizer. Compressive strength and other
mechanical properties of CMW concrete were very good. Color of the concrete was darker

than normal concrete due to black color of CMW. In conclusion, characteristics of CMW

concrete was acceptable for use as a structural concrete material.
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Fig. 2 Coal-mine waste fine ageregate (Passing #4 sieve)

Table 1 Physical properties of coal-mine waste ag-
gregates

Specific

Aggre- | Max. Absorp- { Abra-

gate size T tion sion | Color | F.M,
Ar1yar—
type | (mm) | APVEL SSp | ()| (%)
! ent
[ S S S S A S S
Fine 475 275 272 {160 - | Black | 3.10

Cearse 1 200 276 1271 0,40 186 |Black| -
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Fig. 3 Gradation of aggregates used

Table 2 Chemical and physical properties of plasti-

cizer
Solid S0 Q- -
intensity | intensity pH intensity Ton Solubility
Dissolved i
»41% | {1.2% | 80 | (500ppm |Negative issolved in
L Water

Table 3 Trial Mix Design for Coal-mine Waste Con-

crete
Max. size |, . Unit weight(keg/m")
of coarse Designed S/a
sump | W/C Fipe | Coarse
aggregate 1\ (%) | Water | Cement L CMW
(om) @ aggregate
L aggregate
T T
25 10 | 0.48|43.60 188 | 389 | 390/390 | 1,030

*50% 3HA REFA, 50% NEHA ZFIFA A

Table 4 Final mix design for coal-mine waste concrete

Max. size Designed I Unit Weight(kg/m™)
of coarse slump W/C So/a Fine Coarse Super-
agg(rme;g)ate (em) (%) Water | Cement aggregate™ | aggregate** plasticizer
25 15 0.51 43.3 188 389 390/390 772/255 3.89
* 50% A ZA, 50% vl ZIZA AE
**25% ANAY FLFA, 5% AeHN F2IA A
229 F& FYHZ oF 196: 8042 F2FArt EHEZE Wem2B AT EF dFYEE
BY Bol YUHAT Yola Auy FEFa  B0kgi/em’ S 2ANE BEAEH 44
%L FSEFAN He E2j¥ A4FL Table 14 7 A WishEe ol&sAdth eHZ AE A
ok MeEA s Egeos gu A IS E49= A7t 3om o2 eht AuidE s
AA AZAS AL oo} wis zZbZe) A oot P} B £PZT e I s F
718 AY ARE Figure 33 2t ZYA 7HA Holl A A& ARk AHAE Ay

(Workability) &) 34He 8t f-534AE AHE
st olAWE FuUe SAF AFoez I AFEE
Table 29+ 74t}

2. AE 4

MEH A o] &3] A wigddAAE It
Ao #F2IFAE BT AHadyder I
EAE AE A HaAy FIAE e
Z Table 33 2ol 488 =8 A2 Edstd
Eztxgglol ov] S FPsAT ol Hx

SFAel vlLA Yol FL ANt AN EIAE
dRF FHrtete Aolr, EAT frEdAe Hit
Atk FpE Y duiAaY wE Axh gt SAF
A 5%, FEHA 1% THNE F3F F2AHHA
t} (Table 4).
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Fig. 4 Schematic diagram of a notch beam in 3point
bending test setup
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Table 5 Strengths of coal-mine waste concrete
(Unit : kef/em?)

Compressive | Split tensile | Compressive
strength strength elastic modulus
Conerete - T at 28 t7 | a2
a a a a
days | days at 28 days days days
Coal mine
waste 2817 | 3148 29.0 233,513 | 248,400
concrete
500
400
Normal concrete
& 300
5
% 200 ‘«—— Coal waste concrete
100
0
0 0.001 0.002 0.003 0.004

Strain

Fig. 7 Stress-strain of a coal-mine waste concrete

A HEo| MM FAES 7Y % 289 &
275 280kgf/cm’ 2 300kgf/cm® ol4o® <
9o @AASE 248000kgf/cm’ °)ALE
velgtl, 22y out E3E] HEEHE A
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Aty z271gge] e Boj v 33 § ¥
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Table 6 Fracture toughness test results of coal-mine waste concrete

Beam Width Depth do Pi é i Pmax 0 Pmax S[Iree);urgi K 1Cc
(mm) (mm) (mm) (kN) (mm) (kN) (mm) ) g 2 (MPa.m™)
(kgf/cm®)
1 90.54 120.0 33.73 1.650 0.106 4.047 0.329 44.78 1.1000
2 89.57 120.0 38.69 1.834 0.091 4,394 0.249 55.25 1.2068
3 38.00 120.0 38.69 1.490 0.105 3.477 0.321 42.02 1.0506
Mean 47.35 1.1191

A4 (Table 4)°)] 2] A2 TICYES 4&FFH
T 2 ZjelARLTE= Table 58 2th ©] Table

g AAe A3 AN FL2A0) Bol sy
d Yoz uol 29 Yo AHE Aoz B
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Fig. 8 Close-up picture of failed face of coal-mine

o,
2. AN Mesd 2l 9Me ol el
4

Hol QdFo) 2k EAvt oy g

 ERHel A4S WS Bl sl ARE
o

out AM AR Al steiop shsiny,

ubebd 830G s Sl A AN >
A= AAME MAgor I ROE KA,

AgtE s S s ol &3 FATES Y&HY

N AAZE ol FRE ghel dold A
zazes) 2 i}om felth ez ge] A e
sl et 1 Aol 18l ad e

waste concrete on ARG E # }‘«3}%147 EANYYE R H
Aew A4 Ee el AR vl Fial 3
AHh(Tig. 8) WA & Aol ARRE Htd 28 FAEE AR AME HFRE ¢ &

4 EAE TAS Agse A 2 AL Ay

NE ROoE HAgHn

3t Mt A faellies dyt ZHERG T

AN A4eue gk ol M AA) 4 o)
ol 4o Aol 7lld Aolebw shArh weka

= Rriy bl
ol A wrie [ewg Wy dorg v

° T >
xAE HZAYER Apgd 719 zpadojuy e
BAE 4 ol sl $a4e A4S @ uz
S & Ao RegAn ALH LEFE LA

o SEE el Wik AN (M) EdF BE AO

! @ Tofol HAwo] HiL

Mool Q3 Aol AL AT H

4N FAE sl Az A Ee]

2 A9 slstel el # Lol
A3 ]

f,
g

oS

>~
=

J\u
[ P i il
N op ox [

A el oy e Az 3ol B4 W Ax
§ #aelrel gl b S4S EALSTR 2
Shoukga g AES A

Lo Agds a3 2 Ae@dn 2
Fre W g 5 BARM] weld A
Shat #oEA Awt FESAL
o JEE AN FHAG Agetel wHo] -

- 135 -

o]

LA, ML 079, A8, errel,
el ]

. oiw R RN RN EIT

o%
oy
il
0,
r
mim
::.‘
E ._x.,
2
2k
~
=
2
L
z
~0
0,
oX 8

2y
ok

) ASpE, oA, "ol AWE FApE

H
o

p [e]
& EAe] FE gdel #gh A (1)) Fh
=R 40; HERIA, sty A
QEFE A4 AFAE, 1996

G S R 1) °] B, “Problems in Strength

Characteristics of Recycled Concrete,” $h=t
AR E §3] Stewnd] =23 49 g
1w, 1992

SRV AR BN T T Ee] A

gl g wWel 5T et
e AT 43, 1992

AR BT FE AL Ry AsE

g EE AR E
o agleg s A, AT
L

5]
LCEH L), F A 229-234, 1994
A

.@:'m

[
elze] A Pl el gl *aq,



10.

HEsAg o g8 EAYEY $4 A7

=), A 73 2%, 136-145, 1995

LA AFA AN ARSI ESY ¥

W3z o3 B4 35 w3 =54 A
379 43, 90-98, 1995

ARs, =dg, AXY, 4Ld, "FIYE
7NBe AL 2aHE Ax 2 FE 5
T Fol 2F A¥W 50 Fd J1d Feot
=24 A =83, 1-35 1995

S, wEE A5, 9L, 34E, 39
3 2 2% ARE HITIAYES A

t
i

go #F AR T 5T GeURd
=527, A W3ty 137-142, 1995

oA, g, w2q, FYE EE AE
AEEZH HZAYES &4 dF" U E
2 33 sewxd 5o wEw,
516-519, 1995
‘AL Hr B QgL JlE” AZAF A7
A BIAM, Bt AE AAF FAIAL
(1995)

o
=53,

11

12,

13.

14.

- 139 -

AR AL AP HVEY R FH AL
g 2 AL Jleged I A+ 9 W
g¥ Ad7Ied T4, 1995

Kim, K. W, Lee, B. H, Park, J. S. and Doh,
Y. S., “Performance of Crushed Waste Con-
crete as Aggregate in Structural Concrete,”
Proceedings, ASCE Convention- Utilization of
Waste Materials in Civil Engineering Con-
struction, New York, NY, 1992

Test Methods for
Concrete” Report of Technical Committee
89-FMT, RILEM, Ed. by Shah and Carpin-
teri, Chapman Hall, London, pp. 1-86, 1991
Karihaloo, B. L. and Nallathambi, P, “An
Improved Effective Crack Model for the
Determination of Fracture Toughness of Con-
crete,” Cement and Concrete Research, Vol
19, pp. 603-610, 1989

“Fracture Mechanics



