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MODULI OF ELASTICITY OF SOILS AND THEIR APPLICATION
TO DEFORMATION ANALYSIS OF SOIL STRUCTURES

By Yasuo Sucano, Hiroshi WATANABE and
Hajime MATSUOKA

Synopsis

The nonlinear analysis of deformation of soil structures is performed by the Finite Element
Method. The moduli of elasticity (Young’s modulus £ and Poisson’s ratio v) of soils are de-
termined on the basis of general stress-strain relationships of soils under three different principal
stresses which have proposed by Matsuoka (1973). The results of the analysis of slope models
and ground models with locally applied pressure are compared with experiments using the pile of
aluminum rods with various diameters as a two-dimensional model of granular soils.
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Fig. 2 Calculated relationship among o¢1/o3, €

and e3 under plane strain condition with
initial principal stress ratio A=1.2, p=
0.25, p’'=0.44, y0=0.001; Toyoura sand).
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Fig. 3 Calculated relationship among Z/e3, v
and o1f/o3 under triaxial compression,
triaxial extension and plane strain con-
ditions (A=1.2, p=0.25, p’'=0.44, yo=
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Fig. 4 Calculated relationship among Z£fos, v

- and o3fo3 under plane strain condition

with various initial principal stress ratios

(A=1.2, p=0.25, p'=0.44, ¥0=0.001;
Toyoura sand).
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Fig. 5 Calculated and measured relationships
among Zfo3, v and o1fo3 under plane
strain condition (A=1.2, p=0.25, u'=

0.44, y6=0.001, ¢c,=0.01; Toyoura sand\.
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Photo. 1 Complete view of ground model Photo. 2 A device for measuring frictional
with locally applied pressure using force.
pile of aluminum rods (1.6 mm and
3.0 mm in diameter).
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Fig. 9 Results of analysis of slope model (Toyoura sand, without consolidation term).
(a) Contour lines of a1/a3. (b) Contour lines of v.
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Fig. 10 Results of analysis of slope model (Toyoura sand, with consolidation term).
(a) Contour lines of o1/os. (b) Contour lines of v.
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Fig. 11 Results of analysis of slope model (Fujinomori clay, with consolidation term).
(a) Contour lines of o1/03. (b) Contour lines of v.
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Fig. 12 Results of analysis of slope mode! (pile of aluminum rods, with consolidation term).
(a) Contour lines of o1fa3. (b) Contour lines of v.
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Fig. 13 Results of analysis of ground model with locally applied pressure (Linear elastic
material).
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Fig. 14 Results of analysis of ground model with locally applied pressure (pile of
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(a) Contour lines of oy /g, ¢=12 g/cm?2.
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Fig. 15 Results of analysis of ground model with locally applied pressure (Tovoura sand).
(a) Displacement. (b) Contour lines of o1/o3.

6. #& =

TR, LOBH—0FABREBECRIFICGEATZ 20, £ L v D 2O0FMOEITI ORtE%E
FBHLEY &L, LU, 2OBHI—0FABRIBEHT, IBHIRBICE-THID 2 20FENEH->T
{ %o BITICHI->T, COEBRIFBETNELIATHAD,

FRTRRRERE LKL TEY, 8005 v +03b 5h5, MEFEROKEE LR, #xHEs i3
LB L TN B,



346 HAB KRBT ERAEL1TS B (11349, 4)

BIBRETIE v20.5 TOMITEITE » TOIRO, fHELEFVTORIT TR v>05 TRAIEK LEgs
bHb, FHCOXDBWEECFEEME, X SIKILETHENEORESET L LS ICLTITE 0, E /@i
HROVEICBWTIE, TV IEBAEAVIFEIFETHD, Lrd o TRELL X D KEEERO
REX /NS RBEES (B g/em?) 2 EFAEEELNEZDT, 4BREIEYDTHA 5. 2OMEBOEE
xR E UTRITZTIE0, FERE & O BRATIIN 20,

RKIC, WIEEEBD - 2 FEB AR R FEFRILRR SR, BrsicBE LABSE 2020 kKREER
BHBALER, FHMOTAIRRD F— 4 2EH LW ARV EEBRERETHRBAR (B 7V 2T%),
EBRTHELCDONTE DICERZTTE » FMRELEBRERBMUER (B - EHBIE) L EHEZOHKS
ICELBRBT AR TH %o

2 % X ®

1) Duncan, J. M. and C. Y. Chang: Nonlinear Analysis of Stress and Strain in Soils, Proc. ASCE,
Vol. 96, No. SM5, 1970, pp. 1629-1681.

2) Zienkiewicz, O. C. and D. J. Naylor: Contribution of Roscoe Memorial Symposium, pp. 537-547.

3) i gt 3EWATOLDIEH—D9H BRICONT, FEBAEHLTILHRER F165 B, H48.
4, pp. 711-733.

4 MR - BAR E-EFRE LomdER BT o v v ho—iEEdk #2804 RSB EME,
W948.10, %5 3F, pp. 66-67.

5 EHXRB-BA E-BME t: LoBh—0TAEFRICS &S LEEHOEET, F8ELHAT
EUIRE R KL, H48.6, pp. 403-406.

6) EEZE - -EL sh- B K FOBA—OTAERICE S D EBEMDOEMRITCGE 28), W9
E+ETHEHARR S, H49.6, pp. 441-444.

7) NGRS - BEPEE - BRAME TRV EEALDBAEMICONT, FIETEIFHAREKS W
49.6, pp. 597-600.



