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Table1 Conditions and results of tests under several normal stresses and overconsolidation ratios

Name of soil Typeof | Test o, Oy OCR 9 D T, T, T,/0y T /oy
st | No | kPa) | kPo) | €0 /0y | (mdmin) | nmvmin) | (Pa) | (kPw)

Pepper shale™! rRsT® | 1-1 98 98 10 00016 0048 250 11.6 0.255 0.118
12 980 98 100 0.0016 0048 429 138 0438 0.141
13 950 98 100 0.0016 0.048 423 142 0432 0.145
14 9800 98 100.0 0.0016 0.048 49.2 120 0502 0.122

Studenter- RST? | 21 49 49 10 0.00005 0.0033 304 294 0620 0.600

lundenen clay™ 22 196 49 40 0.00005 0.0033 304 284 0620 0.580
23 98 98 10 0.00005 0.0033 578 568 0.5%0 0580
24 196 98 20 0.00005 0.0033 60.8 56.8 0.620 0.580

Mudstone™ RBST® | 31| 1568 | 1568 10 1) = 493 pn 0314
32 2352 1568 15 002 - 511 - 0.326
33 2822 156.8 18 002 - 514 - 0327
34 2979 156.8 19 002 - 518 - 0331

Unknown™ RST® | 41 - - 20 - - - - - 0.645
42 - - 29 - - - - - 0.524
43 - - 30 - - - - - 0.611
44 - - 41 -~ - - - - 0608
45 - - 5. - - - - - 0603
46 - - 59 - - - - - 0.582
4-7 - - 101 - - = — - 0.600

Kaolin™ RST'Y® | 51 49 49 10 0.0025 0.1 210 176 0429 0359
52 392 49 80 00025 01 217 188 0565 0384
53 490 49 100 0.0025 0.1 268 172 0.547 0.351
54 98 98 10 0.0025 0.1 40.1 256 0.409 0.261
5-5 196 98 20 0.0025 0.1 40.1 21 0409 0226
56 294 98 30 00025 01 425 224 0434 0229
517 392 98 40 0.0025 0.1 41.1 23.2 0419 0.237
58 147 147 10 0.0025 0.1 550 289 0.374 0.197
59 196 147 133 0.0025 0.1 550 294 0374 0.200
5-10 392 147 267 0.0025 0.1 58.3 310 0.397 0211
51 392 392 10 00025 0.1 125.1 73 0319 0.197
5-12 3% 196 20 00025 0.1 69.3 384 0354 0.196
5-13 392 147 267 0.0025 0.1 583 310 0397 0211
5-14 392 98 40 0.0025 0.1 41.1 232 0419 0.237
5-15 392 49 80 0.0025 0.1 217 188 0.565 0.384
5-16 196 196 10 0.0025 0.1 716 386 0365 0.197
5-17 196 147 133 0.0025 0.1 550 294 0374 0.200
5-18 196 98 20 0.0025 0.1 40.1 21 0409 0.226

*1 After La Gatta(1970): W =705 %, 1,=49 *6 r,=25cm, r,=35cm. h=02. 0.5am

*2 After Bishop et al(1971): W, =41 %, 1,=20, CF=38 % 7 r,=508cm, r,=7&cm, h=191cm

*3 After So et al (1977,1978) : CF=30 % *8 d and h are unknown.

*4 Afier Ogawa et al.(1978): W, =437 %, 1,=169 *9  r,=S50cm, r,=75cm, h=20em

*5By Authors: W, =756 %, 1,=39.3, CF=70 % *10 r,=30em, r,=50cm, h=20cm
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Table2 Conditions and results of tests under several shear displacement rates

*3 After Okada et al(1988): W, =321 %, 1,=132, CF=33 %
*4 After Yatabe et al.(1991): W, =392 %, 1,=187, CF=27 %
*5 After Yatabe et al(1991): W, =425 %, [,=157, CF=25 %
*6 After Yatabe etal(1991): W, =263 %, 1,=116, CF=75 %
*7By Authors: Wi=T5.6 %, 1,=39.3, CF=10 %

‘39

*10 r, r,and h areunknown.

*11~13

r,=50cm,
*14 r,=30cm,

r,=50cm,

r,=80cm, h=20cm
h=20cm

Name of soil Typeof | Test g, Oy OCR :] D T, T, T,/0n T./Oy
test No. (kPa) &Pa) | 0./0y) | (md/min) | (mm/min) | (kPa) (kPa)

Sarukuyouji | rST® | 61 - 559 - 0.000044 0.002 208 208 0372 0372
62 - 559 - 0.00044 0.02 167 167 0299 0299
63 - 559 - 0.0044 02 132 132 0236 0236
64 - 559 - 0.044 20 113 113 0202 0202

Unknown RST® | 71 ~ 100 - 0.00021 0.0076 675 218 0.675 0218
72 - 100 - 0.0021 0076 690 25 0.690 0.235
73 - 100 - 0.021 0.76 846 187 0.846 0.187
74 - 1000 - 000021 0.0076 3480 1924 0348 0.192
75 - 1000 - 0.0021 0.076 3311 1913 0331 0.191
7-6 - 1000 - 0021 0.76 3182 1815 0318 0.182

Kaolin™ RST | 81 - 49~196 - - 0002 - ~ - 0520
82 - 49~196 - - 0.002 - - - 0.539
83 - 49~196 - - 0.002 - - - 0.602
84 - 49~294 - - 10 - - -~ 0557
85 - 49~294 - - 10 - - - 0583
86 - 49~294 - - 10 - = = 0.605

Zentoku™ RSTHM | 91 98 98 10 0.00062 0.0403 - 318 - 0324
92 98 98 10 0.0062 0403 - 339 - 0.346
93 98 98 10 0.062 4.03 - 332 - 0339
94 196 196 10 0.00062 0.0403 - 599 - 0306
9-5 196 196 10 0.0062 0403 - 61.1 - 0312
96 196 196 10 0.062 4.03 - 633 - 0323
97 294 294 10 0.00062 0.0403 - . 741 - 0252
98 294 294 10 0.0062 0403 - 868 - 0.295
99 294 294 10 0062 4.03 - 804 - 0273

Sagayama I RST'2 | 101 98 98 1.0 0.00062 0.0403 - 254 - 0259
102 98 98 10 0.0062 0403 - 26.7 -~ 0272
103 98 98 10 0062 403 - 356 - 0363
104 196 196 10 000062 0.0403 - 538 - 0274
105 196 196 1.0 0.0062 0403 - 61.1 - 0312
106 196 196 10 0.062 403 - 55.0 - 0281
10-7 294 294 10 0.00062 0.0403 - 809 - 0275
10-8 294 294 10 0.0062 0.403 - 79.1 - 0.269
109 294 294 10 0062 403 - 903 - 0.307

Utsugi® RST'B | 11-1 98 98 10 0.00062 0.0403 - 330 - 0337
112 98 98 10 0.0062 0403 - 400 - 0408
113 98 98 10 0.062 403 - 296 - 0.302
114 196 196 10 0.00062 0.0403 - 683 - 0.348
11-5 196 196 1.0 0.0062 0.403 - 7.0 - 0362
116 196 196 1.0 0.062 4.03 - 750 - 0383
1-7 294 294 1.0 0.0062 0.403 - - 936 - 0318
118 294 294 1.0 0.062 4.03 = 1003 - 0341

Kaolin™ RST'Y | 121 196 196 10 0.0005 0.02 61.6 315 0314 0.161
122 196 196 10 0.00063 0.025 626 313 0319 0.160
123 196 196 10 0.00075 003 592 337 0.302 0172
124 196 196 10 0.00088 0.035 612 36.2 0312 0.185
125 196 196 10 0.00113 0.045 60.7 345 0310 0.176
126 196 196 10 0.00125 0.05 61.2 36.5 0312 0.186
127 196 196 1.0 0.0025 0.1 588 344 0300 0176
128 196 196 1.0 0005 02 63.5 370 0.324 0.189
129 196 196 10 001 04 616 394 0.314 0.201
12-10 196 196 10 0.02 08 578 478 0.295 0.244
12-11 196 196 10 0.05 20 535 515 0273 0.263
12-12 | 294 294 10 000075 003 821 474 0279 0.161
1213 | 294 294 10 0.00113 0045 821 494 0279 0.168
12-14 | 294 294 10 00025 0.1 826 482 0.281 0.164
12-15 | 294 294 10 001 04 826 555 0281 0.189
12-16 | 294 294 10 0.02 038 841 549 0.286 0.187
12-17 | 294 294 10 0.05 20 98 62.5 0.271 0213
1218 | 392 392 10 0.00075 0.03 105.5 64.6 0269 0.165
12-19 | 392 392 10 000113 0045 107.0 63.6 0273 0175
1220 | 392 392 1.0 0.00125 005 1127 736 0.288 0.188
12-21 392 392 1.0 0.0025 0.1 1142 na 0291 0.183
12222 | 392 392 10 001 04 104.7 740 0.267 0.189
12223 | 392 392 1.0 005 20 103.7 800 0.265 0204

*1 After Nakamura et al (1978): w, =86 %, 1,=65 *8 r,=30am, r,=60cm, h=30cm

*2 After Scheffler et al (1981): W, =76~82 %, 1,=38~47 *9 r,=248cm, r,=47cm, h=16cm




Table3 Conditions and results of tests in case that shear displacement rate changed during shear process

Nameofsoil | Typeof | Test o, o OCR 0 D T, T, tJoy | t./oy
test No. | Pa) | (kPa) | (=0./0y) | (md/min) | (mmvmin) | (kPa) (kPs)

Pepper RST™® 131 | 980 9% 100 0.0016 0048 429 138 0438 0.141

shale! - 000016 | — 00048 - 149 - 0.152

Cucaracha RST” 141 - 784 - 00016 0048 1583 96.0 0.202 0.122

shale™ — 000016 | — 00048 - 96.0 - 0122

— 0016 — 048 - 9.5 - 0.127

Kaolin™ RBST™ | 1541 98 98 10 0.02 - 374 - 0382

152 98 98 10 . 002 - - - -

— 004 - 374 - 0382

153 98 98 10 002 - - - -

- 008 - 356 - 0.363

154 98 98 10 002 - - - -

: — 016 - 304 — 0.310

Kalabagh™* RST™M 161 | 900 205 439 - 001 - - - 0.158

- — 1000 - - 0215 0.160

- - 001 - - - 0.156

- — 4000 - - 0350 0.250

- — 001 - - — 0.155

Kalabagh® | RST'™? | 171 | 900 490 184 - 001 - - - 0570

- — 4000 - - 0.840 0540

- - 001 - - - 0520

- — 1000 - - 0.750 0540

- — 001 - - - 0515

- — 100 - — 0.620 0520

Ontake™® RST' 181 - 196 - - 0.1 - - 0805 0.705

182 - 196 - - 01 - - - -

- — 001 - - 0.759 0.735

183 - 196 - - 0.1 - - - -

- — 10 - — 0.814 0.710

184 - 196 - - 01 - - - -

- - 100 - - 0.799 0.647

Ecuador” RST'™ 19-1 - 245 - - 01 - - - -

- = 001 - 470 - 0.192

192 - 245 - - 0.1 - - - -

- - 10 - 574 - 0.234

193 - 245 - - 0.1 - - - -

~ — 100 — 544 — 0222

194 - 245 - - 0.1 - - - -

- — 1000 - 418 - 0.195

19-5 - 245 - - 0.1 - - - -

- — 4000 - 505 - 0.206

*1 After La Gata(1970): W, =705 %, 1,=49

*2 After La Gata(1970): W, =156 %, 1,=114, A=11

*3 After Ramiah etal(1971): W, =66 %, 1,=23, CF=11 %
*4 After Skempton(1985): w, =62 %, [,=36, CF=47 %
*5 After Skempton(1985): W, =39 %, 1,=12, CF=3 %
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Table4 Conditions and results of tests in case that normal stress changed during shear process

Nameofsoil | Typeof | Test | o, oy On OCR 0 D T, T, T /oy | T /oy
test No. | (kPa) | (kPa) | (kPamin) | (o /ayo ") | (admin) | (mm/min) | (kPa) | (kPa)

Kaolin ! gRST® | 200 | 147 1477 588 10 0.0025 01 550 289 0374 0.197
— 98 - 210 - 0214
202 | 19 196”7 588 10 0.0025 01 76 386 0365 0.197
—147 - 306 - 0.208
— 98 - 215 - 0219
203 | 392 392" 5838 10 0.0025 0.1 125.1 713 0319 0.197
—196 - 25 - 0217
—147 - 324 - 0.220
— 98 - 234 - 0.239
204 | 196 196”7 5838 10 0.0025 01 68.8 402 0351 0205

— 98 - 24 - 0229
2055 | 196 1967 98 10 00025 01 650 317 0.330 0.162
— 98 - 176 - 0.181
206 | 196 196”7 98.0 10 00025 0.1 616 323 0314 0.165
~ 98 : — 168 — 0.185
Saisawa RST® | 211 | 147 1477 49 10 000125 005 66.0 214 0449 0.146
mudstone’ — 98 - 153 — 0.156
Siltstone A® | RST™® | 221 | 19 1967 49 10 0.001 004 1471 | 123 0.751 0624
- 98 - 721 — 0.736
SilistoneB* | RST® | 231 | 19 1967 098 10 00025 0.1 1304 | 1088 0.665 0555
— 98 - 655 - 0.668
Shimajiri RST® | 241 | 294 20477 588 - 10 00025 0.1 1207 521 | 04n 0177
mudstone™ —196 - 363 - 0.185
— 98 - 220 - 0.224

-3

*1 By Authors: W =756 %, 1,=393, CF=70 %
*2 By Authors : W, =103.0 1,=722, CF=48 %
*3 By Authors: W, =402 %, 1,=167, CF=20 %
*4 By Authors: W, =344 %, 1,=195
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Fig.5 Normalized residual strength plotted as a function of shear
displacement rate for various soils(After Lemos et al.(1985))
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Fig. 11 Shear stress - shear displacement angle curves under
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RESIDUAL STRENGTH OF SOIL BY DIRECT SHEAR TEST

Motoyuki SUZUKI, Takeo UMEZAKI, Hiroshi KAWAKAMI and Tetsuro YAMAMOTO

Ring shear and reversal box shear tests are conventionally used for measuring the residual strength of soils. In this paper the

normal stress, the overconsolidation ratio, the shear displacement rate and the change in the normal stress during the shear proccss

are considered among many factors affecting the test results. It was shown that the residual strength obtained in a low range of the

normal stress should be interpreted based on the properties of the direct shear test apparatus. The residual strength is almost constant

to the change in the overconsolidation ratio, but it changes in relation to the shear displacement rate, depending on the type of soils.

The stress paths of the soil specimen which have once reached the residual strength move along the residual strength line

accompanying the change of the normal stress.
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