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Abstract: By using a suction-controllable dynamic triaxial testing apparatus, a series of dynamic deformation tests are carried
out on a unsaturated silt subjected to wide suctions imposed by the axial translation technique and vapor equilibrium method
with saturated salt solution. The skeleton curves, dynamic elastic moduli and damping ratios are obtained over a wide suction
range under almost constant net confining stress and suction. The effect of suction on dynamic deformation characteristics of
unsaturated silt is studied. The test results show that at the same net confining pressure, the skeleton curves and dynamic elastic
moduli increase with increasing suction, but the damping ratios decrease with increasing suction. As the hydraulic state of
specimens changes from the boundary effect zone to the transition zone and then to the residual zone, the increase rates in the
skeleton curves and dynamic elastic moduli decrease gradually, the decrease rate in the damping ratios is still obvious, and the
decay rate of the dynamic elastic moduli with strain decreases with the increasing suction.

Key words: unsaturated silt; wide suction range; dynamic deformation characteristic; suction-controlled dynamic triaxial test;

vapor equilibrium method

Dynamic deformation characteristics of unsaturated silt over a wide suction range
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Fig. 2 Sketch of static/dynamic triaxial testing apparatus for
unsaturated soils
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Table 1 Void ratios and saturation degrees of specimens at

beginning of dynamic tests

A [ Wy AL A
I /kPa e S/%
AN — 0 0.993 98.3
TWI5 A—B—GC, 15 0.978 60.6
TWD40  A—B—C—C; 40 0.989 59.0
TWDI00 A4—B—C,—C, 100 0.983 40.4
TD40 A—B—C;, 40 1.001 493
TD100 A—B—C, 100 0.989 34.2
TD200 A—B—Cs 200 0.981 24.1
TD400 A—B—Cq 400 0.990 16.1
TD3290 A—D\—E—F, 3290  0.981 10.8
TD7480 A—D,—E,—F, 7480  0.977 7.3
TD21820 A—Ds—Es—F; 21820  0.951 4.7
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Table 2 Excess pore water pressures at end of N time-vibration

under each stage of dynamic loading (kPa)
BRI IRE o4/kPa
RS 15 20 25 30 35
PRENIREL N(1/2/3)
LA 0/1/1  0/1/1 0/212  1/3/5 —
TW15 0/0/0  0/0/0  0/1/1 1723  2/3/4
TD40 0/0/0  0/0/0  0/0/1  1/12  2/2/3

TWD40 0/0/0 0/0/0 0/0/0 0/1/1 0/1/2
TD100 0/0/0 0/0/0 0/0/0 1/1/1 1/2/2
TWD100 0/0/0 0/0/0 0/0/0 0/0/1 1/1/1
TD200 0/0/0 0/0/0 0/0/0 0/0/1 1/1/1
TD400 0/0/0 0/0/0 0/0/0 0/0/0 0/1/1
TD3290 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0
TD7480 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0
TD21820 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0
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Fig. 4 Time histories of volume strain of specimens with saturation

degree of about 60% during vibration process (=25 kPa)
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3 &% i

TR PRV VA AV T R, T 42 ) 20 =
A3, ST B A A A BT T 3 A
I, BFE T W70 HUROR 30 A TR I



624 Hs

2019 4F

CIPSEZS/ 7o

(1) WSy e dR ATy L 30 ARt . 72
] — 35 LR T, AR AR L iR 11 22 it e AN sl s vk
SRl A DNE =P Ve bR =L A B NI
7o BEFERAE 17K T PIRES NI T A0S IX 13 I8 X P 35k
ARIX AL, FEATA R (R 2 AN Sh #f A
SRR IZWE N, TR e Fs NS 5

(2) XMTHEMBINANE, WFEEhHERE £,
IR R BEE MK NSy, BEEE AR IK
TPIRZS ML T RO X B3 8 X 2R XA ARAL, Eq
DB ES RN SECT U EET

SE -

[1] e . 23 %EM]. JbR: &5%30E Bk, 2011, (XIE
Jing-yi. Soil dynamic[M]. Beijing: Higher Education Press,
2011. (in Chinese))

[2] LU N, LIKOS W J. Unsaturated soil mechanicsiM]. F58 &,
e, fSCR, ¥ Jbat mAEHE AL, 2012, (LU N,
LIKOS W J. Unsaturated soil mechanics[M]. WEI Chang-fu,
HOU Long, JIAN Wen-xing, trans. Beijing: Higher
Education Press, 2012. (in Chinese))

[31 WU S M, GRAY D H, RICHART F E. Capillary effects on
dynamic modulus of sands and silts[J]. Journal of
Geotechnical Engineering, ASCE, 1984, 110(9): 1188 - 1203.

[4] QIAN X D, GRAY D H, WOODS R D. Voids and
granulometry: effects on shear modulus of unsaturated
sands[J]. Journal of Geotechnical Engineering, ASCE, 1993,
119(2): 295 - 314.

(51 HIER, KEF, KAO°F, & shifsyerdftE i T AR
3¢ ) SRR IR S ()], B 1 TR AR, 2004,
23(24): 4151 - 4155. (TIAN Kan-liang, ZHANG Hui-li,
ZHANG Bo-ping et al. An experimental study on dynamic
properties of unsaturated loess under dynamic torsional
shear[J]. of Rock Mechanics and
Engineering, 2004, 23(24): 4151 - 4155. (in Chinese))

[6] FxA:, MR, B LR s B EE S5t /K
Fl2E 3], 2005, 36(7): 830 - 834. (LUO Ya-sheng, TIAN

Chinese Journal

Kan-liang. Dynamic shear modulus and damping ratio of
unsaturated loess[J]. Journal of Hydraulic Engineering, 2005,
36(7): 830 - 834. (in Chinese))

(71 &Nz, KR, XICRME. HHE T S 8 DR R e
WAL, A J1%E TR, 2009, 28(5): 1037 - 1046.
(LT You-yun, XIE Yong-li, LIU Bao-jian. Experimental
research on dynamic charateristics of roadbed compaction

loess[J]. Chinese Journal of Rock Mechanics and Engineering,

2009, 28(5): 1037 - 1046. (in Chinese))

[8] FXIEAE. ARMOAITE LAES) . #F R AN AR T AL
Rk e SR VE A R R E S (D). PE % 7Y R B TR,
2003. (LUO Ya-sheng. Variation characteristics of soil
structure and structural constitutive relation of unsaturated
loess under static and dynamic complex stress conditions[D].
Xi'an: Xi'an University of Technology, 2003. (in Chinese))

9] fME=Zz, R B ARMATE B 5 AR R AT BE LRI 7
[J]. /KFIZ4R, 2012, 43(9): 1108 - 1113. (SUN De-an, WU
Bo. Study on dynamic modulus and damping ratio of
unsaturated silt[J]. Journal of Hydraulic Engineering, 2012,
43(9): 1108 - 1113. (in Chinese))

[10] MANCUSO C, VASSALLO R, d’ONOFRIO A. Small strain
behavior of a silty sand in controlled-suction resonant
column-torsional shear tests[J]. Canadian Geotechnical
Journal, 2002, 39: 22 - 31.

[11] VASSALLO R, MANCUSO C, VINALE F. Effects of net
stress and suction history on the small strain stiffness of a
compacted clayey silt[J]. Canadian Geotechnical Journal,
2007, 44: 447 - 462.

[121 HOYOS L R, SUESCUN-FLOREZ E A, PUPPALA A J.
Stiffness of intermediate unsaturated soil from simultaneous
suction-controlled resonant column and bender element
testing[J]. Engineering Geology, 2015, 188: 10 - 28.

[13] GREENSPAN L. Humidity fixed points of binary saturated
aqueous solutions[J]. Journal of Research of the National
Bureau of Standards, 1977, 81(1): 89 - 96.

[14] ABE H, HATAYAMA M. The results of unconfined and
triaxial compression tests on unsaturated soil conducted
simultaneously[C]// Proc Symposium on the Investigation,
Design and Construction of Unsaturated Soil Engineering.
Tokyo, 1993. (in Japanese)

[15] SALAGER S, El YOUSSOUFI M S, SAIX C. Definition and
experimental determination of a soil-water retention
surface[J]. Canadian Geotechnical Journal, 2010, 47(6): 609
- 622.

[16] RALH. ARERTCRE LRSS IR ). &L TR,
1985, 7(6): 33 - 41. (WU Shi-ming. Dynamic shear modulus
of partly saturated cohesionless soils[J]. Chinese Journal of
Geotechnical Engineering, 1985, 7(6): 33 - 41. (in Chinese))

[177SUN D A, SUN W J, XIANG L. Effect of degree of
saturation on mechanical behaviour of unsaturated soils and
its elastoplastic simulation[J]. Computers and Geotechnics,

2010, 37(5): 678 - 688.



