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`=@W= |=yxU=t |}xQiL
�Q=}O=DU=� � |OvWNQO |Oyt

l=Q= x=oWv=O '|UOvyt w |vi |xOmWv=O
�Q=}Wv=O� |v}ULOtLtQ}t u}Or=OHtO}U

Q}@mQ}t= |DavY x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

Q}O=kt x=Qty x@ ,qwtat w OvQ=Ov OwHw Xr=N Cr=L x@ ,qwtat Ca}@] QO OwHwt |=yxU=t
"OvW=@ xOv@UJQ}e =} xOv@UJ CU= umtt =yxv=OR} Q u}= xm OvDUy xv=OR} Q |Dw=iDt

MU=B Q_v R= `=@W= Q=OTQ w Q=O|q |=yxU=t Q=DiQ xm OyO|t u=Wv xOWs=Hv= C=ar=]t
|QwLt xU |=yV}=tR; G}=Dv j}kLD u}= QO "CU= Cw=iDt |rm}U |=yQ=@ x@ =yu;

?; Q=Wi x=oO}O R= 'C}v}rw�=m w |q |w=L |}xU=t |=yxvwtv |wQ Q@ VvQm pQDvm |rm}U
OwOL =D |q Q=Okt V}=Ri= =@ xm OvyO|t u=Wv G}=Dv "CU= xDiQo Q=Qk xHwD OQwt |}xQiL
x@ �30 |q Q=Okt QO w CU= xDi=} V}=Ri= R}tD |xU=t x@ C@Uv |}xQiL ?; Q=Wi �15
V}=Ri= Ea=@ �20 =D C}v}rw�=m |=yxv=OR} Q V}=Ri= u}vJty "OUQ|t R}tD |xU=t OwOL
=D 20 xv=OR} Q Q=Okt QO w OwW|t R}tD |xU=t x@ C@Uv |}xQiL ?; Q=Wi QO |yHwDp@=k

Vy=m Ea=@ 'xvwtv QO xU=t T} QD=t Q@ TQ T} QD=t |x@re p}rO x@ 'OYQO 30
u}vJty xar=]t u}= "OwW|t R}tD |xU=t x@ C@Uv |}xQiL ?; Q=Wi QO |yHwDp@=k
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1. liquefaction
2. standard peneteration test (SPT)
3. calaveras
4. limit �ne content (LFC)
5. linear variable di�erential transformer (LVDT)
6. undercompaction
7. back pressure
8. sand like
9. clay like
10. cyclic mobility
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Abstract: 
Sands in nature generally contain plastic and non-plastic fines. Previous research has been 
mainly focused on the cyclic behavior of saturated clean sand. Recent studies, however, reveal 
that the cyclic behavior of saturated sand containing plastic fines is quite different from that 
including non-plastic fines. Moreover, most liquefaction studies have concentrated on stress-
controlled cyclic triaxial testing of clean sand, while strain-controlled testing allows a more 
fundamental assessment of pore pressure generation. It is due to the strong relationship 
between shear deformation and pore pressure generation. In this study, the effects of plastic 
and non-plastic fines on the pore water pressure behavior of saturated sand are studied by 
means of a strain controlled cyclic triaxial tests. To this aim, all specimens are prepared by 
moist tamping using the undercompaction technique. Specimens are subjected to 50 sinusoidal 
cycles of axial strain at a loading rate of 0.1 Hz. Furthermore, shear strain levels are applied in 
the range of 0.003% to 0.3%, and pore pressure is directly measured in the specimens.   
The results demonstrate that the specimens with up to 15% non-plastic fine (silt) content 
generate a lower value of pore water pressure than that of clean sand. Increasing silt content to 
30% leads to a pore pressure close to that of clean sand. On the other hand, in sand specimens 
with up to 20% plastic fines (kaolinite), generated excess pore water pressure is more than that 
of clean sand. Up to this plastic fine content, sand grains still get in touch with each other, and 
clay particles play a role like a lubricant film between them. The result is a more collapsible 
fabric as the sand–skeleton tries to rearrange itself into a more stable structure. By increasing 
plastic fines up to 30%, the excess pore water pressure noticeably decreases to a level that is 
less than that of clean sand. This could be attributed to the fact that at larger fine content, the 
sand-skeleton void ratio is larger than the maximum void ratio for clean sand. Therefore, the 
sand grains are no longer in contact, floating in the kaolinite matrix. Thus, the specimen shows 
a clay-like behavior. Consequently, the behavior of the specimen is controlled by the fines, so 
that the specimen indicates cyclic mobility behavior. This investigation reveals that the 
conventional criteria for liquefaction assessment, such as the standard penetration test (SPT), 
do not consider the effect of the plasticity of fines. Therefore, to evaluate the liquefaction 
potential of sands containing fines, one should resort to other precise tests, such as cyclic 
triaxial tests.  
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