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Effective stress parameters of compacted expansive soil based on
strength test results

ZHOU Baochun', HUO Guanxu, MA Quanguo

(Henan Unsaturated Soil and Special Soil Engineering Technology Research Center/ College of Architecture and
Civil Engineering, Xinyang Normal University, Xinyang 464000, China)

Abstract: The effective stress parameter y quantifies the efficiency with which suction was converted into
effective stress; clarifying its variation pattern and reliable test methods remains one of the core challenges in
unsaturated soil mechanics. Because y was extremely difficult to measure directly, experimental data were scarce.
Using a complete set of measured shear strength and suction data obtained for a compacted yellow-brown expansive
soil from Jingmen, the dependencies were established among y, net stress, suction, void ratio e, and gravimetric
water content w. The results showed that: O Moisture effect: At a given density, y increased with w, indicating
that the efficiency of converting suction into effective stress rises with increasing water content. @ Density effect: At
a fixed moisture level, y rised markedly as e decreased, demonstrating strong density dependence-higher density
significantly enhances the suction-to-stress conversion efficiency. 3 Stress effect: Under constant ¢ and w, y
increased with vertical net stress, implying that the external stress state also influences y; the mechanism was
analogous to the density effect because greater vertical stress induces specimen compaction. @ Peak ( “mountain”)
effect: Unsaturated shear strength exhibited a “peak phenomenon” because y increased whereas matric suction

decreased with rising moisture. At low moisture, y was small and suction was large; at high moisture, y was large
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and suction was small. Consequently, suction-induced strength reached a maximum over the full transition from

saturation to air-drying, producing a corresponding peak in unsaturated shear strength. & Research outlook:

Because y was closely linked to density, moisture and stress state, developing more rational quantitative descriptions

of these interrelations warranted further investigation.

Key words: effective stress parameter; unsaturated soils; matric suction; unsaturated shear strength; peak

effect
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Tab. 1 Parameters of the saturated shear strength

HlFE c" ¢ ® ©'=20.1°FH N} ,
RS/ % /kPa /(%) ¢'/kPa

95 20.9 18.9 0.997 18.6 0.993
90 19.4 19.8 0.998 18.8 0.998
85 13.5 20.2 0.999 13.6 0.999
80 8.0 21.5 0.995 10.6 0.992
75 9.4 20.1 1.000 9.3 1.000
70 8.8 20.2 0.999 9.1 0.999

IE 20.1
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Tab. 2 Matric suction, unsaturated shear strength, and effective stress parameters of compacted Jingmen expansive

soil under 38 moisture-density combinations

R A e AT R /kPa EEATWIE 2
w S, W Y 5=25 6,=50 06=75 5,=100 0,=25 o0,=50 4,=75 0,=100
/% ¢ /% /kPa kPa kPa kPa kPa kPa kPa kPa kPa
7 0.539 35.3 63 439 3274 3774 4457 563.6  0.0129 0.0147 0.0172 0.0219
11 0.539 55.5 44 844 497.5 548.2  623.3 651.5 0.0286 0.0312 0.0352 0.036 3
14 0.539 70.6 22499 553.2 634.1 684.2 7704 0.0638 0.0725 0.0775 0.0869
17 0.539 85.7 7447 308.1 382.3  475.0 559.7 0.1029 0.1268 0.1574 0.1851
7 0.625 30.5 75682 172.6 231.5 265.3 304.1 0.0052 0.0070 0.0079 0.0090
11 0.625 47.9 38132 304.5 330.5  375.2 417.4  0.0198 0.0210 0.0236 0.0259
14 0.625 60.9 24 475 459.1 475.2  524.6 551.8  0.0481 0.0489 0.0534 0.0554
17 0.625 74.0 4 871 256.5 301.6  329.1 368.6  0.1282 0.1484 0.1587 0.1757
20 0.625 87.1 4490 199.9 244.5  268.1 340.5 0.1046 0.1262 0.1350 0.1735
7 0.720 264 61 754 138.1 161.0  205.2 222.9 0.0051 0.0057 0.0073 0.007 6
11 0.720 41.5 41762 171.1 196.5  219.9 247.9  0.0097 0.0108 0.0117 0.0129
14 0.720 52.9 25723 304.5 336.6  352.9 370.2  0.0299 0.0324 0.0331 0.0340
17 0.720 64.2 6198 196.8 208.9  240.3 264.5 0.076 7 0.0780 0.0878 0.094 5
20 0.720 755 5841 169.2 211.1  245.3 265.7  0.0685 0.0838 0.0956 0.1008
23 0.720 86.8 1336 134.7 164.9  203.2 228.9  0.2289 0.2720 0.3316 0.3654
26 0.720 98.2 783 96.9 115.3  124.5 138.9 0.2587 0.2909 0.2911 0.3094
7 0.828 23.0 84 640 74.5 94.2  114.5 130.7  0.0018 0.0021 0.0025 0.0027
11 0.828 36.1 57 175 112.9 144.8  165.8 196.6  0.0045 0.0055 0.0061 0.007 1
14 0.828 46.0 24 516 219.5 242.1  266.0 292.3  0.0223 0.0238 0.0254 0.027 3
17 0.828 55.8 5904 130.3 154.7 1774 204.0  0.0512 0.0582 0.0645 0.0726
20 0.828 65.7 6722 140.7 152.9  158.9 177.4  0.0492 0.0504 0.0491 0.0529
23 0.828 75.6 1423 104.7 123.9 142.3 170.8  0.1632 0.1825 0.2003 0.2374
26 0.828 854 801 82.6 98.1 112.6 119.7  0.2145 0.2362 0.2545 0.2475
29  0.828 95.3 517 66.3 84.0 87.6 107.3  0.2461 0.2913 0.2620 0.3177
11 0.950 31.5 36 809 46.8 70.0 96.8 121.0  0.0021 0.0031 0.0045 0.0056
14 0.950 40.1 25538 131.0 153.1  181.6 199.4  0.0120 0.0134 0.0155 0.0164
17 0.950 48.7 5 247 87.4 105.2  125.8 148.2  0.0359 0.0404 0.0464 0.0533
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w S, WA 5,=25 5=50 ¢=75 05=100 ¢,=25 0,=50 0¢,=75 0,=100
/% /% /kPa kPa ~ kPa  kPa  kPa kPa kPa  kPa  kPa
20 0.950 57.3 4317 95.5 119.8 130.7 1384 0.0488 0.0584 0.0595 0.0586
23 0.950 65.9 1523 84.2 95.3 1094 1179 0.1180 0.1215 0.1304 0.1292
26 0.950 74.5 717 68.6 78.7 852 89.7 0.1912 0.1949 0.1848 0.1670
29 0.950 83.0 529 51.6 59.4 65.2 794 01714 0.1644 0.1471 0.1732
11 1.089 275 36 730 42.3 66.9 90.2 1024 0.0018 0.0029 0.0040 0.0042
14 1.089 35.0 25167 90.0  100.3 121.5 146.3 0.0078 0.0079 0.0092 0.0109
17 1.089 425 4024 68.6 87.3 103.2 123.9 0.0342 0.0407 0.0453 0.0531
20 1.089 49.9 5764 79.4 97.1 1034 111.0  0.0290 0.0330 0.0317 0.0310
23 1.089 57.4 1058 58.4 66.0 80.0 88.7 0.1037 0.0997 0.1122 0.1110
26 1.089 64.9 679 50.2 61.0 69.4 80.3 0.1285 0.1352 0.1322 0.1392
29  1.089 724 483 43.6 54.8  62.9 64.5 0.1433 0.1549 0.1490 0.106 3
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Fig. 5 Effective stress parameter-void ratio-water content relationship
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Fig. 6 Effective stress parameter-void ratio relationship under the same water content
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