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Weathering Sensitivity Characterization for Rock Slope, Considering Time
Dependent Strength Changes

Joon-Young Park, Jeong-Sang Lee, Seong Ho Bae, Yeong-ll Yu, Joung-Bae Oh and Du-Hwa Lee

Abstract Rocks undergo weathering processes influenced by changing in pressure-temperature condition, atmosphere,
underground water, and rainfall. The weathering processes change physical and chemical characteristics of the rocks.
Once the rocks are weathered, the characteristics of them are changed and, because of the changing, several
disadvantages such as rock slope failures and underground water spouts are can occur. Before we cut a large rock
slope, therefore, we must analyze current weathering conditions of rocks and predict weathering processes in the
future. Through the results of such analyses, we can judge reinforcement works. In order to comply with such
requests, chemical weathering sensitivity analysis which was analyzed from chemical weathering velocities and other
characteristics of rocks has been applied in several prior construction works in Korea. But, It is defective to use
directly in engineering fields because it was developed for soils(not rocks), it has too many factors must be considered
and the relationships between the factors are not clear, and it is hard to explain the weathering processes in
engineering time range. Besides above, because it has been used for isotropic rocks, this method is hard to apply
to anisotropic rocks such as sedimentary rocks. Accoding to studies from morphologists (e.g. Oguchi et al., 1994
Sunamura, 1996; Norwick and Dexter, 2002), time dependent strength reduction influenced by weathering shows
a negative exponential function form. Appling this relation, one can synthesize the factors which influence the
weathering processes to the strength reduction, and get meaningful estimates in engineering viewpoint. We suggest
this weathering sensitivity characterization method as a technique that can explain time dependent weathering
sensitivity characteristics through strength changes and can directly applied the rock slope design.

KeyWonds weathering sensitivity, Time dependent strength change, strength reduction coefficient, rock slope, sedimentary
rock
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Fig. 1. Geological map of the study area(l. Alluvium, 2. Cretaceous Hasandong Formation, 3. Pre-cambrian granitic gneiss,
4. Pre-cambrian porphyroblastic gneiss, 5. Geological boundary, and 6. Inferred fault).
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Fig. 3. Descriptions of the constructing slope(a. Geology; b. Weathering rate).
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Fig. 4. Expected geology and weathering rate of the newly planed slope.
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Fig. 5. Microscopic photographs of rocks distributed on the slope(a. SW sandstone; b. MW sandstone; ¢. SW purple-
mudstone; d. MW purple-mudstone; e. SW gray-mudstone; f. MW gray-mudstone).

o Felg Wask ok T sy BEAE
Sae A delHE
e 9 4Eel gl 71z YRRt |
b ole RS THRE R

5]tk

311 AiFE o g% FINRLE £

Sk Po] BINST el TAYE L 248 7
orala EorREY G % TIE Tels] Sl
A A AT F ERARAA ehd 4 7122

A 7K el F b FEEEE 18 6 29 A
232 AEskn ol ¢4 ARE 0.03mm TS ¥
How 7hgstel MFHUAS ol8s) Blsiack A
w REse) Fob W wuAe, Hate) BB A
o1F A Gl AWE BUT 2341 FolgEol §

£ sRelshlon, oo Hort BEEE FA]
ARl A1) FSEE Tretsisick

Ahe Mo, AV, WIS wol Rska ol

.

| 1
T, SURER Bow 58 ol Taela AirkFig 5
a, b). FPARER Aol AR Al A4zt



=z} 2527 1s

Subfeldsarenite

Quartzarenite

Sublitharenite

Feldspathic
F Feldsarenite Lithic arkose Litharenite Litharenite L
SW SAND
& less altered
Hasandong sandstone

Fig. 6. QFL-diagram suggested by Folk(1968) for the SW sandstone.
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Fig. 7. Microscopic photograghs of weathering materiais(a. Feldspar is influenced by sericitization and turned into mica
and illite; b. Feldspar and mica is changed into chlorite-and illite; c. Clay parts are turned into secondary minerals such

as illite and hematite).

Table 1. Mineral compositions from XRD quantitative analysis.

Rocks Mineral composition (Weight%)
R . . . . .
t;:: Weathering rate | Quartz | K-feldspar Plagioclase Mica Chlorite | Calcite Other
MW 64.1 9.3 16.3 32 7.0 - 0.1
Sandstone
SW 53.2 8.5 20.7 0.9 5.7 11.0 0.3
MW 48.8 5.1 258 32 1.8 15.1 0.2
Gray-mudstone
SwW 48.1 5.7 28.0 3.9 7.6 6.7 -
MW 44.2 2.1 29.1 4.2 9.8 10.5 0.1
Purple-mudstone
SW 41.9 9.2 30.0 43 12.3 2.3 -
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Fig. 8. Peaks resulted from bulk XRD analysis(a. SW sandstone; b. MW sandstone; c. SW gray-mudstone; d. MW
gray-mudstone; e. SW purple-mudstone; f. MW purple-mudstone)
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Fig. 9. Peaks resulted from oriented XRD analysis for clay minerals(a. SW sandstone; b. MW sandstone; c. SW
gray-mudstone; d. MW gray-mudstone; e. SW purple-mudstone; f. MW purple-mudstone).
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Fig. 10. Peaks resulted from Ethylene-glycol treated XRD analysis for the swelling clay minerals(a. SW gray-mudstone;
b. MW gray-mudstone; ¢. SW purple-mudstone; and d. MW purple-mudstone).

719] Y=g Halgh 9 ofgdl=z| S ethylen glycol)=
Zp)7] RS $Y 2ACA EHSHITKFig. 10)
By nE ARA HAY HETL PAet X
Alo] Ao St uloles W2 A=t
Aol gAY mlnfgt Zo R vheht g A HES AL
P45 2uElolERY HEFES THsHA &
Aog wetEch T, ARG Y] &2 T o)
F52 ) Aol vigro 2 2 gy vEE R
4 ATE B siieEel FA A LHE|ERS
AE/} EQFSS Aok BEYPEE0] A=
ZF B2x5]o] 918(Paik and Lee, 1998; Paik, 1999)2
a8 g uf, Bl o] o= WA HEZFES AT
elol=87} shElo] Ulont Syl Az U
o EARE AupolERe] BN HErt defols,
sysson Holshs HHo® 24 4 vk

e e

~

r

32 sty FEias B4

gt T E A4S
7153} 82159 AREQ
BRI} AbAd-golof obA-g 7]
A5k 7H2-83A1E8S ek FEEAT 7158
A 52 AlgALRS) S5t Falof et A8
= A5, 7REE T HiReRIEE dERRR
Ak ¥(mass-balancing) ©] 27} ¢)A) 2 5}2Kcritical
loads) o] 29} 7]4Fst PROFILE modeling& =333 &
SREE B AAEa o] S e R A
H oy 3R 2 FFolH dist XL B3l A
%t & ordo) TIMIPE A5 APYssc) E3L
slebe] Z3E 753 APE oS A, 8 59 &
dALme] 3R Efsly] Hste] ElAg) E3E &




120 Aiol WE FERASE 2 Qo) Fougsy B
Weight Reduction Absorption Rate
54
100.00- P
995 e W 4+
® 9580 £
§ %05 £
B | E oue0q £
g £ q01s EZ“
@D wn <,
9965+
ST SR SR SR S TS T § %
Saturation Time (day) Saturation Time (day)
5-
100.09
@ -
§ 995+ %4—
2| :
g gse.z— ga-
E‘ 8384 2
(L)
984 T T 3 2 T T T T T T
] 2 4 3 [ H 4 6 8 0
Saturation Time {day) Saturation Time {day)
100.04
14
e 995 =
S H
2|, 9304 §3'
3 | & ws 3
£ |$ 8
& = ol 2,]
o.
é 9754
A B S 2 R B R R S R )
Saturation Time (day) Saturation Time {day)
Fig. 11. Weight reduction and absorption rate graphs of the samples.
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Fig. 12. Sheets for the Environmental factors(a) and the mineral contents(b) in the the PROFILE modeling program.
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Table 2. The results of PROFILE modeling.
Rocks Chamical weathering rate (keqg/ha/yr)
I:;;: Weathering rate | BC+Na Ca Mg K Na Al Si PO4
MW 0.410 0.066 0.092 0.062 0.191 1.089 3.488 0.000
Sandstone
SW 0.478 0.158 0.061 0.042 0217 1.062 3.499 0.001
MW 0.682 0.293 0.049 0.041 0.299 1.420 4.619 0.001
Gray-mudstone
SW 0.696 0.208 0.117 0.047 0.324 1.601 5.133 0.001
MW 1.318 0.714 0.172 0.037 0.395 1.929 6.058 0.004
Purple-mudstone
SW 0.940 0.329 0.175 0.070 0.367 1.908 6.072 0.002
Table 3. Weathering classes of minerals
Class Chemical weathering rate (keg/ha/yr) minerals
1 (inert group) <0.20 quartz, zircon
2 0.21~0.50 K-feldspar, muscovite
3 0.51~1.00 plagioclase, amphibole, biotite
4 1.01~2.00 garnet, olivine, pyroxene, dolomite
5 (fast weathering) >2.00 calcite
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Table 4. The results of the XRF analysis. )
ROCkS A1203 CaO Fe203* Kzo MgO MnO NazO PzOs SiOZ TiOz L.O.I total
Sandstone 18.06 | 248 | 585 | 443 | 3.11 | 0.03 | 0.40 | 0.13 58 0.75 | 6.77 100
Gray-mudstone 17.67 | 297 | 497 | 451 | 259 | 0.04 | 0.51 | 0.09 | 5939 0.74 | 6.53 100
Purple-mudstone 1734 | 043 | 655 | 4.10 | 3.08 | 0.02 | 0.77 | 0.17 | 62.24 | 0.82 | 4.49 100
Purple-mudstone (silty) | 13.78 | 0.96 | 527 | 2.84 | 246 | 0.02 | 1.14 | 0.15 | 68.49 | 0.67 3.9 | 99.68
* total Fe
Table 5. Weathering Indices calculated from the XRF results.
Rocks CIA CIwW . PIA
Sandstone 64.45 71.75 71.96
Gray-mudstone 61.37 73.91 . 67.21
Purple-mudstone 72.78 89.43 86.29
Purple-mudstone (silty) 67.30 79.19 74.72
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Fig. 13. CIA-diagram with plots of the XRF samples.
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Fig. 14. Model of the decision tree method.
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Class | Note Expression WS No. Weathering Sensitivity (WS) function
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Rocks Sandstone Gray-mudstone Purple-mudstone
Weathering W MW SW MW W MW » chemical weathering sensitivity
: sandstone
WS No. 401 509 540 586 572 792 <g-mudstone<p-mudstone
Class SS S8 S8 SS SS MS
WS [ndex
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Fig. 15. Weathering sensitivity diagram of the slope based on the chemical weathering rate.
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Fig. 16. Discontinuity distribution map of the slope.
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Fig. 17. Chemical weathering sensitivity diagram based on the chemical weathering rate and the discontinuity distribution.
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Table 8. Sampling location for the weathering sensitivity characterization considering time dependent strength reduction.

Slope Location Rock type Weathering Note
Golyak slope Mesozioc sedimentary .
~ U 1
Slope for study Sta 1k085~480 rocks SW~Fresh nder constructing
Pre-existing Mesozioc sedimentary « Constructing term :1996.12~2001.2
slope local road 865 rocks MW » The slope formed at about 1998

Table 9. The results from the slaking durability tests.

Slaking durability indices (%) . N Index reduction rate
Rocks Slaking durability] .
JId1 1d2 1d3 between weathering (%)
MW 99.1 94.9 90.7 medium high
Sandstone 7.4
SW~F 99.6 99.2 98.0 very high
MW 99.4 98.8 95.8 high
Gray-mudstone 3.0
SW~F 99.8 99.7 98.8 very high
MW 90.1 83.8 76.1 medium
Purple-mudstone 23.0
SW~F 99.6 99.2 98.8 very high
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Fig. 18. The results from the slaking durability tests.
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Table 10. The results from the point load test and the uni-axial compression strengths calculated from the results.

Strength (kgf/cm’) T
Rocks Stande%rd Note
average (Isiso)| deviation ouc oMW / oSW
(Isis0)
MW 50.5 11.6 1186.8
Sandstone 0.76 Brook(1977)
SW~F 66.5 19.3 1562.8
Oue = C % Issgy
MW 39.0 16.5 916.5
Gray-mudst 0. . .
ray-mudstone SW~F 45.4 153 1066.9 86 Oue uni-axial compression
strength
MW 12.9 8.7 303.2 Tsiso) : point load strengh at
Puple-mudstone 0.55 De=506mm
SW~F 23.6 7.7 554.6

Table 11. The strengh reduction coefficients and the uni-axial compression strengths after 5 and 10 years from the slope

construction.

Strength (kgf/em®)
Rocks So Ssvear Siovear k Note
(kgflem®) (kgf/em®) (kgfiem®) (yr'")
MW 1186.8 987.8 822.3
Sandstone %— 3.669x107
SW~F 1562.8 1300.8 1082.7 Sunamura(1996)
MW 916.5 8282 748.4 S = S exp(-kz)
Gray-mudstone 8.053x107
SW~F 1066.9 964.1 871.2 S strength at time ¢
MW 303.2 2027 135.5 Sy : strength at initial stage (t=0)
Puple-mudstone i ) : 0.55 k : strength reduction coefficient
SW~F 5546 | 3708 247.9
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Fig. 20. The time dependent strength reduction curves for the three rock types.
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Fig. 22. Examples of the slope instability caused by the weathering processes on the pre-existing rock-slopes near the
study area(a. Erosion rates between rocks are different because of the difference of the weathering sensitivities; b. The
boundaries between formations became weak and underground water moves and spouts along them; c. Slope failure occurred
because of the interactions of weathering processes, underground water, and discontinuities).
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Fig. 23. The weathering sensitivity map synthesizing the discontinuity density and the time dependent strength reduction(a.

Geology of the slope; and b. The weathering sensitivity map).
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