TUNNEL & UNDERGROUND SPACE Vol.31, No.2, 2021, pp.83-97
https://doi.org/10.7474/TUS.2021.31.2.083 ISSN: 1225-1275(Print) ISSN: 2287-1748(0Online)
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ABSTRACT
Received: April 13, 2021 Considering the current status of Korean high-level radioactive waste (HLW) storage and the
Revised: April 20, 2021 fact that siting process for the disposal of HLW usually takes a long time, it is urgent to secure

relevant techniques as well as to construct fundamental database that is applicable to the
siting process. The siting process is normally conducted in stages, and evaluating parameters
with respect to rock mechanics are utilized in all stages. Also, considering Korean geological
environments, a comprehensive database on the parameters needs to be constructed, reflecting
the characteristics of candidate sites according to the rock type and regional features. In this
technical note, a fundamental database on intact rock properties, as one of the evaluating
parameters, is provided. Various laboratory test results were compiled and several descriptive
statistics were analyzed and classified according to rock type, strength, and region. The
database can be utilized in the siting process as well as in various engineering projects as a
broad reference.

Accepted: April 23, 2021

Keywords: High level radioactive waste repository, Site investigation, Intact rock properties,

Database

2B

U DEAYAET V|2 LTS HEE 2AMHZ0)| U2 AZH0| AQECHE HS e of, 2
J|sE BAMY Al 28 7HsE 7|8 tE 0| AT AYo|0t A 23] MYS EHAE =
At 2HEE HzlE 20| LEHH0|0, tEtE st IR = A THA|0f| 23 CikotA| 22 S0t E5t =
L Z|2etFE NedstH CHsh AF 0 2| EMZ UGS ZH2 7|RIAtRE 15T LRIt o}
2 =22 LUtEsH HIIRIzt &, 22| S/900| s 7B R E AlS5t7| 2/t SHo = AR
Ct ZLHO A -3l CHFSH A AMLHA|S 20t Z|Elot0] 0|2 B, 4=Y, ¥z 226t 2t

® @ (© The Korean Society for Rock Mechanics and Rock Engineering 2021. This is an Open Access article distributed under the terms of the Creative Commons Attrib-
ution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in

A any medium, provided the original work is properly cited.



84 * Seungbeom Choi, Dae-Sung Cheon, Hoyoung Jeong, and Seokwon Jeon

Z 712572 MAIBISUCE Ol S5 YT HRIZARED OfLI2} CIet ARY 43 A, ¥ZAE2
28 4 92 2OE TEHEC

LME

IAEA(International Atomic Energy Agency)+= A|AIZ0]1L &84 21 B ZALE 9fote] TAE B A RS Aokstar Q)
THIAEA, 1994). o5 7teFs] Ao, TA] Zd= 1R 0] ZARE -afsto] FAet x| & viiAllsta,
S Rt 7EEAE B0l FA] 50 2 A WU FE 4-getal A FRIO| -8 SIS, FTFARIAPAIFARE 43
Stk 7| 2ZAPIARE] A2 )I517171], 2423001 @ o] vl A7 17to] ==t A|Io] 75 oF 40, BT A
-32'd0] 4 EQIH:

=l ARSF AR A AR 20201 427 71, AR oA 20,053 T TR ol 474,176 HHE, <
T-& HA=OA 512 Tholtl (=2 ¢, 2021, SRR AT, 2021). HAVE ARl A w2 917 Ul AAIRPEA]
ol Bksial Qlou, 2152 Q1 7 I @S resH 717ke- Al Uloll JAAPEAVE ] a7t of et A=t 2™ £
FTARN A7 7ol g2 Alte] 4@ FIth= A =U] AE=9RAP w7 T A 9 arefoha Wuild RS 91 2AT
ATk

20169 AHASIAFARIF AAGE DAV e A T 7 2AI ol w2, 72 EAL A, AJAIEAS 129
of A FAZALE 3ol 252 0 & 2051 37H] A @Ald& 21dste] 2 Feliof AT A SR, 2016). FAIZARE A
efstalte, AV 74517 A ollM 7R B2 Ale] 4= =7 wiwe]] oFet A7 B S-S 15t Tl Tl ol Alg
S AAoltt 2020 ol |a7 8B M AR AR AP AR Q] HE Q1R AT Ie T ALY olHleE A B
IAE AZFSIGIH. o5 ol Rl Z1e D] Fa o] thA oF Ao 11 Avt v o] THEA Z|E7lE Alge] F4
Zoll Ao(Er=el 17125871, 2020). S AR AR AR O 21 PIA] S 9 28, A7 15 A5 5 Q)

Uie-& Hal 3lom, 5o] AArd SHHE Rt TAE FA12 e B 7 Ier i B AT S FAIRARRE AR URio] e SR/

N,
[N
1p
ol
>
o
e,
1=}
g

i

HE

<

APRFARS Egtstal Slct,

SH, A EAAATLE AR )AL B2 AR FAFARS 4=3¥517] f1sto] DA 2ARRA: ERAAE ATtk 3=
ZPARFAATY, 2016). o= B7H-E(aspect), FE(item), 1A (parameter) = T ZF HAlOA] Q7= H7RIZFE A
ool Z-103709] QIS ARISFATHKIGAM, 2019). ©] 5, ARFgot Hope] WrRha.g B, 549, IRt Al 7kx|o]m,
T B7RIAR= F 3370Ie}. Rkgat ¥ BRIk @R, AUE, A58/ 27 5 thedRt iel ofsl =7/
74 o Qlom] FA7EEARE A Al o] 2717RR] A SAllA] BTt oiulget Rofe] IRk, QA BES

Table 137} ZTHKIGAM, 2019).

TUNNEL & UNDERGROUND SPACE Vol. 31, No. 2, 2021



Establishment of a Basic DB of Korean Intact Rock Properties Applicable to Site Characterization for HLW Geological Disposal * 85

Table 1. Evaluation item and corresponding parameters regarding rock mechanics and engineering

Item Fracture Intact rock Rock mass
Density Water content Deformation modulus
Magnitude Specific gravity Poisson’s ratio
Orientation Porosity Tensile strength
Aperture Seismic velocity Compressive strength
Stiffhess Young’s modulus Shear strength
Friction angle Poisson’s ratio Rock mass classification
(RQD, RMR, Q, etc.)
Parameter Cohesion Uniaxial compressive strength In-situ stress
Dilation angle Tensile strength Anisotropy and heterogeneity
Joint roughness Cohesion, internal friction angle
Joint compressive strength Creep constants

Crack initiation/damage stress
Fracture toughness

Permeability

%IH 7%_‘?3 T UF] HAS 2H5H SPIA(36%), HAN(30%), EAM(25%), MIAEF(9%) 07 T, P ES-S
S 52017 ETHKIGAM, 2019). A7 F1 72 474 AL, geidol i 371 5-8-90] 2 At

Z5P 14 siAtE 2R Q] FAIAd Bt 7 et ofuet, velet bt L A9 £ aefet BEe T EE 7

?0?04 PR Eart ek 2 =22 ol2d 7Nt R(DB) A2 BH R 3 7|2 AjjolH, 4

o et AuiAe Aaks He el e FAY 282 U, A=, AR ERsle] 1 et Vs AR

Ao, of 247 0 2 A3Alste] HHEE el golet

:E
S
)

-

e

ol
N

o

O

I

ol

"

il

ol

>,

uiel}

g‘]_tl
B
rf
3
Ky
I,
ol
=

Choi et al.(2020)-2 2] A7 Al A2 = Hkgor4] B7RQIAte] tih =i o] ARlE HalsI3iet. o= thaRt o4, =214

A4S 1ol 9lom, B =RojA Fglste] Aot A 2442 HIS(specific gravity, SG), 5—=&(porosity, PO), P- T2}
S-I} &5(P- and S-wave velocity, Vp, Vi), BS54 (uniaxial compressive strength, U/CS), BVIAFYoung’s modulus,
E), ZOoESH|(Poisson’s ratio, v), 4G (Brazilian tensile strength, B7S), 2 (cohesion, ¢), WHIFE 2 internal
friction angle, ¢)°|th HE FAY B4 A LA AT} M-S ot FRkg-eteidofx] agslke oA A4
o] AFE FeRt A= olt}. /= Hlo[e o] A717}/dolste] S0l mhE TlolH Hl&-S 5] AFdoh = ofg et E =

2O AR HlolBl= T 0 2 SR dx b At Aot FE ot AT 0| AF R 4:6 O HIS-E o] Qlrk

ek Vg Aol FH55 Aol thet A E= 7ot 97 FEob i =ol A oA At o =0 A7 B AL3E Als
AR} WA 97t Wot H|w A R etollA] HEEE AYS I B art Atk 7] 24< 2HIFUGN), HAY
(MET), E|2]}(SED) 2 & t'ds}e] 7 E A= 2413t A= Table 29} 2t

I-H

'r‘\

TUNNEL & UNDERGROUND SPACE Vol. 31, No. 2, 2021



86 ° Seungbeom Choi, Dae-Sung Cheon, Hoyoung Jeong, and Seokwon Jeon

Table 2. Descriptive statistics of the intact rock properties according to rock type

SG PO vy Vv, Ucs E v BTS c )
¢) (%) (m/s) (m/s) (MPa) (GPa) ) (MPa) (MPa) (deg)
IGN rocks
n 480 454 562 562 780 493 493 237 274 274
Ave. 2.70 1.52 4,256 2,290 122.16 36.15 0.22 11.91 20.80 54.61
S.D. 0.11 1.60 1,251 612 69.37 17.96 0.05 571 9.64 4.45
CV (%) 4.12 105.27 29.41 26.76 56.79 49.68 23.53 47.94 46.35 8.14
Min 2.36 0.13 1,020 660 10.20 1.18 0.10 1.00 2.00 40.00
Max 2.97 7.51 6,930 3,910 338.00 78.59 0.36 27.00 44.90 63.00
MET rocks
n 780 720 790 790 1,052 800 800 503 515 515
Ave. 2.71 1.11 4,257 2,308 9291 32.64 0.21 10.89 18.55 51.21
S.D. 0.10 1.50 917 461 52.70 15.37 0.05 4.08 7.03 6.65
CV (%) 3.79 134.54 21.49 19.98 56.72 47.09 25.75 37.49 39.37 12.98
Min 2.36 0.05 1,280 910 6.12 1.20 0.10 1.00 3.00 35.00
Max 3.01 10.52 6,940 3,680 291.84 74.59 0.36 23.47 41.84 36.00
SED rocks
n 395 343 380 380 445 358 358 245 252 252
Ave. 2.65 227 4,290 2,335 116.08 33.85 0.20 13.23 21.88 51.65
S.D. 0.11 2.53 1,099 528 62.36 13.77 0.05 6.09 9.13 5.23
CV (%) 435 111.29 25.63 22.63 53.73 40.69 25.56 46.02 41.74 10.13
Min 222 0.06 1,160 750 3.67 2.84 0.10 2.00 4.00 38.9
Max 297 17.34 6,460 3,610 343.00 77.03 0.36 31.00 45.92 67.00

n, Ave., S.D., and CV denote the number of data, average, standard deviation, and coefficient of variation, respectively

ofst7] wZ ol I =R EA[SHAH.
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Fig. 1. Distribution of the intact rock properties for different rock types
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Fig. 1. Distribution of the intact rock properties for different rock types (continued)
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Fig. 2. Comparison of the collected intact rock properties with those of Aladejare and Wang (2017)
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Fig. 2. Comparison of the collected intact rock properties with those of Aladejare and Wang (2017) (continued)

PEol w2 72 =/ Afololl Femfet Ao 7hEAfShEA] o1 -5 ERlsh] flsf A 2424 (one-way ANOVA)2 -3
SEITE Fig. 1014 &I 4 Ql%0l, Bs EA40] s ThEttal & = flou #0] 2717 526] =7] whzol vl R4

2] BXo] opd BARRAMS A 85T, 5-24552-0.05, A 42 Scheffe 7|52 2851111 71 A= Table 32} 2t

Table 3. ANOVA results on the effect of rock type

Ave. .. Ave. e
Property Group difference Probability Property Group difference Probability
IGN-MET -0.04 0.0000* IGN-MET 0.40 0.0010*
ff IGN-SED 0.01 0.1469 (f/(; IGN-SED -0.75 0.0000*
= 0
MET-SED 0.05 0.0000* MET-SED -1.16 0.0000*
IGN-MET -1.25 0.9998 IGN-MET -19.25 0.8049
Ve Vs
IGN-SED -34.04 0.8934 IGN-SED -46.05 0.4243
(m/s) (m/s)
MET-SED -32.79 0.8883 MET-SED -26.80 0.7198
IGN-MET 29.25 0.0000* IGN-MET 3.51 0.0000*
ucs F
IGN-SED 6.08 0.2420 IGN-SED 2.30 0.1139
(MPa) (GPa)
MET-SED -23.17 0.0000* MET-SED -1.21 0.4866
IGN-MET 0.01 0.0012* IGN-MET 1.02 0.0384*
v BIS
IGN-SED 0.02 0.0000* IGN-SED -1.31 0.0175*
) (MPa)
MET-SED 0.01 0.2272 MET-SED -2.33 0.0000*
IGN-MET 225 0.0017* IGN-MET 3.40 0.0000*
c ¢
IGN-SED -1.08 0.3435 IGN-SED 2.96 0.0000*
(MPa) (deg)
MET-SED -3.33 0.0000* MET-SED -0.43 0.6202

Asterisk (*) denotes the existence of statistically significant differences under 0.05 of significant level

AT w2 At = Aol Sl ke S1e 4 (lolet SMIR, WSl EHeto 2 Al 7-21450.05) ofHief
A el st e s] AEE S48 e B AR [, Bt Slna= bl WhE AfolS 415 HolA] ookt T
B Ajot jul

AR -7 SHI- /It Aol Alelet HRIE o, AEEA] the LA 242 F el AelE EIkt.
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Table 4. Descriptive statistics of the intact rock properties according to the detailed rock type

SG PO Vp V Ucs E v BITS c ¢
) (%) (m/s) (m/s) (MPa) (GPa) ) (MPa) (MPa) (deg)
Granite
n 264 248 335 335 424 282 282 133 172 172
Ave. 2.64 1.50 3,917 2,147 114.84 34.55 0.23 10.58 19.27 54.70
S.D. 0.10 1.60 1,180 598 60.11 17.33 0.05 4.78 8.51 436
CV (%) 3.83 106.98 30.13 27.86 52.35 50.15 23.78 45.20 44.17 7.96
Min 2.36 0.13 1,020 660 10.20 1.27 0.10 1.00 2.00 40.00
IGN Max 2.97 7.51 6,180 3,910 284.69 72.91 0.36 25.51 41.84 62.20
Andesite
n 153 149 149 149 260 148 148 75 74 74
Ave. 2.71 1.61 5,196 2,712 138.96 37.15 0.21 13.90 2423 54.10
S.D. 0.11 1.61 999 495 81.47 18.24 0.05 6.48 11.39 423
CV (%) 422 100.53 19.23 18.24 58.62 49.09 23.74 46.59 47.01 7.81
Min 2.37 0.17 1,600 1,140 14.00 2.80 0.11 3.00 5.00 40.00
Max 2.87 6.60 6,930 3,790 338.00 78.59 0.35 27.00 44.90 63.00
Gneiss
n 670 612 677 677 938 688 688 462 474 474
Ave. 2.70 1.22 4,208 2,285 92.64 32.01 0.21 10.80 18.39 51.20
S.D. 0.10 1.59 932 462 51.55 15.13 0.05 4.05 7.17 6.71
CV (%) 3.66 129.83 22.14 20.22 55.64 4727 25.98 37.55 38.99 13.10
Min 2.36 0.05 1,280 910 6.12 1.20 0.10 1.00 3.00 36.60
MET Max 3.01 10.52 6,940 3,680 285.00 69.48 0.36 23.47 39.00 66.00
Schist
n 65 63 67 67 68 67 67 22 22 22
Ave. 2.73 0.72 4,455 2,338 95.76 30.90 0.23 11.37 19.48 50.52
S.D. 0.15 0.59 919 463 65.20 14.94 0.05 4.064 8.13 7.08
CV (%) 5.45 82.03 20.63 19.80 68.09 48.33 23.16 40.80 41.75 14.02
Min 2.38 0.05 1,770 1,100 9.18 4.61 0.13 5.10 7.14 35.00
Max 3.00 3.00 6,130 3,350 267.35 74.59 0.33 23.00 37.76 59.00
Sandstone
n 128 107 129 129 144 117 117 81 86 86
Ave. 2.66 2.04 4,623 2,490 129.33 36.66 0.19 15.62 25.16 51.75
S.D. 0.11 2.70 1,006 491 64.39 13.59 0.05 6.01 8.35 5.24
CV (%) 4.13 132.61 21.75 19.74 49.79 37.07 26.62 38.45 33.20 10.12
Min 0.24 0.18 1,530 870 3.67 2.84 0.10 2.04 9.18 38.90
Max 2.90 17.34 6,010 3,400 292.00 72.81 0.36 31.00 42.00 61.00
SED
Tuff
n 95 85 85 85 105 87 87 65 67 67
Ave. 2.57 4.04 4,144 2,192 117.78 26.04 0.20 10.94 18.93 53.09
S.D. 0.10 247 894 441 62.71 13.17 0.05 5.75 8.26 4.89
CV (%) 4.05 61.16 21.57 20.14 53.24 50.59 26.81 52.58 43.64 9.22
Min 2.29 0.06 1,870 1,180 5.10 3.10 0.10 2.00 4.00 42.40
Max 2.80 13.10 6,240 3,200 343.00 77.03 0.34 26.53 45.92 67.00
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Table 4. Descriptive statistics of the intact rock properties according to the detailed rock type (continued)

5G PO v, vy ves E v BIS c P
O] (%) (m/s) (m/s) (MPa) (GPa) O] (MPa) (MPa) (deg)
Shale
n 100 84 95 95 105 81 81 46 46 46
Ave. 2.68 1.78 3,832 2,197 113.79 36.68 021 13.91 24.02 52.20
SED S.D. 0.07 1.83 1,244 633 60.14 13.41 0.05 557 10.63 5.46
CV (%) 279 102.96 32.49 28.81 52.85 36.54 22.59 40.03 4425 10.46
Min 239 0.18 1,160 750 30.61 9.70 0.10 2.04 7.14 41.00
Max 2.97 9.79 6,290 3,610 276.00 68.70 032 24.49 43.88 61.00

= =5 FA%e] o5k E4J-2 Kim and Kim (2006), Cheon et al. (2008), Sunwoo et al. (2011) 5]l 2Jal] B35 v Q1
2 A A FE], UHA] 242 At S2 g FEl= 2A s S E8L 1 9] SoflA] A AtollA Han
Aot 2 =Fof| A AAE B HePt-FARES ERIg 4= Q.

Lol W B/ w5 2oll, Aol e 577 B 783 57 Sl 04] E°], RMRZ 53t HER Al, 5954271
37} QI 5 shtE A= (Bieniawski, 1989), wUHlS] B¢ R E W FT HREFFA] 5o GEUSHEE 8T IR
= 285) 2= QLK ZELEE, 2019). 7S HFELO 2 TASKS HEsle 7120 Deer and Miller(1966), ISRM(1981) 501 41
™, ©] & Deer and Miller®} Bieniawski2] RMR H7[RIx} 5 7152 A 2]51H Table 52} 2Tt

10 [l

Table 5. Engineering classifications of rock in terms of UCS

UCS (MPa)
Class Description
Deer and Miller (1966) Bieniawski (1989)

A Very high strength =220.0 =250.0

B High strength 110.0 — 220.0 100.0 — 250.0
C Medium strength 55.0 — 110.0 50.0 — 100.0
D Low strength 27.5 = 55.0 25.0 — 50.0

E Very low strength <275 <250

B =Rl 3% FA% B4 Table 59| Bieniawski 4 53 7502 AE-F610] 71&SAS AXSHH Table 6, Fig. 3
U FAa s
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Table 6. Descriptive statistics of the intact rock properties according to the strength class in RMR

SG PO Vp Vs ucs E v BIS ¢ 1%
¢) (%) (m/s) (m/s) (MPa) (GPa) ©) (MPa) (MPa) (deg)
Class E (< 25.0 MPa, very low strength)

n 89 81 92 92 135 89 89 32 27 27
Ave. 2.61 3.83 2,789 1,543 17.79 12.84 0.23 5.30 9.57 48.83
S.D. 0.14 322 1,144 540 5.36 11.02 0.06 4.89 6.91 5.83

CV (%) 5.50 84.09 41.03 34.98 30.11 85.84 27.66 92.34 72.23 11.94
Min 2.36 0.16 1,020 660 3.67 1.18 0.11 1.00 2.00 35.00
Max 2.90 17.34 5,400 2,750 25.00 48.12 0.36 23.47 30.61 57.20

Class D (25.0 — 50.0 MPa, low strength)

n 197 180 204 204 303 203 203 89 99 99
Ave. 2.65 2.69 3,442 1,864 38.19 20.33 0.23 6.20 9.99 50.13
S.D. 0.14 2.49 1,161 546 7.52 12.99 0.06 3.12 4.79 5.57

CV (%) 5.13 92.74 33.74 29.28 19.69 63.87 27.14 50.29 47.92 11.10
Min 2.29 0.07 1,060 750 25.51 1.78 0.10 1.00 4.00 37.00
Max 3.01 13.10 6,940 2,999 50.00 55.17 0.36 16.33 28.57 62.10

Class C (50.0 — 100.0 MPa, medium strength)

n 521 462 532 532 729 527 527 282 299 299
Ave. 2.69 1.38 4,137 2,251 76.03 30.78 0.21 9.72 14.91 50.85
S.D. 0.11 1.62 956 458 14.44 13.66 0.06 3.74 4.92 5.88

CV (%) 427 117.22 23.11 20.34 19.00 44.39 25.92 38.47 33.01 11.56
Min 222 0.05 1,210 720 51.00 2.74 0.10 2.00 5.00 37.00
Max 2.98 10.49 6,690 3,680 100.00 68.01 0.36 25.51 37.76 66.00

Class B (100.0 — 250.0 MPa, high strength)

n 792 738 848 848 1,049 786 786 527 556 556
Ave. 2.69 1.07 4,624 2,497 150.64 40.92 0.20 13.56 24.16 53.33
S.D. 0.09 1.24 808 394 38.14 12.88 0.05 4.20 6.42 5.87

CV (%) 3.33 116.03 17.47 15.76 25.32 31.47 2291 30.97 26.57 11.01
Min 2.33 0.06 1,160 1,030 101.00 6.27 0.10 4.00 3.00 36.6
Max 297 10.36 6,870 3,790 250.00 77.81 0.35 31.00 43.00 66.00

Class A (= 250.0 MPa, very high strength)

n 44 42 44 44 61 41 41 25 26 26
Ave. 2.75 0.54 5,565 2,919 282.80 54.57 0.21 22.32 38.40 55.33
S.D. 0.08 0.39 674 362 22.71 10.71 0.05 4.53 5.89 5.01

CV (%) 2.89 71.11 12.11 12.41 8.03 19.64 21.84 20.29 15.33 9.05
Min 2.58 0.09 3,920 2,280 252.00 29.11 0.13 10.00 17.35 41.00
Max 2.96 1.40 6,930 3,910 343.00 78.59 0.35 30.00 45.92 67.00
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Fig. 3. Variation of the intact rock properties and CV values according to the strength class
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Fig. 3. Variation of the intact rock properties and CV values according to the strength class (continued)
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Table 7. Descriptive statistics of the uniaxial compressive strength according to rock type and administrative district

Uniaxial compressive strength (MPa)

Admin.

district Total IGN MED SED
n Ave. S.D. n Ave. S.D. n Ave. S.D. n Ave. S.D.
Seoul 318 9772 49.18 123 107.71 48.04 191 91.60  49.31 4 8342  30.53
Busan 76 18522 60.94 29 19937  64.34 - - - 47 17649  57.72
Daegu 58 104.19  46.74 - - - - - - 58 104.19  46.74
Incheon 49 7295 3895 11 6790  37.02 38 74.41 39.86 - - -
Daejeon 16 102.87  56.67 15 107.01 56.11 1 40.82 - - - -
Ulsan 24 106.72  39.84 13 127.55  39.34 - - - 11 82.10  23.70
Gyonggi 152 89.53 4481 19 108.65  50.26 128 87.86  43.33 5 56.94  41.21
Gangwon 200 9449  56.73 64 99.68  59.56 80 81.56  56.22 56 107.05  51.06
North Chungcheong 117 9534 5837 15 79.18  36.37 72 9228  51.33 30 110.78 7831
South Chungcheong 21 68.78  34.17 3 99.67  22.85 18 63.64  33.40 - - -
North Jeolla 83 121.63  69.06 22 86.31 68.40 54 137.99  66.52 7 106.41  49.60
South Jeolla 338 114.60  65.49 150 140.38  71.33 131 83.22  39.85 57 118.85  66.94
North Gyeongsang 237 97.71 57.63 58 107.89  45.21 119 87.66  56.73 60 107.79  66.84
South Gyeongsang 153 12328  61.55 55 148.00  64.08 6 9235 4891 92 110.51 56.24
Jeju 21 9742  51.84 21 9742  51.84 - - - - - -
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Fig. 4. Spatial distribution of the strength properties (unit: MPa)
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