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Engineering Geological Properties of Some Domestic Marbles

Young Wook Cheong* and Hyo Taek Chon*

Abstract : Mechanical, physical and petrographic properties of seventeen marble specimens collected from ten
marble mines in Korea were investigated. Studied marbles were mainly composed of calcite, dolomite, and
various amounts of serpentine, tremolite, olivine, quartz and opaque minerals. Complete and sutured textures
were dominant. Compressive strength measured normal to the bedding plane is larger almost two times than
that measured parallel to the bedding plane. From the results of Shore hardness test on marbles, water content
was an important factor to decrease Shore hardness values. Engineering geological properties, especially, com-
pressive strength, Young’s modulus, wear resistance and water absorpton could be controlled by the presence
of quartz, and the type of marble texture. Water absorption-porosity, compressive strength-Young’s modulus,
and impact strength index-Los Angeles abrasion couples show good correlation. According to the comparative
utility as commercial stone, it could be concluded that marbles from the Banglim mine, Songbo mine, Kwang-
deok mine and Bongjeong mine were superior to that of other studied marbles.
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Fig. 1. Brief geologic map of sampling sites.
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Table 1. Petrographic description of the studied marble specimens.

mine

Songbo

Kwangdeok

Baekun

Duhang

Deokam

Bongjeong

Banglim

Kyuram

Seokgok

Cheonju

Specimen
No.

SB 1

KD 2

KD 3

KD 4

KD 5

BU 6

BU 7

DH 10

DG 11

BJ 12
BJ 13

BL 14

KR 15

SK 16

a 17

color
light greenish,
gray
white,

light green

greenish gray

blackish gray

light gray

white
black,
light gray
pale green

white
light green

blackish gray
light greenish,
gray, white
light gray
pink

pink,
grayish green,

brownish white

black, white,
dark reddish brown

light gray

mineralogical
composition
dolomite, calcite,
olivine,serpen-
tine, opaque
mineral

calcite, olivine,
quartz, opaque
mineral

calcite, tremolite,
quartz, opaque
mineral

calcite, tremolite,
muscovite, quartz,
opaque mineral
calcite, quartz,
tremolite, opague
mineral

calcite, dolomite,
tremolite

olivine, calcite,
dolomite, serpen-
tine, quartz,
opaque mineral
calcite, brucite
olivine, calcite,
serpentine

calcite, olivine,
serpentine, opaque
mineral

calcite, tremolite,
talc, quartz,
calcite, chlorite
calcite, quartz,
tremolite

calcite, muscovite,
sericite, quartz
calcite, tremolite,
quartz

calcite, quartz,
opaque mineral
calcite, muscovite,
quartz

calcite,
carbonaceous
materials

texture

complete

sutured

sutured

sutured

sutured

complete

complete

sutured
long
tangent
(olivine)
network
complete

sutured

complete
complete

sutured

breccia

breccia

complete

grain size
(mm)
0.25

0.03

0.30

0.63

0.48

0.39

0.45

0.49
0.50

0.34

0.13

0.41
0.46
0.32

0.36
0.03

0.68
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Fig, 2. Microphotographs of the representative marbles(crossd nicol)

(a) serpentine in caicite and dolomite

rpatrix (Sample SB 1). (b) sutured texture in calcite matrix(Sample KD 2). (c) olivine altered to serpen-
tine, long tangent texture(Sample DH 9). (d) complete texture in calcite matrix(Sample BJ 13).
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Table 2. Engineering properties of studied marble specimens.

sample } porosity | water é specific Shore compressive bending | Young’s { wear impact Los
No. (%) |absorption| gravity hardness strength strength | modulus | resistance | strength | Angeles
(%) | o (kg/cm?) (kg/em?) (x10°kg/| (mm) index | abrasion

G)__@ ) (%)
$B-1 0.2 0.08 2.9 40 49 1265 | 1530 288 7.0 0.75 3.32 65
KD-2 0.2 0.08 2.8 36 42 613 | 1000 228 5.0 0.32 3.57 60
KD-3 0.4 0.12 2.8 37 4 387 | 967 198 2.7 0.85 | 3.57 68
KD-4 0.4 0.13 2.8 30 47 448 | 1020 298 3.0 | 040 | 3.17 63
KD-5 0.2 0.13 2.8 29 41 310 | 395 237 4.5 0.77 2.97 66
BU-6 0.3 0.09 2.9 35 45 1187 201 4.1 0.93 3.40 64
BU-7 0.4 0.10 2.8 41 42 563 | 1020 255 44 0.63 3.75 75
DH-8 1.0 0.30 2.6 25 39 1138 ‘179 55 0.93 3.17 73
DH-9 0.4 0.37 3.0 40 50 657 125 4.4 1.18 3.40 67
DH-10 0.4 0.14 2.7 40 46 1742 155 7.0 1.18 3.66 77
DG-11 0.7 0.15 2.8 40 55 383 239 4.1 0.94 3.75 68
BJ-12 0.2 0.21 2.8 40 55 755 | 1208 201 3.9 0.47 3.24 53
BJ-13.1 0.2 0.06 2.7 35 41 693 145 3.0 0.41 3.24 54
BL-14 0.2 0.07 2.8 35 49 657 l 832, 1 387 4.0 0.41 4.08 73
KR-15 0.2 0.08 2.8 37 54 318 212 1.4 0.25 3.86 67
SK-16 0.6 0.20 2.8 32 50 461 96 5.0 0.48 3.40 62
CJ-17 0.3 0.10 2.7 36 38 771 184 5.5 0.91 2.69 29

(1) tested under the wet condition, (2) tested under the

dry condition, (3) loading parallel to the bedding

plane and (4) loading normal to the bedding plane.

29 $Y8FS AANE AT FHAFE 7S A%u
o dEdFAEst dAR s A Jegon(Fig. 4)
Table 22} KD49] 3¢ #8850 9§ %=7} 1020kg/
af V¥l W¥S) FREFe] B9 M8kg/ afz oF 2ol Ate)
BEASE dojitt. ojfd oA Axzte #HAE
Bell (1980, 1983) 2 Attewell and Farmer (1976)]] )& B3
d AR A% = olE AuEd JatH 53
F3E3% wAHY A8 o H0°E o] AS FEA
87k 7bg aA 2R

A 4(Young's modulus)e {(1.4—7.0)X10%kg / et 2]
HAE Holn Winkler (19757} B33 Ao vlm
Aeo A% (1-8)X10kg/aft L WL |(4-8.4)
X10afl E3 AL ole 8 BAASTE creep B4
BBl Ye BHog 29 AL ZEr} (Winkler,
1975).

wear resistancey= 0.25mm-1.18mm¢] W9 & impact
strength index 269~4.089) M9 E, zrdAgLons
T 29~77%9] B9E BdFr} (Table 2).

olE 17% W4 Agd B84 2 A5y

BaAE o 2o} (Table 3). 338 2 FF8ES A
2 Au4el de BHez 84 ded

ol FEAIZIY AWATE 05824 A@Ao] vlwA <
28 vepstth. £8 457359} B4 067, impact
strength index9} Los Angeles sfR =& 06824 AF#A o]
e BAEE UENTh 457359 Shore A7t 4B
Ase 017 221 A3} =9 Shored 27+ JBAFE
0102 A@Ado] 53] B3 ol dANYM S| BE
AHEF BEE FAHY A=A OFP 24 4 £
e Ze E73 Bdo7) dEd Axdsd Ze
AL 2 2R geRoez A9} (Winkler, 1975;

YA2H (texture)e] th3h B2)H B0 BARNAT F
& 2 UFAEIF 249 Yol wetA Holz} Yol
et} (Table 4). F4+8-2 complete (grp 1), sutured (grp 2)
o breccia (grp 4) Al &4 0.11~014%2] M= Ho|:= vt
¢ long tangent (@rp 3) A|EE F5&0] 037%=A 3A 2
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wel condition

dry condition

Shore hardness

Fig. 3. Comparison of Shore hardness of each speci-
men (Refer to Table 1 for the abbreviation of speci-
men numbers).
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Fig. 4. Comparison of compressive strength of each
specimen (Rafer to Table 1 for the abbreviation of
specimen numbers).

Table 3. Correlation coefficient of 10 physical properties of 17 samples.

Correlations : por. abs. gra. hrd. st. bend. You. wear. imp. Los.
porosity 1.00

water absorption 0.58 1.00

specific gravity -0.38  0.12 1.00

Shore hardness -0.07 0.15 0.47 1.00

compressive strength 0.03 0.00 -0.14 -0.17 1.00

bending strength 029 -048 010 0.10 -0.00 1.00

Young’s modulus 0.19 016 -0.10 -0.25 0.67 -0.09 1.00

wear resistance 0.40 0.47 0.08 -0.16 0.41 -0.34 0.51 1.00

impact strength index -0.03 -020 020 048 -0.04 034 -024 -020 1.00

Los Angeles abrasion 029 015 012 022 016 022 001 013 0.68 1.00

por. : porosity, bend. : bending strength, abs. : water absorption, You. : Young’s modulus, gra. : specific grav-
ity, wear. :wear resistance, hrd.:Shore hardness, imp. :impact strength index, st. : compressive strngth,

and Los. :Los Angelse abrasion.
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Table 4. Analysis of variance for various physical Table 5. Analysis of variance for various physical
properties according to texture. properties according to quartz content.
physical F F . physical F F
variables group Mea" _Ratio __ Prob. variables group Mean  patio  Prob.
porosity grp 1 0.28 porosity grp 0 0.43
(%) grp 2 g:g 0.5661  0.6470 (%) grp 1 0.33  0.7412 0.4028
gp 3 .
grp 4 0.40 water grp O 0.18
water grp 1 0.11 absorption grp 1 0.12  1.9957 0.1782
absorption grp 2 0.14 4.4610 0.0231 (%)
(%) grp 3 0.37
grp 4 0.14 specific grp 0 2.80  0.0373 0.8495
specific grp 1 2.78 gravity grp 1 2.79
gravity grp 2 2.77 2.4348 0.1114
grp i ggg shore grp O 36 0.0233 0.8807
grp - hardness grp 1 35
shore grp 1 38 (wet) P
hardness grp 2 33 2.1225  0.1467
(wet) grp 3 40 shore grp 0 44 1.0046 0.3321
gmp 4 34 hardness grp 1 47
shore grp 1 45 (dry)
hardness grp 2 45 1.0853  0.3898
(dry) grp z gg compressive gp 0 1148 12.2543 0.0032
grp strength 1 630
compressive grp 1 1080 (kg/cm?) P
strength grp 2 690 3.2273  0.0577
(kg/cm?) grp 3 657 bending 0 188 1.1728 0.2959
grp 4 389 t h pils 1 6
strengt 22
bending grp 1 204 (kgg/cmz) &P
strength g 2 252 2.1613  0.1417
(kg/cm?) grrgi gi Yognlg’s grp(l) 5.58 10.1888 0.0061
modulus 3.72
Young’s grp 1 4.98 (x 10° kg/cm?) &P
modulus grp 2 4.11 09310 0.4535
(x10kg/cm?)  grp 3 4.40 wear grp 0 0.98 17.3027 0.0008
grp 4 3.20 resistance grp 1 0.53
wear grp 1 0.75 (mm)
resistance grp 2 0.66 2.2831 0.1272
(mm) ggi o impact zp 0 327 19386 0.1841
. sten, 3.50
impact grp 1 3.32 indei &P
strength grp 2 3.46  0.4102 0.7484
index grp 3 3.40 Los Angeles grp 0 62 0.1136 0.7407
grp 4 3.63 abrasion grp 1 64
Los Angeles grp 1 59 (%)
abrasion grp 2 67 0.5478 0.6584
(%) gp 3 67
grp 4 64 grp 0; no quartz-bearing specimens(6),

grp 1; quartz-bearing specimens(11),

grp 1; complete(7), grp 2 ;sutured(7), grp 3 ;long
tangent(1) and grp 4 ; breccia(2).

Mt ¢4EAEE completez3 (grp 1)& Kol Ao ol AR (gp 49 A& 38%g/ caf 2 7|EA] 0)3}o
A 1,080kg / etz 73 FA Wbt on complete (grp 1), ot 2N 3FE e A2 dege AHssust g
sutured (grp 2), long tangent (gp 3) 2XE ZE AREL ¢} B&E sk o] FAH Ay 2 (FEHY 2
27 %7} 657~1,080kg / cf 0.2 ASTM9] 9)4-4 tf]ste) Ax)Eo] = oo} gl

B2 TZ2AG2kg / afye FZ3A T breccia 23L B AEE W H9df5Fdd e ZAERY BARAE
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o %o o8} Fol7} glgol epgtet (Table 5). 4ol
F48 AR @p 1)) BAAFE 372X 10%g /af2 Aol
T YA F& NEE @ 009 7% 558X 10%g /oof
8o} A vrebsich. Winkler (1975)9) Abgtol tigh @47
4 ArE 038x10%kg/afz AT BAALERY
Agkol o 2He & 2=t wear resistanced] A9 A9
ol Egso} YA % ANBE @p0)e vhuo| e A
0] 098mme] 1 4 go] T o] Y= AEE @pl)e v}
2ol g AgAo] 053mmzA Hgo] TFY AgSo|
ned] @ Aol 3d Roe vedd. 4FAE
o A% Mool X3 AE (gp Ve 630kg/cfe) BEE
7 Hgo] X250} A @ AlE (gp O 1148kg /
atd FEE etk Hge] §7o o8 FEAGE A
go] tigMe] sugo e BNABEe FARA B
87 o4e Rojsl f2d Aoz Alrdd.

th2|Mel BxY 2R

HAANE ARz ol g3t Ty of71x EAo] 2g
HolFol 3 o]g9 AL Pz F/AE TREE &
Ut} (ltalian institute for foreign trade, 1982).

AR, dN9 EQS el 2= BAHOoE HF, FF
€ % 43A=5Ud o5 FAE Az ol&stun
g A9 BAHoz uHojol & BEAEoY. HFe
AR AR A ALYz tE ARE AT =
ot F5EE AR A4, 7Y, 2 A9gce A3
shed 712488 AFdd Fu B2 24 EYGR
9 FFolu HIEFY HEo] dFHE AloA o]&FE
Y 8% 13841 A ¢EFFEE MAd Agy
= 84 dF A S F33ed Yo 3 B4
224, AZE HA7t JHAoE FFS WA YgrE
AAEE 23T 3 FA 402 AHHE 3% s
A AR Fme F84L FHojAe Ao Yt

A, HA7} o] ERZA oj45ux} g 5] 1
BHEojAol & BHERN GBS, 98, A%, 24
Ax, MEE, $EAY, ARRE, dR27), W4T
Atk GRYAF L BAASSS Lxdsi} A 9n
el HAE ol 4stAY nESoL F A 28
40t Ax, 3475 2 virse B84 37 2 v}
Bt d3se Rol AAE ol4stua W nE oo}

i
bq.
a2

e FLEAEOITh ARZEE overhanging staisz 4]
AE o]§3tax v mejsjojor & EAoth

T 29 dNFHog uHHool & EHog, YA}
ANTe 24F 4 7@ B AHstaA gd uey
ojo} atn] 53] 3qFo g W/t ded WMoz 74
He dEde A4, AR 245 3L A9 o
#&ol WEr} (Winkler, 1975). =4 AAu #3142 (53]
FHN)L dd9 v T EEG EYo o3 dulsiy
WAL E o]go| 7Fs3tA|T (Bowles, 1939), 9 Fgoe
AHEE A Sole 37150 A s 5 AN F
A& BANA A9 BEE FANA AR 7HE A
dA7IE 29le] Ech 9 FAHFEY o]SFEEY 4
Fo weka o|EFETY SHE o] L F39) Figol
Aw=HER HA9) FERY € 2Fd g 187} o
of g},

8 H1e] 3712949 (ar polluants)l CO,, SOy, SO5
2 Cl5e ¥l 33 2 REd 8¢ 247 g=22
o|59 Ao uAE JFL o HiE UL FuExn
Atk (Winkler, 1966, 1975 ; Winkler and Wilhelm, 1970 ;
Schaffer and Sc, 1972).
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F4 QANCINTS B4 ol 718 3L NE(EY
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Table 6. Integrated behavior of the various specimens.
grain  specific . water compressive  bending  Young’s wear impact Shore
No. size  gravity porosity absorption strength  strength  modulus  resistance S:;Z:i‘h hardness U™ grading
SB-1 7 3 10 10 9 4 10 5 5 7 70 2
KD-2 6 6 10 10 5 S 7 10 7 3 69 3
KD-3 6 6 8 9 5 4 3 4 7 4 56 9
KD-4 1 6 8 8 5 7 3 9 4 6 57 7
KD-5 4 6 10 10 1 5 6 5 3 2 52 14
BU-6 5 3 9 9 7 4 5 3 6 5 56 9
BU-7 4 6 8 3 5 6 6 6 8 3 55 12
DH-8 3 10 1 1 6 3 8 3 4 1 40 17
DH-9 3 1 8 8 3 1 6 1 6 8 45 16
DH-10 6 8 8 8 10 3 10 1 7 5 66 4
DG-11 9 6 4 5 1 5 5 3 8 10 56 9
BJ-12 5 6 10 10 7 4 5 8 4 5 64 5
BJ1-13 4 8 10 10 3 2 3 9 4 2 55 12
BL-14 6 6 10 10 4 10 5 9 10 7 77 1
KR-15 5 6 9 9 1 4 1 10 9 10 64 5
SK-16 10 6 5 6 2 1 7 8 6 8 59 8
CJ-17 1 8 9 9 4 3 8 3 1 1 47 15
Table 7. Exterior facing.
water compressive bending Young’s wear Shore di
No. absorption strength strength modulus resistance hardness sum N §r a_ '_"_g

S B-1 20 18 12 20 5 7 82 2
KD-2 20 10 15 14 10 3 72 3
KD-3 18 10 12 6 4 4 54 11
KD-4 16 10 21 6 9 6 68 6
KD-5 20 2 15 12 5 2 56 8
BU-6 18 14 12 10 3 5 62 7
BU-7 6 10 18 12 6 3 55 9
DH-8 2 12 9 16 3 1 43 17
DH-9 16 6 3 12 1 8 46 16
DH-10 16 20 9 20 1 5 71 4
DG-11 10 2 15 10 3 10 50 13
BJ-12 20 14 12 10 8 5 69 5
BJ-13 20 6 6 6 9 2 49 14
BL-14 20 8 30 10 9 7 84 1
KR-15 18 2 12 2 10 10 54 11
SK-16 12 4 3 14 8 8 49 14
Ccl-17 18 8 9 16 3 1 55 9

A grieh Ak $PBUANREBLY), JEBFINE
(SB1) 2 BN EEKD )Tl 7MY 58 €HE B
Qch (Table 7). 913 wietgol o014 a3 8 BL-
14), 29FHAS(EKR15), B9 E(KD2) R 0%
AN &SBlEo] B EERT U & B4RE B
@z} (Table 8). W13 AZA 821 3¢ (Table 9), ¥4

BN 8(BL-14), YEFHAEESB1), §3FIA 8B
12), 7443 5(DH-10) 2 ¥ 33A 2BU6)F] 4
Aoz $48 848, U uig89 2% (Table 10) dle
BRI 8BL1), 2HFINEEKRL), FHFIA R
(KD-24), 43N EDC1) 2 BB E(OSB1)F|
EAEEET A deg +4+8 84 Aoz ye

e

°
= XY
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Table 8. Floor covering(exterior).
. water compressive bending Young’s impact wear Shore .

No. porasity absorption strength strength modulus strength index _resistance hardness um _ grading
SB-1 20 20 18 12 10 15 15 21 131 4
KD-2 20 20 10 15 7 21 30 9 132 2
KD-3 16 18 10 12 3 21 12 12 104 10
KD-4 16 16 10 21 3 12 27 18 123 5
KD-5 20 20 2 15 6 9 15 6 93 14
BU-6 18 18 14 12 5 18 9 15 109 8
BU-7 16 6 10 18 6 24 18 9 107 9
DH-8 2 2 12 9 8 12 9 3 57 17
DH9 16 16 6 3 6 18 3 24 92 15
DH-10 16 16 20 9 10 21 3 15 110 7
DG-11 8 10 2 15 5 24 9 30 103 11
BJ-12 20 20 14 12 5 12 24 15 122 6
BJ-13 20 20 6 6 3 12 27 6 100 13
BL-14 20 20 8 30 5 30 27 21 161 1
KR-15 18 18 2 12 1 27 30 30 138 2
SK-16 10 12 4 3 7 18 24 24 102 12
CJ17 18 18 8 9 8 3 9 3 76 16
Table 9. Interior facing.

g8
water  compressive  bendin; . N

sbomion__siengh__srength T #rdg T 101 BUERG HRPY, PP, BB,
S B-1 10 9 4 23 2 TR GqoE, Zdee $ARY, wER, 9
KD-2 10 5 5 20 5 e - -
KD-3 9 5 4 18 8 B, AR AFFA) N AREE ey A g
KD4 8 s 7o s W dHeE s, 2ed 2 qery SANEAR ge
BU-6 9 7 4 20 5 3 22 HES U
ohs . S o b 1) Hede F2 FH%EL PH4 2 ey
DH-9 8 3 1 12 14 Algol et g, AHEY, R4, 49 3 25y
DH-10 8 10 3 21 3 = = = =
DG-11 5 1 5 11 15 31-3%0] TB}\Q_ C]'. 0] = }‘] E—EQ’] o\lx}'—g;ﬂ 30‘1 E“ (&Z] )'\%
BJ-12 10 7 4 21 3 complete @ sutured7} &3},
BI-13 10 3 2 15 11 ~, T .
BL-14 10 4 10 24 1 2) A8 ol ded FH3ES e 4 £Y8=
skle . ! TN & 7 W 20 43R Asht ol 4] B
CJ-17 9 4 3 16 9 Bde) N2EKDAY B $A8FA F=r} 1020kg / oo,

sk A viobgo] deMA g F/H Wby 2
=8 BWrHda & d7dAe $ddd A8BL 1471
M 58 BAE AVE AR JERen FEE
20HE Aoz 7M3 Az B4 Ad ez v
ERtet.

TH3FA 448kg/ b2 o 24 Ax O AT A3} byt
. SOMEEE #E0Z ¥FRS AL AxNYY Ax
AR 1 19859 koA Az} A

3) 89 BATtY FBENS ANG AW Fe B
=8(058), A5FE} GAATO067), 2EREX5Y 2
QA Y 2R 068 N2 FAAo] F5d oz u
Erstrh
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Table 10. Floor covering(interior).

No water compressive bending

impact wear Shore

absorption strength strength strength index resistance hardness sum.  grading
SB-1 10 9 8 15 15 21 78 6
KD-2 10 5 10 21 30 9 85 3
KD-3 9 5 8 21 12 12 67 10
KD-4 8 5 14 12 27 18 84 4
KD-5 10 1 10 9 15 6 51 15
BU-6 9 7 8 18 9 15 66 11
BU-7 3 5 12 24 18 9 71 9
DH-8 1 6 6 12 9 3 37 16
DH-9 8 3 2 18 3 24 58 14
DH-10 8 10 6 21 3 15 63 12
DG-11 5 1 10 24 9 30 77 5
BJ-12 10 7 8 12 24 15 76 7
BJ-13 10 3 4 12 27 6 62 13
BL-14 10 4 20 30 27 21 112 1
KR-15 9 1 8 27 30 30 105 2
SK-16 6 2 2 18 24 24 76 7
CJ-17 9 4 6 3 9 3 34 17
4) BN o3 FNRY sk B4 Folg 7 AnEE

Ba ¥ Az Aol #iE A8 BS A2 SAF
£ 77} 630kg / it 372X 10%g / cf 0.2 A o] A& A
< 1148kg / of 2 558X 10°kg/ cf 0.2 A G} ol o3
o8 EARLS I/ 499 Y Aue 499 #
FEA e AR vE mEEs 3t 249 F
Fol meA 2= 4 F589 Aol7t FUHUG

5) A AAAY BA(4A27, WF, 358, &5
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7189 Aol Y=o YA ¥%E S 43 A 7]
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FRAR A FEUe T e b A(F)
ATl SRk FAAA HA9 HrPt b Rl
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