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ABSTRACT: An attempt was made in the present study to evaluate the pre-and post-liquefaction
behavior of the soft ground improved by granular columns (with and without a geogrid encasement)
by simulating a loose soil mass reinforced with a granular column in a triaxial cell. For this purpose,
a series of large-scale monotonic compressive tests and also stress-controlled cyclic triaxial tests
followed by drained and undrained monotonic compression tests were carried out on the loose sand
specimens including the granular column with and without geogrid encasement. The pre-cyclic behavior
of specimens showed that the deformation modulus improvement due to the use of a stiffer encasement
would be less noticeable in case of clogged granular columns. It was found that during a cyclic loading,
the use of geogrid encasement will be effective in reducing cumulative settlements and mitigating the
liquefaction potential when its tensile stiffness is large enough. Moreover, the post-cyclic behavior of
specimens showed that the use of granular columns (whether encased or non-encased) decreased the
dependence of the ground deformation modulus on the CSR changes so that the evaluation of the cyclic-
induced ground deformation can be done completely independent of the cyclic loading magnitude. It
was also found that the use of an encasement with appropriate stiffness played an important role in
minimizing the loss of the strength of the ground stabilized by granular columns after experiencing
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cyclic loads, especially under large earthquakes and after the occurrence of possible liquefaction.

1- Introduction

Installing granular columns (GCs) has been known as
one of the cost-effective method for improving the bearing
capacity of soft ground by creating a composite medium
with considerable stiffness and mitigating the liquefaction by
accelerating the dissipation of excess pore water pressure due
to shortening the drainage path [1,2]. Occurrence of clogging
in granular columns due to the entry of fine particles of soil
into the column pores or growth of plants in their body and
failure to provide required confining pressure by the loose
soil around them are two factors that have always weakened
their performance [3,4]. Badanagki et al. showed that the
reduction in the drainage capacity of granular columns due
to clogging can be so high that GCs can play no role in
preventing liquefaction [5]. The idea of encasing granular
columns with geosynthetics was proposed by Van Impe and
Silence [6] for the first time to achieve the required confining
pressure GCs. It was later proven that the use of geosynthetic
encasement is also effective in reducing the possibility of
clogging in granular columns [4].

Given the high probability of clogging in the granular
columns, and consequently and resulting liquefaction in the

*Corresponding author’s email: M.yazdandoust@Qom.ac.ir

ground improved by them, it is necessary to investigate both
their undrained cyclic behavior and their post-cyclic behavior.
Hence, an experimental attempt was made in the current study
to evaluate the cyclic and post-cyclic behavior of GCs with
and without encasement considering clogging phenomenon.
For this purpose, a single granular column interacting with
the surrounding soft sand was simulated in a triaxial cell
based on the unit cell concept. The simulated models were
evaluated in two separate phases. At the first phase, the short-
and long-term behavior of the GCs models was evaluated
using undrained and drained monotonic compression tests.
At the second phase, stress-controlled cyclic triaxial tests
followed by undrained and drained monotonic compression
tests were carried out on the GCs models to evaluate their
short and long term behavior after occurrence of liquefaction.
By selecting two different geogrids for encasing GCs, the
effect of encasement stiffness was also investigated on the
behavior of granular columns.

2- Triaxial tests
Based on the unit cell concept, a single granular column
interacting with the surrounding soft sand was simulated in a
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triaxial cell. The granular column diameter was considered to
be 100 mm in all specimens, indicating an area replacement
ratio of 25% in an equilateral triangular arrangement. The
ratio between the diameter considered for the granular
column in the current study and the diameter of the columns
in practice (~1.0 m) shows that a scaling factor of about 1:10
is established between the tests and the prototype.

Firuzkooh #D3 sand at a relative density of 70% sand and
Firuzkooh #161 sand at a relative density of 30% were used
to simulate the granular column and surrounding loose soil,
respectively. These two types of sand were silica synthetic
soil composed of angular particles with a specific gravity
of 2.66. The particle sizes of coarse and fine sands ranged
between 3.00 to 5.00 mm and 0.06 to 0.7 mm, respectively.
These particle size ranges satisfy both the ratio between the
particle size of the surrounding soil and the column material
as well as the ratio between the particle size of the column
material (d) and the column diameter (D). Muir Wood et
al. recommended a d/D ratio range of 12 to 40 for granular
columns [7].

Two biaxial geogrids with different tensile stiffnesses
were selected for encasing granular columns to investigate
the effect of encasement axial stiffness on the seismic
performance of EGCs. The type I and II geogrids were
equivalent to low and high stiffness geogrids in real-scale with
the secant tensile stiffness of 729 and 3183 kN/m at 5% strain,
respectively. The ratio of the grid opening size to the grain
size of granular column (s/d) was considered as the second
factor in the selection of the geogrids. Among all proposed
criteria in this regard, s<D,, was used as the most popular
criterion, where s and D, are the spacing between ribs of
geogrid and the effective size of granular column particles.

Three different ground situations were simulated: 1)
the loose ground (LG), 2) the loose ground improved by
granular column (LG-GC), and 3) the loose ground improved
by geogrid-encased granular column (LG-GEGC(I) and
LG-GEGC(II)). Using the moist tamping procedure in
controlled volume fashion, the loose ground was simulated
in the triaxial specimen by compacting Firuzkooh #161 sand.
For this purpose, the moist sand was tamped into the mold
loosely in twenty layers with equal height of 20mm. The
weight of each layer was chosen so that its relative density
became 30% after reaching a thickness of 20 mm. In order
to simulate the ground improved by granular column (LG-
GC), the replacement technique was used for constructing
the granular column in the simulated loose ground. Based on
this technique, a thin seamless steel pipe (with inner diameter
of 100 mm and 0.5 mm wall thickness) was pushed into the
center of the simulated loose ground. Then the sand inside
the pipe was scooped out using a helical auger of 96 mm
diameter. In the last step, the formed borehole was filled with
twenty layers of Firuzkooh #D3 sand at a relative density of
70%. The same procedure used for the construction of LG-
GC was also followed to construct LG-GEGC(I) and LG-
GEGC(I) with the difference that a tube-shaped geogrid was
placed inside the pipe after scooping out the sand inside it and
then the coarse sand was compacted.
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Fig. 1. Variation of degradation index versus number of
loading cycles.

All the specimens were tested in two separate phases. In
the first phase, the long- and short-term performance of the
specimens under an effective confining pressure of ¢’ =100
kPa were determined using drained and undrained monotonic
loading tests, respectively, before applying any cyclic load. In
the second phase, after applying a specific undrained cyclic
loading to the specimens, they were subsequently subjected
to the strain-controlled monotonic loading to investigate the
post-cyclic behavior. Similarly, to the first phase, the drained
monotonic compression tests were conducted to evaluate the
long-term post-cyclic behavior and the undrained ones were
performed for short-term evaluation.

3- Results and Discussion

The pre-cyclic behavior of specimens showed that the
use of a granular column improved the deformation modulus
by 17% in drained conditions, while encasing it by low
and high stiffness geogrids led to 41% to 84% increase in
E,%, respectively. In undrained conditions, this stiffness
improvement was found to be 40% and 71% to 123% when
using a granular column and encasing it, respectively. Also,
a 73% increase in deformation modulus due to an increase in
encasement stiffness in undrained conditions compared to an
105% increase in drained ones indicated that the deformation
modulus improvement due to the use of a stiffer encasement
would be less noticeable in case of clogging granular columns.

Regarding the dynamic behavior of the samples, the
variation of the degradation index versus the number of
loading cycles in Fig. 1 showed that the improvement of a
soft ground with granular columns reduced its cumulative
settlement during a consecutive loading and the use
of geosynthetic encasement was effective in reducing
cumulative settlements, particularly with high tensile
stiffness. Moreover, the imperceptible difference between
the cyclic-induced excess pore-water pressure in SG-GC and
SG-GEGC (I) emphasized the inefficiency of low stiffness
geogrid encasements to delay and mitigate liquefaction in
granular columns with the possibility of clogging.
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The post-cyclic behavior of specimens showed that the
use of granular columns decreased the dependence of the
ground deformation modulus on the CSR changes. This
reduction, which was minimized using an encasement with
suitable stiffness, means that the use of encased granular
columns in a soft ground reduces the dependence of the
ground deformation on the magnitude of seismic loading,
and therefore the cyclic-induced ground deformation may be
estimated independently of the seismic loading magnitude.

4- Conclusion

The main conclusions regarding triaxial tests can be
summarized as follows:

1) It was found that the deformation modulus improvement
due to the use of a stiffer encasement would be less noticeable
in case of clogging granular columns.

2) The results emphasized the inefficiency of low stiffness
geogrid encasements to delay and mitigate liquefaction in
granular columns with the possibility of clogging.

3)  The post-cyclic behavior of specimens showed that
the use of granular columns decreased the dependence of
the ground deformation modulus on the CSR changes. This
reduction, which was minimized using an encasement with
suitable stiffness, means that the use of encased granular
columns in a soft ground reduces the dependence of the
ground deformation on the magnitude of seismic loading,
and therefore the cyclic-induced ground deformation may be
estimated independently of the seismic loading magnitude.

4) The improvement of a soft ground with encased
granular columns not only decreased the liquefaction-induced
ground deformation, but also significantly reduced the effect
of earthquake magnitude on the ground deformation.
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Fig. 4. Results of pre-cyclic monotonic tests: (a) deviator stress vs. axial strain in drained conditions; (b) deviator
stress vs. axial strain in undrained conditions; (c) excess pore pressure vs. axial strain in undrained conditions.
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Fig. 5. Effective stress paths of pre-cyclic monotonic tests.
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Fig. 6. Results of cyclic test with CSR = 0.255 on: (a) SG; (b) SG —GC; (¢) SG-GEGC(D); (d) SG-GEGC(I).
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Fig. 7. Variation of degradation index and accumulated pore pressure versus number of loading cycles.
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Fig. 8. Variation of axial strain and pore-water pressure ratio versus cycle number for tests with CSR = 0.255: (a)
SG; (b) SG -GC; (¢) SG-GEGC(D); (d) SG-GEGC(II).
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Table 2. List of factors used in calculating liquefaction resistance.
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Fig. 10. Results of post-cyclic monotonic tests in long-term and short-term conditions
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Fig. 13. Effective stress paths of specimens after experiencing cyclic loading with different cyclic stress ratios and
reaching r =0.7
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Fig. 14. Effective stress paths of specimens after experiencing cyclic loading with different cyclic stress ratios
and reaching r =1.0

Saosily g Saeoligs Hlidy p lails (slasgie 55 Sl Byl g4y b
8 byl 2590 Sl sl 4225 5l e 9 B (b0 (sl o0
B (o5le A Caps o S i)l 1 pslaie ol gl 8,8
Siggg Sl 5 Sigigige Slinlejl 5 gl (slajgis ;3 sl
b oolisl SlS )l 4025 51 5 S8 (30 )18) (5o 4 sl
A5 Jols a8 g oS claail I (lasgorme wdel Cawds gl duslie

Dgu o 0)Ldl aeldl y3 ] ol 4 a8

aS oy s pals o)l wyod i bdiges e sy LS, e

caolie o b iS'ey jl edlaiwl yid dalS polie (pl duslde .ud
sl b ygiw b ol Cauli o) Ceoglio cdl oSley Bl 4

€59 5l 9 Sojp sedlil; codofg 4 lojy) o)l 4 5l g
Diluge diwe 1y Jlozsl o1)Slg,

S oS dzxs -0

b 0s e s S 8395 K5 il dund b eyl dalllas

(S e dw olSiwd Jsho 13 (05985 LS9y g 9 L) sl (i

AR)E



L;LM\J)’J)‘ Cod o9 “_glo)’/J ‘_ghb)lg Lyed) )’l o Lglddb OFw b

D9 dt p (Jleinl 01,y £68g 5l e 9 S5
e Cw i —F

Colus (030l Comi i A

O b2 D

Jslas jas D

sl @las ojlul : d

Lo N gy S ) Sl Sy Jose: B,
sl S )3 (Sl S50 Joe : B

AN S 55 508 S5 5 Jgot E

(CSR) (gls (25 s 9 v+ L

(s S90 i ¢

a3 Jde g ol digad e oliie caps s M

Slze clb bs :Mcsl
e el po R
Lm‘”:.w ol : S

&be

[1T M. Gu, X. Cai, H. Mo, Q. Wang. “Unconfined
compressive behavior of column with geogrid-encased
recycled aggregate: Test and simulation.” Construction

and Building Materials 400 (2023): 132528.

[2] A.R. Ghanizadeh, A. Ghanizadeh, P.G. Asteris, P.
Fakharian, D.J. Armaghani. “Developing bearing
capacity model for geogrid-reinforced stone columns
improved soft clay utilizing MARS-EBS hybrid method.”
Transportation Geotechnics 38(2023): 100906.

[3] B.K. Pandey, S. Rajesh, S. Chandra. “Time-Dependent
Behavior of Embankment Resting on Soft Clay
Reinforced with Encased Stone Columns.” Transportation
Geotechnics 36(2022): 100809.

[4] L. Zhang, L. Wang, A. Zhou, Y Xu, X. Xia. “Semi-
analytical solutions to the consolidation of unsaturated

composite ground enforced by stone columns under

AR

o baalys ) AV B 1y S5 0s Jode cglails ygian 5 ool
il 4 pria 0,555 i) gt o gules ] Jo e
RPN UV S JIVSER- ) A S EVAN
@S85 ASg) kg ol s g il gt jl eolizl plSia )5
Dy IN=TAYY 9 1%+ s

iS55 e Gl > & S5 Jgho 5303 VY Gl o
bylyd )0 guopd Vo0 Gili8l b awslie 0 e oligS Loyl il po
S eslatwl o a IS s Jgdo dgubo 45 dmd o i e sl
2y JB S slal slaggin (KBS ©)g0 3 jeow S
g J.m|9>

SHSL gla JSws dlaxs Jlae )3 (8) (e el jasll yuis e
uuzz»lf cel sl Oy b Conws e Lf)l“"er‘ &S sl UL.V.: (N)
5 ool g ol ord Jlgie (o )IS,L b g3 ol aeos Canndis
85 331 amlg3 e w3 a2 )3 Jloj 50,555 LSy
Al Sy B ojlul w o S
S 9y sl gt 59l sadiges 5 sl (gt ol sladiges
piylenl 52 5955 slo 1S5, 53l 1) £ 0)SE5 L osd
Sl slaygin 3 2SSl & yd SialS o sl 3l 4 cus
2905 45T (S8 Sl L

& i8S gy Il (gla st b G (poj (g5l 45T A5 yaskio @
sob Sl e S ]y (Sl 5l (8L (e S8y e
ISy g S )l el 86 08 5508 & e s JB
25 e 503

)] oolatwl 45" sls uL-uJ L;’9LJ dLm)b 4> )l o LM.»W )L.‘B) °
CSR lyo®s & o) Sy Jodo (Sianly (slaly (olayginw
o b 1S ey il eolanwl 1 s a8 Siasly cpl ey o il )
sl ygis | oolaiwl 4" cwl xe ol @ )y JBlas 4 sl
JSb oS (Stanly Mlgoo Commw (0 Su 3 5P0ESg, sl
Wbyl & aas jrals s 4 1) SIS (413850 aly 4 e
a5 Jatwe wlon Sl byl 5l (o5U ey JSUd s
29 plsl )l

L iS5l ealatwl (id dadises Slou b sla S5y duslio o

0l il (a0 Cuoglio cdl OSbey JBlas 4 o ) caslie S



“Behavior of Floating Stone Columns in Soft Clay: Field
Tests and Numerical Analysis.” International Journal of

Geomechanics 25(6) (2025): 04025094.

[16] S. Pal, K. Deb. “Post-earthquake Reconsolidation
Settlement of Stone Column-Treated Liquefiable Sand.”
International Journal of Geomechanics 20(10) (2020):
04020183.

[17] W. Van Impe, P. Silence. “Improving of the bearing
capacity of weak hydraulic fills by means of geotextiles.”
In Proceedings of the 3rd international conference on

geotextiles, Vienna, Austria (1986) pp. 1411-1416.

[18] C.S. Wu, Y.S. Hong. “Laboratory tests on geosynthetic-

encapsulated sand columns.”  Geotextiles and

Geomembranes 27(2) (2009): 107-120.

[19] N. Kumar, R. Kumar. “Performance of geosynthetic-
encased stone columns in sandy soils subjected to vertical
cyclic loads.” International Journal of Geomechanics
25(1) (2025): 04024323.

[20] M. Gu, X. Cai, J. Qiu, X. Zhang, D. Han “Dynamic
Behavior of Stone Column—-Improved Soft Clay under
Three-Stage Traffic Loads.” International Journal of

Geomechanics 25(1) (2025): 04024322.

[21] Z. Xu, L. Zhang, S. Zhou. “Influence of encasement
length and geosynthetic stiffness on the performance
of stone column: 3D DEM-FDM coupled numerical

132

investigation.” and Geotechnics

(2021):103993.

Computers

[22]L. Tang, S. Cong, X. Ling, J. Lu, A. Elgamal. “Numerical
study on ground improvement for liquefaction mitigation
using stone columns encased with geosynthetics.”

Geotextiles and Geomembranes 43(2) (2015): 190-195.

[23] C. Cengiz, E. Giiler. “Seismic behavior of geosynthetic

encased columns and ordinary stone columns.”

Geotextiles and Geomembranes 46(1) (2018): 40-51.
[24] C. Cengiz, E. Guler. “Shaking table tests on
geosynthetic encased columns in soft clay.” Geotextiles

and Geomembranes 46(6) (2018): 748-758.

[25] C. Cengiz, E. Guler. “Load bearing and settlement

characteristics of Geosynthetic Encased Columns

"

equal strain condition considering smear effect.”

Transportation Geotechnics 31(2021): 100644.
[5] E. Aghili, 1. Hosseinpour, R.J. Chenari, H. Ahmadi.
“Behavior of granular column-improved clay under

cyclic shear loading.”
31(2021): 100654.

Transportation Geotechnics

[6] Z. Guetif, M. Bouassida, J.M. Debats. “Improved soft
clay characteristics due to stone column installation.”

Computers and Geotechnics 34(2) (2007): 104-111.
[7] J.A. Black, V. Sivakumar, A. Bell. “The settlement

performance of stone column foundations.” Géotechnique
61(11) (2011): 909-922.

[8] Y.G. Zhou, K. Liu, Z.B. Sun, Y.M. Chen. “Liquefaction
mitigation mechanisms of stone column-improved ground
by dynamic centrifuge model tests.” Soil Dynamics and

Earthquake Engineering 150 (2021): 106946.

[9] M. Ghazavi, J.N. Afshar. “Bearing capacity of
geosynthetic encased stone columns.” Geotextiles and

Geomembranes 38(2013): 26-36.
[10] B.K., Pandey, S. Rajesh, S. Chandra. “Performance

enhancement of encased stone column with conductive
natural geotextile under kO stress condition.” Geotextiles
and Geomembranes 49(5) (2021): 1095-1106.

[11] K. Deb, S. Shiyamalaa. “Effect of Clogging on Rate
of Consolidation of Stone Column—Improved Ground by
Considering Particle Migration.” International Journal of

Geomechanics 16(1) (2016): 1-10.
[12] J. Sun, M. Lu, B. Xu, J. Shan. “Consolidation of high

replacement ratio stone column-reinforced ground:
Analytical solutions incorporating clogging effect.”
Journal of Rock Mechanics and Geotechnical Engineering
16(8) (2024): 3311-3326.

[13] S. Pal, K. Deb. “Filtration performance of geotextile
encasement to minimize the clogging of stone column
during soil liquefaction.” Geotextiles and Geomembranes
49(3) (2021): 771-788.

[14] K. Adalier, A. Elgamal. “Mitigation of liquefaction
and associated ground deformations by stone columns.”
Engineering Geology 72(3-4) (2004): 275-291.

[15] N. Rahman, M. Rokonuzzaman, T. Sakai, S. Rahman.



“Uniaxial compression behavior of geotextile encased

stone columns.” Geotextiles and Geomembranes 46(3)
(2018): 277-283.

[37]1 M. Gu, M. Zhao, L. Zhang, J. Han. “Effects of geogrid
encasement on lateral and vertical deformations of stone
columns in model tests.” Geosynthetics International
23(2) (2016): 100-112.

[38] L. Zhang, Z. Xu, S. Zhou. “Vertical cyclic loading
response of geosynthetic-encased stone column in soft

clay.” Geotextiles and Geomembranes 48(6) (2020):
897-911.

[39] M. Miranda, A. Da Costa, J. Castro, C. Sagaseta.
“Influence of geotextile encasement on the behavior
of stone columns: Laboratory study.” Geotextiles and

Geomembranes 45(1) (2017): 14-22.
[40] L.Y. Li, S. Rajesh, J.F. Chen. “Centrifuge model tests

on the deformation behavior of geosynthetic-encased
stone column supported embankment under undrained

condition.” Geotextiles and Geomembranes 49(3)
(2021): 550-563.

[41] K. Liu, R. Qiu, T. Yan, B. Wu, J. Fan, F. Yue, G. Mei.
“Model test of clogging effects on composite foundation
of geosynthetic-encased steel slag column.” Geotextiles

and Geomembranes 50(5) (2022): 858-867.
[42] K. Ishihara, F. Tatsuoka, S. Yasuda. “Undrained

deformation and liquefaction of sand under cyclic

stresses.” Soils and foundations 15(1) (1975): 29-44.

[43] X. Mao, M. Fahey. “Behaviour of calcareous soils in

undrained cyclic simple shear.” Géotechnique 53(8)
(2003): 715-727.

[44] .M. Idriss, R. Dobry, R.D. Singh. “Nonlinear behavior
of soft clays during cyclic loading.” Journal of the
Geotechnical Engineering Division 104(GT12) )1978(:
1427-1447.

[45]A.F. Hyde, T. Higuchi, K. Yasuhara. “Liquefaction, cyclic
mobility, and failure of silt.” Journal of geotechnical and

geoenvironmental engineering 132(6) (2006): 716-735.
[46] R. Howell, E.M. Rathje, R. Kamai, R. Boulanger.
“Centrifuge modeling of prefabricated vertical drains for

liquefaction remediation.” Journal of geotechnical and

vy

under seismic loads.” Soil Dynamics and Earthquake

Engineering 136(2020): 106244.

[26] C. Yoo, Q. Abbas. “Laboratory investigation of the
behavior of a geosynthetic encased stone column in sand
under cyclic loading.” Geotextiles and Geomembranes
48(4) (2020): 431-442.

[27] V. SivakumarD., McKelvey, J. Graham, D. Hughes.
“Triaxial tests on model sand columns in clay.” Canadian

Geotechnical Journal 41(2) (2004): 299-312.

[28]J. Xue, Z. Liu, J. Chen. “Triaxial compressive behaviour
of geotextile encased stone columns.” Computers and

Geotechnics 108 (2019): 53-60.

[29] R.D. Barksdale, R.C. Bachus. “Design and construction
of stone columns.” Vol. 1, report no. FHWA/RD-83/026,
National technical information service, Springfield,
Virginia (1983).

[30] N.P. Balaam, J.R. Booker. “Analysis of rigid rafts
supported by granular piles.” International journal for

numerical and analytical methods in geomechanics 5(4)
(1981): 379-403.

[31] D. Muir Wood, W. Hu, D.F.T. Nash. “Group effects in
stone column foundations: model tests.” Geotechnique
50(6) (2000): 689-698.

[32] S. Rajesh. “Time-dependent behaviour of fully and
partially penetrated geosynthetic encased stone columns.”

Geosynthetics International 24(1) (2017): 60-71.
[33] M. Hasan, N.K. Samadhiya. “Performance of

geosynthetic-reinforced granular piles in soft clays:
Model tests and numerical analysis.” Computers and

Geotechnics 87(2017): 178-187.
[34] Y. Zhou, G. Kong. “Deformation analysis of a

geosynthetic-encased stone column and surrounding soil
using cavity-expansion model.” International Journal of

Geomechanics 19(5) (2019): 04019036.

[35] M. Gu, J. Han, M. Zhao. “Three-Dimensional
DEM Analysis of Axially Loaded Geogrid-Encased
Stone Column in Clay Bed.” International Journal of

Geomechanics 20(3) (2020): 04019180.
[36] J.F. Chen, X.T. Wang, J.F. Xue, Y. Zeng, S.Z. Feng.



VYA B VWY asmio VFF Lo o o)led OV (S pual o pos  owdize o pi

[48] Y.Y. Ko, C.H. Chen. “On the variation of mechanical geoenvironmental engineering 138(3) (2012): 262-271.
properties of saturated sand during liquefaction observed [47] S.M.R. Hosseini, S.A. Naeini, M. Hassanlourad.
in shaking table tests.” Soil Dynamics and Earthquake
Engineering 129 (2020): 105946.

“Monotonic, cyclic and post-cyclic behaviour of an
unsaturated clayey soil.” International Journal of

Geotechnical Engineering 11(3) (2017): 225-235.

w23 gl | o opl 4 digSer
M. Yazdandoust, A. Bastami, Investigating the effect of clogging in a granular column on the
cyclic and post-cyclic behavior of soft ground improved with it, Amirkabir J. Civil Eng., 57(7)
(2025) 1113-1138.

DOI: 10.22060/ceej.2025.22284.7945

VYA


https://dx.doi.org/10.22060/ceej.2025.22284.7945

