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Effects of Rock Weathering on the Degradation of Engineering Properties

Chang-Sup Lee and Taechin Cho

Abstract Weathering is defined as a process by which surface rock, once formed in the deep ground, is broken
down and altered to keep the equilibrium with the ambient environment. In this study granitic rock samples of
different weathering grades were collected in the field and the microscopic observation, X-ray diffraction analysis,
electron microscopic observation, chemical analysis, and rock property tests were carried out. Formation of secondary
minerals, especially clay minerals, by weathering was identified and the mechanism for the change of engineering
properties such as rock strength degradation was analyzed. Tunnel model test, Failure behaviour, Shallow tunnel,
Unsupproted tunnel length

KeyWords Weathering, Granitic rock, Weathering mechanism, Secondary mineral, Rock strength degradation
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Fig. 1. Geological map of southern part of Korean peninsula and the locations of sampling sites
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Fig. 4. Microphotographs of granitic rock of different weathering grades. (F) fresh rock, (SW) slightly weathered rock,
(MW) moderately weathered rock, (HW) highly weathered rock, (CW) completely weathered rock
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Fig. 7. SEM micrograph, EDS peaks and element maps for
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Table 1. Weight percent of major elements with respect to the weathering grades
Sample . .
No. Grade  SiO; ALO; TiO; FeO; MnO  MgO CaO Na,O KyO  P:Os LOI Total
S-1-1 F 76.68 12.70  0.11 1.49 0.04 0.15 0.57 4.39 3.83 0.01 0.33 100.30
S-1-2 SW 76.73 1211 0.08 1.30 0.05 0.10 0.26 4.11 4.25 0.01 0.34 99.34
S-1-3 MW 76.18 13.07 0.12 1.61 0.03 0.14 0.38 3.98 3.95 0.01 0.87 100.34
S-14 HW 7646 1320  0.12 1.73 0.04 0.15 0.30 3.08 4.25 0.01 1.51 100.85
S-1-5 W 7543  13.25  0.12 1.69 0.04 0.14 0.26 2.35 4.28 0.01 2.21 99.78
_S16 RS 7475 1300 044 311 007 049 027 136 329 002 423 10103
S-2-1 F 70.60 1452 032 2.99 0.07 0.58 2.02 4.19 3.60 0.07 0.84 99.80
S-2-2 SW 7094 1428 0.33 3.17 0.07 0.58 1.86 4.01 3.68 0.08 0.91 99.91
S-2-3 MW 71.64 1439 031 2.81 0.07 0.52 1.71 4.08 3.58 0.07 0.93 100.11
S-2-4 HW 7098 1432 034 3.25 0.08 0.50 1.54 3.97 3.68 0.10 1.45 100.21
S-2-5 (% 70.63 1442 033 3.08 0.07 0.47 1.56 3.96 3.69 0.10 1.51 99.82
S-2-6 RS 69.70 14.81 0.36 3.48 0.07 0.60 1.16 3.60 3.70 0.08 2.17 99.73
S-3-1 F 77.70 1277  0.11 1.32 0.03 0.14 0.69 3.91 4.08 0.01 0.30 101.06
§-3-2 SW 76.97 1293 0.11 1.52 0.02 0.09 0.55 3.99 3.92 0.01 0.46 100.57
S-3-3 MwW 7736 13.14  0.12 0.91 0.02 0.07 0.49 4.06 3.60 0.01 0.79 100.57
S-3-4 HW 76.61 1348 0.1} 0.40 0.02 0.06 0.23 1.51 4.73 0.01 2.36 99.55
S-3-5 CW 74.49 1467 0.15 1.32 0.04 0.09 0.26 1.62 4.07 0.01 321 99.94
S-3-6 RS 70.57 1356 082 4.68 0.05 0.81 0.18 0.38 2.23 0.03 6.79 100.10
S-4-1 F 70.49 15.07 0.35 2.30 0.04 0.68 2.64 3.94 3.03 0.11 0.46 99.11
S-4-2 SW 6892 1575 033 2.12 0.04 0.58 2.67 4.14 3.02 0.10 0.51 98.18
5-4-3 MW 69.79 1597 034 2.14 0.04 0.62 2.75 4.26 3.06 0.10 0.54 99.61
S-4-4 HW 69.35 16.24 035 2.23 0.04 0.60 2.13 4.42 2.95 0.10 1.23 99.64
S-4-5 CcwW 72.00 1575 032 1.97 0.04 0.48 2.17 3.84 2.94 0.09 1.24 100.84
S-4-6 RS 68.25 16,63 0.39 2.67 0.04 0.65 1.56 3.17 3.08 0.07 4.11 100.62
S-5-1 F 7454 1400  0.08 2.02 0.06 0.12 1.16 3.42 412 0.04 0.36 99.92
S-5-2 SW 74.14  14.18  0.08 2.05 0.05 0.14 1.06 3.41 421 0.04 0.41 99.77
S-5-3 MW 7396 1440  0.08 2.03 0.05 0.15 0.93 3.44 4.28 0.04 0.49 99.85
S-5-4 HW 7453 1409  0.08 2.03 0.05 0.12 0.90 3.37 4.10 0.04 0.60 99.91
S-5-5 CwW 73.64 1444  0.08 2.09 0.05 0.15 0.84 3.40 4.16 0.04 0.81 99.70
S-5-6 RS 73.94 14.64  0.08 2.05 0.05 0.13 0.77 3.00 4.40 0.03 1.26 100.35
S-6-1 F 72.05 1551 0.27 1.93 0.04 0.54 2.49 4.48 2.50 0.08 0.63 100.52
S-6-2 SW 70.41 1612 0.28 1.98 0.04 0.53 2.32 4.52 2.88 0.08 0.65 99.81
$-6-3 MW 7026 1589  0.25 1.89 0.04 0.48 2.17 4.33 3.15 0.08 0.66 99.20
S-6-4 HW 70.08 16.13 0.27 1.87 0.05 0.50 2.17 4.32 2.70 0.10 1.20 99.39
S-6-5 Ccw 71.60  16.09  0.29 2.07 0.04 0.45 0.40 2.84 3.17 0.02 3.65 100.62
S-6-6 RS 7144 1465 0.62 3.13 0.06 0.76 0.73 1.33 3.07 0.05 4.45 100.29
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Table 2. Physical properties of fresh and weathered granitic rocks

54 AgrE

Weathering Grade

Physical Properties

F SW MW
ccific . 2.58~2.65 2.56~2.60 2.53~2.56
specific gravity (2.62) (2.58) (2.55)
absorption ratio(%) 0.37~0.70 0.80~1.00 1.20~1.40
prion ratiol7e (0.46) (0.89) (1.30)
P-wave velocity 4,220~5,100 2,480~4,120 1,450~2,400
(m/sec) (4,570) (3,337) (1,822)
S-wave velocity 2,220~2,610 1,220~2,130 730~1,220
(m/sec) (2,408) (1,757) (968)
compressive 130~165 105~130 44~103
strength(MPa) (143) (114) (75)
elastic modulus 54.0~90.8 30.8~52.0 4.10~32.2
(GPa) (75.7) (41.3) (21.5)
oisson's ratio 0.14~0.19 0.18~0.25 0.19~0.25
P 0.17) 021) (0.23)
orosity(%) 0.81~1.07 2.28~3.08 3.25~4.06
porosity(% (0.96) (2.53) (3.48)
* average
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Fig. 10. Variation of physical index properties with respect to the weathering grades of granitic rocks in the study area
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Fig. 11. X-ray diffraction patterns of weathered granitic

rocks. (Q: quartz, F: feldspar, H: hornblende, C:
chrolite, M: mica, illite, V: vermiculite, K: kaolin
mineral, S: smectite)
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Fig. 12. Mineral formation process of major minerals in granitic rocks under weathering conditions
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o Decomposition of biotite and feldspar

1

L o Staining of iron oxides along cleavage, rim and microcrack of minerals and grain boundary by oxidation I
!

L o Dissolution of biotite and feldspar I
1

O Precipitation of iron oxides: expansion of biotite and microfracturing of minerals |

!

o Dissolution of feldspar: formation of solution pores, connection of solution pores, forming solution channel->
increase of microcrack density, weakening of grain boundary

il

o Forming of secondary minerals: Wedge effect and weakening of grain boundary

» Opening of grain boundary
» Development and increase of microfracture
» Increase of pores

Qo

Decrease of rock strength
Change of physical properties of rocks
Weakening of engineering properties of rocks

o O
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