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The Influence of Stress History on the Shear Strength
Characteristics of Cohesive Soils

Toshiyuki Mrracut  Shigeru Kitaco

Abstract

Practical problems involving the shear strength of saturated cohesive soils are usually
solved by measuring the strength of “undisturbed” samples in the laboratory. In general,
the shear strength of cohesive soils is greatly influenced by the stress to which they
have been subjected before shear. Therefore, it is necessary to test soils under exactly
the same conditions as exist in situ.

Even if perfectly “undisturbed” samples could be obtained and used in a test, they
would inevitably be subjected to a change in stress condition on removal from the
ground, and the strength obtained might be more or less affected by this change.

The purpose of the present study is to investigate the relationship between the “in
situ” undrained strength of saturated normally consolidated clays, and that of reconsoli-
dated “perfect sample”, by simulating the stress conditions of both in situ and in the
laboratory.

Three series of test were conducted on four saturated remolded clays. One of them
is to simulate the shear failure of soil mass in situ under undrained conditions (CAU
test). The second one is to represent routine isotropically consolidated undrained tests
on laboratory made perfect samples (CAPU test). The last one is to obtain Hvorslev
strength parameters, ¢, and ¢, (CAPRU test).

Experimental results indicate that

1) the relationship between water content and average effective principal stress at the
end of consolidation is almost identical for the two series of CAU and CAPU, 2) the
effective angle of shearing resistance ¢’ from the results of CAPU test is smaller than
that from CAU test by 3~4° and 3) undrained shear strength S, from CAPU is greater
than that from CAU by about 40% for equal vertical consolidation stress ¢;., whereas,
comparing S, data with respect to the equal average consolidation stress .., CAPU test
gives about 20% smaller values.

A comparatively simple method is proposed for estimating the in situ strength of
normally consolidated clays in terms of Hvorslev strength parameters, ¢, and ¢.. Applica-
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tion of this method to the test data for the present experiments, in accordance with the
procedures proposed in this paper, indicate that there is good agreement with the

e .

strength “in situ”.
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CAU: Anisotropically Consolidated Undrained Test
CAPU: Anisotropically Consolidated Perfect Sampling Undrained Test
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CAPRU: Anisotropically Consolidated Perfect Sampling and Rebounded
Undrained Test
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Fig. 2. Schematic representation of stress conditions for

field and simulation.
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Table 1. Index properties of samples

i Moulding Water |

Sample Number LL } PI Content ] Location
(%) (%) (%)
1 46 F 21 33 Kakuyama, Ebetsu
2 66 \ 24 51 Kariki, Sapporo
3 87 46 | 59 Naebo, Sapporo
4 102 1 58 i 62 Ono, Hakodate

33 E B EE
REBRICHCLZEIEHRBREL, —BCBubh T B LD ERICEAD L ALV D
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D IS R (e Pl Bl cr v v vk
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indicator.
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Fig. 4. Relationship between water content
and vertical effective consolidation

pressure.
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Fig. 5. Average effective consolidation pressure
vs. water content after consolidation.

Table 2. Strength parameters in terms of
effective stress

CAU CAPU
Smple T | 0 | #
(kg/cm?) °) tkg/cm?) ()
1 0.02 36.2 0.10 32.0
2 0.06 33.8 0.10 33.0
3 0.06 36.1 0.22 32.0
4 —0.02 326 0.15 279
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MRS OK L &R OB RN A A B E CEMBIR A R T ik, — BB Tk h 10w,
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DRI R\ T, CAU & CAPU R—ADEMTEDLIND Z 0 b, [Hl—D g, TOFKILIX
T L 2 BT X &, Sum e ORISR\ TR —D 070 125 S0 (2 CAUD T AR E
T EMBHE L TOMROFREE LS,

5 T ' 5
® A CAU e A CAU
O A CAPU O o CAPY / ;
4 _o’-
Us
ki
(T
2
1
0 4 6 10 , b 6
Ome (K4) Ome( "9/ed)
(a) {b)
Fig. 7. Comparison of pore pressure at failure for CAU and CAPU
tests in average effective consolidation pressure.
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L. | ,.;,,,,\40'\1)\:,
‘. i O NO.2
30— §.§o\ . 30 | . e
| \do\n L n
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20 | 20 :
06 10 20 30 4050 10 20 05 10 20 30 z.o 0 i0 20
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Fig. 8. Relationship between water content and deviator
stress at failure.
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RO T A L &, BARINCATARERKRC, ¢ 2 RkDB LD 225THD, ¢, ¢ 1T
DT, TCIR (L) Tl X S UM O JE IR 0 B R 51T B Z b ol &
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® A CAU “9/
O A CAPU

0 1 2 3 6 7 8 8 10

4 5
Orct*g4 )
Fig. 9. Undrained strength in CAU and CAPU tests vs. vertical

consolidation pressure.

1) Su/et
Fig. 9 \CiEFERIE ol & IEFEK « v W S,

Table 4. Su/oic

%% 2 ok e Sl g~ T A S T Sample e Suleie ;
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b, ZHuL, 41D w~log ol DEIRTIEIM L
LD, A0 CERESSRRBEORS g | T NS 4
SEI L 0o tX, CAPUDFR CAUDFR I D 0oy /[ %
K ENIDTHS, I % F

Z ZC, Rendulic @it 7 ¥ (Fig. 10) % H u- /
TCAUMBE CAPURBOBBEOH EE R T4 o) oo CAL
&5, 0—0 CAPU

) CAU & ]

a. KoFE% (O——C)ic I v RALE OIS ST — {7 03’
ExHHT 5, Fig. 10. Schematic representation of
b. FEHEK £ v (C D) 1@ X 0 E B stress paths for CAU and

L, CAPU tests.
ExE5,
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Fig. 14. Hvorslev strength parameters.
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