The Journal of Engineering Geology, Vol.17, No.3, September, 2007, pp. 359-365

I Fe AFE Aol SH-Ealiofl 2t et ALt

Hogl'- W 8. AMYIZ. MBMZ
9T AM71$ATY ASFPEEATY, FE s A FEA At

Calculation of Deterioration Depth of Major Rock Type Slopes
caused by Freezing-Thawing in Korea

O-11 Kwon!, Yong Baek!, Sung-Bin Yim’?, and Yong-Seok Seo*

Korea Institute of Construction Technology, Underground Structure Research Division
2Chungbuk National University, Dept. of Earth & Environ. Sci.& Inst. Basic Sci. Res.

9] AT g8 g wEAQ FHE hite) NARA FAAEY] Fag AR Tl sholnt. oY AR
B Fge ohul BA9 siyo] osjA FIE JMEATI ot A F3He EYolut FahE At B& A
Hel due 74a deoslug ApE A BAS 9sle FA-g3l Jd) faHe 93 AxE Adske AL )
F2310, 2 dolMe SA-gol o3 ik AP dot AEE 1A FAERANE ol8dl AT =
#9 A9 A 537 71 ARE A 71 BEEE BAIAT. 71 BX B U % £XE 13
YA, ogd A7 i Ao EEshe @9 AEE, HE, 2= T dE AW AEe s ol
oFel 97 B4 d3iiE ANe 9% Y A2 BEEUT B =2 dHe) 94 549 Aolg fvst
A4, 9% 712 5o 9% AAEF DIRE o] Ao dsle] HET. AFTHOZ A 97 F
19] ok AbE FsMl® 4 ke soheiaa g

F80] : 54-53, G3E, €A=E, VY, 712EX

rir mln 2 = o

to
g
S~

Freezing and thawing cycle is one of the major weathering-induced factors in the mechanical weathering of the
rock mass. This natural process accelerates rock weathering process by breaking down the parent rock materials
and makes soil or weathered rock formation in a rock slope surface zone. It can also cause reduction of the shear
strength in slopes. It is important to calculate the deterioration depth caused by freezing-thawing for a slope sta-
bility analysis. In this study, deterioration depths of rock slope due to freezing-thawing were calculated using the 1-
D heat conductivity equation. The temperature distribution analysis was also carried out using collected tempera-
ture distribution data for last five years of several major cities in Korea. The analysis was performed based on the
distributed rock types in study areas. Thermal conductivities, specific heats and densities of the calculation rocks
are tested in the laboratory. They are thermal properties of rocks as input parameters for calculating deterioration
depths. Finally, the paper is showing the calculated deterioration depths of each rock type slopes in several major
cities of Korea.
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Fig. 1. A contour map of annual max. variation of air
temperature and sampling locations with rock types.
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Fig. 2. Temperature variations during recent five years at the 4 study areas.

Table 1. Constants of temperature distribution curves at the 4 study areas.

Constant Area C, C
Yangpyeong 9 19
Chungju 10 18
Daegu 13 17
Pohang 14 16
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Fig. 3. A measurement of thermal conductivity using Kemtherm QTM-D3.
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Table 2. Results of measurement of thermal conductivity. unit : keal/m « h - °C.

. Test 1 Test 2 Test 3 thermal
Specimen Rock type value °C value °C value °C Mean conductivity
GR-1 200 20 215 25 210 26 2.08
GR-2 Granite 220 25 276 26 252 26 252 526
GR-3 214 25 237 25 234 25 228
GR-4 208 25 216 25 220 26 215
AND-1 145 25 155 26 157 26 152
AND-2 , 204 25 196 25 232 26 2.10
AND-3 Andesite 1.99 25 2.08 25 2.09 2% 205 192
AND-4 194 25 202 25 206 25 201
LS 204 25 221 % 218 25 2.14
LS-2 Limestone 249 25 27 25 273 25 265 227
LS-3 1.91 25 208 25 208 25 2.03
PH-1 , 185 24 194 25 196 26 191
PH-2 Phyllite 247 24 2.64 24 2.88 25 266 229
GN-1 165 25 174 26 177 26 172
GN-2 Gneiss 220 25 247 25 277 25 251 533
GN-3 246 24 256 25 259 25 2.54
GN-4 239 24 257 25 267 25 254
SST1 Sandstonc 275 24 292 24 290 25 236 786
MS-1 072 26 077 27 079 27 0.76
MS-2 Mudstone 0.72 26 0.77 27 0.79 27 0.76 0.76
TF-1 163 % 172 25 174 26 170
TF-2 Tuft 164 25 174 26 1.81 26 173 1.72




Table 3. Specific heat values of each rock type (Lee, 1993).
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Rock type Granite Andesite  Limestone  Phyllite Gneiss Sandstone ~ Mudstone Tuff
Specific heat
kg - °0) 192 170 216 195 196 220 160
Table 4. Results of calculation of density.
. Volume (V) Mass (M) Calculated Density
Specimen Rock type {acm * b cm * ¢ cm) ) (g/em?) (kg/m>)
GR-1 15.93 512 231 484.01 257
GR-2 15.15 6.23 207 508.39 2.60
i 7
GR-3 Granite 15.17 747 226 644.26 252 2570
GR-4 15.4 6.14 236 578.48 259
AND-1 1532 6.53 2.55 696.50 273
AND-2 _ 15.47 7.14 1.73 52078 273
AND-3 Andesite 15.28 7.1 3.15 940.89 2.75 2736
AND-4 17.05 59 238 647.87 271
LS 14.69 652 2.06 579.99 204
LS-2 Limestone 15.96 6.73 2.79 785.79 262 2,649
LS-3 15.15 5.01 242 491.41 268
PH-1 , 1571 6.79 746 639.60 2.44
PH-2 Phyllite 15.11 6.2 2.88 730.32 271 2437
GN-1 153 6.03 222 54150 2.64
GN-2 ‘ 16.15 6.61 2.98 834.08 262
GN-3 Gnelss 15.14 6.58 222 597.52 270 2,656
GN-4 16.01 6.67 1.8 474.07 247
SS-1 Sandstone 15.05 6.68 23 602.99 261 2,608
MS-1 1534 6.03 2.86 455.60 172
MS-2 Mudstone 152 536 312 42539 1.67 1,722
TF-1 15.42 733 191 531,10 241
T
TF-2 uff 14.91 6.44 224 528,61 2.46 2436

Table 5. Deterioration depths influenced by freezing-thawing in Korea.

Thermal conductivi Specific heat Densi Deterioration

Rock type Area C G K (calim - day ~°ct§ c lzcal/kg -oC) (kg/mt%/) depth (m)
Granite Daegu 13 17 54,226 192 2,570 8.8
Andesite Daegu 13 17 46,124 170 2,736 8.6
Limestone Chungju 10 18 54,524 216 2,649 8.6
Phyllite Chungju 10 18 54,945 195 2,437 92
Gneiss Yangpyeong 9 19 55,854 196 2,656 9.0
Sandstone Daegu 13 17 68,591 220 2,608 92
Mudstone Pohang 14 16 18,197 140 1,722 7.8
Tuff Pohang 14 16 41,172 160 2,436 8.6
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Fig. 4. Temperature distribution curves of each rock type according to depth.
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