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This research describes findings of a series of numerical
and experimental studies to investigate the effect of Variable
Confining Pressure (VCP) on Excess Pore Water Pressure
(EPWP) distribution in a mixture of gravelly inclusions
floating in matrix of clay, called “mixed clay” material.
Mixed clay material has frequently been used as core of
embankment dams in seismically active areas of Iran. The
mixture naturally exists in rainfall active areas and also
is made manually. The matrix provides sealing while the
inclusions increase strength and deformation modulus.
Previous studies reveal noticeable increase of EPWP among
inclusions under cyclic or dynamic loadings, keeping
the initial confining pressure constant. This study aims
to probe effect of cyclic confining pressure variation on
EPWP variation inside such mixtures. A series of tests and
numerical analyses were conducted in order to achieve the
targeted behaviour in both macro and mezo scales.

The study probes macro-scale pattern of stress /excess
pore water pressure variation during experiments by
conducting typical cyclic triaxial tests, adding capability
of cyclic variation of confining pressure to the existing
apparatus at geotechnical laboratory of International
Institute of Earthquake Engineering and Seismology. The
experiments were simulated by PLAXIS2D 2017 finite
element code.

The experiments in this study also confirm the existence
of heterogenous pore water pressure distribution. In all
experiments comparing pure clay without the presence of
aggregate and mixed clay (areas adjacent to the aggregate),
the effect of the presence of aggregate on the pore water
pressure was obvious. The increase of EPWP depends on:

-clay permeability (plasticity)

-loading frequency

-stress amplitude

The meso scale was investigated utilizing some miniature
pressure transducers inside specimens loaded by the cyclic
triaxial apparatus. The same triaxial specimen geometry
may also be modeled by finite element code to explore such
trend of behavior, results of which would be beneficial for
the final conclusion. However, the 3D simulations of meso
scale tests were not fulfilled satisfactorily due to the lack
) (ookigeo g ool Moo olCing

bolino pdlanw 38 (510 3> ST Jlid Of gk (o 3 39
D oliio ail>and Jb Con Al —

el olg

JJjalili@iiees.ac.ir uisSGss; cdigeo ol jboliw/

2 slite 4l den jlad b ) (Bios ol ol Saa
ool ) e o) bolie wlas ;5 loja> Ol jles b ns
3579 Al 5 (o) o le o loji o Jlid Saal ssalie 5 5,50
a0 wbie 1o ol (5 135,11 o ails Ko - ) balse ;o baails
Ay |y 2l g5 (pl 0929 ae) (pl jo LB Olalllas .ol 009
oy Ll JLid b S Cu ) bogle pllae 5 onh odalive L5,
39 0313 )8 I3 e (26,5 J S 8L ST o

Loyl yl g0 aslllas ol jo a8 5 &0 L1 g go0e Sloaliv
ol Hlad SXaal) [l o 50 9090 ;0 (8 Slool sloaidl Wb iliv
g5 6L slo pae o (WlaSiw = () bgloie jo (Sl (gloja
e las (nl sl ail )l (o2 50 E9o9e (nl il
255 1 Slaie - e G5 g (sleya> T HLad jlade T2

Al i 5929 wbe i asdlas (] jo 0ad plail sla o les]
23> 9% (Al oy e laalie & ol plalojl plas o aily e
S 9929 1085 &0 (Al S jglone) bglea ) g aile S
22 2al531 ol e 45l Lol gy soled lo i o L talsdl o il
Sl e le Wl o e a5 o)l (s olse a5 il ojlusl ax

H(Amiadl) (o) llas (6 pdy 3985 -

16,5,k S8 -

lae 4 Jlosl (25 s g s anels -

Sl ] g0 Dglite (1) G5 S ¥ 50 iulejT plol izmen
e il ase lad Coliie ;osi b S plo a bgn pRlBl L as
5 o) Lol digai 5 ow) Al dgai ;0 00l dbul glo o> ol HLis
SSa ey b o Ghall ol asl> ase jLid b anslie ;o wlaS
ol iy den jLad b (@=) )lad gppme dw slagile] cul
Gloaidly & Casline (s (nlidlioe Y (i 1) ke (eSSl
sloilesl gl 45 bglse allas Slo i L8 0550 50 (i
Aadl oo Fal Skl wilodn! Cavay Colb il aan Lid L

WS 95 G slged (39,0 o Ol 1R L g 930 lide 5o
balaSon jga 5l (A6 (slo i O Lid Gioli8l e alls o) b anslie )
(owbio (pl j0 a3 8 O go ddxie o iule;l o aldl o8 camlie
Sl 1 bl ilgi o 45 00,5 ol sblize Ly g glice clov,id,
ol 0 a5 O igo soman gildon ail &bl byls S
bl S, 9 09 3)90 (nl )0 et slaaidly wge LS 55 L)
095 05950l B o 930 elede slaialesT (- 50 00 osmline
Sy ygudy o] S5 vy 4 e@ly 5o s Wly iy alae 300
PRl Sliazs b e (ol ;o LS wilals ol iulidl 5o
Dygots |y Gz ol a5 3 y90 Alacs (golaill &y 4 g5 oo (Slad
ged (guypp nlin 2B b g pdy 1S5 5 gl



B
N

lack of time for this research. Sloyim O Jlid jguminns o ad aBlol ( byl 059, (nl Ol yed ]
Based on findings of this study, cyclic variation of confining - e § o9l (5,970 dw olSiws sledobu 51 (S0 4 Glaiges 5,0
and deV1zf1toF1§ stress‘ at the same tlrpe would cause increase of Gaprods s talel o adle den jLd olS ess Colils Slon]
EPWP within inclusions of the matrix. By decrease of inclusion bl o oSty SuiSgss ol€italel o ks
distance to diameter, EPWP increase among inclusions is ' b : '
dominant, which weakens as the distance increases. The
EPWP increase is maximum at constant confining pressure (s,s7dm Giolejl (gloyam ol JLad (bl mllas gadS saojlg
situation. This shows that neglecting the cyclic variation glasl Jodxo lase (gous Judoni o ool
of confining pressure is conservative regarding stability of
structures made up of such mixtures during strong ground
motions. Findings of this study is in agreement with those
of previous ones. The increase of EPWP among inclusions
affected by loading direction relative to inclusions locations
and geometry was evident.
One of the findings of this research project is the addition
of a miniature internal water pressure sensor to one of the
cells of the cyclic triaxial apparatus, as well as the ability to
modify the confining pressure periodically in cyclic triaxial
experiments at the Geotechnical Laboratory of the Institute.

Keywords: Clay-aggregate mixture, Cyclic confining
pressure, Cyclic triaxial, Excess pore water pressure
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Figure 1: Variation of “UmaxNum” with the ratio of “inclusion distance - B T
to inclusion diameter” and the parameter “n” (Numerical Studies) Figure 3: Effect of inclusions on EPWP generated near different inclusion

types (meso scale experiments)
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Figure 2: Comparison of EPWP variation at bottom of the pure and the
mixed specimens with different values of n

Figure 4: Miniature internal pore pressure sensor
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