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PRECURSIVE SHEAR STRAIN DURING ANISOTROPIC CONSOLIDATION
AND THE EFFECT ON DYNAMIC MODULI OF COHESIVE SOIL

By Koichi Akal and Taishi Tsuji

Synopsis

The paper explains the phenomenon that the dynamic moduli of cohesive soil
consolidated anisotropically depend on the strain history, through a series of triaxial
vibration tests. The undrained vibratory test with the strain level of 107* for
normally consolidated clay indicates that the dynamic rigidity of K,-consolidated
clays is as high as 1.5 times that of isotropically consolidated ones while the
difference of damping ratio is not so much. The dependency of the dynamic
rigidity on the confining stress and the void ratio is also investigated using the test
results. The remarkable difference of the magnitude and the dependency of the
dynamic rigidity between the clays consolidated under isotropic and anisotropic
stresses can be attributed to the presence of precursive shear strain during
consolidation.
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Fig. 1. Results of PS-logging at the boring site of
Senshu-oki seabed.
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(a), MTHB, ThoDORED, LIFTOBRIAETH 5,
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Table 1. Test data of a series of triaxial vibratory tests for cohesive soil.
(a) Isotropic consolidation

_ CIRU-1| CIRU-2| CIRU-3|CIRU-4| CIU |CIURU
initial void ratio eo 2.430 2.343 2.155 2.278 2.532 2.384

mean effective principal stress p (kgf/cm?) 3.125 8.508 4.409 5.344 5.153 5.171
(3.972)
. . 9.07 10.04 11.24 10.29 11.82 11.54
axial strain e (%) (12.69)
® |volumetric strain v (%) 22.91 21.25 22.55 31.28 29.35 26.56
(26.56)
deviatric strain e (%) 1.432 2.956 3.728 -0,132 2.03 2.69
, (3.80)
id rati 1.623 1.632 1.444 1.253 1.495 1.485
void ratio e | ' (1.485)
mean effective principal stress p (kgf/cm?®)| 2.840 3.254 4.049 4912 2.794
@ |deviatric strain e (%) 1.426 2.961 3.752 | —0.066 | 6.123
excess pore water pressure u (kgf/cm?) | 0.294 0.271 0.373 0.418 3.341

. .. 1.78 1. . 291 2. X
mean effective principal stress p, (kgf/cm?) as | @ ?g> é ;g> a 51) | @ ;(5» <§ gg>

.. . . 2.56 274 | 3.36 4,33 ‘3.72 3.43
principal stress difference q (kgf/cm?) 259 | @83 | (338 | 44> | @8 | Geo

13.11 14.55 13.02 9.92 13.08 16.60

deviatric strain €00 | o | @as | 1066 | 638 | 02> | (978
void ratio e 1.623 1.632 1.444 1.253 1.495 1.485
dynamic rigidity G (kgf/cm?)| 330.3 328.7 408.5 ;491.6 474.0
damping ratio h 0.242 0.228 0.243 0.240 0.293 -
amplitude of shear strain 7 (%) 0.058 0.067 0.057 0.063 0.053

Fig. 4(a)B), ThicRL T, KJEERE (CKRU) Tid#K L &HE I S RIM/KE QR
3L, WHEROEF~OEEIOFNTH S,

3) ZOROIPKBAMICBO TR, KEFERAHILAWBEL OHEHRcELIETELL
locking %0, UFALMBKELRE LTV E T2FICHERCHIEET S (Fig. 3(0)BR),
COBRRE, K, EHEERRBZS5Z TICESIIIKEAR LGS CKU) KD SSIEETHS
(Fig. 4(a), B, —F, HHEFRE 2N E CBEEN locking 239, HAMEORIBEK
EDRERPETHRKEL,

4) FRARUKEEER (CSL) o M 2, K, EEROFE LEBHEE (CKRU) gl TM=115 %
LA DFT T4 —2 (CIU, CIRU, CIURU, CK,U) 2 LT M= 140 Th 3 (Fig. 4(0)BH),
Wk, K HEBESHOBE (/P PEHFEEFERHIOET/NEILLBEL0IHEDKE 2L, 40
DR R L B Z OERAMET 3 b0 LB KENE, —F, WEROVDTARESTEE -
BREEEEOSERICL > TROVICRRLY, AiETIle= 6%~ 8% BETHIH, KETIE
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(b) K.-consolidation
CK.RU-1[CKoRU-2|CK,RU-3|CK,RU-4|CK.RU-5] CK,U
initial void ratio eo 2.082 2.184 2.326 2.306 2.070 2.399
mean effective principal stress p (kgf/cm?) 3.094 2.951 3.481 4.370 5.214 3.994
prneip PiXE (3.003) | (3.021) | (3.607) | (4.042) | (5.013) | (4.021)
coeff. of earth pressure at rest Ko 0.481 0.493 0.536 0.530 0.516 0.556
effective stress ratio nxe 0793 | 0767 | 0673 | 0685 | 0.715 | 0.630
corresponding to Ko
axial strain e (%) 23.49 26.00 29.69 29.80 30.79 30.44
' (21.80) | (24.23) | (27.50) | (28.18) | (29.31) | (29.46)
volumetric strain v (%) 23.65 26.60 30.27 30.59 30.66 31.87
(21.94) (24.84) (28.10) (28.98) (29.15) (30.91)
- . 15.61 17.14 19.60 19.60 20.57 19.81
o . .
deviatric strain e 06 (1449) | (1595) | (18.14) | (1852 | (19.59) | (19.16)
void ratio 1.353 1.337 1.320 1.294 1.129 1.316
© € (1.406) | (1.393) | (1.392) | (1:348) | (1.175) | (1.349)
mean effective principal stress p (kgf/cm®) | 2.909 2.665 3.256 4.131 5.150
deviatric strain e (%) 15.83 17.72 20.01 19.78 20.72
excess pore water pressure u (kgf/cm?)| 0.176 0.248 0.215 0.205 0.169
R L 2.94- 2.78 3.36 3.66 4.64 2.88
R . . .
mean effective principal stress p: (kgf/cm?) G.15 Q.78 (3.45) 3.92> 512> 3.26)
3.50 3.52 3.99 4.28 5.14 3.95
deviatric stress akgt/em®| gy | @5ay | a0y | 441> | 518y | <418
deviatric strain e, (%) 20.18 21.34 2417 24 .91 22.34 26.05
! 17.30) | <21.34) | <22.21> | <23.19> | <21.58) | <2217
void ratio e 1.353 1.337 1.320 1.294 1.129 1.316
dynamic rigidity G (kgf/ecm?®)| 4465 431.1 505.1 639.1 739.2
damping ratio h 0.238 0.229 0.238 0.291 0.269
amplitude of shear strain 7 (%) 0.041 0.041 0.042 0.039 0.043

75:4:,
oo LW THKT 3 L, FnFhFHEO Fig. 3(0)BXUW)ER 3,

@ End of consolidation, @& End of vibration,
( ): value at the end of loading by increasing load,

® At failure (7 =max)

( ) : value at g=max

FEOEEFNEIGNIGE U Te= 15% % 7213 20% 2Eic b7 3 (Fig. 4(0)BH),

Fig. 5(a),
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Fig. 3. Cgmparison of the results of triaxial vibratory test for cohesive soil with
differrent stress history during consolidation.
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Fig. 4. Results of a series of triaxial tests for cohesive soil with different stress
history during consolidation and undrained shear.
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Fig. 5. Effective stress paths and equi-deviatoric strain lines during undrained
shear.
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Fig. 6. Effect of void ratio on the dynamic rigidity (Hardin-Black).
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Fig. 7. Correlation between the dynamic rigidity and the mean effective
principal stress.
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— Experiment O Ke (Tokuyama clay)
1200 ------ Calculation @ Iso. (T'Qkuyama clay)
by Eq.(7) A 1so. (Senboku clay)

A Iso. (Tokuyama clay)

800

G (kgf/cm?)

400

p=3.0kgf/cu?

ol | !
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Fig. 8. Correlation between the dynamic rigidity and the void ratio of
cohesive soil.
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BgBti+/E (Mal12~Ma6) (Fig. 1 88) 45, TOANESE (Ma3) icHBEMHIE (1968. 5. 16)
DEVDONFILBT BICHEEORHHBEATT FEAR200gal) 253 5& L& %, HEREFOH
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