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A Study on Decreasing Behavior of Strength & Elastic Parameters due to
Water Infiltration in Rock Cores (I)
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Ao ' Jeong, 11-Soo

Abstract

A study on strength decrease due to water contents through infiltration has been conducted with 9 rocks of high
frequency in Korea. It has been proved that a strength decrease through infiltration has high dependence on rock strengths
ranges while the species of rock have no impact. It has been found that the weaker the rocks are, the more sensitive
the strength decreases are, and that water content of 0.5% corresponds to strength decrease of almost 50%. Another
finding is that most rocks have a failure when water content is about one quarter~one half of its saturation. It has
been shown that the weakening of rock strength due to water content results from leaching and the weakening of bonding

strength of cementation materials.
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Table 1. Researchers (strength decreasing due to water content of rock cores)
Researcher Result Rocks No. of Sample
Aughenbaugh N.B.(1974) w—UCS shale NS
Colback P.S.B.el (1965) w—(UCS, E) decreasing shale 31
Erguler Z.A.el (2009) w—(UCS, E) decreasing shale, sandstone 67
mudstone,tuff, marl
Hawkins A.B.el (1992) w—UCS decreasing sandstone 35
Lashkaripour G.L.(1998) w—UCS mudrock 43
Rao K.S. el (1987) w—(UCS,BRZ, PLS) sandstone 7 kinds
Seedman R. (1986) w—UCS decreasing shale NS
Talesnick M.el (2007) w—(UCS, BRZ) chalk NS
Torok A. el (2010) w & texture traverntine NS
Vasarhelyi B.el (2003) w—(UCS, E) decreasing sandstone 35
Vasarhelyi B.,el (2005) w—(UCS, BRZ, E) sandstone 45
Vasarhelyi B.el (2006) w—UCS decreasing sandstone 35
Yasar E. el (2010) w—(UCS,BRZ) sandstone, siltstone, mudstone NS
Yilmaz I. (2010) w—(UCS, E) gypsum 42

3% UCS: Uniaxial Comp. Strength, E: Elastic Modulus, BRZ: Brazilian Test Strength, PLS: Point Load Strength. w: Water Content,

NS: No Shown
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Table 2. Rock samples for water content-uniaxial comp. strength relation

Sedimentary Rock Igneous Rock Meta.
Step Total
Sh. Sd. Md. Cl. Tf. sume Gr. An. Rh. sume Gs.
61 103 203
1001 31/5 30/5 0 0 0 (10) 41/6 30/5 32/5 (16) 39/5 (31)
180 105 324
100 34/6 30/4 38/5 40/6 38/5 (26) 41/5 30/5 34/5 (15) 39/5 (46)
182 109 330
801 36/6 30/4 38/5 40/5 38/5 (25) 41/5 33/5 35/5 (15) 39/5 (45)
184 74 297
60! 38/7 30/4 38/5 40/5 38/5 (26) 41/5 33/5 0 (10) 39/5 41)
178 74 291
401 32/6 30/4 38/5 40/5 38/5 (25) 41/5 33/5 0 (10) 39/5 (40)
Total 171 150 152 160 152 785 205 159 101 465 195 1,445
(30) (21) (20) (21) (20) (112) (26) (25) (15) (66) (25) (203)
Table 3. Rock samples for water content-indirect tensile strength relation
Sedimentary Rock Igneous Rock Meta.
Step Total
Sh. Sd. Md. Cl. Tf. sume Gr. An. Rh. sume Gs.
60 99 192
1001 30/5 30/5 0 0 0 (10) 38/6 30/5 31/5 (16) 33/5 (31)
168 95 295
100} 39/6 32/4 34/5 33/6 30/5 (26) 32/5 30/5 33/5 (15) 32/5 (46)
169 98 299
80| 42/6 31/4 34/5 32/5 30/5 (25) 33/5 33/5 32/5 (15) 32/5 (45)
168 67 266
60| 42/7 31/4 33/5 32/5 30/5 (26) 34/5 33/5 0 (10) 31/5 41)
163 66 259
401 33/6 31/4 34/5 34/5 31/5 (25) 33/5 33/5 0 (10) 30/5 (40)
Total 186 155 135 131 121 728 170 159 96 425 158 1,311
(30) (21) (20) (21) (20) (112) (26) (25) (15) (66) (25) (203)
3% Meta.: Metamorphic Rock, Sh.: Shale, Sd.: Sandstone, Md.: Mudstone, Cl.: Conglomerate, Tf.: Tuff, Gr.: Granite, An.: Andesite,

Rh.: Rhyolite, Gs.: Gneiss
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Fig. 1. Water content-strength decreasing
Table 4. Correlation Factors by each strength step (shale)
Step 1st. 2nd. 3rd. 4th. 5th. Mean Remark
20MPa 0.919 0.947 0.882 0.943 0.870 0.910
30MPa 0.904 0.776 0.821 0.612 0.930 0.807
50MPa 0.770 0.641 0.848 - - 0.753 Big SD
Table 5 Correlation Factors by each strength step (granite)
Step 1st. 2nd. 3rd. 4th. 5th. Mean Remark
20MPa 0.785 0.890 0.861 0.921 0.782 0.840
30MPa 0.811 0.776 0.555 0.841 0.905 0.778
50MPa 0.464 0.473 0.724 - - 0.554 Big SD

% SD: Standard Deviation
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Table 6. Analysis of sedimentary rocks (Y=a*exp(-w/b)+c, Y:uniaxial comp. strength, w:water content)

Rock (S,\Eﬁ;pa) - Rock Matert;al Constant - No. of Sample Correla(t%ozr)wFactor
100 1 50.74 0.64 76.16 31 0.870
100 | 46.79 0.66 43.29 34 0.934
80 | 36.19 0.79 31.94 36 0.882
Shale
60 | 35.87 1.20 14.62 38 0.947
40 | 28.31 1.23 4.47 32 0.919
¥, (Mean) - 0.90 - 171 0.910
100 1 53.45 0.51 96.62 30 0.832
100 | 36.25 0.42 54.66 30 0.904
80 | 37.59 0.82 32.84 30 0.871
Sandstone
60 | 31.58 1.15 16.65 30 0.872
40 | 23.88 1.14 4.65 30 0.855
>, (Mean) - 0.81 - 150 0.867
100 | 55.13 0.58 34.11 38 0.927
80 | 52.80 0.56 19.15 38 0.913
Mudstone 60 | 37.42 0.75 12.44 38 0.873
40 | 22.30 0.83 4.35 38 0.735
%, (Mean) - 0.68 - 152 0.862
100 | 43.80 0.42 56.04 40 0.797
80 | 33.42 0.42 37.40 40 0.835
Conglomerate 60 | 28.45 0.37 20.38 40 0.816
40 | 19.94 0.81 10.64 40 0.727
¥, (Mean) - 0.51 - 160 0.794
100 | 27.43 0.37 63.80 38 0.845
80 | 36.03 0.50 34.45 38 0.886
Tuff 60 | 32.46 0.34 16.94 38 0.887
40 | 21.63 0.41 6.29 38 0.773
¥, (Mean) - 0.41 - 152 0.848
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Table 7. Analysis of igneous & metamorphic rocks (Y=a*exp(-w/b)+c, Y:uniaxial comp. strength, w:water content)

Step Rock Material Constant Correlation
Rock (MPa) A 5 S No. of Sample Factor (R?)

100 1 42.00 0.20 82.11 41 0.782

100 | 39.47 0.39 50.50 41 0.921

) 80 | 40.79 0.41 30.15 41 0.861
Granite

60 | 33.86 0.41 17.29 41 0.890

40 | 19.61 0.26 5.45 41 0.785

>, (Mean) - 0.33 - 205 0.848

100 1 34.20 0.44 80.15 30 0.758

100 | 37.51 0.39 49.21 30 0.884

) 80 | 45.93 0.46 23.91 30 0.876
Andesite

60 | 29.95 0.49 14.48 33 0.900

40 | 23.08 0.25 7.74 33 0.785

3, (Mean) - 0.41 - 156 0.841

100 1 41.35 0.36 80.09 32 0.793

} 100 | 48.74 0.39 38.55 34 0.907
Rhyolite

80 | 50.06 0.44 24.38 35 0.829

>, (Mean) - 0.40 - 101 843

100 1 42.09 0.21 77.95 39 0.772

100 | 48.53 0.27 38.05 39 0.869

} 80 | 44.25 0.25 25.17 39 0.907
Gneiss

60 | 34.80 0.19 14.42 39 0.903

40 | 22.30 0.26 6.18 39 0.831

>, (Mean) - 0.24 - 195 0.856
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Table 8. Analysis of sedimentary rocks (Y=a*exp(-w/b)+c, Y:indirect tensile strength, w:water content)

Rock (fﬁtgz) - Rock Mater;al Constant - No. of Sample I(::;gtrglrat(lsg
100 1 5.08 0.85 8.02 30 0.759
100 | 4.80 0.92 5.11 39 0.745
80 | 5.19 0.85 3.32 42 0.862
Shale
60 | 3.61 0.47 2.21 42 0.813
40 | 3.38 0.57 1.22 33 0.839
¥, (Mean) - 0.73 - 186 0.804
100 1 5.71 0.77 16.80 30 0.722
100 | 8.78 1.21 7.93 32 0.842
80 | 7.20 0.94 5.06 31 0.906
Sandstone
60 | 6.35 1.15 2.99 31 0.822
40 | 4.00 1.05 1.73 31 0.752
¥, (Mean) - 1.02 - 155 0.809
100 | 6.78 0.57 4.20 34 0.900
80 | 6.29 0.47 2.12 34 0.929
Mudstone 60 | 4.69 0.61 1.13 33 0.835
40 | 2.95 0.54 0.83 34 0.920
%, (Mean) - 0.55 - 135 0.896
100 | 5.53 0.60 7.50 33 0.816
80 | 4.52 0.58 4.20 32 0.790
Conglomerate 60 | 3.99 0.59 2.63 32 0.786
40 | 2.74 0.80 1.08 34 0.712
¥, (Mean) - 0.64 - 131 0.776
100 | 3.91 0.44 8.17 30 0.795
80 | 4.70 0.56 4.28 30 0.757
Tuff 60 | 4.7 0.53 2.29 30 0.785
40 | 3.44 0.59 1.05 31 0.750
¥, (Mean) - 0.54 - 121 0.772
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Table 9. Analysis of igneous & metamorphic rocks (Y=a*exp(-w/b)+c, Y:indirect tensile strength, w:water content)

Step Rock Material Constant Correlation
Rock (MPa) a 5 S No. of Sample Factor (R?)

100 1 4.97 0.43 9.57 38 0.813

100 | 4.45 0.58 6.02 32 0.722

, 80 | 5.23 0.50 3.67 33 0.779
Granite

60 | 4.39 0.58 2.02 34 0.766

40 | 2.85 0.46 1.00 33 0.801

¥, (Mean) - 0.51 - 170 0.776

100 1 4.00 0.53 8.05 30 0.759

100 | 4.43 0.44 5.46 30 0.786

) 80 | 4.37 0.41 2.93 33 0.780
Andesite

60 | 3.66 0.46 1.69 33 0.741

40 | 2.04 0.30 0.86 33 0.714

3, (Mean) - 0.43 - 159 0.756

100 1 4.99 0.32 9.79 31 0.811

} 100 | 6.40 0.41 5.43 33 0.833
Rhyolite

80 | 6.08 0.42 3.02 32 0.835

¥, (Mean) - 0.38 - 96 0.826

100 1 5.37 0.40 9.48 33 0.737

100 | 6.32 0.40 4.89 32 0.841

} 80 | 5.41 0.38 3.06 32 0.776
Gneiss

60 | 4.87 0.52 1.54 31 0.837

40 | 4.39 0.27 1.24 30 0.914

¥, (Mean) - 0.39 - 158 0.821
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Fig. 6. Analysis of indirect tensile strength decreasing due to water content

Table 10. Residual strength (Y=a*exp(-w/b)+c, Y : residual strength by water content, w : water content)
Step Rock Material Constant No. of Sample Correlation
(MPa) a b c ’ Factor (R?)
100 1 44.78 0.34 78.67 203 0.807
Uniaxial 100 | 46.64 0.54 42.17 324 0.813
Comp. 80 | 42.34 0.55 26.78 330 0.839
Strength 60 | 32.53 0.46 16.11 297 0.846
(MPa) 40 | 22.38 0.48 6.27 291 0.816
sume 0.47 1,445 0.823
100 1 5.53 0.93 7.50 192 0.819
100 | 6.50 0.82 4.70 295 0.804
Indirct 80 | 515 0.50 3.28 299 0.831
Tensile Strength
(MPa) 60 | 4.65 0.7 1.83 266 0.817
40 | 2.96 0.55 1.13 259 0.812
sume 0.70 1,311 0.817
HEI0 ost YHAIR9| &4 H2AHS A2 (1) 81




Table 11. Rate of residual strength (Y=a*exp(-w/b)+c, Y : Rate of residual strength by water content, w : water content)

Step Rock Material Constant No. of Sample
(MPa) a b c ’
100 1 36.27 0.34 63.73 203
Uniaxial 100 | 52.52 0.54 47.48 324
Comp. 80 | 61.26 0.55 38.74 330
Strength 60 | 66.88 0.46 33.12 297
(MPa) 40 | 78.12 0.48 21.88 291
sume 0.47 1,445
100 1 42.44 0.93 57.56 192
. 100 | 58.04 0.82 41.96 295
Tensi'lgd'srf;ngth 80 | 61.09 0.50 38.91 299
(MPa) 60 | 71.76 0.71 28.24 266
40 | 72.37 0.55 27.63 259
sume 0.70 1,311
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Fig. 7. Rate of residual strength due to water content
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