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1+e 7
Brax(kPa) B, = G ot 0.
3(1 — 29)
@(degree) ¢ =16.2D, + 25
@pr(degree) @pr = 16.2D,. + 25
pr(kPa) Constant
Vimax Constant
N Constant
c c = 0.0288D; 14172
d1 d; = 1.147D, — 0.2454 > 0
d2 d, = 6.9686D, — 1.7187 > 0

L =10 (D, < 65%)

11
I, = —35.484D, + 32.5 (D, = 65%)
12 I, = —0.0154LnD, — 0.0012
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13

;=0 (D, > 85%)

m
kn = key(5- % 1075) .



e o Lid 8L3] pos Slo Gay e po Ailrden JLid Py S JE2 p o] 5 a8
5B gl @pr (S gl @y Hlade Cocns 4 SIL g w5l Brgy Py Hlid a4 cos
Sy G2 5 AL Ll s € i & aioly s N (3Ll 5 gl s 50 b JU

Juse slaizla, a5 PressureDependMultiYield L . 51 OpenSees liéle i o

3388 Cel oo Shg sIs giws (nl S oo oolitul aule S iy a3 sl 8, L PDMY
Slogaly ilutnd sl 45 all (oo St Mg Jbie So bt ol s Sl 4l
2955 5k Jlosl (2 50 05 g0 15 eolitl 9,50 (N1 g AL glus] S 5l ST
STy (Foalnd e (55151 50 5 025 SV oz &jp0ay SIS, (Sl 5L L)
S b B Lolren g (Slamio wiz Jol ulul p diantidly ol SGEDL gLVl (A8 S-S

Sloas by ST 5o Jlae (ulul p eeds oo 0 adgisb |y slas! JIG el L > 60

Sl 4z Sl (35 At ol & Sl 5 4 iy Jow S Sl 1y Jlas
Sl las (ol 0gd co oolasiwl s Soldl puded Cod | a9l oo Sl Al 0 0 )lg L e

(Chenetal. 2010) wuls 3,20 LS sl Ko s jo oolatul

SiwJoo F-Y

Fo V0 B s e B gl b Sh S Jelt Jae 5 005 (samgd g (53l oe
MalS S 095 0 55,3 g oo bl ol 4 YU 51 g 009 wiie Lol (g oo Cond
255 o0 8 VY Qs e 3SLe b (S a3y (sloj ) )b ST o Xz )0 5 a5 5l 5 0052 gLl

02 Bojlgo .culls walys 0gzg LiSa ) el S a5l Ladd 5 00gu Ll 5l braigel iSa)

R



wile Y X Sz S Kb IS iz o g I mlradls oUlg ol a4y 5wl cilasie oo

Aol ails 0gzg Sy LS, U wlonds faie o2 4 Ll jor slaogs

PDMY L yin Laizlay a5 PressureDependMultiYield L e 51 OpenSees |l331s 5 jo

Ceod (5l g ao,0 A Y IS 6l S o515 .Canloads oolatwl anle S oy 23 (6l e )lo oL
S8 ey 0,80 1l Y Ges Sllanl ool aid )3 i o v yo Ve e ol 1505 ale
oo g 0 VO Goo jl g 998 o0 485 LA 50 e YISy, 4 culrs jlaie ol sl <85
T i ol (S s 55, 2 [, Y s 16 OF-F S5 055 o bl (e o
oY Culbis Sl cwyp slp ped Al e ;0 09h (pw)p TU Jel g a3l CBlS Olid (slo i
Goe So 5o TU pally g i)y sl Ol sloya O Jlad adlol (S s 55, » )55,
Cowl 0dls 28 ye B oV o) 1Slg, a0 Culbes Jlaie g o ¥ stio 515 Bos bl jo a5 aseine

(F-Y Jss)

3 Slygiws ol w COdE COMMENt &,k 5 nts! 58l 5 40 Joo (B yae 090

Y



47m

Earthquake Load
150 m

e ¥ e 15 s e e o e ¥ el b (o Sils, Y (gl S uSL IS sles ¥-Y S

sand(Dr=90%)
h=3m

sand(Dr=30%) h=Imand 3mand S m
sand(Dr=90%)

h=46m and 44 m and 42m

Earthquake Load
150 m

yoh g # F el 0 g0 Y ) Culbro bl Sy, Y gl S S IS sless F-Y S
Sl A3 0y D g0 (G D)o OPENSEES sguze 3> l58le 5 Jawsi (g5le o
i canlols b gillae (0-F) U0 j0 S uSLa 28l e jo el clllolis logal

ol oaliosls Lis aseS

fY



0.4

0.3

0.2

0.1

accelaration (g)

(=)

-0.1

-0.2

-0.3 -
time (s)

Joe & Jleel coslolis 0-Y IS

Jao o3l (gl 0-F
sl AArulmoli et al, 1992) Jlis ulol 5 (NO,1) G o Lo VEICES (5031 @l
Bl S g,595) 9 das Jb e a5 el 00y (5,8 y5b (! Jaw ol 5o el sals solaul olejl stul,
dar S (02 Jhe 39d o0 (I Siyg gl e 9 Ood bt e carge S ST L8,
Y S ailoas bl wsl Blas iS5 zlsel 31 a8yl sl slal ) 45 o3gs yie O+ )+ S5
s sloog aile 18 TS s aiiis Coli DlS a5 slasg a5 o Sl s dgas LB ,us

(Esmaeili & Hakimpour, 2015) s ls I, o1 eSa; Sl

Alis ol py b e Slaseie g ol oas ool (oSl 4o Dr=40% 5155 L Iolgs anls

el (Y-F) Jgo & j9a o, 5ea g Arulmoli

£



(Arulmoli et al,1992) ss s £+ (515 L lolg dale Slaseins Y=Y Jgo
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Abstract

One of the most damaging phenomena caused by earthquakes is the phenomenon of
soil lubrication. Soil lubrication during an earthquake results in loss of soil strength and
hardness, which is more common in saturated sands. A saturated sand layer tends to
condense and decrease in volume when exposed to dynamic load. If the pore water is
not drained rapidly under dynamic loading, the pore water pressure will increase
gradually if the pore water pressure increases to such a degree that the pore water
pressure is increased. To be equal to the total stress, the phenomenon of liquefaction
occurs. In fact, in this case the effective stress becomes zero and our sandy soil has no
shear strength and acts as a fluid. Occurrence of liquefaction phenomena in soils and
deposits, especially sandy soils, causes a wide range of damages, including subsidence
and tilting of structures and foundations on the soil layer prone to liquefaction.

In this study, Opensees software was used for modeling to evaluate soil interaction more
accurately so that the user can come up with the principle of a software system by which
the user can define model geometry, loading, quantitative structure, materials used, and
analysis method by writing text. The dimensions of the soil profile are 50 m by 150 m
and the analysis is 2-dimensional without overhead. The thickness of the wetland layer
is assumed to be 3 meters and has been moved from the depth to the ground surface
to investigate the effect of the wetland depth. For a constant depth, the thickness of the
fluid layer was changed to 1, 3, and 5 m to show the effect of layer thickness on the
outputs.

The results showed that the farther from the surface, the higher the pore water
pressure and the amount of sedimentation increased, but after a certain depth the
amount of sedimentation no longer changed and the amount of ru increased and the
maximum horizontal acceleration . Based on the results obtained in the study of
thickness of the fluidized bed, it was found that by increasing the thickness of the
wetland layer at a certain depth, by increasing the effective stress, the amount of pore
water pressure increased. If the thickness of the wetland layer is 1 m, the saturation
value will be highest, and as the thickness of the wetland layer increases, the maximum
horizontal acceleration (indicated in the mapping acceleration) will be reduced to the
surface. The thickness of one meter of the wetland layer at 3 meters depth causes a
higher pore water pressure ratio than the 3 and 5 meter thickness of the wetland layer.

Keywords: Fluidization, Accelerogram, Opensees, Cavity Water Pressure
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