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4. Closed Porosity
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1. Effective Porosity
2. Open Porosity
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5. Carrier

Archive of SID.ir



Archive of SID.ir

FO-FY (0FY Jul) ¥ o,leds DY ol e 3 bammo g o ot ckiten 41 5 | o) Ko 9 LS .2 Y

S @logy; a0y poo 32l 5 O e Jsl 323l & p50n
y95te b yeiw cpl jo aS d(cwl ool ools ioles ol P> 4
3oy JRES Cnd (B jgmme 5 )5 4 g Oliee (3900
UiSa ) i o] j0 a8 Slaialesl o il o iolejl el
o olégs JSid lp S ead adlsl wloy,y ooy
Olie a5 03,5 joue o] 5l (Wlo s, ga—) o Lass il o
[P U P =G|)| @L»J Coommd 4o UT > (RO )5
1 Edydedl oy sas 5 isle;] ASTM D2434 - 68
LYo a e il /0 Hhad b adlas .cwl ooy 3l )] b jlo g
Al HI0gad 12 10 00l sy (I Cgu, lie g ool SO
oad &)l g (Vo) B (V) sla S jo aiily oo olaudl

Segiiment Sy k=0.0780 cm's
weight (g)
70
10 Liter  7.5%
60

5 Llter

30

20

10

10% 0% 5% 7.5% 10%

o o

LS o S [

o & 0@3
>

18 awlo (5w 5o JHRIST Comd —guy 039 -V S5
& Fo il

D03 gl 2 D03 ¢
k=1898.1] =22 x—— | —302.08| ==>—x—— |+12.137 &)
D10 1+e D10 1+e
D;,"*/Dyg
0.4
RZ_n /
R*=0.9134 °
0.35 .
o
0.3
»
0.25 ‘
0.2 o" L
0.15 .:
......... .5
0.1 L ]
0.05
0
0.075 0.08 0.085 0.09 0.085
k

SHgyoap Calun - ol Comd SIS -7 JS

Cdoles ¢ coiy )& g oz & ygod (F) dolee 0,5 ool
1l oo Sty (A) 4 (V)

D 0.3 e3
+
0.3 3
k=16433Inl | Po_ » & |lia2731
DI0  1te

G52 g 5 gy p2olio Y-
oz E5 Yoa ((15e) lapgiw 0 s Glie
S 0508 JlS0 S P30 Sl s e
bl ailag) b ggtw 2o dllas o Stasl sl J2dss
las gwsin S5 5 65 @loas g ;o Sl ol o
Cos RS sl 885 slaggim )3 oy Bl oo
slwl g (Aol Sl l 3l bz je—e GRalS (JHSS
5 (Lailsn) (e (Sdiomz Jdoa) alon; o (b3 sl
R5d e Gy (28 3 Shee (18 G il g Sl Az )
J3ged lsion a5 sl oo alomil iles] VY o ol 5o

28 by SeSia 1y SlalosT ja 50 (S gy e
e b GialosT A slaws) axil e g A ssl> o IS
OF 2 Sy 5 45 ilee Sl L ailog, LW sy 5 ol

Archive of SID.ir



Archive of SID.ir

FO-YY ((0FY 500L) ¥ o,lods OY olo (Conn ) bxo g oyl poe (pwddeo a3 305 [ )02 g Lo .2 ) Y
Sediment Y285, k=0.0858 cm's Sediment S k=0.0819 cm/s
weight (g) - weight (g)

100 120 _

=10 Liter 10 Liter
10%%
% m 5 Liter
m 5 Liter 100 10%
80
10%% 7594
o,
70 2% 80 10% -
60 5%
7.5%
50 60
5% 7.5%
40
40
30 5%
20
20
10
0% 0% e 0% 0%
0 0
0.633 0.604 0.596 058 0633 0.585 0.58 0568 0.587 0.565 0.554 0.535 0.587 0.541 0.536 0.521
balowo dwlo (gm0 )0 Jold S —guy (339 -V JSU IV dlo gy 58 JFST Comnd —rgmy (339 —A S5
& o il
oboy &1 Jouls G ol —¥—F

o g0ty S 51§ Gl 53 008 ) o l0g05 Sediment S, k=0.0888 cm/s

e oley @ agi b el o @il Slégs jgue oy — s weight (g)

ialasl plil 5l J55 cond (20175 GalesT 5l (s 8 80

Vo 90 pz 90 Gl jloges 0,5 i | bl ol les o0 = 10 Liter 10%
. & - & £ & - - 70

)‘O}wo.g“(\\)L&)é.wloww‘)“sbB;u)wyjﬁ & 5 Liter

el 0als (o 7.5%
60 10%
_ 5%
. SRR o g 50
L3 ]
40 75%
o
30 504
3 x x'\x 8 10
; 0% 0%
10 4} " " M N u 0
=TSP e SOSN8 3= t1 g1 | tls) 0702 0681 0673 0658 0.702 0.661 0.655 0646
- 2 1 - L - ol
& awlo S Jodsd G — 359 -4 W
o 55 Jl o — 3l -V S 2 dulo (G ) J"L"“M oy 09— S8
& rn il

Archive of SID.ir



Archive of SID.ir

FO-YY ((0FY 500L) ¥ o,lods OY ol (o) bxo g oyl poe (pwddeo a3 305 [ )02 9 LG .2 134

Oliee (20l s ol (l 4 w0 glasle (255 (sloyi
Bgdse Loy (nl )3 Cgm,

Ol 9 > s 4 llas o (gwain S8 9 605 (A
Sy 098 oo slawdl e j0 glas Eely i Jorli o
s 0 4lgS 525 O jg0es wlan g ai il pj las o5
5 dllas pj mhw G Sz Sbml el g JalS S5l
Dgd oo S 10 39290 slaails

&zl -0
Adams K, Networks, 2017, july 18, (2nd edstor.)
[online]. Available:

https://www.hunker.com/13424513/size-type-of
gravel-for-a-french-drain

Almeida M, “Generalities” in Geosynthetic Encased
Columns for Soft Soil Improvement, Ed.
Netherlands: Taylor & Francis Group, 2019, 1-6,
ISBN: 978-1-315-17714-4.

Balzer M, “Identification of the growth defects
responsible for pitting corrosion on sputter coated
steel samples by Large Area High Resolution
mapping”, Thin Solid Films, 2015, 581 99-106.
https://d0i:10.1016/j.tsf.2014.12.014.

Brand W, Gendig C, “Corrosion behaviour of hybrid
coatings”, 1996, 291, 343-347.

Bryan A, “A review of field performance of stone
columns in soft soils. Geotechnical Engineering,
Issue”, 2009, GE6, 323-334.
https://doi.org/10.1680/geng.2009.162.6.323

Creus ], Idrissi H, Mazille H, Sanchette F, Jacquot F,
“Improvement of the corrosion resistance of CrN
coated steel by an interlayer”, Surf, Coatings
Technol . 107 183-190. 1998. doi:10.1016/S0257-
8972(98)00646-X.

Das BM, “Geotechnical properties and exploration of soil
in principles of foundation engineering”, Eighth
Edition, Das, B.M. United States of America, Cengage
Learning, 2014, 5-75.

Doan S, “Analytical solution for free strain consolidation
of stone column-reinforced soft ground considering
spatial variation of total stress and drain
resistance”, Computers and Geotechnics, 2020.
https://doi.org/10.1016/j.compgeo.2019.103291

Fausey N, “Drainage”, In Drainage, Surface and
Subsurface, Ed. USA: Elsevier, 2005, 409-413.
https://doi.org/10.1016/B0-12-348530-4/00352-
0

Han ], Principles and practice of ground improvement.
John Wiley & Sons, 2015.

Indraratna B, “Experimental simulation and
mathematical modelling of clogging in stone
Column”, Canadian Geotechnical Journal, 2017, 1-
39.

Indraratna B, “Numerical solution of stone column-
improved soft soil considering arching, clogging,
and smear effects”, Journal of Geotechnical and
Geoenvironmental Engineering,
2013.d0i:10.1061/(ASCE)GT.1943-5606.0000789.

Kerry R, Armstrong D, “Particle size and clogging of
granular media permeted with leachate”, Journal of

&S Az - F

2 Srdidei g JHS Cons il g bajlogoi 4 az g L
Ggez 5 @l Ol mls Judod Al &g i
2,5 @l ) oygenr ], L5

iS85 sla st o o eolitusl s o SIShol ()
bole S5 0,5 (50,5 gm) Jdoar (3585 ol el
5 SISl jl dasle Jie odlcme o anlss o b oo
o Coy (i ol (pl &5 caii i l0)55 (St
wals Loy e ar Sl o 5 Sl (2805 o g

wdal Cwdds bt g o alisee poe> 90 5l aolawl b (Y
il aalss 1als sy (5 b Gl ol JLid &5 Gl
03,5 Lol 1) g 0 Lugeime 0 ol b a5 enl ot
G &5 Gloj adl o b walgs sauals sla—wsl o Sles 4
o 97 Bl 5Bl 10 laaule Gliee 4 JSSS
A dlys slawdl

onl sasms i iolesT plosl o g 8 S gamasls (¥
ses Laiged 51 (S obay Ve o SISl (6500 D)3 a8 ol
A0SR B3 0,5 gy SIS 09 (n i 9 035
wdblige soihee

bglre OIL aS adol S ay Cd Ggany oyl jue 2o yo (F
Dol )3 9 (S (6 el SG dnle (Shiged )3 el ol
i (S Sl Bl G e el 10 ale
Cgy SR (7S g el 1D anle )3 gy Gl
WOl oo (5 e il S awls o

S 4250 (loj ~ JBSS Sl Jl3ged 4 425 L (O
p> 55 e psY Gy Ol eesl 00,8 oy oS Jodos
00y o2l 45 el 00,5 oy Ll ST 5 T bglive (laSy
2o o Gulei ) LiSa log o sladl

o= £ RYS 4 (S sl pgie 0 g Gl (F
S P50y S S 50 SRS o illas
sk a2, b iy J515 s o SISl gl S35
las poiin S5 5 65 idlae gl o Sli ol
S 2l el (2505 slag g )0 D9y aBlise
ol s SISl sl ol e ialS s
Oy O 3l g Sl azms o g ailog ) G (b3 ok
gse e (AR5 0 Sles

byl cslamle 2S5 sbaygin 1o e S35 Cad (¥
Jdo s lraule olal iol3381 b o jlo brawls olayl b ot e
) o bstie STy 0l iy ol sla e it sl
35 e JAI s 3w al a5 sLagyi

Archive of SID.ir


https://www.hunker.com/13424513/size-type-of
https://www.hunker.com/13424513/size-type-of
https://doi:10.1016/j.tsf.2014.12.014
https://doi.org/10.1680/geng.2009.162.6.323
https://doi.org/10.1016/j.compgeo.2019.103291
https://doi.org/10.1016/B0-12-348530-4/00352-0
https://doi.org/10.1016/B0-12-348530-4/00352-0

Archive of SID.ir

FO-YY ((0FY 500L) ¥ o,lods OY olo (Conn ) bxo g oyl poe (pwddeo a3 305 [ )02 g Lo .2 ) fo

Yong CF, McCarthy DT, Deletic A, “Predicting physical
clogging of porous and permeable pavements”,
Journal of hydrology, 2013, 481, 48-55.
http://dx.doi.org/10.1016/j.jhydrol.2012.12.009

Geotechnical and Geoenvironmental Engineering,
2000, 126, 775-786.

Kerry R, YuY, “Factors affecting the clogging of leachate
collection systems in msw landfills, International
Congress on Environmental Geotechnics,2010, 6, 1-
23.

Konyashin 1Y, Chukalovskaya TV, “A technique for
measurement of porosity in protective coatings,
Surf”, Coatings Technol, 1997, 5-11.
doi:10.1016/50257-8972(95)02758-0.

Liu C, Leyland A, “EIS comparison on corrosion
performance of PVD TiN and CrN coated mild steel
in 0.5 N NaCl aqueous solution”, Corrosion Science,
2001, 43, 1953-1961.doi:10.1016/S0010-
938X(00)00188-8.

Liu C, Leyland A, Matthews A, “Corrosion resistance of
multi-layered plasma-assisted physical vapour
deposition TiN and CrN coatings”, Surface and
Coatings Technology, 2001, 164-
173.d0i:10.1016/S0257-8972(01)01267-1.

Nguyen P, “Large-strain analysis of vertical drain-
improved soft deposit consolidation considering
smear zone, well resistance, and creep effects.
Computers and Geotechnics”, 2020.
https://doi.org/10.1016/j.compg 0.2020.103602

Nicholson P, “Ground improvement techniques and
applications”, In Soil Improvement and Ground
Modification Methods, Ed. USA: Elsevier, 2015, 9-
17.1SBN: 978-0-12-408076-8

Nicholson P, “What is ground improvement?,” In Soil
Improvement and Ground Modification Methods,
Ed. USA: Elsevier, 2015, 1-6, ISBN: 978-0-12-
408076-8

PCA, “Soil-Cement Handbook”, Portland Cement
Association, Skokie, USA, 1987.

Singh R, Bhunia P, “Understanding intricacies of
clogging and its alleviation by introducing
earthworms in soil biofilters”, Science of the Total
Environment, 2018, 633, 145-156.

Suravi P, Kousik D, “Effect of clogging of stone column
on drainage capacity during soil liquefaction, Soils
and Foundations”, 2018, 1-12.

Suravi P, Kousik, D, “Effect of clogging of stone column
on drainage capacity during soil liquefaction”, Soils
and Foundations, 2018, 90-143.

Tai P, Zhou C, “Effects of Clogging on Settlement
Predictions of Ground Improved with Stone
Columns”, Korean Society of Civil Engineers, 2019.
D0110.1007/s12205-019-2414-y

Vega ], Scheerer H, Andersohn H, Oechsner M,
“Experimental studies of the effect of Ti interlayers
on the corrosion resistance of TiN PVD coatings by
using electrochemical methods”, Corrosion Science,
2018, 133 240-250.
doi:10.1016/j.corsci.2018.01.010.

Weber TM, Plétze M, Laue ], Peschke G, Springman SM,
“Smear zone identification and soil properties
around stone columns constructed in-flight in
centrifuge model tests”, Ge'otechnique, 2010, 60
(3), 197-206.

Archive of SID.ir


https://scholar.google.com/citations?user=xUhMq6oAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=QsISMkkAAAAJ&hl=en&oi=sra

Archive of SID.ir
Oy

X
|L f
) ' , Journal of Civil and Environmental Engineering
Ny Volume 53 (2023), Issue 3 (Autumn), 37-45

University of Tabriz

EXTENDED ABSTRACT

The Amount of Sediment in Sand Drainage Columns after Drainage in
the Soil

Amir Hossein Pashaie, Abdolhossein Haddad *, Adel Asakereh

Civil Engineering Department, Semnan University, Semnan, Iran

Received: 15 June 2022; Review: 15 August 2022; Accepted: 29 August 2022

Keywords:
Drainage columns, Void ratio, Sedimentation, Permeability, Slurry.

1. Introduction

Historically for geotechnical engineers, the design and construction of structures on soft soil sediments has
been a challenge. The ability to serve and limit the conditions as well as the cost and time program is
considered. To meet these requirements, many types of construction methods are available. For example,
replacing soft soil with other materials, reinforcing embankment, using lightweight filling materials,
prefabricated vertical drainage and overhead or suction to accelerate consolidation, stage density, use of stone
columns or different options from cement and cement mixture The soil is like a deep mixing or candle with
reinforced reinforcement. Among all existing construction methods, the use of stone columns in soft soil is one
of the most common things to reduce session and improve stability and freight capacity. However, when the
stone columns are installed in very soft soils, it results in excessive clay pouring into the inner parts of the stone
columns and reduces its stone column bearing capacity as well as its drainage capacity (Almeida, 2019). The
stone column obstruction has been widely reported and its obstruction on the amount of soft soil improved
with the stone columns is visible (Tai and Zhou, 2019) The use of stone columns is a popular technique in
improving land with fine soil that can easily Reduce drainage and time of consolidation, as well as increased
hardness and shear resistance (Indraratna, 2017). Vertical drainage, such as prefabricated drainage, sand
drainage, stone columns and pebbles that are commonly used to accelerate or increase soil resistance. Many
previous studies have reported that the area of the impact and resistance of the well causes excess water
pressure in the soft soil to be improved with drainage (Nguyen, 2020). The stone column contains empty space
or pores. The microphones are attached to the surface of the pores, through which penetrating water flows.
Studies show that hydrodynamic or colloidal force is generally responsible for separating the microphones
from the pores (Survi and Kousik, 2018). Stone columns create drainage paths due to high permeability (Weber
etal, 2010).

The mechanism of clogging in stone columns varies at different stages. Density or tremor is the main reason
for the start of obstruction when installation is because the force entered to compress the columns presses the
column material to the surrounding clay, thereby pouring small soil grains into the sand cavities (HAN, 2015).
The obstruction of the stone columns is obtained by mixing the column materials and the surrounding clay.
This is a physical process and the biological or chemical cause is not involved. Physical obstruction is a process
whereby small particles penetrate and sediment (Yong, 2013).

2. Methodology

The sand used in this study consists of 3 sizes, the first type of fine sand with a mean dimension of 0.5 cm,
the second type of medium sand with a mean dimension of 0.75 cm and the third type of large sand with an
average dimension of 1 cm, intended intended Is. To use the name of sand in charts and results and perform

E-mail addresses: pashaie74@gmail.com (Amir Hossein Pashaie), haddad@semnan.ac.ir (Abdolhossein Haddad),
asakereh@semnan.ac.ir (Adel Asakereh).
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the process of the sand test is 0.5 cm, S1, 0.75cm, Sz and 1 ¢cm S3. The sand is used in a washed so that the micro
-stylus does not affect the permeability and friction of the mixed particles in the water. Fig. 1 is a sample of
sand.

The soil added to the water reservoir to determine the amount of sediment includes a range of soil particles.
The grading test is performed according to the ASTM D422-63 standard and presented in Fig. 2. Determination
of the soil interval is due to the size of the precipitated particles in the drainage columns.

Fig. 1. The materials used in this research

The percentage of passing
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=
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Fig. 2. Grain curve

3. Results and discussion

Depending on the relation of void ratio, the volume of solid particles or the volume of materials used in the
column and the volume of the cavities should be calculated. At this stage, the column volume, which is 9 cm in
diameter and 22.5 cm height, obtained the measurement based on the measurement, the columns closed with
each of the materials filled with water and inside it with water up to 22.5 height. Fill the centimeter, after filling
and reaching a certain height and full ventilation of the valves and collecting the outlet water in the container.
Weighing the collected water and according to the equation of the porosity of the water volume of the cavities,
the volume of the cavities is calculated, to obtain the volume of solid particles or the volume of materials inside
the test cell, it is sufficient that the volume of the cylinder is 9 cm in diameter and height of 5/5 Calculate 22 cm
and collect water volume to subtract the volume of cavities to obtain the volume of materials.

The testing coefficient of permeability coefficient with a fixed head according to the ASTM D2434-68-68.
The permeability coefficient and the void ratio in each column are presented in Table 1. To obtain the volume
of particles trapped in the column, the special density of these particles is required, using special density testing
(specific gravity of soil solid particles with a picnic soil) based on the ATM D854-10 test standard and this
special density is performed. Found in the soil trapped in the columns.

The density obtained in this experiment is calculated with Formula 1, which is extracted from this formula,
which is obtained by this specific gravity according to Formula 2 of the detained particles (Balzer, 2015).
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Gs=ys /yw 1)
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Table 1. Coefficient of permeability and void ratio of columns

No Type Permeability coefficient (m/s) Void ratio
1 G1 0.0780 0.508

2 Gz 0.0819 0.578

3 Gs 0.0888 0.710

4 1/3 G123 0.858 0.633

3.1. Hydraulic guidance relationships

In grain soils, hydraulic conductivity is essentially dependent on porosity. In the past, numerous equations
have been provided to connect the amount of hydraulic conductivity in void ratio in the grain soil. However, in
2003, Carrier has recommended the equation 3 for use.

e’ (3)

k oc
1+¢€®

Where in K Hydraulic conductivity, E void ratio, chapuis has an empirical relationship for K in relation to
equation (3) as an equation (4):
8 4
k(cm/s) = 2.4622[D,.2 —]°7% )
1+e)

According to laboratory results, Amer and AWAD in 1974 suggested the relationship (5) for K in grain soils:

3 (5)
k =35x10 (-—)C,°°D,2% (L)
1 u 10
+€ n

Where in CU Uniformity coefficient, Pw Water density (g/cm3), n Dynamic viscosity (g.S/cm2), given the
empirical relationships presented and the experiments in this study, the relationship between void ratio,
effective grain size, and hydraulic conductivity can be displayed according to the Fig. 3. By drawing the line
equation in this graph, the equation 6 is extracted.

D03 gl 2 D03 gl
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Fig. 3. Graph void ratio-hydraulic conductivity
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4., Conclusions

Considering the charts and presenting the void ratio and permeability of each column separately, the results
analysis can be presented as follows:

1) Farsi in the materials used in the drainage columns will reduce permeability due to the deposition of soil
particles mixed with water, such as sand have friction and adhesion, which increases the amount of deposition
inside the drainage columns and causes blockage to block. It will be time-run.

2) Using two different volumes of water and the results obtained, when the water pressure is increased, the
weight of the sediment will decrease because the water pressure of the particle in the column will move and
the obstruction function will decrease. However, when the ratio of porosity to the amount of sand is 0.5 cm, it
will cause obstruction.

3) Soil aggregation before and after the test indicates that the particles passing through the sieve 200 are
generally passed through the samples and the highest weight of the particles is precipitated, the particles
greater than 0.5 mm.

4) The percentage of sediment compared to the primary soil mixed with water is the highest in the sand
sample of 1 cm and the highest in the 0.5 cm sand sample. That is, the highest amount of sediment in the sand
is 0.5 cm and the lowest deposition decrease in 1 cm.

5) According to the porosity -time ratio diagram, as the void ratio decreased, the amount of time required
for the same volume of water and soil mixture has increased, which displays the obstruction phenomenon
during drainage.

6) The amount of deposition in the drainage columns, due to the reasons for the type of material, the ratio
of effective porosity, the ratio of ineffective porosity, the ratio of the primary porosity, the friction between the
materials inside the column and the micro -mix in the water, the cavities at the surface of the material,
roughness and geometrical shape of the materials. Deposition in drainage columns reduces void ratio, reduces
current passing, increased internal friction, and creates communication bridges between the microphone,
resulting in obstruction and elimination of column drainage function.

7) The ratio of porosity effective in sand drainage columns is directly related to the dimensions of the sand.
With the increase in the dimensions of the sand due to the lack of communication bridges between the water
and the mixture of a mixture passing through the drainage columns, there is an increase in the effective porosity
in the sand drainage columns, which reduces the amount of sediment in these columns.

8) Roughness and geometric shape in materials due to cavities and effective void rates cause difference in
obstruction. When the materials are below and the materials are sharply reduced the void ratio and causes
adhesion between the rough surface of the materials and the micro-soil.
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