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ABSTRACT: Piles are relatively long structural foundation members that are used to transmit loads
from soil layers with low bearing capacity (or high settlement) to deep soil layers with high bearing
capacity. In foundation design, determination of pile bearing capacity is considered as a complex issue.
In this paper, the bearing capacity of steel pipe piles in sandy soil is studied using the results of static
compressive load test. Piles were installed in soil using the jacking method. In this method, at first, a

hydraulic jack was applied for installing piles and then, it was used for applying the compressive load

required in the static load test. After recording data, the values of bearing capacity of the piles were  Keywords:

compared with the values calculated from analytical methods. Then, the values of the friction capacity Load test

of piles were evaluated using the results of the tension test. The results showed that due to the effects . N
jacking

of soil plug on the bearing capacity of piles and installing piles using the jacking method, the obtained

values of bearing capacity of the piles are much than their analytical ones. Moreover, the results indicate bearing capacity

the effect of frictional resistance on the ultimate bearing capacity of the piles.

pipe pile

sand

1. INTRODUCTION

Generally, investigations about the behavior of piles under
compressive load have been performed in the laboratories,
which are not able to reflect the real conditions of the site.
Therefore, it is necessary to use a pile load test in site to study
pile behavior especially in granular soils that are sensitive to
disturbance. On the other hand, jacking method is a popular
method for installing piles in soil because this method does
not generate any noise during pile installation. The results of
studies [1-3] on instrumented open-ended model pipe piles
that were jacked into loose dry sand in a large testing chamber
showed that end bearing capacity of pipe piles is due to plug
and annular capacities of pile tip.

Moreover, frictional resistance is mobilized either in the
inner or in the outer side of the pile. Also, plug capacity has a
considerable effect on the resistance of pipe piles and causes
open-ended pipe piles to behave similar to close-ended ones.
This issue can lead to widespread use of open-ended pipe piles
because these piles are economical, and their installation is
easy. Paik and Lee [4] stated that plug capacity is primarily
affected by relative density and lateral stress acting on the
pile tip, but it is nearly unaffected by the vertical stress.
Furthermore, about 90% of the plug resistance is transferred
to the soil plug within the zone of 3 times the inner diameter
of the pile from the pile tip, irrespective of soil conditions.
They also showed that the earth pressure coefficient in the
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soil plug tends to decrease with an increase in the penetration
depth, and it increases with an increase in the initial lateral
stress.

In this research, bearing capacity and frictional resistance
of open-ended steel pipe piles in sandy soil and the effect of
soil plug on the bearing capacity of these piles are studied.
Moreover, the results of pile load tests are compared with the
results obtained by analytical methods.

2. EXPERIMENTAL INVESTIGATION

In this section, at first, the characterization of the site and
piles are studied and then, the procedure of the pile load test
is explained.

2.1. Site Characterization

The site for performing pile load tests is located in
Mazandaran province, Chaksar region. The results of
gradation on soil showed that the soil is poorly graded sand
(SP) according to the Unified Soil Classification System
(USCS) and has a unit weight of y = 17.5 kN/m> The
groundwater level is located 3 meters below ground level.
Table 1 presents the physical and mechanical properties of

Table 1. Soil properties

Nag | Y(KN/MY) | @) Gs | c(kPa}
19 17.5 33 2.73 1
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Table 2. Properties of piles

pite | L[ Du | Doof e A
{em) | (cm) (cm) | (em?) | (cm?)
A 210 14 13.4 141 12.9
B 195 11.5 10.9 93.3 10.5
C 140 7.8 7.2 40.7 7.1
D 90 49 43 14.5 4.3
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Fig.2. Results of load tests on piles type A

soil in which N_ , @, G, and c represent the average standard
penetration number, internal friction angle, specific gravity
and cohesion, respectively.

2.2. Properties of Piles

Table 2 shows properties of piles in which A is the pile
area, A, is the area of the hollow section of pile, L is the pile
length, D_ is the outer diameter of pile and D, is the inner
diameter of the pile. The piles are made up of steel and named
A, B, C and D with the L/D,, of 15, 16.9, 17.9 and 18.3,
respectively.

2.3. Pile Load Test

Pile load tests were performed according to ASTM-
D1143 [5]. The piles were loaded to a maximum maintained
load of 200 % of the anticipated design load for tests, applying
the load in increments of 25 % of the design load. Each load
increment was maintained until the rate of axial movement
does not exceed 0.25 mm per hour, with a minimum time
adequate to verify this movement rate based on the accuracy
of the movement indicator readings, and with a maximum of
2 hours. Loading is continued until progressive movement
occurs, or total axial movement reaches 15 % of the pile
diameter. Each type of pile was installed and tested 3 times
(such as Al, A2 and A3). Figure 1 shows a view of the pile
load test.

3. RESULTS AND DISCUSSION
In this section, load-settlement curves obtained from pile
load tests are presented and analyzed.
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Fig.1. A view of pile load test
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Fig.3. Results of load tests on piles type B

3.1. Results of Load Tests on Piles Type A

To determine the ultimate load, a technique called
the “intersection of tangents” was used in this study. This
is accomplished by graphically constructing two tangent
lines. One line is drawn tangent to the second straight line
portion of the load curve. The other line is drawn tangent to
the initial straight-line portion of the load-deflection curve,
which is beyond the curved or non-linear portion of the load-
deflection curve. The point where the two tangents intersect
identifies an estimate of the ultimate load. Figure 2 shows the
results of load tests on piles type A.

3.2. Results of Load Tests on Piles Type B

Figure 3 shows the results of load tests on piles type B. It
is observed that the ultimate settlement of B1 has been more
than B2 and B3 which can be due to the generation of soil
plug. However, the behaviors of piles are similar which shows
repeatability of load tests.

3.3. Results of Load Tests on Piles Type C

Figure 4 shows the results of load tests on piles type C. It
is observed that load-settlement variations in these three piles
are approximately similar to each other.

3.4. Results of Load Tests on Piles Type D
Figure 5 shows results of load tests on piles type D. The
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Fig.4. Results of load tests on piles type C

Table 3. Bearing capacity and settlement of piles
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Fig.5. Results of load tests on piles type D

Table 4. Soil plug

Average
) Average
Average bearing w0 of
bearing capacity ratio o
. . settlement
Pile capacity from
. to outer
from tests analytical )
(kg) methods c}lameter
of pile (%
(l(g) P ( 0)
A 1171.7 859 2.3
B 664.1 550 2.8
C 277.6 228 37
D 104.2 76 6.2

load-settlement curves of these piles are similar to each other,
which this issue shows repeatability of load tests.

3.5. Interpretation of the obtained results

Table 3 shows the comparison of the results of pile load
tests with ones obtained by analytical methods. It is clear that
bearing capacity of piles A, B, C and D is 36, 20, 21 and 37%
more than ones obtained by analytical methods, respectively.
This can be due to the effect of soil plug on the bearing capacity
of piles. Another factor can be due to the installation of piles
by jacking method, which minimizes soil disturbance and
causes bearing capacities of piles to reach their real values.
This issue has not been considered in conventional analytical
methods. After removing piles, length and unit weight of
soil plug were calculated. As seen in Table 4, length and unit
weight of soil plug increase with increasing pile length.

3.6. Calculation of frictional bearing capacity

In most of deep foundations, shaft resistance is about the
same for uplift and compression loads [6]. Hence, the results
of tension tests performed on these piles [7] can be used for
estimation of their frictional resistance. Table 5 shows the
frictional bearing capacity of piles.

4. CONCLUSIONS
In this study, to determine the bearing capacity of open-

Unit
. Plu weight
Pile Pile length lengi;h of sgoil
(cm)
{cm) plug
{kN/m’)
A 210 96 21.4
B 195 67 19.8
C 140 50 19.3
D 90 30 18.75

Table 5. Frictional bearing capacity of piles

Average Average Ratio of
bearing frictional column 3
Pile capacity bearing to
from tests capacity column 2
(kg) (kg)[7] (%)
A 1171.7 600.5 51.2
B 664.1 300.2 45.1
C 277.6 74.4 268
D 104.2 247 237

ended pipe piles that were installed in sandy soil using jacking
method, several compressive pile load tests were carried out
according to ASTM-D1143. The results showed that bearing
capacity values of open-ended pipe piles are averagely more
than their values obtained by analytical methods, which can
be due to the effect of soil plug on the bearing capacity of piles
and also the effect of installing piles using jacking method.
Besides, the results show that frictional bearing capacity
increases with increasing diameter of open-ended pipe piles.

REFERENCES

[1] Lehane, B., and Gavin, K.G., 2001. “Base Resistance of
Jacked Pipe Piles in Sand”. Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 123(10), pp. 473-
480.

105



1. Shooshpasha et al. , Amirkabir J. Civil Eng., 52(2) (2020) 103-106, DOI: 10.22060/ceej.2018.14161.5574

[2] O’Neill, M.W.,, 2001. “Side Resistance in Piles and Drilled [5] ASTM-D1143, 1981. Standard Test Method for Piles under
Shafts”. Journal of Geotechnical and Geoenvironmental Static Axial Compressive Load, American Society for Testing
Engineering, ASCE, 127(1), pp. 3-16. and Materials. USA.

[3] Lehane, B.M,, Jardine, R.]., Bond, A.]., and Frank, R., 1993. [6] Parthipan, N., and Kumar, M., 2017. “Experimental Study
“Mechanisms of Shaft Friction in Sand from Instrumented on Uplift Load Carrying Capacity of Steel Pile in Sand”.
Pile Tests”. Journal of Geotechnical Engineering, 119(1), pp. International Journal of Science and Research, 6(5), pp. 2682-
19-35. 2684.

[4] Paik, K H., and Lee, S.R., 1993. “Behavior of Soil Plugs [7] Sharifi, A., 2016. “A Study on the Frictional Resistance of
in Open-ended Model Piles Driven into Sands” Marine Steel Pipe Piles under Tension in Sandy Soil”. MSc. Thesis,
Georesources Geotechnology, 11(4), pp. 353-373. Pardisan University, (in Persian).

HOW TO CITE THIS ARTICLE
I. Shooshpasha, G. Khabbazi, A. Hasanzadeh, Determination of Bearing Capacity of Steel

Pipe Piles in Sandy Soil using Static Compressive Load Test, Amirkabir J. Civil Eng., 52(2)
(2020) 103-106.

DOI: 10.22060/ceej.2018.14161.5574

106



785 308 ()] o (oo kien & puii

Fo5 1YY oo V¥R Jlo oF 0,leud OY 093 €308 puol (o (wrbites &yt
DOI: 10.22060/ceej.2018.14161.5574

~

1955k i lojl 3l eolasw! b (glawle S5 4o slalgd (o308 (Glagouds (6 3,k Cud b pnnd

ol Solwl

o0l (i e T35 @eld il g g

U‘)"‘ nJJl) “51|5),\.~49J G'J_LA...Q olEisls Lu‘)&-c ‘5»:4..\.@‘,0 a.}.i.‘;‘..;lo\
Olrl SLSSa 3 lavs p Jlo (hjge] duvngo (ol o (owiigen 09,5

15)9ls Az U
YWAP-IY-Y sl o
VAV A 26 S5k
WWAY-N eV i B pdy

VFAY-Y oo ) 130T al

(oS wlls
&L ples]
Gk b b (9S>
R

awlo

Gk cad b L S slhay lw 5l ojle sla,b JUl gly oS sszwsd (guids Lies (glojlu Lacl dopods taodls
B (S e 595 b g i 51)5 5 0l sl S )b b pSome 5 St oS @ (ol Cenii b 9) oS
Cwloasds asbs ULMA.IO‘PJ.C L;‘)b 9 o 6‘4.}[.”.‘0 u‘}»&d.: Lmé.o.mv 6).1)[; Ca.dflo ua.:..x.: ‘Lﬁh‘; ‘5>|).]a BN J"j)‘;“
3,90 lamle S 50 gl (5518 (slagad (s bbb g 5Lad (Sl (65381 (talesT plowl L allia ol 5o
S5l a5 (5 pebs abaid S IS4 S5 oy, oS Ginlesl 3590 slaged cual Cg 0 S (0 )5 (o0
Sl )51 Gialejl ys (65Lad Jb Jlael slp o 3 S U3 @ lagads iy (sl ! o (S yam
anlie Lo slo gy 5l Jol> polin b Jome jo bmeds (5,0,b Cud )b polie gl oo 5l a0y )3 ool
SBlaol b b g (iitS Gialesl slaosls i solal b lapeds (Slaol [l cw)p sl calsl jo 050
SIS g, Lawg breds cual ogou cde 4y aS ol lis ull ales) et oles sk Cud b o bbaed
olie 5l iy Jawgle jabay Jore jo lagads (6,0,b byl polie (g )l cadilb (59, 2 S SN 530 50
el ks b o SKhol Caglie axg bl mam ;o ool Cawdds zuls ¢ pipn il oo lagy ] Lo

Slogads SIS s, 3 eolawl b o o SIS s ggw 3l doddlo -

oolaiwl Sdgjae S 5l ey S 4 el uil) gl
Jod 5 (Soelas (255 aed oo Slagts, b anglie )3 050 o0
Godsie slay jo aeds S35 Wyl by 5 Lol ) sl iS
5 009 lhogymw g il )l sl aw Lelwl sxlyd pl Yyl o)ls
Lokas aads 51 S5 p2 (6L <o b Ll ail oo olio o9,

235 oo Jool>
3k sl gllg) glaged 59, 2 ol Sngs slogile] mls

WL (5)Lad )b o lageds )18 (o) 4 Lo ye slagtngs

@5 Bl s 4 a5 wlad 5 050 (28 L5T sla e o
AEUED o)lged 1155 0,5 S 1) oSSl oa8ly Lol i g5 ol
adiges caslio gjlwosle] § iolesl sloaliome yoges o IS
B8y o einlale Siloon lsss GlalosT ell (sl 1) Ll
SOy cawsdy &S gl il S o paaz 4 S Al

g ool oo 4o (6,105 ,L Lol 5l loaads b s g

shooshpasha@nit.ac.ir :olslse Jlseage ooy ™

(Creative Commons License) ss,s  Soisy 31 juilud cod allie ol .ol 0ais 00ls 108 ol olSls il jLicil 4 150 358 g B oian g5 4 (uilpe oh>
Auley® oo hittps://www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilacd cpl Slssa sly ol a8 5 18 ety o i 5o BY NG

yay


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

3929 4 Slasl Lawgy loee S cud b la-v] 39,5 oo yibun

Ol Cond 10 gt 4y 09l oo g o (310 Jlax 50 sul
Gy e gl g osls ) (S5 w8 oy ol o 45 S S
IA] ool ol a8l il jLas

0,5 abaass 5l oslatnl b g olfiolej] e 0 7 J 9 L
Cad,b oS wisls las glawle S o 5L Ll sleaeds Jow g
S o 0515 g pads Sy 0 Sl jlid 4y asly S S
M)b q- de})b sogy.cd.aw‘fkl) U—l)"lﬁjbu“"")"‘ﬁoé}'
SxSI o 45 syt Jiie (S M 4 S anslis
wdle 4y sl o (3o a8 bl ¥ oalols 4 ped Sl
e 3985 Gas LWl L S o L lid oo lade
o el b ] b e ralslcadgl a8l i aulBI L g uals
gt Blibl 15 oas oloul 1T 5 ped o las Cwls (had il
g o 8l a TaSie oges o)Ll )] caas 5l e g e 0
@uﬁa;d);o)"\.\j‘ I QTMUQ)Q&wa)o o_?)l}
Sgs ‘f-)lyd.:wk:l?‘éwo‘r.a uég.vr.m.uou\.dbbuLw &9
Sy a6 )b cud b a8 wols ylas ? Slogudl g 2l [) -]
S o ol Jade ply pais oSte lawle SB o 5L Ll
2ol lade alie 05T glawle S 05U Ll gldy s
WSSy aatwly S W Job all oo s Ll slalg) aas
U’“‘““Jb)" U’“‘")B‘ L| (o S| é"""" u..a; 03.7;; 9 S ‘5......._1
oeolS (g in Gl 4 med 6L cudb lade (S S
el > ) ol d9>g a\;‘_}fu,.....: 45..\33,)5 UL..: LmO—\ ..\4[;60
éo..i:QA&OA&DQ&}.&JO@JM‘M@JJQS‘)L;SJ@A
Nl el s s
P

2SN ) s Glogdl g S GRS saghy o
JeSizs s o a8 wols plizs ol awxsls g (6 ,b b
slalg) ot alie (5,13, 5L Ll ) pod (JlST L 052 S

S SN Jsb iz ptiizen a3 oo (LA 395 I i ol

3 Paik and Lee
4  Henke
5  Fattah and Al-Soudani

alhoze G0 353 g0 i S dwle S0 40 S lawgy a5
Se b cud,lb a5 ol jlas wiogoasds oail, S5 Lioles!
5039 gad Sgi sl o (O byl 5l LU sl slages
T ) 50 o8 g (A Sl 0 e (Shol Cuglis
Swoglie ;0 (b5 B o S0 (S Eudyb odle 4 09 o0
Slalg) slagad a5 05,5 oo crge 5 20l oo Sl Slogets Ss
arslanals aiey Ll glady) clogad alie o5,Skes b L2l
3 sl Slg) (slogads s 9l e l5n 3390 o
el S8 Bk il g oo solaill aaeds (il jleslatnl 1y .08
Comd a5 ol 00l lis alies (sl usy ool Sy 55 Loy
RENTSICIRIC SR EE NI JPST
'slos 5ot Sy ol 4 45 S o i 1 Sl i g5 5 42l
|, sl wladly slas! YlS a5 3l Ll slaaos S
Lol ol dglio bl 3y Lol Jolao s b a8 oS oo gy
b el a5 0isS o ol placad b ¢ @8l sladl b olaxeds
Dr] ssb oo Tglal b ciol33l Sy Cons
S D90 4 (Al (Fadpy S &5 Sl S5 4 p3Y
SE o ged poe Jsb 4 Gldlyd gedr Sl o S el
e ol il o (GBI (Fady Cad 51355 n i pud
6ol (bl Gla i 9 9)l5 929 gad JBIo )3 (S oS ol
sl 38l Sadp Cans ST .camlodal 3929 a4 gl S5 Bl bl o
Coos & gads J3I5 S a5 ol e 00l 4 il S5 U il
S 5 o ol 55305 575 (S 5 S (gmd S8 > il
S STl (Slaizr gl gl Sl 25 b el Sgi 9l
57 SO oS Sl e T sl Sl S (B (Sasy
bl la i (dl cpl o Cawlodsl 399 4 P WIRg ES R
Slanl polie Ll ol oo 9929 a0 5L Ll glady) &l 5o ok
1255 b cowizen [F] conl S i il Gy gt ol
S 36 655500 50 ln )lre S5 &S £5o9e (nl @
patie )l 352y bred 6l bl o Ll (Sady
G L s B jsbay S axls ol Cwslie oS 008
@l Seaglie ommizmen Wb oo Gl (Bl AL g (o o515
(sl Bl (Fobyy o GBI L L Ll slageds ;o Seiaaly

1 Unwedged plug
2 Incremental Filling Ratio

¥aA



B8 B YAY dorio YA Jlo o oyl DY 093 epusS prol )y (wrbite & yui

Joo S wlasic N Jguo
Table 1. Soil properties

C (kPa) GS (4] (O) Y (kN/ms) Navg o LSMM
\ Y/VY Yy \v/o \4 SP
Silej] (sl geds lasiie ¥ Jgur
Table 2. Properties of piles
Din Ain As Poll
L Dout ) " | Pin(cm) '
& (cm) (cm) (cm) (ecm?) (ecm?) (cm)

210/0 14/0 13/4

141/0 12/9 42/1 439

A

B 195/0 11/5 10/9 93/3 10/5 34/0 36/0
C 140/0 7/8 712 40/7 71 22/0 24/0
D 90/0 4/9 4/3 14/5 4/3 13/5 15/3

S| Yo o) 5 Gl b, @S b Joe jo baed
slaghy; l laged (SBhasl Cuglio 5 n)b o)l s
5 DelTslals 5 bos Dol il NV FI' Sy sile Ldows
o 4.......»[.790 )JOLD.A w‘ uS-QuO 45 QJ;GA o\bLa.....q‘ [\V]agﬁ}&bfu
L) oy 90 gl awslie b llin (pl jo anil Uas b ol en
5o s ol ke (Ll slabgy 5 Joe 5o iales] 5l Jol>

2,5 o LAl

uubn)i el =Y
o gads Slaseiue (o e Slaseiia dal )5 ide ol 5o
Sl (5L el g Zales o 5 00lial 3 50 ey g

2 Vesic

3 Janbu

4 Coyle and Castello
5 Meyerhof

a4

0l JSAS S jlade 4y a5 00 redh el 0555 Ay (S
O 50 ledon S med 6k Sudyb jlade alEl 4 S
5 g Ll Slasl ples a0 4 S 8 meds o sl
S e (OlaSy Ll Cod ogdle 4 00,5 oo g @od
$ Y] ol ay Lol slalgd e 5l i 35U Lol sladgd aods
Ll slalg) mads JL8) (a2 3o (sl o 5l oolanl L s
S Ored Sl as wols lis g asls y sdins 8 S oL
S8 pds orizee e RIB ] L Cueglie jlade
Ol 50 SB 5l eok; lade gesls ) gad JB o 50 ES1S; 8
Sl cups a5 w55 olo oyl 00,5 o (oSTyxe Sl S
DT s)ls MW caglie 5 ol il S - g oy
gt SBhol cuglio 5 6l o)l (Gagh cnl o
33 S S b e cslanls S s 5L Ll sladgd o3l
olalejl 5l Jolo mlis dglio Colys o 5 lageds )b byl

1  Guoand Yu




F5 B YAY doio TR Lo F o)lad DY 053 ¢S pual (o puokiges &yl

Sz 9 S Sl eoliwl b gl b Jlesl N USS
Camiind (5 o5 0 310
Fig.1. Applying compressive load using hydraulic jacks
and settlement-measuring gauges

Sl Yo o8 o anels g (5 Ve i)l b (g o S
&5 99 dap e yis (g S ojluil jslareds cogdle 4y w0005 ooliul
Slp Sl B load 485 4 pe il Ve 9 O o) L
el (5 VIO iy slaSsh 5l eoliil U o0l gl asw
Cale, Mol IS 30 50 (i) IS5 elons ol oSS

O J5KS) s S

)lad (Sebial (5,81 (aalesl -V-Y
(G35 by )l esliiul b baped agh cnl o
doged 53; ¢ So el HlEL jolaiedy w5 W35
Sl (6,38 s 00ls gz ol (59 2 598 Silmio
5k P9y ol eoliial b g gty el 5l e Sl S et (59 2
3 lailin! Bllas o] Glsie a5 Cé 5 & g0 Tatual sobarislodss
do )3 Voo Uy baads o hg, ol ;o ol oo ASTM- DYVVYY
b b a0 als e 2 0 5 wiiS oo )WL (b L
aoll gl U al>ye o 0 )L Jleel loy 05d oo 0)lg mels 4
oAl 3 0 Sl 45 a1V 31 oS i 5 85 il o
B ool o dnlol jaisl 6,138 ,b 0gd yiis celn ¥ 5l wls ole;
32 S 55 b Gl g Lagads 5 ey | (i i
g ()5 58 00,0 10 JBlas a4y mads s a5 (I b g 33,

et o 59y p s)led Glesl plesl ) asy (Jole al o

055 50,18 (w2 )90 LS

Joee Slaseins -Y-)
Ol ) e 6,138,k slaalesl ploml a5l 5550 e
&3l sbldgese - 39, i oS o3l o axb o c)]y0i5k
SeS5955 slagile] @l wibee Sl Jole Sied
olis eads la> S ald Slasin § Joo 0 M;‘nbu‘
awle g9 5l i oAb wivw Gub ai 5,50 S5 aS ol
Y= \VIO KNIm" ] ogase ()59 g 099 (SP) ooy (somasls o
&5 e o Sl e ¥ oo 50 58 (e 2l e oo
Cogb, s gy VIO Geas 5o ialeyl Joe S g Conlons
L s dslo g5 51 a5 0590 duls (ol .l oYL jley
5 eyt Ple> <) Jgaz ablge Dr= Yo/ sgam s o515
‘Navg O aS ams e plis |y Gialeyl plsl e S Sl
SElasl a4ygl; cawgio o lasbinl 3585 sae o5 5 a4 ¢ 9 Gy ¢ (0]
pll b ol oo S Sas 5 wl> sbaasls JBs (L5
2 (o3 5 ks iy gy o) abogy o SeiSigh5 (slostalos]
Cwloalds Jorwe brods glai )l o S SKep i S5 g,

ooliil 3,50 g 5 logad Slaseie -Y-Y
LY Jgaz o Galel 000 llg) e Jlaz Slasis

Coond Colie A (s3¥gh abaie coliw A, o] 5 a8 Coslons
e 2 le P plae SI515 lue Py b s
ghie Sl51s B8 D, 5 bk 5 D, e Jib L
5 C B A lapl L g 009 o¥s8 i 3l borods ol asily o
AP N0 ey 4 lag] LD Cos a5 wloads (6,135 ales D
saske ¥ lagats alod () 0,lar Cuslies il oV AT 5 VV/A
FAY S2IV 55 4 D B A Glged ;0 D/t Cod 5 009
oad 48,5 L s 6yeb baed G alols ail W)FIY 5 Y8
Y alols wals IS, 50 K0Sy s, 2 @Ak P 5
0 Wb Jolas [YA] ASTM- DVVFY o laibiwl 3ub bogads oy
SIS 55 o a5 e alolh il pl aBL et (25 Sla3

boaad (59, 52,k Jlosl sl adazd 5 5la5 )3 2 VY 350> ages

2 Slow maintained load

Lo

1 Poorly graded sand



Fo5 1 YAV oo TR Lo o o)l @Y 0,93 S yual lyos cwigen il

oS a8, S 13 Gilejl 050 5 oad cuai b 4w ggeme ;0 lageds
LAY 5 AY A\ a5ke) Wleals sols QLM..; YoV ) slaslas b

ooy el g o Y
s Sl 535, Gibejl daads LalS coms 3l an
Loiye slaylogad o 28,5 L8 Ll 5550 (el slaosls

INURVRS groowys L‘”QT S9y 2 B S y50 (5,105, LSL‘”J‘%.L"}] ]

A g5 Glogeds 50k cud b 4 by pe gl -Y-)

2 @)lad (Sl 653850 lalejl 4 by pe b ¥ S
s oo Gl ) A g5 slaged 55,

Cnis =5l 5o 10505 w0l o 0dalin ¥ Ko (0 a5 jobjlen
R0 s (5,8, (IS0 e sl 0 A g slageds
P00 meds 99 5l S AT aads Cond (5,005 )L (sleil o Lol s ls
olyod (65505 pdgeetS y GlaSs i b ol (55l0 )k 5wl oo
P rplin dageds Cundd -1 (Jovie Wy, 4 az g o
olon bglas by jlesliul by oo (5505k byl s 61
@b bty 5l (b ewles byl () annlie L] 5 2l oo
bshs by, a5 08 atie b Codib e Gl 3525
Cowdty Lo ts; plo 4 Cod 6 Fabl S8l Glaclsr oules
bred sl cud b polie (FuSly 5 Slsd Gliee 5 S o0
(rlpbe Cwslodgy oo Slahy, 5l 2eS (he) (nl 65 B L
oolul (67, byl sl (gl g, e Sl 5 Allde (ol yo
1SS ln omloe bolas by, 5l ooliinl 0gos ¥ K3 098 o0
a0 i 1) (AY xels s Glgieas) o aods

AN slogeds sonl Cawsds oles 6 2,b cud b ol ol

8 ao 0 VIT 5 VIV VY Jolas goncis ;o o 5 4y AY g AY
Slawle S a5 oo o lid cldlas ol aias so 7 ) gl > )5

B g5 slaged )b cud b 4 bgye s Y-V
LB s sloged g)lad 5L lagtale] @ls ¥ S

55 & o BY ot ol ot (S5 ) llae aps oo Lt

£+

1800
1600 - D:14$mm L+210cm ”J’;—’{i
1400 | —¥TAL /-4( — /
1200 | —=TA2 ,_éw"*’ Lo
4
0 15 3 45 6 75 9 105 12 135
(mm) s

A g5 sgads 535 3 63103k 3 SISk SlojT ki Y U
Fig.2. Results of load tests on piles type A
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Table 5. Frictional bearing capacity of piles

Lauogio b b G s o | by brwgio G
O by Lamgio
o | Joo IS cod b | [21] oSShol 4 SEhol | bugie 1 Sl
kg) J5 kg) Sl
kg) kg) (1) JS cud b (1) JS cud b
Al | 1142/5 621/2 54/3
A | A2 | 12385 1171/7 629/7 600/5 5018 5112
A3 | 113411 55018 48/5
B1 639/1 271 42/4
B | B2 633 664/1 301/3 30012 475 45/1
B3 72012 328/5 4516
C1 | 2551 7315 28/8
C | C2 | 29418 27716 7413 7414 2512 26/8
c3 | 2829 75/4 26/6
D1 1072 2615 247
D | D2 103/5 1042 2119 247 211 23/7
D3 | 1021 2519 2513

Mechanismsofshaftfriction in sand from instrumented
pile tests, Journal of Geotechnical Engineering, 119(1)
(1993)19-35.

[4] C. Moormann, J. Labenski, J. Aschrafi, Simulation of
soil plug effects in open steel pipe piles considering the
complex soil-structure-interaction during installation,
Proceedings of the 40th Annual Conference on Deep
Foundations, Oakland, California, USA, (2015).

[5] KH. Paik, R. Salgado, Determination of bearing
capacity of open-ended piles in sand, Journal of
Geotechnical and Geoenvironmental Engineering,
ASCE, 129(46) (2003) 46-57.

[6] M.W. O’Neill, R.D. Raines, Load transfer for pipe
piles in highly pressured dense sand, Journal of
Geotechnical Engineering, 117(8) (1991) 1208-1226.

[7]1 S.R. Gudavalli, O. Safaqah, H. Seo, Effect of soil
plugging on axial capacity of open-ended pipe piles in

sands, Proceedings of 18th International Conference

3 (sder (S Cuglite 4y xie 45) 2 5 (2 )5 Sl
55 S 5 SIS sloacs 3,5kt ;5 &5 e il
@ by Oledbl aS wigd o Faiwdgw gloj guli (pl 0,135
oAl ol s 35 i3 o 35S e 3 S 53
polie (S9ym 4,0 g laged (9,9 (Sl 5 Glgs o0 Laosls
G azg by o) dbre calisee 355 glages ;o 1) o] 5l Jol>

Dol et |y calizeo sloc! jo JGK}QWQ‘SSG"LQUR ol

&=l

[1] B. Lehane, K.G. Gavin, Base resistance of jacked
pipe piles in sand, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 123(10)
(2001) 473-480.

[2] M.W. O'Neill, Side resistance in piles and drilled
shafts, Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, 127(1) (2001) 3-16.

[3] BM. Lehane, R.J. Jardine, A.J. Bond, R. Frank,

£+0



Washington, D.C., (1977).

[15] N. Janbu, Static bearing capacity of friction piles, In
Proceedings of the 6th European Conference on Soil
Mechanics and Foundation Engineering, Vienna,

[16] Austria, 1.2 (1976) 479 — 488.

[17] H.M. Coyle, R.R. Castello, New design correlations
for piles in sand, Journal of Geotechnical Engineering
Division, ASCE, 107(7) (1981) 965-986.

[18] G.G. Meyerhof, Bearing capacity and settlement of
pile foundations, Journal of Geotechnical Engineering
Division, ASCE, 102(3) (1976) 195-228.

[19] ASTM-D1143, Standard test method for piles under
static axial compressive load, American Society for
Testing and Materials. USA, (1981).

[20] China’s Ministry of Construction, Technical code for
building pile foundations, Beijing, JG J94, (2008).

[21] N. Parthipan, M. Kumar, Experimental study on
uplift load carrying capacity of steel pile in sand,
International Journal of Science and Research, 6(5)
(2017) 2682-2684.

[22] A. Sharifi, A study on the frictional resistance of steel
pipe piles under tension in sandy soil, MSc. thesis,
Pardisan University, (2016) (in Persian).

[23] M.W. O’Neill, L.C. Reese, Drilled shafts: construction
procedures and design methods, Vol. II, Publication
No. FHWA-IF-99-025, U.S. Dept. of Transportation,
Washington, DC, (1999).

on Soil Mechanics and Geotechnical Engineering,
Paris, (2013)1487-1490.

[8] E Yu, J. Yang, Base capacity of open-ended steel
pipe piles in sand, Journal of Geotechnical and
Geoenvironmental Engineering, 138(9) (2012)1116-
1128.

[9] K.H. Paik, S.R. Lee, Behavior of soil plugs in open-
ended model piles driven into sands, Marine
Georesources Geotechnology, 11(4) (1993) 353-373.

[10] S. Henke, Untersuchungen zur pfropfenbildung
infolge der installation offener profile in granularen
boden habilitation, Veroffentlichungen des Instituts
fiir Geotechnik und Baubetrieb der TU Hamburg-
Harburg, Heft 29, (2013).

[11] M. Fattah, W. Al-Soudani, Bearing capacity of open-
ended pipe piles with restricted soil plug, Ships and
Offshore Structures, 11(5) (2016) 501-516.

[12] M. Fattah, W. Al-Soudani, Bearing capacity of closed
and open ended pipe piles installed in loose sand with
emphasis on soil plug, Indian Journal of Geo-Marine
Sciences, 45(5) (2016) 703-724.

[13] Y. Guo, X.B. Yu, Design and analyses of open-ended
pipe piles in cohesionless soils, Frontiers of Structural
and Civil Engineering, 10(1) (2016) 22-29.

[14] A.S. Vesic, Design of pile foundations, National
Cooperative Highway Research Program Synthesis

of Practice No.42, Transportation Research Board,

(2020) 397-406.

DOI: 10.22060/cee}.2018.14161.5574

I. Shooshpasha, G. Khabbazi, A. Hasanzadeh, Determination of Bearing Capacity of Steel
Pipe Piles in Sandy Soil using Static Compressive Load Test, Amirkabir J. Civil Eng., 52(2)

o2 gyl dlio (nl & digSy

£+41



