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ZY ¢ Ay B3l ) aa 58 G el Jaais )08 e 1,80 el el ST e IS 51 85 el

A A LYY e IS dae sy ) die Guladd Jasill 5 )8 4
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Aadal)

hasd) uilad) Y
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ASTM liial sal laks Ja 4l The maximum and minimum dry unit weights a3
ASTM dial sl s o sl 351 Ll el a) s ¢ sl e ASTM D4254 5 D4253
G bl il il s ASTM D4224ial sal lila sl =50l Jilas 35 «D854
Jsin A (e G sniall Ja sl Al 5l Gl sl daadle (Sass ASTM D3080 dial sall
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e U A 5l Gl A1) 2(Y) Jgsa

Grain size analysis

Property Value
Effective size, Dqq 0.27
Coefficient of uniformity, C, 2.89
Coefficient of curvature, C,. 0.96
Classification (USCS) SP
Specific gravity, G 2.64

Dry unit weights

Maximum dry unit weight, yd;ax 17.5 kN/m3
Minimum dry unit weight, ydpnin 14.3 kN/m3
Test unit weight, ydest 16.06 kN/m3
Relative density, D, 60%
Void ratio
Maximum void ratio, enax 0.846
Minimum void ratio, ey 0.508
Test void ratio, egest 0.644
Angle of friction ¢ 40
110
100
90
= 80
.g D 70
F *0.78mm i
oo = i
S 50
o 40
o
9] 30
o
20
10
0
0.01 0.1 1 10

Diameter (mm)

el euall il (V) Jed
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hydraulic compression handle jack alasiuly <l LAY W) 43 gac 3 8 Jaslud o3 38
O Ased 136 LS Joand 4918 Aol 5 Aalisall 43 saall 3 58l) (ul o3 Ll 5 (10 ton 10 ton)
el Zagaill (8 Alalall da)jY) Leldl Gl 23e LVDT pladiul &35 “Sewha, Korea”
JLil) Gunlie e 45305 S I strain gauges Jeidd panlie ) Jiayl ai Liayl 5 andll
data )bl Jase e Leday ) i o3ke ) 3 ) sS3all 3 36 038 IS 5 (5 ymandl (LG Lellay)
L LAY A dras Jada 5 3] 8 allanl g a5 naS Sleas llan) &36 50 5315 (logger
sda LA g and v gl )y amt e g auf e Jada Alah sl A )8 sl

oL () JSal 8 e Ly (il 23 gl alal e (381 550 alaY)
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[11], [14], [23] :0fialdls Al iy shall o) sy 3831 o5 L

LeS 4 jpandl Gun¥) g cABall S 5 ¢y il A 3lSlaad a1 AN jualic aladin) &5 Cua
Al A SIS by (380 53 (lancal 2l aladid a3 g (£) JSEN 3 paase s
Sle Lhaeli s 44l ) s A3 45l (hinge supports) s (Radial roller) alasivl o
b Ao i g pmanll Galu¥) e Jarall Gadail Aa) 31 8 el A aladiiud 5 ) gl
8laal (Mohr coulomb model) zasei sl o3 28 5 4, 3 slSlaal 3l 322 (Abaqus)
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el Lo lly il RS 55 3811 5 o) e 2(2) IS

sSLaal (Mohr coulomb model) 3 sl aladind &35 45 ye Ll e BN 5 oalus) 8lSLas a3
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(%) o dsans (V) @) s
¢, of 40°and, c, of 1 N/m2 the dilation angle, ¥, of 0, the Poisson ratio, v, of
0.2 and soil elastic modulus, E, of 50 MPa
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.(Murthy, 2007) A3Jall sl 4y 50 55 Ja 1 Apel) A8 (o A 88l A8 5(Y) Jgan
State of sand D, 6°

Very loose <0.2 <30
Loose 0.2-0.4 30-35
Medium d::nsc 0.4-0.6 35-40
Dense 0.6-0.8 40-45
Very dense 0.8-1.0 45

.(Bowles, 1997) 4l &3 5 o Jaleal a gansall aitll 3(¥) Jy2

Soil E,,MPa
Clay
Very soft 2-15
Soft 5-25
Medium 15-50
Hard 50-100
Sandy 25-250
Glacial till
Loose 10-150
Dense 150-720
Very dense S500-1440
Loess 15-60
Sand
Silty 5-20
Loose 10-25
Dense 50-81
Sand and gravel
Loose 50-150
Dense 100-200
Shale 1505000
Silt 2-20

Dlia K el Jeall suki a3 ((Dynamic Explicit) gl oSeabiall Jladll slaic) xie
_yaliall CJ}«.\S ‘;ﬂﬂ\ padlly culadl 3 )l sl cg\jj Vo O ad Lf cedan CHen YO
.53 524l

Jeall alidi g o gaall da g 35 e SN e sl (5 jmaal) (Wl 5(7) J8&
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Aaal) gilial) -0
(o LS5 andll 138 3 (Abaqus) gl s Apdaal) milil) A58l i

Qdkal) (g pmand) Gulu)Y -0
) G 45l Ll (V) a4 LgidaaSla oKy il Cilas go o jatall Guba¥) 5 4 il Aa) 5Y)
(N JE) 3 Lilaa e (S Apaaal) 5 Aolaal)

u, uz
+0.000e+00
-5.965e-04
-1.797e-03
-2.695e-03
-3.594e-03
-4.492e-03
-5.391e-03
-6.269e-03
-7.188e-03
-5.086e-03
-5.985e-03
-9.883e-03
-1.078e-02

il (g pmmnl) QLN Rl 6 ) clas g sl 3Y1 5(V) S

Load N
0 200 400 600 800 1000 1200 1400 1600

10 h
12

Displacement mm
d
/

14

LVDT data = @ =FE data
A el VDT dlaadl gliil) G s FE dpaaed) il o 45581 3(A) JS

?LA Vo MJ}JLS}\GJGM\ éM‘uﬂM‘Y\Y-O

L@bmu&”)ﬁ\ﬁ\hyéa\0duuj&j\ésmud\gw\wby‘)hﬂh\)\ﬂ
.0 ~)M\‘;L@J£;MOS@§%3MUM\ G:'M\O:‘-.';\-.’JM‘ \.A\(‘l) d&.ﬂ\@
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U, uz
+3.795e-05
-1.390e-05
-6.575e-05
-1.176e-04
-1.694e-04
-2.213e-04
-2.731e-04
-3.250e-04
-3.768e-04
-4 ,257e-04
-4.8605e-04
-5.324e-04
-5.842e-04
Glawy g dddall ) e atiil) Lﬁ_).-.“-a;j\ b g dn il ial) chlas ga ds) Y ;(ﬂ) Jsé&
JORR
Load N
0 200 400 600 800 1000 1200 1400 1600
0 B <
ho o< LVDT data = @ =FEdata
1 o9
N
£ hall
£ 2 -
+— \
g 3 e
€ -
[} h
o 4 N
© (8
=y AN
L 5 ®
()]
.- o
6 h )
7

S onanll QDU LVDT dilaadl Uil G5 FE 4paaal) gliall oy & 58l 5() +) J8&
oo Vo clany 4580 IS e i)
ala Vo e g HS,N o attal) g jpmand) (el -0

LeidanSle Ky siall lan g ala ) v oy SN e aiiaall (g jmanl Gl 5 4 il da) Y]
OY) JSaD 5 LgilaaSle (S aaall s dleal) sl G 4 ad) Lal (1)) JSa0 b
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u, uz
+0.000e+00
-4,997e-04
-9,993e-04
-1,499e-03
-1,999e-03
-2.498e-03
-Z,995e-03
-3.498e-03
-3,997e-03
-4,497e-03
-4,997e-03
-5.496e-03
-5.996e-03

Hansy 5 A8EA SN e i) (5 jmanl (a2l il Cas g 3l 3Y13() )) S
JURR

Load N
0 200 400 600 800 1000 1200 1400 1600

Displacement mm

Test data = @ =FE data

gomanll Gl LVDT dleall sl (s FE dpaall il o 480 1(1V Y) J8i
e Vo el 488 SN e i)
ala A dacy Sl Ao alisall (g pmand) (ulud) -0

LeidanSle (Say yiall lan g9 ale A dlans SN e i) (5 jpanll Galu¥) 5 & jill dal 3Y)
(O §) JSaD b LgilaaSle (S paaall s dleal) sl G 4 )ad) Lal (V1) JS3 b
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u, uz
+0,0002+00
-5 166e-04
-1.0332-03
-1.550e-03
-2.0662-03
-7 5g3e-03
-3.100e-03
-3.6162-03
-4,155e-03
-4,649e-03
-5.1662-03
-5 653e-03
-6.1992-03

a5 BB SN e il (5 pmanl (bl s Gl il Clas g Zal3Y13() ¥) S8
JOPY

Load N
0 500 1000 1500 2000

Displacement mm

@ Lvdtavr = @ = FE data

omanll Gl VDT Aleal) il 5 FE Lnaall i) 0 20 )81 2 (V £) J84
ele A oy Zada IS e i)

54 dkal) 5 38 ylle-0
Lleal) ) G &35l Ll (V0) JSE L LeianDle oSy 33 jdiall 338 )l 5 4y yill da) 3
(V) S 8 Lgilaa S (S Agaaall

U, Uz

+0.000e+00
[ -4.036e-04

-§.072e-04
-1.211e-03
-1.614e-03
-2,018e-03
-2.422e-03
-2.825e-03
-3.22%9e-03
-3.632e-03
-4.036e-03
-4.439e-03
-4.,843e-03

Ba_aiall 3 38l g A il i) Cilas e dal V) 5(V 0) JS&

'Y



Cyuda g daal (V) Ve cYuYe sl & gay Alaa
Load N
0 20 40 60 80 100
0
el
€2
o
c
o 3
€
Y4
©
o 5
2
06
7

—@—Test data —@—FE data

B2l 3 S VDT dolead) il G s FE dgoasll glill o 453l ; (V1) Js&
Slanss (g yman) D dpuilly 7£0 o jlaie dal 3YU L sale (alisil 5 ga g ) dglaall gliall
) 021 0) elany bl G cilal 3YL b sale CiDER) a5 Y 5 okl (el A e an Y @
7V50 Ay g an) v Sl Gl 5 o) © lansy Galal) G 7Y, 0 Gy COOEAY) 0 s s (A
S LAl A G Gl e GRSy 138 5 i ey (b1 5 an) © lassy Gl

Al Y il e
a3 Aaaial) 5 samall jualiall & 3lail Anaall il of Adaade (S Mo ) JISEY) didlas 22y
za3a3 O A A a5 paaall il 4 el i g A yacill ol JLERY) e B (381 5 il
Aleal) O BSLaa) Lisall Jaall 8 daladin (Says GlS 5 38 & el danall juaiall

A panll GunsY 13das Y
(case study) dadaill -1
538 0 Jsb e il Gee aaings (e e (VA) 5 sh e (VA) dlady 4y 53 A0S slatie ) i
Gase il B Ga ST 05S Ll ahale (m e 5 35S Jsh cimal (5 5bee 055
Ll (£) a8 Jsandl 8 (e WS gd 3y il (ailiad Lol GulasY)

Adtia) & il pailadll A s hall adll 2(€) Jdgi

Density, Y e 16.06 KN/m3
angle of shearing resistance, ¢ 35°
relative density, D, 60%
modulus of elasticity, Eg 40 MPa
Poisson ratio, vg 0.3
Cohesion, ¢ 1 N/m2
dilation angle, ¢ 0
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Jalaas yia (+)7) 4Saus yia (©,70) salasl aal Sl ay je oy K568 Gl (G Gl i) a3
() Ol s A 5 ISl Kaa (Y30 +) a0 il A5 )
ol i) 28 Ll gl il Al jaly (g 5o Leadaie (S35 dnlia yue s Alu A1) (e 685 5S ) Ll
S (10) 5 sia (V)5 sie (A)s e (©) ¥l ag )l ali Jshall Ll ale (Y0 0) i W kb
ale (Vo0) @V sl (A kil sy yie (M) Jshal) Caiy Ll 33,8 1 Hhad 58l 4 ol
ankaie (€5 of () 381 258 Jead) ol aadioaall 3 sasll Lal ol (Yo o) sala (YO ) 5ale(Yov)
EUEY 5 gl s Jshlly sia (1) Ay g e
4l Jaad dld Y
«Terzaghi (1943) alldl U (s Caeia s 4 il Jand A48 ClusiaY c¥aleall 238 (40 32a)
Jaall 5 (Baall 5 JSAI O llae dilals Lehaeds Hansen and Meyerhof cpadlall SIS a8 sasy
SIS a5 a5 JSi adaiass Cam sl Alobaal o3
qu=CcN;scdcic+q' Nysqadgig+05yBN, s, d, i, W (V) Malas
O s
is unit cohesion, ¢
is effective overburden pressure at the base level of the foundation = y Dy, q'
is effective unite weight above the base level of foundation base, y
is effective unit weight of soil below the foundation base, y
is the depth of the foundation, D¢
is the width of the foundation, B
is a factor for effect of water table W'
are shape factors, s s, s,
are depth factors, d. d, d,
are load inclination factors, i i, i,
are bearing capacity factors (Varghese, 2012). N, N, N,,
sl e Aalaall US (803 13625 (D=0) 5 (C=0) & S Al ) Wil 5 dke I 4y il dailly
- Sl
q, =05yBN,s,d, i, W’ (Y) Uslae

8 el ulasd Lpssilly 5 V= 7 6 Adlad) 4 il Ay V=, (B (52 sanl) Jeall Ll
~,/\=sy
¢ \D
d,=1+01 (tan (45+E))§=> d, =1
_DUJ\ZJALMS\géqu}Nyfu_ﬁJ\;ﬁ\QSq(o)?é)d}A;chAde‘)!LU

N _ Nyfor $=34 + Nyfor $=36 _ 311 + 4‘4‘4‘

, . —— =37.75
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. (Bowles, 1997) Meyerhof, Hansen J Jesill 5 38 Jal s 1(9) ay S

‘3" N: Nq erm Nywl
0 5.14% 1.0 0.0 0.0
5 6.49 1.6 0.1 0.1

10 8.34 2.5 0.4 0.4

15 10.97 39 1.2 1.1

20 14.83 6.4 29 2.9

25 20.71 10.7 6.8 6.8

26 22.25 118 19 8.0

28 25.79 14.7 10.9 11.2

30 30.13 18.4 15.1 15.7

32 3547 232 20.8 220

34 4214 29.4 287 31.1

36 50.55 371.7 40.0 44.4

38 61.31 48.9 56.1 64.0

40 75.25 64.1 79.4 93.6

5 187 1347 2005 2623
50 26650 3185 5674 8717
¥ Alalaa (8 G sailly
sy = 0.5%X16.06 X 5.25%37.75X 0.8x1x1x1=1273 kN/m?
&Lﬁ&hM\ MR:\LGC_\.;AS Y bJ\JﬁA ES u\.n\ d.a\.‘: JLASQL’J

1273 .

au = FS 3

1 IS ln (Sas Q 538 pe Jan ol A yaaall &y sl Jan3 4,148

Qanowable = 424 X 5.25 x 5.25 = 11686 kN
AV e Ay Qapowable A s il 138
gl A
S VA maen 8 sl ) (i gas Canall Al 8 43 il Caad (531 3 andl) pualiall £ 5ad
£ 5 e oy bl Al e A gl 2l ) A0 sadiaall dag 5l () G Ly o 585 g
LeS 3 ganll 5 5 358l 5 olas¥l 5 ) il 2in gy (V) JSEU 3 (e LS (C3DSR)

_(\ /\) il 65 (e
face 2 face 5
8 7
1 ’
! V4
face 6 '4
KR 3
- face 4
5 » 6
R
y N
2
face 1 faces

Al Al e 4y glall 5 sl V1 AN Ay 80 1(VV) JS

yo
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Ayl A Sl g omanl) () A gand)
Al ASN jualiall 23 o (VA) JS
o 050y oS ealie | oty i pun L Uil gz 3ad (0 o101 il Sl il o5 LS
(09) ) U8 b zem g LS Lo o 8 ot iy 2 il il Ll il 23 sl 61 3l nen

) a5 T8 S e 5yl Gl 3(19) S

L) e ) S 1) a8t Al Al ol A 2y A i) AL o Ui ) o) 34 3
@J&\&;éﬂ.\bﬁeﬁgw\ 5\.3\34@(11686 KN) U\m@&:ﬁ&:\j}!\dﬁsﬂgw\
pealic e (58 8l 531 T gl am s 43 R e el 138 Al ) 2 1 A e A V)
a0

sida Jsh gl Jhy SIS ) dwad o Alia (g pman (ulial g IS ) 98 (g e Gabaad VA
e FON e il (5 gmanl) Galally S G AN (g jsanll Gl Sl Jeal
Sl (Y +) 8, S s
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2921 kN

2921 kN

2921 kN

_g).w\wbmﬁﬂ|w\oﬁ:("~)e§)dﬁ

o Opmed LAY 138 8 deadiad) 4y juand) (unl) e Jleal) Ll aey Cilalga ) (S5 Wl
ol (Y1) a8, Jsall
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ABSTRACT

Micro piles were first used as a cost-effective method for stabilizing historic
structures and more recently, micro piles have increased in use around the
world, being used in bridges, antenna towers, slope stabilization and
residential buildings. In this paper, the behavior of micro piled raft
foundations in dry sandy soils has been studied numerically. This research
aims to verify the validity of the proposed finite element model to be adopted
in estimating the precipitation and soil stresses of micro piled raft foundations.
The proposed model is based on the solid element to simulate the raft
foundation, the pile and the soil mass. An explicit dynamic method was used
to simulate the nonlinear static aspects of the piled-raft foundations in order to
avoid the computational difficulties associated with the implicit finite element
analysis. The validation of the program is based on the comparison of the
results of the proposed finite element model with those of the previously
conducted mini-experimental work. The comparison of the numerical and
experimental results indicates that the proposed finite element model is
accurate and sufficient and can be used in future work to simulate more
complex practical problems for piled- raft foundations. The validation of the
model used can be utilized to perform a parametric study to evaluate the effect
of different factors on the foundations such us the number, the length and the
diameter of the piles .The numerical results indicated that there is a significant
decrease in the displacement of the Piled- Raft foundation compared to the
Raft foundation for the same applied load, by increasing the numbers,
diameters or lengths of the micro piles. The result of study could be utilized
as guidelines for achieving economical design for micropiles raft foundation.
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