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ABSTRACT

Introduction. Gypseous soil is one of the problematic soils that have substantial strength while dry but lose strength espe-
cially in wetting or saturation condition due to the significant reduction of its strength parameter and bearing capacity upon
loading where gypseous cementing bonds have been dissolute and collapsed in the wet condition (Soil collapse occurs when
increasing moisture weakens chemical or physical connections between soil particles), and therefore resulting in excessive
settlements affects the stability of the engineering structures. Gypseous soils occupy about 1.865 million km? in the world;
the percent of gypseous in Iraq is 6.7 % of the total world gypsiferous area and about 28.6 % of the total area of this country.
Materials and methods. Stone column is a soil improvement technique used for stabilization and reinforcing of soft soil (low
strength soil) by increasing of bearing capacity (increasing strength) and reducing the settlement and control it (consolidation
acceleration).

Results. The aim of this study is to investigate the performance of gypsum soil reinforced by stone columns, where labora-
tory loading tests were performed on unreinforced and reinforced gypsum soil using big steel box as modeling and stone
columns was have different diameters (5, 10, 15 and 20 cm) and fixed depth (30 cm).

Conclusions. The results showed that the settlement decrease with increase the stone column diameter and the bearing
capacity increase when diameter increase.
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AHHOTAUMUA

BBepeHue. 'vncocogepxalumin rpyHT — NpoBneMHbIv FPpyHT, 06rnagarownii 3Ha4MTeNbHOW NPOYHOCTLIO B CyXOM COCTOS-
HUM. OH TepsieT NMPOYHOCTb MPU YBMAXHEHUM U HAMOKaHWM M3-3a CYLLECTBEHHOTO CHWXEHWS MPOYHOCTHLIX NapamMeTpoB
N Hecyllel cnocobHOCTU Noj HarpysKoln BCeACTBME PacTBOPEHUS U paspyLUEHNs LEMEHTUPYIOLWMNX CBA3EN BO BraXHOM
COCTOSIHUM (MPOCajKa rPyHTa NPOMCXOAMT, KOra M3-3a pocTa BMaxXHOCTU 0cnabnsTcs XuMuyeckme nunm pusmnyeckue cesi-
31 MeXay YacTuuamm rpyHTa). OTo NpUMBOAUT K Ype3MepHON ocajke, BNVSIOWEN Ha YCTONYMBOCTb HXXEHEPHBIX COOpYXe-
HWiA. funcocoaepxallme rpyHTbl 3aHumatoT okono 1,865 MnH km? B Mupe. MNpoLeHT runcoBbiX rPYHTOB B Mpake coctaensieT
6,7 % oT 06Lel nnowaamn rmMncocoaepalumx rpyHToB B Mupe 1 okoro 28,6 % ot obLueit nnowaamn aTon cTpaHsbl.
MaTepuanbl n meToabl. KameHHbIN CTONG — 3TO MeTOZ YNyylleHUst rpyHTa, UCnonb3yemblil Ansg crabunusaumm n ykpe-
nneHusi cnabblX rPyHTOB (FPYHTOB HWU3KOW NPOYHOCTW) NyTEM YBENMYEHUS HECYLLEN CMOCOBHOCTU (YBENMYEHUS MPOYHOCTI),
COKpaLLeHVs oceaHnsa U KOHTPONS Haf OCefaHneM rpyHTa (yCKopeHue KoHconmaaummn).

PesynbraThl. Llenbio gaHHOro nccnegoBaHus SiBMSETCA U3YYeHMEe XapakTepuUCTVK MMNcocoaepXallero rpyHTa, yKpenmneH-
HOro KameHHbIMy ctonbamu. JlabopaTopHble Harpy3oyHble UCTbITaHWUSA MPOBOAUMUCE Ha YKPEMNEeHHbIX U HeyKpernneHHbIX
runcocoepXallmx rpyHTax ¢ Ucronb3oBaHMeM 6ombLIOro CTanbHOro slyka B Ka4ecTBe Modenu, KaMeHHbIX cTonbos pas-
nnyHoro guametpa (5, 10, 15 1 20 cm) n dpukcnpoBaHHoM rry6uHbl (30 cm).

BbiBoabl. PesynbraTbl nokasanu, 4TO OCafKka YMEHbLUAeTCs C yBenMYeHneM amameTpa KaMeHHOMN KOMOHHbI, a Hecyluas
CNOCOBHOCTb YBENMYMBAETCA NMPY YBEMUYEHUN AnameTpa.

KIMKOYEBBIE CITOBA: runcocoaepxalunii rpyHT, KaMeHHbIN CTonb, pacyeT, Mogernb, AuaMeTp KOMOHHbI, rybuHa ycTaHoB-
Kn ctonba, ykpenneHune
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INTRODUCTION

Gypseous soil is one of the problematic soils that
have substantial strength while dry but lose strength
especially in wetting or saturation condition due to
the significant reduction of its strength parameter and
bearing capacity upon loading where gypseous cementing
bonds have been dissolute and collapsed in the wet
condition (Soil collapse occurs when increasing moisture
weakens chemical or physical connections between
soil particles), and therefore resulting in excessive
settlements affects the stability of the engineering
structure. Gypseous soils occupy about 1.865 million
km? in the world; the percent of gypseous in Iraq is 6.7 %
of the total world gypsiferous area and about 28.6 %
of the total area of this country.

Stone column is a soil improvement technique used
for stabilization and reinforcing of soft soil (low strength
soil) by increasing of bearing capacity (increasing
strength) and reducing the settlement and control it
(consolidation acceleration).

Several researches — theoretical, numerical,
and experimental and field study have performed
on behaviour soft soil reinforced by stone columns [1-14].
However very little information is available on this
behaviour in gypsum soil.

The aim of this study is to investigate the perfo-
rmance of gypsum soil reinforced by stone columns,
where laboratory loading tests were performed on unre-
inforced and reinforced gypsum soil by stone columns
with different diameters and fixed depth. Hataf et al.,
(2020) studied the bearing capacity of encased single
stone column in both dry sand and clay bed and
the influences of the length of encasement and type
of aggregate materials on the improvement of bearing
capacity a by conducted a series of compression tests
on model encased and uncased stone column embedded
in cohesive and granular soils. The results indicated
that a clear improvement by encasing the half-length
of the column and the smaller size of materials, encasing
the stone columns makes more improvement than
coarser materials. Afshar and Ghazavi (2013) conducted
a laboratory tests were performed on unreinforced and
reinforced (horizontally and vertically) geotextile-
encased stone columns diameters of 60, 80 and 100 mm
and a length to diameter ratio of 5 to study the efficiency
of vertical and horizontal reinforcement on bearing
capacity of soft clay. The result sowed that the bearing
capacity of reinforced stone columns increases by
increasing diameter of stone column.

Lajevardi et al. (2018) conducted a series of la-
boratory tests and 2D numerical models to study
the influences of the encasement of on the behaviour
of stone column. The result sowed that encasement is
more effective in improving the column bearing capacity
of larger diameter columns than smaller ones. Ng
(2018) investigated the bearing capacity of single stone
column using three-dimensional numerical analysis
(Plaxis 3D), where the effect of some parameter
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such as column’s material friction angle, undrained
shear strength of the surrounding soil was studied.
The result sowed that the bearing capacity of reinforced
stone columns increases by increasing the strength
of column’s material friction angle, undrained shear
strength of the surrounding soil. Hamzh, et al. (2019)
Numerical study has been performed using 2D finite
element (Plaxis 2D) to investigate the bearing capacity
of uniform and non-uniform stone columns in soft
soil. The result sowed that the highest bearing capacity
obtained by the non-uniform stone column was one
with the d2:d1 ratio equals to 1:5. The most economical
shape for the stone column (the least volumes used
to construct stone columns) was achieved at a ratio
of d2:d1 = 1:2 and a length ratio of /1:/2 = 3:7. Ahmad
Dar and Yousuf Shah (2020) conducted a numerical
study to investigate effect of geosynthetic encasement
properties, pattern of stone and stone column material
on the load settlement behaviour of geosynthetic encased
stone columns (GESC) under vertical stresses in soft soil
using 3D finite element (Plaxis 3D).The result sowed that
Bearing capacity increases with increasing the stiffness
and length of encasement, length of floating column, co-
hesion of soil and friction angle of stone column infill.
Al-Walily, et al. (2020) 24 laboratory models were
carried out to investigate the bearing capacity of soft
clay treated with stone columns. The result sowed that
the experiments showed that the stress concentration
and bearing capacity of soil treated with stone column
increase with increasing the undrained shear strength
(Cu), number of columns and //d ratio. Tan and Zhao
(2017) conducted a model tests and corresponding
numerical analysis using (FLAC3D) on the isolated
single stone column to study the failure behaviour and
bulging deformation behaviour of the stone columns with
and without geosynthetic encasement. The result sowed
that the numerical simulated failure process of stone
column shows good agreement with model tests.

DAS and DEY (2018) performed a laboratory
model tests were on un reinforced and reinforced stone
columns with diameter 50 mm and length 500 mm
where horizontal layers of geo-textiles were provided
at different depths up to 15 cm. The result sowed that
settlement of stone column is decreased by 1/7 times
with the use of geotextile reinforcement and the ultimate
load carried by soft soil increases by 2.5 times with
the use of stone columns. Fattah and Khudhair (2014)
the behaviour of ordinary and encased floating stone
columns in different conditions have been investigated.
The effect of length to diameter ratio (//d), end support
of the stone column and the area replacement ratio
on the bearing improvement and settlement reduction
of the stone column were studied. The result sowed
that bearing improvement ratio increases by increasing
end bearing soil undrained shear strength (Cu) in case
of ordinary end bearing stone columns and Strength
of the encased stone column, settlement reduction ratio
and effect of encasement length ratio are increased by
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Fig. 1. Grain size distribution of gypseous soil
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increasing end bearing soil undrained shear strength (Cu)
in case of encased end bearing stone columns.

Madun et al. (2018) performed finite element analyses
using (PLAXIS 2D) to study the effect of the diameters

Fig. 2. Stone column

Puc. 2. Kamenusrii croino

and lengths of column on the load bearing capacity and
settlement of soft clay. The result sowed that Stone column
load bearing capacity increases with the increasing diameter
of the column and settlement decreases with the increasing
length of the column, where the bigger column diameter,
the higher load bearing capacity of soil while the longer
column length, the lower settlement of soil. Nazaruddin
et al., (2018) experimental data from two previous studies
was collected and compare with Dimensional analysis
method (Buckingham-Pi Theorem) to investigate effect
of some parameter on the capacity of stone column such as
angle friction of among the stones, arrangement of column,
spacing centre to centre between columns, shear strength
of soil, and physical size of column (diameter and length).
The result of the calculated data indicated that have
a reasonably good agreement with the collected data
and stone column load bearing capacity increases with
the increasing diameter of the column and settlement
decreases with the increasing length of the column.
Singh 1 and Chamling 2 (2014) finite-element
analysis on behaviour of single column of 50 mm
diameter using Plaxis 2D is performed to investigate
effect of loading area and shear strength of soft clay
on bearing capacity and effect of confining material
on bulging response. The result sowed that the results
indicated that diameter of bulging decreases with
increase in either the loading area or the strength
of the confinement material and the critical length
of stone column is greater than four times of the diameter
of column. Zahmatkesh and Choobbasti (2010) a series
of numerical analysis has been carried out to evaluate
compaction and settlement of soft clay reinforced by
a group of stone columns and the results are compared
with those available in the literature. The result sowed
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Table 1. Dimensions of the stone columns used

Taou. 1. Pa3mepsl UCIIONIB3yeMbIX KAMEHHBIX CTOJI00B

No. of col. Depth of col., cm Diameter of col., cm
1 30 5
2 30 10
3 30 15
4 30 20

Fig. 3. The model used

Puc. 3. cnons3yemas Moaeib

Fig. 4. Stone column inside PVC pipe
Puc. 4. Kamennslit ctond BHyTpu TpyOs! [IBX

that: The load settlement behaviour of model with
an entire area loaded is almost linear, Variation of stress
in soft soil after installation of column with distance from

Table 2. Results the settlement with diameter of stone column

Taou. 2. Pe3ynsrarsl pacueTa AuameTpa KAMEHHOTO cTon0a

Fig. 5. Dial gauges for reading the settlement
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column is significantly reduced and effect of the strain
on the Settlement reduction ratio (SRR) is small due to
vertical stress versus settlement relation is almost linear.

MATERIALS AND METHODS

Soil

The soil used was brought from Tikrit university,
which located in Tikrit city/Salah-Aldeen Governorate,
in the middle of Iraq at (1.5-2.0 m) depth. Soil used in
this study is poorly graded (SP) as classified according
to USCS. Fig. 1 shows the particle size distribution.
The gypsum content was (57 %) for the soil.

Stone column

Crushed stones used in this study, which was crushed
manually using metal rod. Then the size of the stones
was choice that passing from sieve No. 12.5 mm
and remained on sieve No. 4.75 mm. After that concrete
mixture from stone and cement used the mixing ratio was
(1cement:4 stone), Fig. 2. Table 1 show the dimensions
of the stone columns used in tests.

The Model
Device used consists of steel box with dimensions
(1 x 1 x 1 m) also have dial gauges for measure the stone

No. of col. Depth of col., cm Dia. of column Settlement, mm
1 30 5 35
2 30 10 27
3 30 15 15
4 30 20 12
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column settlement, Fig. 3 show the model. The box filled
by gypseous soil and compacted for layers 10 cm thick
for each layer until reach to the upper surface of the box
around 15 cm from up. The stone column was put inside
PVC pipe depend on the diameters of the column, Fig. 4,
and the test start by applied pressure on the stone column
through moving manually and take the reading for
settlement from dial gauges, Fig. 5.

RESULTS

Compaction test was carried out on gypseous soil sam-
ple to obtained the Max. dry density and optimum moisture
content the values was (16.4 kN/m?) and (14.5 %).

After that, the soil compacted in the box depend
on the Max. dry density and optimum moisture content.

The stone column was put in the gypseous soil then
the test start. The settlement reading from the gage,
the results shown in Table 2.

Fig. 6 show the settlement for the gypseous soil
with different diameter of stone column. They found
that when the diameter increases the settlement decrease
because the area for the stone column.

CONCLUSION AND DISCUSSION

Based on the results the conclusions from this study,
the stone column has good effect on the gypseous soil.
It was observed when the diameter for stone column
increased the settlement of soil decrease. That means
the stone column with different diameter can improve
the gypseous soil.

REFERENCES / CHUCOK HCTOYHUKOB

1. Zahmatkesh A., Choobbasti A.J. Settlement Eval-
uation of Soft Clay Reinforced by Stone Columns, Con-
sidering the Effect of Soil Compaction. 2010; 3:159-166.

2. Hamzh Al., Mohamad H., Bin Yusof M.F.
The Effect of Stone Column Geometry on Soft Soil
Bearing Capacity. International Journal of Geotechnical
Engineering. 2019; 16(2):1-11. DOI: 10.1080/19386362.
2019.1666557

3. Ng K.S. Numerical study on bearing capacity
of single stone column. International Journal of Geo-Engi-
neering. 2018; 1-10. DOI: 10.1186/s40703-018-0077-z

4. Afshar J.N., Ghazavi M. Experimental Stud-
ies on Bearing Capacity of Geosynthetic Reinforced
Stone Columns. Arabian Journal for Science and En-

gineering. 2014; 39(3):1559-1571. DOI: 10.1007/
$13369-013-0709-8

5. Al-Waily M.J., Fattah M.Y ., Al-Qaisi M.S. Exper-
imental and Statistical Study on Single and Groups of Stone
Columns. Key Engineering Materials. 2020; 857:399-408.
DOI: 10.4028/www.scientific.net/KEM.857.399

6. Das M., Dey A.K. Behaviour of geotextile rein-
forced stone columns. 50th Indian geotechnical confer-
ence. 2018.

7. Fattah M.Y., Khudhair E.Y. Improvement of
soft clays by end bearing stone columns encased with
geogrids. Diyala Journal of Engineering Science. 2010.

8. Hataf N., Nabipour N., Sadr A. Experimental and
numerical study on the bearing capacity of encased stone

193

(GG) L ONSSI'GL'ION Surenuaacg S



Science :ﬁlt:lnftll::glii':::l: Vol. 15. Issue 1 (53]

Lamyaa Najah Snodi, Ahmed Ramadan Sayed Orabi

columns. International Journal of Geo-Engineering.
2020.

9. Ahmad Dar L., Shah M.Y. Three-Dimensional
Numerical Study on Behaviour of Geosynthetic Encased
Stone Column Placed in Soft Soil. Geotechnical and Geo-
logical Engineering. 2021.

10. Lajevardi S.H., Shamsi H.R., Hamidi M., En-
ami S. Numerical and Experimental Studies on Single
Stone Columns. Soil Mechanic and Foundation Engi-
neering. 2018.

11. Xin Tan. Deformation and Failure Behaviour
of the Isolated Single Stone Column with and Without
Geosynthetic Encasement. Chapter in Springer Series in
Geomechanics and Geoengineering. 2018.

Received August 28, 2024.
Adopted in revised form on September 20, 2024.
Approved for publication on September 25, 2024.

12. Madun A., Meghzili S.A., Tajudin S.A.A., Yu-
sof M.F., Zainalabidin M.H., Al-Gheethi A.A. et al. Math-
ematical solution of the stone column effect on the load
bearing capacity and settlement using numerical analysis.
MATEC Web of Conferences. 2017.

13. Nazaruddin A.T., Zainab Mohamed, Mohd Azi-
zul L., Hafez M.A. Prediction Of Axial Limit Capacity
Of Stone Columns Using Dimensional Analysis. /nter-
national conference on applied physics and engineering
(ICAPE 2016) : proceedings of the 2nd International
Conference on Applied Physics and Engineering. 2017.

14. Singh S.P., Chamling P.K. Effects of Strength
of Confining Material on Strength and Deformation
of Stone. GEPSID-2014.

BroNoTEs: Lamyaa Najah Snodi — College of Engineering of the Tikrit University; Tikrit, Republic of Iraq;

dr.lamyaanajah@tu.edu.iq;

Ahmed Ramadan Sayed Orabi — master’s student, Faculty of Engineering; Fayoum University (FU); Fayoum,

Arab Republic of Egypt.

Contribution of the authors: all authors have made an equivalent contribution to the preparation of the publication.

The authors declare that there is no conflict of interest.

Tlocmynuna 6 pedaxyuro 28 aseycma 2024 2.
Ipunsama 6 oopabomarnnom eude 20 cenmabdps 2024 2.
Oo0obpena ons nyboruxayuu 25 cenmadps 2024 2.

O ABTOPAX: Jlampsa Hagxxax CHonn — HUnikeHepHblii kosutex Tukpurckoro yausepeurera; I. THKpHT,

Pecrry6nmka Mpak; dr.lamyaanajah@tu.edu.iq;

Axmen Pamanan Caiieq Opadu — mMarucTpanT HHXeHepHOTo ¢axynsrera; PaomMcekuii ynusepeurer (DY),

r. ®arom, Apadcekas Pecrryonmka Erumer.

Brrao asmopog: éce agmopul coenanu IK8UBALEHMHBII 6KAAO 8 NOO20MOBKY NYONUKAYUU.

Asmoput 3a561510m 06 OMCYMCMBUY KOHQIUKMA UHIMEPECOS.

194



