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Comparision of Methods for Determining Bearing Capacity of Piles
Using Standard Penetration Test (SPT) Data

A. Eslami, M. Karimpoor Fard, and N. Shariatmadari
University of Gilan, Civil Engineering Dept., Rasht, Iran
Farour Consulting Engineering Co., Tehran, Iran
University of Science and Technology, Civil Engineering Dept., Tehran, Iran

Abstract: In recent years, determining bearing capacity of piles from in-situ testing data as a complement to static and
dynamic analysis has been used by geotechnical engineers. In this paper, different approaches for estimating bearing capacity of
piles from SPT data are studied and compared. A new method based on N value from SPT is presented. Data averaging,
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failure zone and plunging failure of pilesare revisited in the light of this new method. A data bank was compiled including 42 full
scale pile load tests in sites where SPT was performed close to pile locations. Comparison of current methods by error
investigation with statistical and cumulative probability approaches demonstrates that the new method predicts pile capacity with
more accuracy and less scatter than others. Therefore, it can be applied as a suitable solution in geotechnical design.

Keywords: Pile, Bearing capacity, Standard penetration test(SPT), Data filtering, Failure load
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Pile shape&Pile diameter Embedment Total capacity

No. Case Reference Site location material * b(mm) length,D(m) Rult(KN) Soil profile

1 A&M 14 Brﬁ'g&ﬁ;{&%‘” USA HP,St 246 8.5 590 clay&sand

2 A&M 39 Bré’i';‘gg)‘%%‘er USA HP,St 310 19 1370 clay&sand

3 A&M 40 Bré’i';‘gg)‘%%‘“ USA  Sq,Conc. 350 16 1070 clay&sand

4 A&M41 Brﬁ'g&ﬁ;{&%‘” USA HP,St 310 12.4 520 clay&sand

5  A&M49 Bré’i';‘gg)‘%%‘er USA  Sq,Conc. 400 14.7 1170 sand

6 A&M 66 Br(i?ggg)‘fa%‘er USA  Sq,Conc. 350 25 1560 clay&sand

7 A&NI1 Ha““‘"‘fggg‘)%fgi]"ﬁs Australia Sq,Conc. 450 14 3850 sand&limestone

8  A&N2 Ha““‘"(ff;s‘g‘[l’ 6‘?;]“”“ Australia Sq,Conc. 450 13.75 4250 sand&limestone

9  A&N3 Ha“s“’rfi’ggg)l’[ﬁs;i’ﬁs Australia Sq,Conc. 355 10.2 1300 silt&sand

10 ALABA  Laier,(1994) [6,7] USA HP,St 310 36.3 2130 silty clay&sand
11 BOOSH1 Iran khak[;i‘d- 995 pran P, St 457 24 2230 silty clay&sand
12 BOOSH2 Iram khak[;i‘d- 995 pran P, St 457 24 1200 silty clay&sand
13 BAl Omré‘(‘msz")h[‘;‘] Ltd. Iran P, St 1000 15 288 clay&sand
14  B.A2 Omré‘(‘msz")h[‘;‘] Ltd. Iran P, St 1000 18 350 clay&sand
15 B.A3 Omré‘(‘msz")h[‘;‘] Ltd. Iran P, St 1000 15 300 clay&sand
16  B.A4 Omré‘(‘msz")h[‘;‘] Ltd. Iran P, St 1000 18 300 clay&sand
17 BAS Omré‘éosza)h[‘glud- Iran P, St 1000 15 200 clay&sand
18  B.A6 Omré‘éosza)h[‘glud- Iran P, St 1000 18 200 clay&sand
19 B.AJ Omré‘éosza)h[‘glud- Iran P, St 1000 18 500 clay&sand
20 Fajr1 Iram khall‘l{;]td- (998)  pan  Sq,Conc. 400 245 680 clay&silty sand
21 Fajr2z Iran khall‘l{;]‘d- %98)  1ran Sq,Cone. 400 30 3000 clay&silty sand
22 Fajr3 Iran khall‘l{;]td- (998)  pan  Sq,Conc. 400 24 1800 clay&silty sand

AV VWAF 5 e oJil a0 8l VY Jlu (il
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Pile shape&Pile diameter Embedment Total capacity

No. Case Reference Site location  material * b(mm) length,D(m) Rult(KN) Soil profile
23 Khoz1 Iran khalfllf]t d. (1999) Iran Sq, Conc. 350 30 1400 clay&silysand
24 Khoz2 Iran khalfllf]t d. (1999) Iran Sq, Conc. 500 30 2025 clay&silysand
25 Khoz3 I”};‘;;‘;;‘l i“]td' Tran Sq., Cone. 350 30 1050 clay&silysand
26 L&D 12 T“c(l;ggg‘)B[;i]a“d USA HP,St 360 16.5 1170 sand

27 L&D 13A T“c(l;ggg‘)B[;i]a“d USA HP,St 360 16.5 2900 sand

28 L&D 16 T“c(ll“;;‘;‘)B[;i]a“d USA HP,St 360 16.2 3600 sand

29 L&D 31 T“C(ll“;;‘;‘)B[;i]a“d USA P, St 300 14.2 1310 sand

30 L&D 315 T“c(ll“;;‘;‘)B[;i]a“d USA HP,St 360 11.3 817 sand

31 L&D 316 T“c(ll“;;‘;‘)B[;i]a“d USA HP,St 360 11.3 870 sand

32 L&D 32 T“c(ll“;;‘;‘)B[;i]a“d USA P, St 300 11 560 sand

33 L&D 35 T“c(ll“;;‘;‘)B[;i]a“d USA P, St 350 12.2 360 sand

34 OKLACO Donﬁfgﬂ";ﬁ) - USA P, St 660 18.2 3600 sand

35 OKLAST Donﬁfgﬂ";ﬁ) - USA P, St 610 18.2 3650 sand

36 POLA1 CH2M Hill,(198) 7] USA Oct,Conc 600 25.8 5785 clay&sand
37 POLA2 tga‘;‘;‘s")am USA Oct,Conc 600 32.6 3560 clay&sand
38 Rasht1 Irizlllgl;l:)l;;;td' Iran Sq, Conc. 300 30 1600 clay&sand
39 Rasht2 Iran khalfllilt d. (1996) Iran Sq, Conc. 300 30 1600 clay&sand
40 Twntp4 Yemet al'm (198 Taiwan P, St 609 34.2 4330 clay&sand
41 Twntpe Yemet al'm (198 Taiwan P, St 609 34.2 4460 clay&sand
42 UFR Avasarala et al. USA Sq, Conc. 350 16 1350 sand

(1994) [7]

P=Pipe , Sq=Square , HP=H-Section , Cone Concrete , St=Steel , b=Diamter , D=Length , R,;,~=Total capacity

WAY 5 e oJsl b ) asled FF Dl ezl

AA



L& D )4 4 by Cula

KHOZ 2 ya 4 b gy ya Sl
N N
50 100 0 10 20 30

10 4

(Ae) 3=

20

| 25

) N

%

.:‘

JJ\SMMASBMU‘}:}J@&)JJAM
I3 s =5 Sl smad 3l b ol dil e aelsl
e Joe S i Sl b S il il eSS
L 2lSSD e o, Sas g 55 e Sl B
Jodll oS J 525 e 3 Sos Lm0 2L 5 (SIS
el Gaalo3T 5s ey SLis Jlesl b0 5 (108 L Salesl
O P PN PV RCT PO CU R P (n) I C

Olan . Coal o aslyl &oslize 3 Shos glls lgnad 1
Lot ool Sadly S8 o (25 555 stalio 45,50
SnS 3550 53 (5 S e 45 Al S sline LS (sl
2le 0L (S8 i b sl e ol es S0 L
Sl L el L S e S il e Gl Sl wes
ol sl el 5 S L Ol O s L Sl
L S ol b (oS et (SoeeS 5l 05 ol
Ol o 1 ot (S8 Q) S iyl & a5

AQ

35

ot Sa ol S b e ) e S sl
S35 Sy el o (IELL ile3T s 1 slinud
O3l om) b ok Binl 53 2t (SosenS lne U 4o
Ll e
Sl sdel s 4y e =5l gl Sl gl () IS
53 L1 01 Ol e 48 350 o odalis mad (5181 Sl
DS ST el pad ) Jsl i 35 S ks L
ol 9348 5503 welsl A i b oS ol et — S S
3> S gt 53 o S (LIS 5 ik
S plnl S S Gl i sl L oS el
Sleisbosl .ol SN G g5 53 5o et §MEL 63 s
2L ol 58 Sy e L S IS L
3 Ses Lo et (mad SSSL 3l G 5l ge 4 S0l
o=l pes e O Sls (IS 53 5dme 5 o S
S el e — S Sy S 0 e s

\WAY )ﬁj@"‘i’ ‘d}| ..Uo- A ;)LA-:’ Y JL...u ud%\



) 1/

-

, A el Caglia b C‘_; i .
B&C: 4l 3 )Ml coglin b oo
D: o sl gl bt

wlbml

S 55 ped glralr -5l il glals e 0SS
Sl 6,138,b ralesl 51 Jeol il

Q=Quy(1-¢™) (¥#)
ol i 5 S5 ol et KOl s ws

b Go e Dol ol ol S b G dolee Gillas
Dy bl S Bl i 3 &S el B35 U
adsles ool Sl edal s 4 (b e b oS ol ikaie |
[Y] sds = Sol iy o8 bl 51 sl Bl e 5l i
o b e s Bael Ul sl ) sl ) olad
Sl S s Jeas Oliabl G OV s L 000
ot e S5 B 015U sk s s alei
9] o e Sl ol 6 Sl et 370+ olas
sl 55 Ly W s s slie

et S sl [ Y] Gpr ol ) s bl jlre
Cbysp (SoeeS b dolae (goldhe dawyy JolS SoiS o
0asle a3l sl s 4 ooyl 55 Ll L das e 41,1 1,
b b 03 g oS Y a (IS0 el B
o el Dl Sl sl nl Gl (IS L S

\WAY )ﬁj@"i‘ ‘J)‘ ..U;- A ;)LA-«-: Y JL..: ud%\

JL

sl

et alrals b gee Jlage Y JSS

58 edalie (7) IS 51C lspes
ot S s Ul g e B8 e a5
el sy (SenS oS |y g dalps LT ol IS
Sl usd 53 35050 31 (F 0 03 5 5 058 e bl )k
o by e slgmo sl S das e ) S el B8
Jymam 5l mle mad GBI s o 5 1S L N5
ASST S et S e 50k S B 1 gt e O @
ot = 3 s @ L ek — S i o

[10] e

a0 a5 Wl Gl 5 ey 2550 Sledss Ole o
Sl Blele oS Cl sl Lasiie  StnS las

O o3 VT Sl 5 [0] S5 =l Y] seds - Sl
Ol o o 4l (oS jlme [Y]mds = Sl
e sl iy ol Gob el el S ki s s ss
St 5 ot ol b pualie 5 et 2l Sk b
1l 25 orled slae g0 4 OT L blize



S Jadr s bl Lo ol 51 ol s (Wlods
Glae sl L gie a5 das e 0L &bl o el 0
bsge e Ol il L 5 TVY I3 4 ol slediss @l 2
Gllas sl lRe Ldr ) Sl &S o5 52 025 TAD
RO AT U AT

5 V] Jewd 5 SV b 55 65 ras ezl gy 5o
el e cod b uolie s ccind sl eslixd
S e (ke S S 0S5 8 83100 sl
S Sl G ol Gk s s e el Ol g
My e odd 03] e od b ol aesls S (g
S edd LI e g3 pme 4ty G s 4 sl (55051
VSTV S | S N - PR g OIS ojlesn B
Dy dsle 55 Cogo P L mens Jlazs oSG

p-_! (YA)
n+1

S 65550 slerd o1 omens Jlaxl 5 gSL (P ol 3 a8
JS ol n g 35 e dsles OF gl ez Iz 551

P s So mls s o s G8 L Lled Ol S
S s,y esliwl el 5 5505 31 Ol
G yme o33 50 Uslee mass Jlz! G 43R /Ry 5556
oSSl ol Six .l Re /Ry gl 5ke lutis
AR e s i S Sl Wl S S
e S R /Ry 558U 28 olin 31 o
3 g 0 3l sl b G 5 s e ez
A el e Gl sl b SUS1 o, G ome LG 31 o485 Lo
il e Dlamie sl s e syl bslas s
S s el s 2 se SAS1 Ol dil Soss
00 o=l Sl el b e gie (gllast o (gl 05 Sl

3,8 eslanad 5 alslee 51 Ol5 e

R
Er,ave = (R_e)SO -1 (¥q)

m

CQ.V.ZZJ..Z 63} w.q:ﬁ C".ﬁé)BC"?““‘;‘(Re/Rm)SO QT): S

q)

Ll ot e S0k b B ol
Gl S B alie gl (S Jlas Ll B 3
JslS by 8 sl ol (6, S el alis 4 el L i
TAY it o Slme 4 Ol S 0 Go s (pl 53 &S 03
e 8 3,8 o s oliely el ol L S 5 S e L
53 by pn L TA g sl 51 G 0T 4 b e O

AL e (5SS o]

s, 2l -V
ooy o ae 3550 FY U5 Ol oS (5b Oles
&= SPT x5 ol 5 Sl (g,108,0 olaybesl
Sl odd 1 5 (ol gladie oLl 5 Ll e L1
Gl 2o A Dbl SOL s 340 g0 glaosls Sl aS il
Golw UL (6l al ol oslanal Wl B9y O gansl LIS
w3l LS badze Lol slp Bb 3)00 A sy anlis )3
Sl oo s At i sl bl s el

sl 4 S 5 0 lle3l 5550 VY Glia

St Ol s Gl 5 dodr Sy 2Ll Gl
5Ol mls 3 2 pe (S8l 5 s Olpe 55 5 01 5 Slas
w0l 55,0 SPT 5y e Sledn) s anslie Sl 55k oo
ool 0 o3l e Sl 5 sl (slgds,
odd iy a5 adslee plae ol glast &bl IPEE
RO

(YV)

o sl e E

old i b o b R,
.w\@,;audjﬁgwdﬂ)p@p R,
e 0dle Olgy 5 e 5 S ol (S e W2 &
ol b Sladlls 53 e o astls a3ly slast
Lol s llas 55 5lda 51 JSie ol w5 10 Lo
A) Sl SO s ot 2550 7Y sl l 0l onlinl

)}_EALQJ_:AM%LL)JGJ_:J;-MQH‘]&MSLS‘JJ))}A

\WAY )ﬁj@"j’ ‘J}| ..U;- A ;)LA-«-: ¥ Jle (Ml



lpnad ok Cod B i i Sl R 5 ol sladie (gobof glallas aylin —Y g

0.10 <
0.0

50.0
P(%)

100.0

L;L«;:)}arf L;‘ﬂdbﬁud‘.@&j) A.....g".iﬂ ‘5‘}3 \Abwﬂ'db‘ﬁ)‘:w—f‘)&ﬁ

\WAY )ﬁj@"i‘ ‘J)‘ ..U;- A ;)LA-«-: Y JL..: ud%\

_ ol B151"
DL SPad | Sl
x : PR JJSJJS .. . Qo d> ’-J
g Aoki & Meverhof Shioi & | Briaud & | =7+ 22
Velloso eyerho Bazaraa Fukui Tucker
& Kurkur
. . Uas Lo g2 109 -18 45 8 33 5
e sl
S
0,
%o 124 45 151 151 69 35
Sl
) Uas Lo g2 118 39 77 101 49 19
Glae glas .
o I il
%o 115 28 77 137 69 29
Dl
10.00 «
= AOki
—8— Meyerhof
=—9—=Bazaraa
Shioi
- Solpidwy
o=y Briaud

qy



BERE =] LQLQ)‘J}M L;GLQJ W‘JWQ\W)A Jj?
w\eMw&Gﬂj@

S St 5 sy pezr —A
el el ot S sl cd b e slads
Jos sl a5 LB a8 K e 4 by sleule]
350 2 Gl oo (SSSS 85 slel b ST s Skl
sy egslasl B, Slul w4 $ 1,5 e
oo sl iy s olilesl e s el 3l Sly
YL 2LS 0 5 b )8 5 (6ol anw s din L3 053
53 il Jalse 5 ol Gl 5 s Gleislas] Slsgas
oMo 5 S oy s SlilesT ol s oy el sl
S 555 Sl 535,55 ol sl LY Sl ira

sl

31 =S SPT L il 355 2alasl Ol ol 5o
oo Sl s 4 oS s bl sladie o el
leallms 5 VLIl g ol sl e 55 5 Sl
IS i 5 il bl oo b3l al 5L s e
SES 55 amnaiiin @ 55 2558 sl (S p A 1SS 5 (6 S
yls

[0] SG- sl p Y] sds = S5T 2 e e ol o
=0 [¥] S8 -3 5 [F] 058 58 —LLL Y] s b
SPT ilasl gl ol lgmad 00k 015 e Lz
sl s ar g Ll 8 15 ) s A s
b b e i s S5l glade glenuls
03 aS ol odd S bl pl s el et 50k
Sl o Nopalde s 6,5 Sl DLl O
ot S Ol bl (S S 6 g b (5,5 S0la
b 2l o 55 5 015 53 4B YL 53 8B 15
—gem A Sl Galas 00555 (S nS i
el 0 o3lieal [V F] e

ot ke 2550 FY (51> Sedbl UG 5 eslanad

qr

Ll 100 ez ezl 53 0l (5,803l s o
Ao b g pie g o bl Sl Jeol s (P) IS s
sdalin 45 (5,5 b Olan .ol sl Sl aend Jloz!
SLls 10y et Jlail 3 s fg) 55—0 s
Ol o gze (gL Oloe 5 035 A>l5 555 Re /Ry oy
¢S ot ol ol o sl e LT
S Jeol il ol SAS1, g oy nl blae sl
Sy R0 e Ols 534S gy ol B g el oy
s o sl e (6 5k b B S LSS e o
L]« S50 = 5 {1 55555 = LG O] ¢ S6 = 5L » slesis,
Sl L [V] ds = Sl 5 M) s L
PN VA LIVA TSVAT VAL S5 NSRRI
A1 513 et (6l L b e ) s Ol s

oS 5 [V ple fsy  SAN G 58 sleds, Ola o
Sl Lal a8 o Las €IS alabbs Lgnad 6,0k o b
Ol 1l Ol e 31 i YU Coes ol 6l Lediy
Sl Gy 50 opd e edalin 7SS 3 S a5 50
Ll 3y slie 5l i el s [Y] s — ST (0]
Sl Sl g 3 &S [Y]pm b 2, 51 ol (glas
oM ol S b b O ol s 4 LS e
Lol o S Slemad Sl s ol o e 3L
A L s 5L O gldd Glgred L WS bl
S s s ao s 5 e 5lesy ol 3 [V e sl
S sline s g0 Slas shls pnad ol Sbs i 5
Shas s s sl s s oS Ll ale U slnad
S5 L 0355 paia Jds 4 Ll o [F] S50 - 5
L b b b end o dlaly pl 5L 5550 N olis
Jole 15 e 55 (8] S5 = sl s 5 Jole ool ki
RN B VSN P
Jeol s s ST, 5 et sl S a1V 51 S
SSb 2 2 5mm5e Slaesls 5550 Al 350 Sladin (e Sl
o cdlas pl a8 s Some 1SS0 SilesT s Sledibl

\WAY )ﬁj@"j’ ‘J}| ..U;- A ;)LA-«-: ¥ Jle (Ml



035 1YA /N S,58 4 ds By sl pslie ol aS s s
oo g e ste sl Ol rezd Jlezl g5 b
S50 e 5 el 035 1Y Ll Es sl 5 IYY Sle
¢ o B S5 ol 5,51 i
Sl el 0 018 31 6 e Sles olr sledis
Lt S5s ohen a4 (SGSS 95 Gleml b 55 Wil e 5 03l

S I3 A ) 50 g S e 5 A b L

full scale pile load test

10. pressuremeter test
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17. Van Der Veen

MUej‘ 9
1. static analysis 7. case pile wave analysis 13. plunging
2. dynamic formula program 14. large strain
3. dynamic testing 8. standard penetration test 15. proof test
4. in-situ testing 9. cone penetration test 16. small movement
5.
6.

pile driving analyzer
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11. high displacement
12. low displacement

18. cumulative probability
19. plug effect
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