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Recently, due to highly increased consumption of aggregates for construction. studies
have focused on the effective utilization of rock wastes abandoned so far. This study was
designed. firstly. to determine the petrological, geochemical and mechanical characteristics
of crushed limestone aggregates in the Samhwa district for suitable construction

aggregates and, secondly. to offer basic data for cffective utilization of low grade

limestones.

Results of the petrographic study indicates that the crushed limestone aggregates in the
Samhwa district can be separated into two groups. namely fine-grained and coarse-
grained limestones. Dominantly distributed fine-grained limestone containing some
dolomite has higher MgO and SiO. contents compared to the coarse-grained limestone. It
can be classified as medium strength rock by the physical and mechanical properties.
Based on the size of mineral grains and chemical compositions, it is suggested that the
crushed limestone aggregates in this study area would better be used for asphalt concrete,
road pavement, or railroad ballast materials than for cement concrete.

Keywords : Aggregates. Crushed limestone, Dolomite, Physical and mechanical properties.

Abstract

Malohe o] HE Y & 1w Ak glo]A]
74 B A sxlele] SR Hrlks|o] o 1

ob Akele] ety ghA| Fglel Fq] Kol ¥ #E
CHNE Y ES .7 %

B S P
S5 wu AN BEow B8] A9 r
7 chel 2131 el el 3 ek g,
1994 7713 - 2% 1996).

£3] o] AS AMAse FLe 4o A
28 A9 2ugel 24 gl Wl £

uq
&
-
h

120

% oRRE EARA FEE olfel 4 HeE
AR e A el s A
A S B A E S e a9 g
9 AREAZ A EARH A A S v

Qe Adeltt dehv M BAE HAdSAh= @
g o BEAEC]l AE 87 =2dA] drt
W7 gro} o] - shety Fababgo] o -‘g—%t&

el EAsle A57F 8] wiiel ol &

-uim
Jz
ofo
|

AUAM HE EAEE o)A F a’lt}. TR
Fe|-Zx) Rkg-3 gzal-gh

A 19+ (source rocks) <l %L%‘-SL
< =9 8HA chRojA AL (e

995 1 34 E &, 1990 © Hansen, 1968).

0] Aol 5%*1% A= sbelx| Qe Harste

A FAE AehE oldo R oh Tl ekA 4 glst

_\:&
ri
. =2
oor
m&
N
u

4. A g8 el dug FhzAel 4

ZA2|EStS|X| M| 9 # 3% 1997.6



2. X

Whe

Ay
oILHf)" ] \
EFAH(1.352m) %‘--‘ﬁ% i
sl 200~400me
o) xedel =|A.e M7HE o} g];q 7190 WAk
}04 D1 ARE pAl) 2N

]l ek

7] A 5 3
el

1=kl

Orcdovician

Upper Samchok Groul
Cambrian r = P

- E!:i}] Lowsr Samchok Group
e Unconformity o~

Pe-cambian V7] Schist

Fig. 1 Geologic map and mine location in the Samhwa
districtimodified from Kangwon Education
Office, 1993).

A eolrle] Mehi nA) & ol 2l
AR A% A ol el b PRl
/’gTL H 'Lr], /an%l»ﬁ_i ‘TL/E!E]O% 010Uj ]

B 2

shatch gl 4 1993)

u%oh’«‘-t A}z = webg)o] o)m 79l E A eke)
Fieh WA gel gl uel paage] eFhy
theol) v gle oA R S °

Al oF Moda) Ao palwl ol vt

frol PR TR
SEEAL AL B SR R R 5
o WEA P O A/ ek el S,

IR ESHX] M 9 # 3% 1997. 6

1993).
g v

Bkt Alel o) F
Gato] Hx

3E 3
(<3

_‘—.’:( "’:-—_7{:{\_4 §] ol E
\;1]].,-- =N (u;vﬂ_)\} 9]
SRR LR
sjo] 22 A3l<t,

1
#er Lo o]&

_lz
£ ,
e

4 e 71 ,
SR EECIRES o] %]
4539 39 el A A6 B9 A

ek 400~500m&E 7 G ko s 7))
W, 8 W AARE NS, 400Wi e glok(
g 1995).

Ao Wil gl ke 0
7F eF 200~ 260miz A4 Qlow] Fa FAI
< olglekat At Alg ALk, el Tl M3igl Fol
(2R R
of 2lell A= AR wof A=t 8 3] at
ghkale] Alg] W) g Ao ’\}O‘?:r’ o] F-ol 4
lor 21 FA 3= eF B~
EI IR PARE) 3T .54;‘_;,] ) o]c

o

¥
[} i
A S
it
-

2

! 01-‘#-01 7 gz, Al
} nL.ufO FT:”

’_ r"x ?—}“Ql A LH 4]
o ;@.;»_u]'o]_p;_ SR
- "’*‘316101 e, olF &
FAlSHA viEbban gl
TH Lol ftHEhe 2
#data Sl sk

1?5‘;'«;51 shetalrretel Fa x
Aol wabg izt sojmo
oF ApA s pibeba, ~‘1’4--"‘_ Hox
& UEhle des deia
1992).

121



3. AMERF H A2l

o] ATE FYs17] Y3l Fhx B3 AskE
A EALNL T2 S AL FallEe Ao Al w3 iH
Ao x] F 20kgH o] A (massive) A3 eky] A
& 57t AMSAE BAsta A= 2 el A -’é
73 of 50mm Z71e] A A3t ZAARE oF
ke A H sk Th,

AT Zhzte] A RES AF - Ax
Gy e AT en nBE MRS
A A 55 gletRA e K- s ia g 9|
Ao s b ~EQlel 2 M (stainless mortar) &
AHgetel mhislar Bkl e BalE Alss
2 Age YREALS ZAER Yo Fo] 9] A &
et & AMEHol o8l Alge] S oF 300gH M
3t o5 Mixer/Mill(Spex 8000)& o] &3l Ak
-200mesh® v &A3teict wgk M3|gte] &4 2
Aq3tAd AHE HlM e delM At Hadel 4
g ABERZRE core drilling machines AH&3}
of AT AFHS FojyT F P Er|Z A
3 2712 2L g, AvkAl(carborundum) &
Abgate] Al@due] st H9=rF 0.05me 7} =

[\]
@3]

o Algel
2 Aol

il

r-1m o —{01'

TE drpatgen) AlgHe] A& 4.1em, ZHolg]

A5 dEAEE AlEHS 2 8.5em, HHAAAE

£ AlEAH L oF 4 4m7F H =2 A THISRM,
).

o Aol A AFEE = AE|oHe AR HEl4) 1)
292 W], §9ro R Hop v mA AHHo]

W A3 2ol n B ek

2 E PR TR 4 otk o F AA D A9
PN EE BF G A4S W A9l 9
AN ZAARE RS Hel AR

o]—:ﬂ,} ulﬂ»mﬁ_ [q A3 _;LL_% | o}

o] oldth. wahal o] Aol e Abakx] e} Aot
& A w3 Ae] AgEQl M3k (SYL-13) 2 g
Aol 2P A M3 eH(SYL-03) o8 FRaS
Fejde] Alyga d3eh(SYL-13)2 dmd A=
A#} ok 0.03~0.3mel Db Bbd WA HkxbE o)

5
g
N
N
M

2wl 2

A‘L"ﬂﬁ
o
n

S :Q] 01_01 12)‘]»&]

122

e A Q17 ZH A (polysynthetic twin) & B
o} 2-A|3MA Yehd R iw, B8y 35y gy

it

4, MR So| 2% S vk 29§ ¥
#olgone gavlo|Ee Fiol Egelsl e

(e}
of d#Hel FHE 1.5% HCIE BAAZ7 %

alizarin red S¢ potassium ferricyanide ¢
AlekE o] &k 2 (Dickson, 1965)& AH&3}
o ExnpolEe} WS TR, 9¥ &

WA = oF 40%7F AP A e] EgntolE WA= Mg

g oy @%f?} WMoz Lgd=o] SIde) gl
HHA S o] 8ol X4 HAHEME s B A
Tl 3101*15 el ExololEv ghirof )
= Aoz JehdohFig. 2).

2000 J Cal

Cal : Calcite
Dol : Dolomite

1000

HCPSIT

¢]

|
35 40 45

!
20 25 30
26

Fig. 2 XRD patterns for the fine-grained limestone in the
Sawhwa district.

Tl =
2% wpizE 2 e of 0.15~4.0m P=o|
A IAZE Al ArEE D iRlon, ned &
= MFAel 5 FEdg o wystA
dxof ehta gle edwbsor Msjehe wadx
Boluh s gl ol Iy S o e

A Mo =, 53

dd A39HSYL-03)e AZAQ nt

A Ak AR s 2

Y3lgrsel WER] GA¥Io Ag Aol A7

o] 449 5 9 Ao Feld Utk weby olel

@ HES nels) B, A7 Aol 292 Age
N ,

AA B
) AFA el A9 andradite{CasFex(Si0y)) 7t
MEE Ao g BdEct

E32|E&S|X| M 9 A 3% 1997. 6



3(‘/8(}(\}3 + 3810_) + Feg():; = a.gFe;zSinl.) + SCO’

el MY

(Ignition Loss
_51 k] 6]— %] T

1

(a0, Na.O. KO,

s)

434

sk
2 Si0., TiO., ALO:,
P::() rg ()IH %JALL:' X'}x\j 50133—

SR

(andradite)

ol A& Slste] 1170l 4% et dAdE
-3 £ &9t Table 1).
MnO. MgQO,

33 (X-ray Fluorescence Spoct,romete r

XRF)2.&, Fe.Os FeO & 2709 ¢
Heow Bostlen,

Bl Al g8 ARZoA

A7) ol B ol &

o500 R <k 1A17F B3t 7

LAle] 7hidu) &

T

2 eyl s
2 Aex e

{precision) &

Al i

1“J9

o] xgld AM3|qloMHry

Fe::()'(, (‘&L(), Nél;;(), K‘,’()
el e

SEEERE

’oi

5

71’3]?15}(Tab10
Ange] st At

ALQOy, Fe), MnO,

Fek(lg. loss)

A1
A

= *n"]

i

oF 3g9]

5CE 24A17F —5‘& Az

EP\] muffle furnaceclA

P AR PR T

FEa 8

Avergich, gt olel it sheheA
o149l &

a7kl qudhtv control)
Zﬁl Falste] Fule

I

i

.
X

H’_Uq Si0., TiO.,
P.O-E2) Z)J—ulio A A Az el

£ ke hehiglon,

%9] Fhake WA =Y
e ia SEQlul(Table

Table 1 Abundance of major elements and ignition loss
in limestones from the Samhwa district{unit in
wt. %) and analytical precision{(%).

E3] MgO9) 8i029] & MEz A3|gellA,
Fe.O. §He zle] A4 Mokl 44 52

g vEidn e, OT = AR A gteA e B
I UPOI E(CaMg(COy).} 7l W], =g Hsg
ol = AFA| andmdltc CaFe(Si0)l0) &
53 leh= dzbe} A x| star ok et 7k 7&%"
(Ig. lossiel 'a'or 2y e Haighe] Ay A3)¢t
Bop of7h o me ghg veRin gledl, ol of

o0Ts] el Baleled Heb(Ca0) 0.2 o
25 2P Fol COL WES L WaiHe] Fante]

£} 314 92igk Fol o wol &
sef 5l7) W

6. A3tx 54

Arshr| ol Bxsbe A S8 A3te] B4
2 gty A4S doliy] 9lste] vl gFHow
FAstn gujgdor dbExo] Algy Alzte] go
g o] A ‘i} & ’9134”0“ e M= 3 4789
ol AHH (A 41mm)& A =g & x| yted 8ts]
(ISRM. 1981 )01]%'] AN EEAY e B4
9 ezl Ay & st o] daalel YA A
ekl el A= 274 2k 50mm 2712} v g FajA|
2 olgalo] HalE A% (point load test)2 4
ATBFATHISRM. 1981).

AHZ Mgk Als
& A3 Table 2), A2 47’H9] A&

Eogn 25 0 ARk

w

=1
»

oy

i e
o] $9)=t, ol & } Hz'l 27}7
Fge) A 0.07%, T8 0.21
k) Zgke 97 31kN/m' (e & 2 78grf/cm’) &
vrebydth, g EaH(P-wave)ol dEEes Wt

4,430m/sec Wel &AM a4 gEHAe £&/71F

(Table 3 &%)l ¢fspd KEote] W aid=sl .

Table 2 Index properties of fine-grained limestone, Samhwa

Flements and | Consergrained [Fine-grained | Apalytical
Limestone Limestone y
lgnition Loss (SY1.-03) (SYL-1.3) Precision
TS0 1.80 503 0.37
TiO. 0.02 (.03 0
ALO 0.57 0.90 0.36
FeO 5.5 0.38 )
Fe( (.30 0.41
MnO (.04 0.09 0
Mg 047 12.5 11.0
Cad) 59.5 498 0.74
Na O 0.12 (.09 4.03
K0 0.05 001 0.25
po. 0.01 0.06 615
g, loss 32.9 30.4 26.9
__Sum 101.4 99.7

{ ) Sample number
- > not datermined.
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Absorption | Porosity |Dry Unit Weight | Svismic Wave

Sample No. " B Velocity {m/sec]

%) %) kNl Prwave/S-wave
Specimen 1 0.07 0.20 TR 4592/2701
Specimen 2 0.0 0.15 a7 448972641
Specimen 3 .11 0.32 Y. 4410/2544
Specimen 4| 0.06 0.16 4231/2489
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Table 4 Mechanical properties of fine-grained limestone,
Samhwa.

Uniadal | Tensile | Young's
N S8iIve 0isson’s s
(,ovmplemm Strength| modulus Poisson's Modu.lu‘,
Strength | Ratio | Ratio

MPal MPal [GPa)

Sampte No Brittleness

Specimen 1 108.3 8.84 22.96 0.17 212 12

Specimen 2 616 5.68 1942 0.22 301 1

Ruck Extermely Medium Extremely

Specimen 3

732 6.48 2058 0.16 281 11

o Hard Rock Weak Rock | Specimen 4 a8 6.20 18.84 0.20 212 14
Description | Hard Rock Rock Weak Rock
Uniaxial ) \ ) )
Compressive| ) gy | 130K~ LR~ 00 - Table 5 Engineering classification of rock(Deere and
Strength 100 130 LK 0 Miller, 1996).
thgtom J |
Laboratory | Streng
efsmic s | 13m0~ R0 | 2 - Strenath
Velocity - - o PR g
;-\ "‘\‘@(‘Vg 5800 41700 A0 270 o o Uniaial Compressive
T ass, Description Strength MPa)
Seismic o 29500 - 1900 ~ 1200 - 00~ A very high strength 220
[;HWL:\ o 490 2900 1900 1.0 B high strength
\'[‘H;md/t & medium strength
Rebound = H) SHE ] 451 3~ 4 10~ 3 D low strength
Number o) very low strength o
Point Load
Surengt h = 88 b - 88 3756 18 - 37 G- 18
Tfem ) 2. Modulus Ratio
. ke Easy o break
Hapd 1o | Reatively Hlt(ldb}\l:bll:’ felatively | into pieces Class Description Medulus Ratio
e il o into blocks o b - -
CField | break with h“:l:‘\lyﬂ;l o | along eracks | e to break “}g}n'?nr(”;k H high modulus ratio = 500
Estimation u’slud;:&‘i sludge by a sludge \mhmln]t“}\ nceasionally M medium modulus ratio 200 - 500
hammer |y o hammer DAMMEL | oven breakable 1 o
by hand { low modulus ratio = 200
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Table 6 Results of point load test for the ccarse-grained
lirmestone, Samhwa.

[Tniaxial
Specimen | Thickness|  Width Load at (“f“”lf”‘("“i“‘
No. {em) {em) Rupturelky) (\ﬁ:;‘]zi"li
1 2.22 3.57 410 2059
2 2.61 281 150 88.0
T3 229 253 335 2682
4 3.01 2.95 165 SRS
5 1.77 3.94 10) 208 .4
6 2.51 282 285 1705
7 2.52 2.96 260} 1476
8 2.38 2.7H 340 213.3
9 2.68 3.61 710 32003
o 231 208 500 2903
11 228 242 315 2300
2 T 2E 50 570
13 2.8 244 765 HOLT
14 2.50 303 115 2102
15 2.62 3,26 11h 2093
T 228 331 335 1684
17 265 276 310 1844
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