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Compare the axial bearing capacity piles cylindrical, tapered and
semi-tapered in the sand by numerical method
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ABSTRACT ARTICLE INFO

Use piles with variable section can improve the bearing capacity of the Receive Date: 23 October 2017
piles, due to the larger cross-section upper part of piles. The function and Revise Date: 25 February 2018
easy implementation of semi-tapered piles that only the top half is in the ~ Accept Date: 25 May 2018
form of a cone are better than the previous one. The purpose of this paper

is determine the bearing capacity increase tapered and semi-tapered
tapered piles and comparing with the cylindrical piles in the same volume Keywords:
condition. The modeling of this research paper is based on finite element Taper piles, _

method (Plaxis 2D software) of numerical analysis for changing the angle S(_eml-taper piles, _
and tapered height of mentioned piles, axial bearing capacity of these Piles bearing capacity,
piles in sand is estimated. Linear elastic behavior is assumed for pile and Taper z_;\ngle, _

the hardening soil criterion is considered for soil. The analysis was  Numerical modeling
performed for piles with different lengths. Load carrying capacity and

settlement at the given particular loading were examined. Influences of

stresses are also discussed with respect to change in taper angle. The

results show that settlement decreases with increase in taper angle. Load-

displacement curve shows that the tapered pile can take more loads

compared to cylindrical pile when the taper angle load- settlement curve

of piles compare showed that tapered piles bearing capacity and

especially semi-tapered piles greater than cylindrical piles. It was also

observed that the increase in capacity, more piles occur with short length.

All rights reserved to Iranian Society of Structural Engineering.

doi: 10.22065/jsce.2018.102011.1356

*Corresponding author: V. Ghiasi
Email address: v.ghiasi@malayeru.ac.ir

\7Y 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



5181 sunkigo oo ot

doddo —

ey D90 28 (oo Jile oo 4 b aad B2k 1) 095 )L 4T alaosle (YL Cual s 4 baaad 655k <o)l adllas
005 bye Gile 4 b laped dwaia pil sl oud plnil ged )b GIPEH shie 4 a5 SLladl ) (S ST (o
5 Gee GBI L Ll o o8 (bgye sloged aislios pite ghaite b sloged b by e slaged | lagad (ol o5 coslopa
s oaind JSis las aizmen [1fasten lalsial loged & cons 255 BB sblie Gl 05 g0 4lS Ll haie gl
Sorko Gal8 L e alafio b slageds o [2]aiien o,55 5 5500 ll5 w3555l (slailyinl (slogads 4 S (oS slaged
baed (ol ;o ols 28l aad 09,5 ;0 1) (il bl b g )5 )b cov Coond (nl (Kt Jliol lgi oo caed (2L g4
ghie gl GIBIL K05 Gom aibor 2ol (ol (il 4 lye (A5 Ol J3I e (2355 )13 s 4 1 ged 095 5]
s R GsS plRin )0 med (555 2 T Eed edle (Sealind 5558 e LT (Vb Cend ps mes

o 4 45 0ges o)L Sy Slalllas & Bl oo el o plonil (g Pre slaged )b )b (59, o SlEERS (gl alex ]
SLL L oS w4l cpl a9 CS oy gl anle S o (g 3o slaged 6k ud)b (65, ot (S Sk ST gbsl s
Sy 4505 (pl 4 993 Sladllas ,0 Y Bga ple [3]ols Liol58l plp Y0 B V.00 |, aed o)l cud )l lg o oo L /) Sl
Va9 Jlo o [A]ewl cob s L slaged (il caglio plp 1,0 alocs e slaSs o by ,se slogess (sl> Cuglin oS
Sk Sedyb gl i we ) YO B Ve ojlil 4 lawle SloS 0 ((iasS by Pre laged )b Sudyb a5 wld eols (LA
Sl s4aly rized 5 0aliS jpame jlad Sl aligle] Slalllas yo [B]anl LSy asgie glad 5 oz b (slailiol slogeds
b bogyie lopad (ohlr Cuglio a5 0l oanlive 5 (o Slawle S o a8ly (g e lopad )lad )b cod)b p (Sud
Gl b oliie S aEilol LIS Sy 5l ol b oSan g ol olpels [B] el (ol wlyil clogass jl yig ¥
Se5 sl o 5l odel Cows 4 s aulie b g 20,5 swyp lagY cdinz oS o ) b0 slailginl 5 oaigd SO ,L slogods
O SESL sasly bl ys (b yte slaged 623k Sod)b oS Waw; 4t Gl @ VS dg0oe (132 I8l 5 5 eslil L
CPTY Lilojl plool b ¥ o Sas o o [1] sl ciloiSy adaiio b glopads §1 i duoyo B b YA (go3lil 45 az,0 1,2) b - 40
@l b Sed)b &S W) 4l (pl 4 g wiBhy Glanle S o s eied Sk slaaed sk Cedb o) n
byl Fad o)l gly GlPI L Lol sl oo slailgial 5 (Joens laged ol )b Sed)b l i waisd SHL slaged
[7]skoe ol o S5 )k oo 5 Galbl sliiie & j50 4 gad iy (52,0

b slged (S5 Cuoglie (S o S5 > G oo 4 o 4 (alSim wisls i 053 Dlidizg b e Yo oA Jlo o
WS (o0 3985 (b 4 gy (SBaol Sl 3 (bgyte et &5 (ol @ly 50 S oo by Gl 2l (g Pre Sl b vz e
0355 losS 5 by ypee a widly o byl wiS oo 1 T 59y 32 9> (b anilr an JLid G a5 was oo i ged 0 Shes 03l
ool 5 Jalo 4 GugSLT 58l 5 5l eolizal L 01 Sen 5 15 [Bos co Jloy (881 (25 525 5 o laz SISlasl (ol s gad
gLl b lanle SlosS ;0 a5 Wdw; 4t (nl 4 Caled )0 g a3l lanle S 55 by o slaged 5l 5w 93 )k cad)b
L9155l st 50,k b ybs oo 5 Jbpt (slailsinl (glageds & s (g 5o (slogads oS

bl 59y 2 by slaged Jsb g (g yFe agly Sl cwyp 4 (samgs dgamme sl lile sl ool b Gadow cnl 5o
5a8 by pretesd slagads (6l Coud )b (pizen g e a3l anle 0 pzes lalyiul Gloped 4 Cond Ll 55570 sk
205 (50 &Bly (o2 3590 GG (nl 3 Cenl oaile o0 (lidoa LS

1- Meyerhof

2- PLAXIS

3- Leeetal

4- Cone Penetration Test
5- Gang zhan et al

6- ABAQUS

1YO GAPY amio AR Jlo ¢F 0 jlodi ¢ 0398 (ol g 0 jlw (witigo (a3 — (ol 49 yid \#¥



5181 sunkigo oo ot

SilwJoo -
Al 78 9 @Wlao Wlasivn —1-Y

s 230 Ghaed Cusl ool a8 8y O jg0 Gudod (pl il Joe [10] Y smso eeSdy Sg0me (sl l58le 5 51 eolanl b
et H (g se glis)l 5 & (g oe saugly il (oo oy Sredand godd 5 by 5o o slailyinl gads ol Gaios )0

Sl 00 00l ULM..» S Lo Sygo & o) Ji.u

o
e

o ,__77_,) ~_
s 2o e By (V) IS5

L slawls g9 5l Batod ol jo eolatnl 0j90 S all oo (V) gz 750 4 ooliiul 8,50 aed 3 S dlas Slasic
J11] el ons Gl )18 g )5 Sliios bl p o sl oolitnl 5,50 (slo il )b g 0o (o8 b Sdiv

[11] Js < 55 b 5 S mlas Slasis (1)dgr

el als — )
Fles dbe | HS | L-Elastic -
S Lo 1 - Kpa
Sl w53 | 30 - Degree
Ol a2 [0.35| 0.5 -
Kb Jss - 35800 Mpa
rE S 15 - Mpa
‘EM 15 - Mpa
VEg 45 - Mpa

oPsee 05| 18 23.6 KN/m3

gl 4l 0 - Degree

7- PLAXIS 2D
JJ\JJU.H.\\ P G.IS\AJ (S 5™edom UIIJLAJ] BN Cailsew L;z';..m-/\
Sazme (5,105 ,L -5, pyb (S -V

174 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



5181 sunkigo oo ot

SLLE 3,8 (oo il 550 Yo g Ve )0 0 sladob b (5 (5w Jloz & (lgiee |y Badod ol 5o oolitul 3,50 slagets
lottss ol 51 ploS o [12]ailons Ll gt ,lb ply Yo 305 10 logads Job dogats calio o Slae Liis sl a5 el 53
4 p3¥ glasdll it il by yme i) 5 aygly s 4wl (g Feans g by slalyinl el g5 an ol
Sk ORIB Ol 695 2 loged (bgye el g gl (izmen 5 Jsb Sl (o) ln 392 Sloged )b Sed)b (e jslate
50 el oad osle i reds IS (gaispends (V) Jouz ;o Sl ool plonl slailginl sldgod 4 cod psin alaiie b slogos
Siloads 5,l3860 TH L by sredns slageis s T L by ,se slages € b slailginl slo g Jgoz ol

S S o baed s Slaseis (Y)dguer

s | M) e | M) N | ) et a"'i::::)b Jﬂﬁ)(’n:)@u)\ @(:n;,
P5C 5 0.30 0.30 0 - 0.35
P5T1 5 0.32 0.27 0.29 - 0.35
P5T2 5 0.35 0.25 0.57 - 0.35
P5T3 5 0.37 0.22 0.86 - 0.35
P5TH1 5 0.75 0.25 14.1 1 0.35
P5TH2 5 0.57 0.25 6.09 15 0.35
P5TH3 ) 0.50 0.25 3.57 2 0.35
P10C 10 0.50 0.50 0 - 1.96
P10T1 10 0.60 0.40 0.57 - 1.96
P10T2 10 0.70 0.30 1.14 - 1.96
P10T3 10 0.80 0.20 1.72 - 1.96
P10TH1 10 14 0.40 141 2 1.96
P10TH2 10 1.2 0.40 9.10 25 1.96
P10TH3 10 1.07 0.40 6.37 3 1.96
P20C 20 1 1 0 - 15.7
P20T1 20 1.20 0.80 0.57 - 15.7
P20T2 20 1.40 0.60 1.14 - 15.7
P20T3 20 1.60 0.40 1.72 - 15.7
P20TH1 20 2.25 0.90 12.7 3 15.7
P20TH2 20 1.90 0.90 7.12 4 15.7
P20TH3 20 1.70 0.90 4.57 5 15.7
P30C 30 1.50 1.50 0 - 53
P30T1 30 1.80 1.20 0.57 - 53
P30T2 30 2.20 0.80 1.33 - 53
P30T3 30 2.50 0.50 1.91 - 53
P30TH1 30 2.90 1.40 10.6 4 53
P30TH2 30 2.60 1.40 6.84 5 53
P30TH3 30 2.40 1.40 4.76 6 53

1Y0 G1SY axio ATRA Jhw oF 04bais F 095 (bl 30 s guickigs oo 1 (ool & yid 155



5181 sunkigo oo ot

Gl gy —V-Y

oo ailyyy  Seels (5950 Jb i it ahafie b glapeads JUT 4 5nSdy dgame (gl5l 15810 5 5l eolaul b Gudms ol yo
5 gl ot b bbaed (nl avolio & by e lagad @ ojlaz aygly ;id b i atein Job b logads jlaus jo (sl ol
£5 35 L 32 g ool o catlge H (b s glis ] coals Jsb b g satass slogad ke sl (a3 e 45515,
o e el slimad st Il Gl 555 52 i g on 65, 5 sl A s 9 8 o 5 sl 3,50 L3
Sk S p gt Job ST ad plol 13 alidee Jobo b slaged 1y 398 g Caled o 098 o0 (atuine lailyinl slaged &
20,5 aine w0l L slalgiul ged 4y o lagads

Syge SL lp Canl o ooliial (5970 ()l Joo 5l 093 Heme Jo> ped () s 4 )l Ble 5 0 baped 5luse sl
S0 yS ¢ G0 dalph (Joe awdid paw i g seges Slondali (B xe 3l e el 0uls solatul snighcSn S Juw 3l 5 eolal
YL 5 (Sosls Jb o wl S aed 6958 0905 S okt & rimren 09800 G pE el lp Ayl St oy e
Jlosl b cales )0 00,5 oo jue saiaie Slilos plonil gal 5 S gl Sl 5590 pllae (Byne b 5 (nl 5l Gy 090 Slml 2o
el 0o JoSzd Slawle 56 e 5l pols Sl Jow 00,5 (oo Slowle slajB o)ly Ol 5 S5 Lad ausle adyl Lol i

Seeline 3B G AT g0 5B 10 0gd o 00ld Cad mads 0088 Ay (y Slastin glad> e cle g, 5l eolaial b sl 51 e
Auld oo b slaro coSreds 5Bl 0 0ad o0 Jleel a4l +,0 ) Sloj (60,90 b el (oYL 4 S aed sl o (59,8«
SV Gloj oy90 5l adlior (Senlind 51 Sy po 518l &S poun 5B 50 S (o0 0y et VL 4l p JSew B0 S S 5 00 -
ot Sl oo bl g asals 5l 158l 8 5 jo o1 ol )| g3l amds (gl 5B cpl o el oo oolaul Eas 3T oles )| gl asls
Sl oSS 5l 0aboe Jloel god (YL @ Sl 9550 Cenis Slal> e CSle By 4 58 p)ler B e Sl oud oslinul
sl S BB aad (6 0)k Zadyb azmiiS)d g G - 5L Jloged i lislons plowl g (Slowlxe

Fowzo -Y-Y

5 ol s b o Sealis @l 5o 5eeSh Jlsla 5 51 onal Cows 4 s wond plxil g5l de (oniw litel sl o ol 5o
1R aglie 3550 sl 00k ansS sdinr S 0 oS pad (pdle by & (bype med sl Vgsenl 5 (I3 Sl
Qugli 5 e VY e Job il Y pad S 5l i Sl O e pus 5k oyt (i gad o [13] i oa i 5
SE Giledae sln cwdsS so9e Joo 5l il sdiir Do 4 )5 0j50 S &S gl adlioe azpe 0 (Sud by e
odds ools Ll (V) Jgaz 0 1l 0550 aadh 5 S Slasin o)l )18 s mdaw (650 S Bos )0 3 ol v el 00l oolazul
o

[13] S 5 oy glae cslasiino (F) g

bl Sk | e A5

S Lo 22 - Kpa

Sllasl 455 31 - Degree
Ol 2 0.3 0.15 -

Sl e 50 | 35800 | Mpa
o R 055 17 23.6 | KN/m3

glslh 4l 1 - Degree

11- Ghazavi & Ahmadi

\rY 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



O 21 0 3lw (swikigo Lol

Sholrbo

oo dulde Slawe 5 51 ol ol b sgame 132 15816 5 Jawgs 3udos cpl (ilw o 5l Jols i =, (e (V) US55 50
Frogkee & Canis )0 (6l Syl s SaSe b ot 6,5l (g, 99 8 Candid - )b logal 995 0 oalie oS jsboylen el
Q5,10 WS v LV g0 50 a8 Cenl odal s a0 05 V8 ol Slowe s Gub g VYA ply 5esdy 58l 5 5l eolainl

180

160 -
140 -
120 -
100 -

Fy [ton]

Sl Olalllang sgazo 321 1381p 55 51 Jols Candis — )b Somio dus Lo (V) S0

80
60
40
20

0

st Plaxis 2D

e Ghazavi & Ahmadi

Uy [mm]

T Sl g g Y

30T 2ol oo 0 a1 4 130 & & b L cloaads 30T 5l ooel cows 45 ol ety & ol yo s ol yo
T o r TR e SO Eoww ) T e P o R

b aods 65k byl owyp-)-Y

i 0 Job b glogasds —1-1-Y
la. Ls“t"lﬁ"“‘"" 6[.&&0....4 LS)")L u.dj.lo (f)JjA} L RESWEW- 6).».4 I\ le.ibéo...u ad,..a:;u U"‘ 09 R S 6&&@» u;);ol.,jf
el a3 )5 15 aolie 9)50 (550 B (g Preded 9 (g e slage

S0 slaped g,k b b (£)d 50

R RELE R TN TS NIV
e (42 ,3) (05 50kS) | b b b
P5C 0 119.91 1
P5T1 0.29 130.11 1.08
P5T2 0.57 137.32 1.14
P5T3 0.86 140.92 1.17
P5TH1 14.03 255.78 2.13
P5TH2 6.09 197.63 1.65
P5TH3 3.57 212.71 1.78

5o Bl by (Rl 5 6k byl by e angly Gl L (gt slagad ;o w58 oe caalin (F)Jgor I aSilizslon
)| o by Sedes mads ool b a5 condle 1ol el oo, glailyiol mads ply VAV &y am s+ A agly o Cules

1YO G1PY axmio ATRA Jlu ¢F o jloi F 0590 (Cdlu g0 jlu (wikigo (i g 3 — (ods 43 g

\#A



5181 sunkigo oo ot

TAY a5 B 6l byl b oy ] st 45 o, ald s V¥ b (g e ausls Gl Sl e s log e
85 (o HLES pa e g i Slailial et (5 5%e i (Slaged (6l Cod b e (1) UK 8l (oo (sllginl god il

25
b
=5,
Jo1s
=
X1
)
] 0.5
J
0
s 7 g g £ 2 2
= 2 2 82 B & &
[« [« o
o

A I gl ped 4 s g laped 5k b b el Hlased (F) SO
el 00l ds e og yedens 9 by te lameds Sl i b (650 O slalgin! et canciid - )b loges (F) JSCi o

350 |
-y, 300 -
ba
Yy 250 -
31 200 -
v
1 ERTTTTOURI
7 100 -
< e P5C
Z 50 - - PsC
: PSTH1
0 - i . . .

0 0.005 0.01 0.015 0.02 0.025

(m) ceis

6#@@&&M—JHJ|:3~J(2)J&2

S el asriie S5 50 a5 jghailes ] wMS&lS (g Pedend pad 10 (60, Cod b JliEl (F) USG a4asgi b
Sl 6l cud b e 4 alaii ol 1 il rdge Lol PMasl 4 b g o iSTas gald gljls o Lo YO 51 LB galais (o
Sl ool oolatwl (6l cud )b s gl AT e 5l 5 SVl 0wl s

o) Job b glogads Y-

sboles Sl i85 )18 aolie 590 (550 Vo (g Fedes g by e slaged b slailgial ok ()b cod b (B) g0 5
Caled 335 el 0,5 Iy Il 505 5t oty g on sl Gl b g e slagads 55 ol (] )3 355 n oalie o
99 bgye gl o by predn med 5l osliiul b aS candls jo ol el ooy slalginl aads ol V.0 ¥ 4y az 0V VY a4l5 0
g g VOV azgs BB o)l cud,b 4 aww, ol g4z a5 ways S palyd ax 0 VY B by e augly il el e
S| 09y 6‘:\)‘9....»‘

171 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



5181 sunkigo oo ot

Sy Vo e (5 3l cad b (D) 9o

o oA asly | ogabas b S
e (9| Gk | sab b

P10C 0 866.38 1
P10T1 0.57 884.66 1.02
P10T2 1.14 922.34 1.06
P10T3 172 927.05 1.07
P10TH1 14.03 1361.94 157
P10TH2 9.10 1210.78 1.39
P10TH3 6.37 983.45 1.14

ol 00 08l LS s 5 i slailial et 4 5y Ve Slaged 5k b b o (0) UK 5o
18

l. 16 -
' 1.4 -
\ 1.2 4
. .
A os
\R '
J’J 0.6 -
]J 0.4 -
0.2 -
0
5] s o il T ¢ T
— o =] =] = = =
o = = = = S 3
o o [« 0
o

5 Sllginl gods 41 g 7o Ve Glagads (5 525k Cud yb L slog0d (8) S5

Pl by pretass 5 (sbypee slogad Sl (nye b g Ve lailiul el ceis - 3L gl lalie (P) JSS
Sl a8l S slaslginl 4 Cons oy e slopeds 5k cud b e Ve A e i il e

1600

1400 - |
= 1200 -

? 1000 -

% 800 - Y Csead
3 a0

3, 00 - e P10C
= 200 - ceseee P10T3
X

/ P10TH1
0 - .

0 0.005 001 0015 002 0.025

(m) ez
G0 Ve Glagod Cumdi -5l g5 (7) S

FoTe Jsb b sloged —¥-1-¥

s9bolen Sl 8,5 )15 anylie 590 (b redesi g (g e Glaged b s yte Ve llginl aod 0k )b (P sox o

1YO G1PY axmio ATRA Jlu ¢F o jloi F 0590 (Cdlu g0 jlu (wikigo (i g 3 — (ods 43 g \v.



5181 sunkigo oo ot

‘é}).: »® 9 ooJ&; L)..q QS"M)'“‘” LSJ")L’ W.B).]o gsbﬁj’“’ 4.35 ‘J.B‘ L» 6103/.?:.:. 6Lbé.owa o Jls> d‘)é 09.»..:‘50 ouslie a5
ool osls ol 1 6 0L cod )b wo o iy U e s g y5ee gl )| o g tredas mod .ol 0092 ol jad 55 (5 ,0,L alS L Llg;

Sarobiad Sl 5 (6 i Vo slogauds (5 1)k cad yb (F)Jgu

o PR sk o b S
e (4 (05 52 545) sk b

P20C 0 4866 1
P20T1 0.57 4818 0.99
P20T2 1.14 4915 1.01
P20T3 1.72 4672 0.96
P20TH1 12.68 5109 1.05
P20TH2 7.12 5061 1.04
P20TH3 4.57 4915 1.01

Sl 0als ools olad l"”r"'ﬁ?)"b’d‘“‘W‘@“‘bGH Y’L;Lm(':o..i} Gk Cad b cond (V) S o

_ 1.06
]- 1.04 -
. 1.02 -
5. 098 -
* 096 -
D pos
]J 0.92 -
0.9 : :
g £ & 2 ¥ 2 ¢
~ (=] =] =] = = =
e & & g 8 = &
o [a B8 [a

e *

S 1Al gil gl 42 (g 50 Yo slogodd (62)b ad s b L lagas (V) JSb

Ol e el a8 5 aloeil bg redend g (g yte slalginl glameads 3l slaiges Canii =5l jloged po slawslas (A) USSS o
A3 (oo LS sy Pradess gl )3 )k Sudib el Gl zmen 5 by 5 gl med (o 8 Lkl 5SS

6000 |
‘3. 5000 - g
1:.. R R - "
;‘" 4000 -

Y 3000

o

3) 2000 - — P20 C
= ssssss P20TL
< 1000 A P20TH1

0+

0. [}1 0. 015 0. 02 0.025
(M) St

G0 Ve ol aols Canci — b Hloges (A) JSCi

A4l 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



5181 sunkigo oo ot

yio ¥ Job b sbaess —Y-)-F
sboles Sl 48518 aolio 9590 (6500 Vo (g Fredens 9 by e slaged b slailgial ok 2k cod )b (V) goa 5
ol el 00,8 oy yralS by e slagads ()b cud,b by yee asgly LliBl L g Vo hob slaged )0 05b g0 cdwlive a5
odds slailginl e 5l in do ;0 % 09 (6, Cud,b ye e byt gLl jo by Predas aed jleslatul b aS candl> (o

G0 Vo g aads g3, cad b (V) Jgu

&b &5 (42 )3) sbg P gl; Gﬁ),.b‘ M’L’ b cudib e
(0P 559k5)

P30C 0 15135 1

P30T1 0.57 14946 0.99

P30T2 1.33 14318 0.95

P30T3 191 13702 0.91
P30TH1 10.62 16522 1.09
P30TH2 6.84 16221 1.07
P30TH3 4.76 16001 1.06

Ll 0als ools olad Ww—“a;@d‘“‘aﬁw‘@iﬁcﬁ}@‘”dbé«& Gk Cad b o (1) S o

1.15
] 1.1 -
: 1.05 -
3 1
2. 0.95 A
'I..'.
Y 0.9 -
L 0.85 -
0.8 . . .
o = o il 7 o T
Il o [~ =] — — —
a a2 a2 a =] R 2
[ [ [
el

A 6l et 4 g T glaged 50k b B T s ged () S
oS Jobylean eul 4185 alil g Sredes 5 by 5 cslailginl (slagad 3 Slaiges Comnis — )b loges s (Slhmslie (V+) JSE 5o
= Loy g yse e iomie Kb Gubs Lol .l wganime alS ¢ g tredons o 18 (62, cad b iol38l 00,5 o ala>dle

ML»GA 9_.Ja~o ; Lgldd]jl.Jé«i» T 3V

1V G 15Y aio AFRA Jho oF 05k 68 0599 (b g 0 3l ki iy J— (ol 4 yio Y



5181 sunkigo oo ot

18000 |
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 - ssssas P30T3

2000 A P30TH1
[} = T T T T

0 0.005 001 0015 002 0025

4G (S g

I
—

(KN)

Seolind s 40 (6500 Ve (ol gy Camnlid — 5L Hloges (V+) ST

b cad b o Julx -Y-Y
.Mogoomolm > wmgg]dj‘jm]émi»dgw'. mewdf)bud)low ')|o9.oJ(\\)Ji&)o
2.5

2 | =A== pPIi0

- o == P30

PC PT1 PT2 PT3 PTH1 PTH2 PTH3
2 gl gl ol Ay Coond R0l (5 5L Cad p b oo 510905 (1)) &

ol BT g% - 5 550 D ot il 58S sloged )3 e (3,5 oy e 145 353 e alimdle (1) S & 4
5 el ol slailgtal god pln YOV T (50 45 adlice PTHL (ke iy (g pretars o & bgppe il n i
a5 syl gads 51 i TOV ol sy o5 adlca PTHL (b ot o & bgpye o3l (i 58 (550 )+ sloged
Rl el a8l falS (oS )l il a5 6 Ve g Ve slaged 12 b ok aes 3 b5 by yFe slaged 3)50 55 e
do ;0 by Pt slaged ;o Ll Cwl Simgume sy @y slaged 3)50 5 Gl (pl & 29d oo ali>de s p)k o)l
el iz Bl g 2l e Ve g Ve loaad ;o Rl cnl adl oS adly (al3dl ol cod b b sk
399> 53 5k Syl 4 (lgior ged (53,5 (g P g phafle posS b dgd o aiSle dnle 10 &5 plaged )3 S )3 (e
s alamdle o5 jelailen 5 0l (g i golazdl stz olsS Jsb b slogads 1o IS ol 4l il Cams (gl wlsial b il 5
25 o0 B reds (b by e e g Y g Ve il laged I Tt % V0 50 laged j0 )b b b

\vy 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



5181 sunkigo oo ot

G A g (e

Sllgil 5 piie ahiio b sloged (sypme )b Cudyb amlio & wgaze slizl gose LT 5l eolinal b iagsy ol o
9 o slaged by glis)) g gl (Jsb Sl Grizmes Sl oad aiSloy anle S (o5 y0 Al slash b pr>pa
503 Ol 25 T & Olgisn 1y pole gty Sl esel s @ @l sl ond gy et nl sk S 5 (g redad

Cwd pzee Sllgiul Gloged 4y Cond 65 b Cudib @ Dl canle o e gk b slageds I ookl L )
JOER

gt ;o wboe R el 6)lad Gp)b Sdib byt laged bge wgly RIBIL Jeene b 4 -V
B9 on yiian @od 6k Syl A ;s g by e gl by P gl RalS L (g yFeans

oRlBl se Vg 0 Job b slaged j3 a5 50k sl S5 ol Job b sloged lp jiie el (05 by oY
lp Wl a8l 2ol )b byl s)lge (i p0 e Yo g Ve Job b slaged jo Ll Cosl ogpin baged 20k od)b
D9 o0l drogi o (85 (ogye il Job b slageds

sboFe Sloged aSinl Sezg b Cunl jiiey Ko g5 50 5l labimde BB ok 4y (g redes slaged )l Sud)b -F
a5 S el ced b Gl e o (b yeans slaged Lol wisg oo )k o)l a5 L eV (S s LS
Pl VAY 00 01 (6L S8 b a5 59 POTHL bg redens o 40 bogsye (5,m,L ialiél o iin .aiolas ases 1) slaslgin!
Eo S B med o byyre slaged & by )k Cod)b (n i o5 Cendle o Gl el ools ol 8 5ela glailgal aiges
Bg LAY sga o] lade aS ol

&=y

[1] Khan, M. K., El Naggar, M. H., & Elkasabgy, M. (2008). Compression testing and analysis of drilled concrete tapered
piles in cohesive-frictional soil. Canadian Geotechnical Journal, 45,3, 377-392.

[2] WEei, J., & El Naggar, M. H.(1998). Experimental study of axial behavior of tapered piles. Canadian Geotechnical
Journal, 35,4, 641-654.

[3] Peck, R. B. (1959). A study of the comparative behavior of friction piles. Highway Res Abstracts Hwy Res Board, 29, 4,
30-39

[4] Mayerhof, G. G. (1976).Bearing capacity and settlement of pile foundation. Journal of Geotechnical and
Geoenvironmental Engineering, 102, 3, 195-228

[5] Zil'berberg, S. D., & Sherstnev, A. D. (1990). Construction of compaction tapered pile foundations. Soil Mechanics and
Foundation Engineering, 27,3, 96-101.

[6] Wei, J., & El Naggar, M. H. (1998). Experimental study of axial behavior of tapered piles. Canadian Geotechnical
Journal, 35, 4, 641-654.

[7] Lee, J., Paik, K., Kim, D., & Hwang, S. (2009).Estimation of axial load capacity for bored tapered piles using CPT
results in sand. Journal of geotechnical and geoenvironmental engineering, 135, 9, 1285-1294.

[8] Manandhar, S., Yasufuku, N., & Shomura, K.(2009). Skin Friction of taper-shaped piles in sands; In ASME 2009 28th
International Conference on Ocean, Offshore and Arctic Engineering, 93-102.

[9] Zhan, Y. G., Wang, H., & Liu, F. C. (2012). Numerical study on load capacity behavior of tapered pile foundations by
Using ABAQUS. Electronic Journal of Geotechnical Engineering, 17, Bund N.

[10] Plaxis Manual. Plaxis 2D-Version 8. Edited by R. B. J. B. Brinkgreve.(2006). Delft University of Technology & Plaxis
b.v. The Netherlands.

1YO GAPY amio AR Jlo ¢F 0 jlodi ¢ 0398 (ol g 0 jlw (witigo (a3 — (ol 49 yid \Y¥



5181 sunkigo oo ot

[11] Xuan, F., Xia, X. H., & Wang, J. H. (2009).The application of a small strain model in excavations. Journal of Shanghai
Jiaotong University (Science), 14, 4, 418-422.

[12] Naggar, M. H. E., & Sakr, M. (2000). Evaluation of axial performance of tapered piles from centrifuge tests. Canadian
Geotechnical Journal, 37, 6, 1295-1308.

[13] Ghazavi, M., & Ahmadi, H. A. (2008). Long-term capacity of driven non-uniform piles in cohesive soil-field load
tests. Proceedings of the 8th International Conference on the Application of Stress Wave Theory to Piles. Lisbon, Portugal,
139-132.

¥4 1VO GAPY azio AR Jlu P o jloui 7 0,99 (ol g 0 jlu (cwinigo (g 3 — (ols & g



