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II-120 EFFECT OF BEDDING ERROR

ON THE MEASURED HYSTERIESIS

DAMPING RATIO OF SAND

Teachavorasinskun,

INTRODUCTION: It has been experimentally
proven that, in a monotonic loading triaxial test on
sand, the bedding error can have an enormous ef-
fect on the measured stress-strain relationship. In
the present study, the effect of bedding error, com-
bined with the effect of cyclic prestraining, on the
cyclic stress-strain relationship (Young’s modulus and
damping ratio) when porous stones are used at the
specimen ends was investigated. In addition, the ef-
fect of bedding error on the damping ratio was an-
alyzed based on a simple model. For the details of
the apparatus and testing procedure, the reader is re-
ferred to Teachavorasinskun et al., 1991(a) and (b).
RESULTS AND DISCUSSION: Fig.1(a) and
Fig.1(b) show the equivalent Young’s modulus, E.,
and the hysteretic damping ratio, h, plotted against
the single amplitude axial strain, d(g,)sa, of the vir-
gin loose and dense Toyoura sand, respectively, while
Fig.2(a) and Fig.2(b) show those of the prestrained
loose and dense sand. In these figures, LDT and GS
mean that the axial strain, €,, was measured locally
on the lateral surface of specimen by means of LDT
and externally from the movement of the cap of the
specimen, respectively. It should be noted that e,
by LDT does not include the bedding error. It may
be seen that the bedding error has a discenible effect
on the cyclic behavior. In particular, after the pro-
cess of cyclic prestraining (Teachavorasinskun et al.,
1991(a)), the effect of bedding error became more ob-
vious and more important. Fig.3 compares the values
of h by the two measuring methods at the same stage
of test. It may be seen from Fig.l, Fig.2 and Fig.3
that, particularly for prestrained dense specimen, the
values of h'by GS are larger than those by LDT. This
may be because a degree of the rearrangement of the
relative positions of particles {plus densification in the
case of loose sand) took place in the central part of the
specimen, while the end friction prevented the zones
next to the ends from that.

It is assumed that, adjacent to the ends of the spec-
imen, loosened zones had been formed and they re-
duced the average Young’s modulus. Supposing that
the axial stress was uniformly distributed along the
the vertical axis of specimen, the hysteresis loops, at a
single amplitude deviatoric stress, ¢ga, are illustrated
in Fig.4. Curves A and B represent the stress-strain
relationships of the loosened zones (near the ends) and
the denser zone (center part) of the specimen, respec-
tively, while the average relationship is dencted by the
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letter C. By assuming the volumes of the loosened end
zones and denser center zone to be aV and (1-a)V,
respectively (V is the total volume of specimen), the
equivalent Young’s modulus, and damping ratio aver-
aged for the whole of specimen are obtained as:

o= 954 _ qsa
“ d(&.)sa  (agsa/Ea) + ((1 — a)gsa/Fp)
: S 1)
a/Es+(1—a)/Eg  ax+(1—a)
where

d(%,)sa = the average single amplitude axial strain,
E,, = the average equivalent Young’s modulus (Egs),
E4 = the equivalent Young’s modulus of curve A
Eg = the equivalent Young’s modulus of curve B
(Erpr)

x=Ep/Ey = d(€an)sa/d(€an)sa = Wa/Wp

(for the same gga)

o 1 (aAWa+(1 - a)AWp
h = AW/(2aW) = o ( aWy + (1 - a)Wp
azhs +(1—a)hp (2)
- az + (1 — a)
where

h = the average damping ratio (hgs)

ha, hg = the damping ratio of curves A and B

Wa, Wp = the input energy of curves A and B
AW 4, AWg = the energy dissipated during a cycle
for curves A and B (AW, = 2aW4h, and AWp =
27TWB hB)

Rearranging Eqn.(2) by using Eqn.(1), we have the
theoretical relationship between average damping ra-
tio, h = hgs, and the locally measured damping ratio,
hg = hrpr.

F=hy+ (1 — —a)E,E;) (ha — hp)

(3)

To obtain the parameter a, it was assumed that the
damping and strain ralation be the same for the curves
A and B. In the case of Fig.2(a), at Stage o, b starts
increasing. It was considered that the strain in the
loosened zones be already the strain in the central
zone at Stage f, at which hppr = hp starts increasing.
Then, we obtain

z at Stage o d(€a4)54/d(€aB) 54
d(e.p)sa at Stage B(= &)

d(gaB)SA at Stage a(: 61)

(4)
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Then, the values of a was obtained from Eqn.(1) us-
ing the value of x obtained from Eqn.(4) and the
measured values of Fo (=Fgs) and Fp (=Erpr) at
Stage o. The theoretical relationships between k and
d(&,)s4 shown in Fig.2(a) and Fig.2(b) were obtained
from Eqn.(3) by using 1) the measured relationship
between Eo, and d(£.)sa, 2) that between hp and
d{eqp)sa and 3) the value of hy at d{€.a)sa Which
is equal to the value of hp at x times the measured
value of d(€.p)sa. It 1s seen that the calculated values
of & fit fairly well the measured values of hgs.
CONCLUSIONS: 1) The bedding error has a dis-
cernible influence on the cyclic behavior of triaxial
specimen of Toyoura sand, in particular, the increase
in the measured damping due to the bedding error is a
new finding. And 2} a simple model Eqn.(1) through
Eqn.(4) correctly predicted the effect of bedding error
on the damping.
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