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Parameter Medium DGSc
Sand
D, ~ 40%
» , Mass Density (Mg/m®) ~ 1.96 2.06
Gax(MPa) 46.2 101.9
o , Friction angle(deg) 32 40
9., , Phase-transformation 30 26.5
angle(deg)
Cy, Contraction parameterl  0.067 0.016
Cs, Contraction parameter3 ~ 0.27 0.14
d,, Dilation parameterl 0.02 0.25
ds, Dilation parameter3 0 0
k permeability coefficient  1x10~° 0.1
(m/s)

Table. 1. Soil specifications used in this research
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Fig. 1. The 15-storey structure model made in this research
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Section tw hy h, t t
name

PLG.1 8 395 375 150 10
PLG.2 8 399 375 200 12
PLG.3 8 405 375 200 15
PLG.4 8 415 375 200 20
PLG.5 10 415 375 250 20

Table. 3. Beam sheets specifications of structures (mm)
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Variable Symbol Amount
Steel

Mass Density (Mg/m®) ] 7.85
Modulus of 8
elasticity(kPa) Es 2x10
Poisson's ratio Vs 0.3
Concrete

Mass Density (Mg/m®) p. 2.4
Modulus of 7
Elasticity(kPa) Ec 2:x10
Poisson's ratio Ve 0.2

Table. 2. Specifications of steel (beams and columns)

and concrete foundation
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Storeys 5 Storeys 10 Storeys 15 Storeys
Beam Column Beam Column Beam Column
1 PLG.2 Box40x1.2 PLG.4 Box45x1.5 PLG.5 Box50x2
2 PLG.2 Box40x1.2 PLG.4 Box45x1.5 PLG.5 Box50x2.5
3 PLG.2 Box35x1 PLG.4 Box45x1.5 PLG.5 Box50x2
4 PLG.1 Box35x1 PLG.4 Box45x1.5 PLG.5 Box50x2
5 PLG.1 Box35x1 PLG.4 Box40x1.2 PLG.5 Box50x2
6 - - PLG.4 Box40x1.2 PLG.5 Box45x1.5
7 - - PLG.3 Box40x1.2 PLG.5 Box45x1.5
8 - - PLG.3 Box40x1.2 PLG.5 Box45x1.5
9 - PLG.3 Box35x1 PLG.5 Box40x1.2
10 PLG.3 Box35x1 PLG.5 Box40x1.2
11 PLG.3 Box40x1.2
12 PLG.3 Box40x1.2
13 PLG.3 Box35x1
14 PLG.3 Box35x1
15 PLG.3 Box35x1

Table. 4. Dimensions of beams and columns sections
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Earthquake motion parameters El Centro
(USA)/N-S
Date of occurrence 18/05/1940

Recording station 117 El Centro

Moment magnitude, y 7.1
Maximum horizontal acceleration, (g) 0.314
Predominant period, T (sec) 0.5
Significant duration, p (sec) 23.84
PGV/PGA (sec)

Arias intensity for scaled PGA=0.25  1.11
g (m/sec)

Table. 6. El Centro earthquake characterization[26]
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Scaled El-Centro Earthquake (May, 18, 1940), N-S

Acccleration (g)

Peak Ground Acceleration (PGA)=0.25g,
Time of PGA=2.02 Scc

0 5 10 15 20 25 30
Time (Sec)

Fig. 2. Acceleration time history for the EI-Centro
earthquake (1940) with scaled PGA of 0.25g

ol 4o Jlesl slasl 0 J i

Load Type Value Unit
Dead Load 0.57 ton/m?
Live Load 0.2 ton/m?
Partition Load 0.15 ton/m?
Roof Load 0.13 ton/m?
Roof Dead Load 0.65 ton/m?
Roof Live Load 0.15 ton/m?
Liner Load External 0.8 ton/m
Walls

Liner Load Of 0.25 ton/m
Shelter

Wide Effective 0.075 ton/m?
Seismic Load

Liner Effective 0.4 ton/m
Seismic Load

Table. 5. Applied loads on the structure
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Run step Number With Without

of stories DGSc DGSc
Run 1 1.58 1.77
Run 2 1.88 2.07

5 6.52 7.06
Run 3 10 9.44 10.33

15 12.66 19.87

Table. 7. Settlement of surface soil induced by loading
in different stages of static analysis
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Abstract

Two of the important issues in the construction of structures located in seismic coastal areas are the study of
the potential of liquefaction phenomenon in saturated sandy soils and seismic structure-foundation-soil
interaction (SSFSI). Control of structure damage on the liquefiable soil and large deformations of soil due to
seismic loading and, also, the other responses such as: the accelerations at top of the structure/foundation and
excess pore water pressure related of this phenomenon are very important. The phenomenon of liquefaction
happens due to the occurrence of an earthquake and due to the lack of sufficient opportunity for drainage of
excess pore water pressure. One of the effective and useful mitigation methods to control of the liquefaction
phenomenon is the usage of dense granular column (DGC) in appropriate dimensions and distances on the
ground susceptible to liquefaction. The role of the DGC in controlling the liquefaction phenomenon are
follow as: firstly, the DGC is made of materials that are more permeable to sandy soils and cause the excess
pore water pressure to be dissipate faster, and secondly, DGC increases the stiffness of the system, which
proportionally reduces the excess water pore pressure due to the dilative behavior. To reduce the risks of
liquefaction, it is necessary to fully understand its consequences. These consequences depend on permanent
soil displacements, structural performance, structural characteristics, foundation and structure dimensions,
soil conditions of the structure site, type of loading and earthquake intensity. The presence of the structure
and impact of SSFSI affects the intensity of liquefaction and static and dynamic stresses in the soil. Most
prior studies (e.g., physical, numerical, or analytical models), ignore the existence of the structure or
consider the effect of soil-structure interaction (SSI) on the liquefiable soil layer as an equivalent model.

Hitherto, the essence and extend of these interactions are not sufficiently understood. These methods can not
properly assess the damage caused by liquefaction; Therefore, these methods cannot be used in the design of
structures resistant to liquefaction. Therefore, to accurately study the effect of liquefaction, a method and
model is needed that can fully consider the soil, foundation, and structure so that it can be used to correctly
estimate the amount of subsidence and displacement of the structure. In this study, to evaluate the seismicity
and the mitigation effect of DGCs, using OpenSees finite element software, modeling of DGCs and
surrounding soils without structure and models with 5, 10 and 15 storey structures were performed. The
three-dimensional soil and DGCs modeled in the software are placed under different earthquakes and the
effects of structural layers on the lateral displacement, excess pore water pressure, response of acceleration
spectrum, drift and shear force of stories are investigated. The liquefiable soil is modelled through the
pressure-dependent multi yield surface soil constitutive law (PDMY02) applied in OpenSees. The results of
this study are shown the positive effect of DGC on the reduction of lateral displacement components of soil
and structure, foundation subsidence and excess water pore pressure. Also, the presence of the structure on
the soil and the increase of its floors have increased the mentioned components except for lateral
displacement of soil.

Keywords: Liquefaction, Dense granular column group, Interaction, Structure, 3D Modeling.
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