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Item Quantity
Effective particle size (Do) (mm) 0.01
Average particle size (Dsp) (mm) 0.17
Uniformity coefficient, C, 18.5
Coefficient of curvature, C, 5.4
Maximum dry unit weight, ygmax (KN/m3) 16.34
Minimum dry unit weight, Y4 min (KN/m3) 13.25
Maximum void ratio, €max 1.1
Minimum void ratio, €y, 0.63
Specific gravity, G 2.65
Classification SM

Table 1. Basic properties of tested soil
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Table 2. Model pile characteristics

1S -0 dasin oue -

35 5l olesl 5y Sbt aasiie gove 03,51 s Gl
ol oslizul S5 5 S S i ol (ol il i,
S Olan 5l S S 4503 S Sl ealizal L sl a0 o
(JSaly LS Ve 5 Sl i) ¥ a5l 00l D13 L
S iSe) TS s LSS L pss Ay 5o 5 45e0
ASTM D5298-165 1.6kl s 5 (JSaly 518 Yo VL
Al ey Csby Aoy b il S slis [24]
05 aastia gowne 3L Gllnl e s S, ol 5l eslenal e
Wl 5o o cl 68 ot bl 005 o Gios
(i) s Cosb )y 5l ol e (S15 do 0 S o S
oslial 3550 By onl ple 2 g0 SVL s by G 4
LU 5 55d Jool (S5 gowe Vil oS dil A2 4 i
bl (V) K s sl culb of dgb s e SIS doys
dolee olal 5 ol o Kales Jloges i 5 s
(SA& 5 ms) Sl oal Fredlund and Xing[25]

Aﬁjjgﬁ)uudu—giwwf\p

30 Fitting by Fredlund and
% Xing(Wetting)

25 X  Experimental(Wetting)
X
< . .
E 20 % @ Filter Paper(Wetting)
-
c
815 X
g
=
%10 >3
'26 e

5 L™

*—e
L J
0
0.1 1 10 100 1000

Matric suction(kPa)
Fig. 6. Soil-water characteristic curve of firuzkuh fine sand

3. Filter paper
4.Digital Pressure Transducer

AV

1. SWCC
2. Tensiometer



OHKen 5 ol o s

flebl et SB s ped 5, (SL e ST

o530 Zasby gl p 55 1/0 ssd= SleS cusb ) Ao s 4
V1) JKET s ol e duoys Yo Cogby gl el Y U
Qo330 Cogby b e Oley - 8L A8 glayla el (VY
b Y el (OF) IS 55 ool oal €500 Ol w
02 ph e o dalin & 6 S0ks ol S LS Jlasl 65,3
ot 33 slie s Gl s G G kel
53 SibesT il b Ol gy 4 e 58 el sl
ol 5l U s ol el bl glas (OY) S
S day 45 4 035 gl ) S 3 eel spms 4

)};wjbéékj)bfw‘uubcﬁ)jéb&;/

DS oKan s (8 el Sleil 4SS

35 ,/ |

1" cm

i 75

Fig. 9. Location of tensiometers to check matric suction
homogeneity

AA

]

d=20.0+

Aﬁ\ i 2?['0 _}A
m;/u 50'3 u\xm

d=130.0

144.0

Fig. 8. Photo and schematic of the location of tensiometers

iisee bLE 53 OLs Ly 8 286 52y w2 1 J=
S dlesl 5 mad sl 51 3 sk a g sk e S
Coed) Ao 3 Y el (ST 5 o po b S (gl 5l sy S
S5 il 5 K S b sl (/48 ik
LIS w55 5SS 5 (e Sle 00 Gas o b a5l
(e SlaVo 500 X0 Slasl )5 s o5l S 5) Cilse
5 oS S i 3 iS5 Ll oKaes )
ke oSas IS s A S B 0050 Sleas
S35 5 Oy Jslad 4 5l e Jlm (00 5 4 JS8) s
OF G 58 e Jlesl 5o JKLL LS Ver LS L (25K
¢j‘ﬁou;6w|§5@rﬂ.sﬁe,\ﬁuxuc,:ijééwﬁ'

W (A0 3de OAE Col) s e 50l ey bl a3 6l



O Kar 5 ol o desus flebl et SB s ped 5, (SL e ST

Matric suction (kPa)

J&ébﬁwwa)féb;uﬂwbt}mdu\;- AK JS.Z

cm

55

Fig. 10. Location of tensiometers to check matric suction isotropy

Loys 0 Cusby (gl Ol abadl an 53 (g 20 il 00 Gas dile sdd 515 gla 25 N IS

Time (hr)
0 5 10 15 20 25

0
5

== Tensiometer 1

-10 == Tensiometer 2

== Tensiometer 3
-15
-20
-25
-30

Fig. 11.Matric Suctions readings for depth of 55 cm in three-point symmetrical in moisture content of 5%

A



OHKen 5 ol o s

flebl et SB s ped 5, (SL e ST

Matric suction (kPa)

Lo 30 Cusby sl it Sl VO 500 X0 Gas a5 edd 513 gla 2 N Y IS

Time (hr)

0 5 10 15 20

o

25 30 35 40

e Depth of 35 cm

[*]
o

-25

-30

s Depth of 55 cm

= Depth of 75cm

Fig. 12. Matric suction reading for depth of 35,55 and 75 cm in moisture content of 5%

vSlJ.S}JJéjMﬁlﬁw)sﬁ\ﬁ@péuqyw@vﬂj)x‘li
Ao 5l e 5 S s S a oYL s ol sl Y ol
sjjd.}.f“ﬁﬁdﬁ(q%b)lﬁqﬁlﬂqu’\w});.(#hrﬁj
b}\;ﬁ.b;udud.:‘yujjueliiwbdbjfupd;d}jbds
J&EYQWgng\jesﬁQ}uuvﬁuwgduu
Shdas el e Sl Ve L8 s Y aes Colbs Js b
A e el oS5 A3 4 Oy Sl S Y e
ol st oy S S g S S L a8 Y 0T
@ el sl S Sbys sl s alS MS s s
5o alg o (Ll Loy il wl e il 531 VL s
Sl G e e oS15 S Oy 5 Ol 6l
Cowds SPT 306 & a5 L 5 A oozl zus SPT oK
e)l‘}a.h st‘j: Aoy ‘eKLﬂbu_ﬂ;iudLAk;éu. BL) ce.,\.AT
S s S L Blze 346).28 S S 3Y0 LY sl
@S e cpl 5l Olaabl 51 (cl Jaass cpl Gda
ol b e i (S5 do s s opl b sl sl

&Lﬂ‘}]é‘j}};uﬁj‘)&wbé)lf}}}%é&m}‘.x«sdﬂ

q.

o lo3T wigy -1
B S e 035 5 Sl 5 (Sed O Aol 5l
SIS, el plmil gl FCV-AUT olSans 5 S
pdls 5 s, b S il i G L Ll (el
SBEs) op ) e s Ll oS 05 B e
Dt A patie @lSies ol S5 4 e L il
Dogo s Sl CH S (SIS 4 O Sl Sr
5 St S mad gl i ol 5o el &Y 4 Y
iy 5 Loy Yo 510 00 Sy sl usb, b pien
s (S5 AN M grlem’ (cl SV aas ) S
oS b Ol oo e G 5o b plil (As 2 Y
S5 sz ol e O i ) L
(S5 dens Bl S ata b S Gl
oty Sleslinal 5 a5 s 31 ey ol JS 53 oo
Sy o S 8 U bl 6,0 b, colg s ccilis
e (1S15aS (gsb w3 ph ay olSaws 03 wY 4 &Y

ol et s a4 Lo 8 VU G 4 0l SN e s



Yoy JL /Y e)w/rjé_gg';mﬁe)‘gb

e Ul (pudigs (sl — (ke alone

S 0313 13 L e (0L 5 ool sl gars 3
Vo Ges 3 53 (el Vo) ol ol Son s s 5Lid
et ME,L 5 S LS Jlasl e 5 (6 R0 Bl T
woarg b as s ol 3 Kl s /o g0/ sl s s
oo o oslhr O35 1 2 510155 or cp3lie (0l 035 b
sylibead Gb oo SHABL Gl 550l Jool= Olabl o
13 S ool slgtn il by, “is [26]JASTM-D1143
© 2l Ok dlesl m e OIISLL B, Sl s ol
A eslinal i e ja j3 0B S By 5 Gl e L O 50
oot 26 ol b b Sl ad sl s Sl Ok
s T 4 a5 b e 555 0 035 (5055 lails) w4z 5 L)
2L Ol st D s e o3k Ao 4 S0
'(‘1:5&‘:‘&”@*;]“&&"”3[? o5l O Colb B g 5l
SplS e L (Sl Sl sl )50 0
S Y GlplB Lk e Sl gl eSS
GIELL ¢ o (g5, ESo akBs Y Lisjlse a3 5 0 S

(plrals 0us b gl ) < 8 o5

FOV-AUT ol 3 (5085 i MY S

I M Loading Jack
| :

|y
¢
9
. J?

- %m.

Pile Conductor

L
1\

FCV-AUT

Fig. 13. Loadin system apparatuses in FCV-AUT

4

st gy SbE S 035 ol o g 4 55 b 3 55 o 3L
b S S glp p 8 S WY (0 FCV 055 5 ¢l
xS Sl i s Ve Zush, gl e SSLS ATY
oot s i ok Ll Y sl A3l S sb e St
e D3l 3 LGS Sl ek IS L 5 Ll
sl I3 o s el Gillaeccilin Gas a3 e 50l
S o plasil Bl sl S a3
rl o3 edd eslinal e (el ¥t 5 45 4 S0les
SG b ealial b aS en g 5L Ll 6oV med SOl
23 el 0dd Il S 0505 husS s by sl S
LSk las SIS s S pslie sl sl
e 5 et L) Do 5L s 4 o8 (ke la sk
e Aalis Sl 53 o gn S (S 53 L OIS s
o 5Ll Y0) e L VO 358 Gas | sk (sl Sl g 2
£ 3 U8 5 (Blage S 51 05, L ol 51
o2 Jhasl (ISl S Vo)1) S LS (5,051
53 M Sl Sl 5 S 0503 A e 0313 518
Ut adls 4 4 5 U S SLES ol 4 el asiie Gas
S5 315 s sz (Lo Y1) e oS15 dsys (V)
CSlE Ll s A @ﬁ.cg;gs(vl{;\};‘duu\/o)@;
Ges ol S dal 4 g Lol s
ol s00)e 13 Jlade 5 (Yh=13.34%0.75=10 kPa)
x5 00 Je o8z 053 1) 2o A b b e Ol o (A
GOHELL mad (4235 Ve 350) S LIS Oy Jol s
Dbt
g (SISl e S els (S L
sl o8 O Gl il (IS, S Sy S
Sl i3l Jgb s OTL blze sl plrals
el S LLVDT 5 540 Jls Vv Load cell
Lol e o2l 53 OF JS02) ol 00l o3liiel o Lo 04
e igmlS 5 il S A Ss K b S
1) e 3 et sl 35 6 31 Oligabl (512 355 0
@sir g FCV a8 (g5l ool 5l oul08 L

U3 Lol 0 25 Odewr 5 31 Olisedsl (61 el o oslizl



OH)Ken 5 ol o o

flebl et SB s ped 8, 5 (HBL e ST

ool InS &y gm0 bl ) 8L e s MG sk,
sl

Loss 53 med SISL Sl gl a0 el NE K
LY (& Y0 (N e (70 (T (il icilainn gls s,

@ ]

Load (kg)
NWw
1)

\

i
15,

01234567 8 9101112131415

Displacement(mm)

100
90 —
80
70 —
60 o
50 , ~
40 -
30 ()
20
10 [ —
0 .
0123456789101112131415

Displacement(mm)

Load(kg)

350
315
280 Y
245
210
175 fi
140 £ - ©

\

Load(kg)

0123456 7 8 9101112131415

Displacement(mm)

200 [ (d)

Load(kg)
w
o
s}

0123456 7 8 9101112131415
Displacement(mm)

b fdi g s -Y
£y i S gl ol wilS LS it s sl plas
Soged 5 plmil w1500 Sralesl eosb e S Sl
A gl 1 S e Tl O s =
oS 1 B a5 ol SN S e S
248 ool Ll sas o3 osby b blas sl i Ol
Yoo 510 0 0 sl cosby dslas (S) L (26 bl ol
ol a8 s JSLl LS 0 5V YO LS w Ao
Sased S 3l baed e sl b b e
SO Raa s fae g e gl by O i =50
355 s e Pl Gl S B ol Ll el
3 oMesn ol 0 e sl g Ll adlis
Glaged 512 [27] Das baw g oad €11 2y, el s
A Ao Ve b Dol plralr b Blas L e (o058
Dyt e sk ol g0k b Olge 4 (e Sl T) el
(1) U2 5 "M il gla s pes s o 6500
ARG sl s plralr -5 gowe opd 0 o dalis
ot hls y adll Al B Aoy Ve Casby 4 O,
S Ll 5o ol ged dopa Ve usb Sl s L (S 4l
ok 4 35 e 5o VL b L L e 53 LS sl
3 A 2 ol 4 Lo V0 Cob, U eyl b
rl e S oo 1Al w8 (Y0 i Sushs 53 e
0 13) oS usbs 534S sy s 5 WSS Ol e |y L,
ooldor Cuaslde w31y )3 oo oS o opldr Caaslde (Ao
Sl asby doss Gl Bl L Js 058 el e JoS 5k 4
i Cnglia 5 0Ad 13 S 5 gad o elad oS S
Ol alg Cwslie 5o 1) 555 g o (Lasla pas 2l 2)
LS o g aslsl Ao ys Yo by 51 L3 6 2alssl -l das e
ool Cuaglie o lgs OAS oS e 4 AT Cusby 5 I
2325 A 4 s sl o s 5 Cnd S L et

Aoy bl lajlsged aes g anslie gl (V0) K3

qy

1. Moisture Content



Yoy JL /Y e)w/rjé_gg';«.gej‘gb

e Ul (pudigs (sl — (ke alone

er.:ud‘)‘&)ﬂjﬂ{\})‘}‘yb@upuaé‘bwu.ali

Rl 3 ek el (b3l b asite Vanpalli b s
Loedel (V1) K5 53 a5 6,50ken L) o e o5
o el ol bl (Bl S s
Sl b o alS (o e SO @ Oy Sl i 5 53
ar g LS e dasiin cove Ol b o S i
Mdb‘bb)‘bbja-)(ﬂéuAj‘bw)bsts‘jlg}b).lﬁp)bq
Sb;)w)tjb;rs‘;M))}Qj‘@.}jlﬁ)“))cé.\iﬁﬂ\iby
vjbml.aj Syge Sy S e s adke 4 ) o
4.3)[5.‘.3) (Sl LS"\"" al:;M):Y‘Y’Wé\JJ M‘)JM.
e w (LS rals) cosby Jaal bl blanl oS el gl
4;_-\_,,4‘5).3)[.3g;.géjléd‘ﬁbéll.!u«;\;w.bu)\oujrﬁm
50 ) 03) G Susby SO B RIB Gl (s s
O 5l by J5 LS o g aslsl (55 Casb, Ao s V0 ol

.b})‘fa

S5 4o -A
Sl b ped S (S s3ledde SaS L Al ol s
Wl s 5L oo by 5 Y adle Sl sl
2Bl S s by 6 o 4 (FCV) b
wls  OF plralr =5 0 s gal 5 5 W6 0k b b
ol el &gad S) Sl bl bl sk s ad
ol (FCV-AUT) .Sl gro o&Kils 3 o&aws o0l
Sl Gas an 5o ) (Bl SS6 Ol B ad gl b O
23l i3 3l g 2505 (6 S0l olas 3 35 5o S
S polin 035 Silan 5 Kem s 1ol 3 Shas
Saed gy I3 et MSLL 5 12l L Ol cilises bl s
Voo S L sl 5 Cibisee gl Cugby Aoy L Sl

qy

& (e)
40 -

-
012345678 9101112131415

Displacement(mm)

Fig. 14. Load-displacement curve for load test of pile at
different moisture contents: a) 0 % b) 5 % ¢)10 % d)15 %
e) 20 %

o mad gl plamlr =50 (sl amslin slajls 5 VO Jse

650
600
550
500
450
400
350
300
250
200
150
100
50
0

012 3 456 7 8 910111213141516

Load(kg)

g

Displacement(mm)
M.C= 5 % (S=25 kPa)
M.C=15 % (S=7 kPa)

M.C= 0 % (S=0 kPa)
M.C= 10 % (5=10 kPa)
M.C= 20 % (S=5 kPa)

Fig. 15. Comparison curves of load-displacement for model pile

s b by 16 G S8 e ¢l
Olse & ke ¥ alrale b Bl L (1) IS5 s pad
Loy s isee G fiSe Blie 5o el 0l b b
Vanapalli Jaw 5 e 11 (5,55 ol 5l edel oty 5lis
el o e lie28,7]

ﬁﬂ&uﬂ)beﬁdﬂ)b b b Ol i glaslie Ly, .\'\JS.:

480
440
400
360
320
280
240
200
160
120
80
40
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Suction (Kpa)
Fig. 16. Comparative trend of changes in pile bearing
capacity versus matric suction

Experimental Results
Vanapalli Method

Bearing Capacity (Kg)




Qb&ﬁk‘,d'w}am

flebl et SB s ped 8, 5 (HBL e ST

compacted fine-grained unsaturated soil. In
Proceedings of 14th Pan-Am Con. On Soil
Mechanics and Geotechnical Engineering and
64th Canadian Geotechnical Conf.

[6]Vanapalli, S.K. and Taylan, Z.N. 2012. Design of
single piles using the mechanics of unsaturated
soils. International Journal of GEOMATE, 2(1):
197-204.

[7]Vanapalli SK, Eigenbrod KD, Taylan ZN, Catana
C,Oh WT, Garven E, “A technique for
estimating the shaft resistance of test piles in
unsaturated soils,” in Proc. 5th Int. Conf. on
UNSAT, 2010, pp. 1209-1216.

[8]JHokmabadi, A., Fatahi, B., and Samali, B. (2015).
“Physical modeling of seismic soil-pile-structure
interaction for buildings on soft soils.”
International Journal of Geomechanics., Vol. 15,
Issue 2

[9] McCabe, B., and Sheil, B. (2015). “Pile group
settlement estimation: Suitability of nonlinear
interaction factors.” International Journal of
Geomechanics.,Vol. 15, Issue 3

[10] Zhuang, Y., and Cui, X. (2015). “Case studies of
reinforced piled highspeed railway embankment
over soft soils.” International Journal of
Geomechanics., Vol. 16, Issue 2

[11] Kog, Y. (2015). “Axially loaded piles in
consolidating layered soil.” International Journal
of Geomechanics., Vol. 16, Issue 1

[12] Eslami, A., Veiskarami, M., and Eslami, M. M.
(2012). “Study on optimized piled-raft
foundations (PRF) performance with connected
and non-connected piles-three case histories.”
Int. J. Civil. Eng., 10(2),100-111.

[13] Zare, M. and Eslami, A. “Study of deep
foundations performance by Frustum Conning
Vessel (FCV)”International Journal of Civil
Engineering (IJCE),12(4), pp. 271-280, Tehran,
Iran (2014).

[14] Horvath, R.G. & Stolle, D. (1996). “ Frustum For
Testing Model Piles,” Canadian Geothechnical
Journal, Vol. 33, No.3, June, pp. 499-504.

[15]Sedran, G. (1999). “Experimental and Analytical
Study of a Frustum Confining Vessel” .Doctoral
Thesis, McMaster University

[16]Mullins, G., Dapp, S., Fredrerick, E., and
Wagner, R. (2001) “Pressure Grouting Drilled
Shaft Tips Phase I Final Report”, Final Report
Submitted Florida Department of Transportation,
Florida.

[17] Karimi, A., Eslami, A., Zarrabi, M., Khazaei, J.
(2017). “Study of pile behavior by improvement
of confining soils using frustum confining
vessel”, Scientia Iranica, 24(4), pp. 1874-1882.

4¢

el e 4

ol Sl doj5 0 cuyb, b Jilesl 5,50 St s =)
C,.A}Uu}.)).édw cMLLASl?}Co,JdeP); L}JG
S o el |y e gl b 2l

52 adsl G Kol el 5 edd e 0 S
e Sl Sl b sl LI Cel el se
AL sl day a4 Loy V0 b S Iy sl
a5t SRS s sl el Sasl
b Ulse @ ped olg b b b B S s LY
SU e 6 el e plralr Loy Ve L bl
oA S pasie 8 Al gy el ol DS
ol et e ol bl (Bl IS i
e b o Sl (gl ke G O Sl A
e bl js b e St i, Ol sd sy ol

Lile e Jalge 5 o3 Sbt O] wasiie ioue
TS oS5 doss 5 adsl by Ao (siuals

dade ol 3 S0 e

&l A

[1]Poulos HG, “Pile behaviour-theory and
application”, Géotechnique, vol. 39, Sept. 1989,
pp- 365-413.

[2] Oloo, S.Y., Fredlund, D.G. and Gan J.K-M.
(1997). “Bearing capacity of unpaved roads”.
Canadian Geotechnical Journal. 34(3): 398-
407.0lson, R.E. and Denis, N.D. 1982

[3] Mohamed, F.M.O. and Vanapalli, S.K. (2006).
“Laboratory investigation for the measurement
of the bearing capacity of unsaturated soils”. In
Proceedings of 59th Canadian Geotechnical Con.
Vancouver, BC. pp. 1-4.

[4] Oh, W.T. and Vanapalli, S.K. (2009). “A simple
method to estimate the bearing capacity of
unsaturated fine-grained soils”. In Proceedings
of 62nd Canadian Geotechnical Con. Halifax, pp.
234-241

[5]Vanapalli, S.K. and Taylan, Z.N. 2011. Estimation
of the shaft capacity of model piles ina



Yoy JL /Y °Jw/f‘5"3¢""ﬂ°)}5

oo Ol e (pudige (gl = (oede alone

[26] ASTM D1143. 2007. Standard test methods for
deep foundations under static axial compressive
load. Annual Books of ASTM Standards, West
Conshohocken, PA

[27] Das BM (2016) Principles of Foundation
Engineering, 8th edn. PWS Publishing
Company, Boston, MA, USA

[28] Vanapalli, S.K. and Taylan, Z.N. 2012. Design
of single piles using the mechanics of
unsaturated soils. International Journal of
GEOMATE, 2(1): 197-204

[29] Lu, N., Wu, B. and Tan, C.P. (2007) “’Tensile
strength characteristics of unsaturated sands’’, J.
Geotech. Geoenviron. Eng., 133, 144-154.

q0

[18] Zare, M. A. Eslami, A. Abrang, and A. Asadi.

2013. “Frustum confining vessel (FCV) for

investigation of deep foundation performance”.

Proceeding of 38th Annual International

Conference on Deep Foundation, Phoenix, AZ,

USA, 545-553.

Amirhossein Mohammadi, Taghi Ebadi,
Mohammad Reza Boroomand(2020). “Physical
Modelling of Axial Compressive Bearing
Capacity of Instrumented Piles in Oil-
Contaminated Sandy Soil”. Iranian Journal of
Science and Technology, Transactions of Civil
Engineering 44:2, pages 695-714.

[20] ASTM D422. 1999. Standard test method for
particle size analysis of soils. Annual Books of
ASTM Standards, West Conshohocken, PA.

[21] ASTM D854. 1999. Standard test method for
specific gravity of soils. Annual Books of ASTM
Standards, West Conshohocken, PA.

[22] ASTM D4253. 2006. Standard test methods for
maximum index density and unit weight of soils
using a vibratory table. Annual Books of ASTM
Standards, West Conshohocken, PA.

[23] ASTM D4254. 2006. Standard test methods for
minimum index density and unit weight of soils
and calculation of relative density. Annual Books
of ASTM Standards, West Conshohocken, PA.

[24] ASTM D5298-16, Standard Test Method for
Measurement of Soil Potential (Suction) Using
Filter Paper, ASTM International, West
Conshohocken, PA, 2016,

[25] Fredlund DG, Xing A(1994). “Equations for the
soil-water characteristic curve”, Can Geotech
J;31:533-46

[19]



O Kar 5 ol o deses flebl et SB s ped 1, (SL e ST

Effect of matric suction on pile behavior in unsaturated soils
by physical modeling in FCV

M. Mortezaee!’, S.A. Naeini?, A.Eslami’

1- Ph.D. Student, Civil-geotechnical Eng. Dept., Imam Khomeini International University
2- Prof., Civil-geotechnical Eng. Dept., Imam Khomeini International University
3- Prof., Civil and Environmental Eng. Dept., Amirkabir University of Technology

* mortezaee_m06@yahoo.com

Abstract

Deep foundations are often used in a typical engineering project to transfer loads from heavy superstructures

(bridges, highways, embankments and high-rise buildings) to the subsoil safely without subsidence or

instability problems. In order to achieve an accurate and economical design in each of these projects, we must

have a good understanding of how deep foundations behave, which can be done through analytical methods,
numerical methods and experiments or experimental observations. Since a series of simplifications are usually
performed in numerical and analytical methods, the use of experimental methods is selected to achieve a more
desirable result. Experimental methods can be done by examining real models on site or performing
experiments on a small-scale model in the laboratory (physical modeling), which due to lower cost, simplicity
and reproducibility, usually physical modeling compared to Real on-site models are preferred. For physical
modeling, various devices such as Simple Chamber (1 g), Calibration Chamber (CC) and centrifuge device
can be used. The limitations and difficulties of these devices led to the recent introduction of a device called
the Frustum Confining Vessel (FCV) for the physical modeling of deep foundations. In this device, which is
in the form of an incomplete cone, by applying pressure to the bottom of the device, a linear stress gradient
can be created along the central axis to be consistent with what is actually happening. Despite the many
advantages that this device , it does not have a system for measuring the matric suction in unsaturated soils.

Therefore, in this article, by embedding precision instruments in the sample made of this device in Amirkabir

University of Technology (FCV-AUT) and implementing and loading of a pile in the soil inside it, It is possible

to study the behavior of piles in unsaturated soil and the effect of moisture and matric suction on the load-

displacement curve. The pile used in this research is an open-end pile which was implemented by driving
method in Firoozkooh silty sand with gravimetric moisture contents of 0, 5, 10, 15 and 20% and in each case

a load-displacement curve was drawn. The floor pressure applied in this research is equal to 100 kPa, Which

was determined by placing several stress sensors at different soil depths and measuring the stress changes in

depth. The following results were obtained after experiments:

1- In the tested soil, up to 5% moisture content, no significant lateral friction is observed between the pile
and the soil, and the end resistance, which is the result of plugging the soil inside the pile, provides most
of the bearing capacity of the pile.

2- From 5 to 15% moisture content, the lateral friction between the pile and the soil is gradually mobilized
and while creating an initial jump in the curve of load-displacement, it increases the bearing capacity of the
pile exponentially. But from 15% moisture content onwards, the initial slope decreases again due to the
reduction of lateral friction.

3- Considering the final bearing capacity of the pile as the load corresponding to 10% of the displacement of
the pile head, the effect of matric suction on the changes of final bearing capacity was investigated. It was
found that By increasing the amount of matric suction, first the final bearing capacity of the pile increases
and after reaching a certain value, it decreases. The cause of this phenomenon is changes in wet soil
behavior in different areas of the soil-water characteristic curve (SWCC) and is affected by various factors
such as grain size, initial moisture content and soil density percentage.

Keywords: Pile, unsaturated soil, matric suction, ultimate bearing capacity, frustum confining vessel (FCV)
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