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On the Axially Bearing Capacity of Single Piles

Shoichi Kitajima
Shusaku Kakizaki
Yoshio Hanaki
Toshiko Tahara

Synopsis
Many kinds of formulas for axially bearing capacity of single piles have been proposed about in this
T a hundred year. Ones, therefore, who have not sufficient knowledge of bearing capacity of piles, are at a
loss which formula to use, when they intend to estimate bearing capacity of piles. The first aim in this
report is to pick up the most suitable formula from a large numbers of static and dynamic formulas,
examining relations between each calculated values and results of load tests.

Dorr’s, Terzaghi’s, and Meyerhof's formulas and the proposal by Tomlinson are picked up as typical
examples of static ones. Comparing the ultimate loads of tests with each values of ultimate bearing capa-
city of static formulas, and considering difference between each calculated values at the same condition ; the
following facts become clear.

A) Ultimate bearing capacity of piles in sand layers are advisable to be calculated with Meyerhof’s one.
The calculated ultimate values R are comparatively well agree with the ultimate loads of tests Qu,
except for cases of the standard penetration value of sand layers near lower end of piles N, being
more than 50 (shown in fig. 4-I).

B) Terzaghi’s formula shows adequate values of the ultimate bearing capacity in cases of N, being less
than 30, but brings very excessive values in cases of dense sand layers (shown in fig. 4-I).

C) Calculation, assummed adhesion of clay as same as their cohesion are, are apt to bring excessive
values of bearing capacity of piles in clay layers, in cases of medium clay whose cohesion are more
than 3.5t/m? (shown in fig. 4-3).

Considering errors of Meyerhof’s fromula and characters of loads, acting on piles of harbour structures,
-and that intensity of dead loads are usually a half of totals, the safety facters, the ratioes of calculated ultimate
bearing capacity to allowable ones, are desirable to be taken as following values.

D) for ordinary loads Fs=25

for inordinary loads Fs=20

It is the second aim, to pick up comparatively proper dynamic formulas from a large numbers of
-them, and to find out the limits of their application, because each of them are in general to bring adequate
values only in narrow ranges of penetration values of piles. Comparing results of load tests with the
values calculated with them; such as Sander’s ,ENR, Eyterbein’s, simplified Hiley’s, PCUBC, CNBC,
Krapff & Stern’s, Weisbach’s and so on; the following facts are clear.

E) Both of simlified Hiley’s and Krapff & Stern’s formulas are almost proper in full ranges of pile
penetration values (shown in fig. 4-4).

F) Dynamic formulas except for Weisbach’s, considered of compression effects of piles themselve (such
as PCUBC). are proper in cases of pile penetrations values being more than 3mm, and show less
values in other cases (shown in fig. 3-6~8, 4-4).

‘G) Simple formed formulas, such as ENR, are proper only in ranges of pile penetration values between

10mm and 30mm, and their values become too small when the penetration values is small, and
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too large Wheg it is large. The Bureau of Docks & Yards’, one of them, has a wider range of its
application (shownin fig. 4-5, 6). o

Examining a large numbers of results of loads tests, executed on steel and precasted concrete piles in:

sand and clay layers, we can extract the numerical relation between the ultimate loads and yield loads, and

calculation methods for settlement of top of piles, which have been studied not enough until present time.
They are the third aim in this report.

H) The relation of the ultimate loads Q. and yield loads @y are written as follow (shown in fig. 5-8).

D

D

K)

Qy;_70.450u1’1‘=.%0u

Here, loads are expressed with ton units.
Amounts of settlement of top of steel piles under yield loads 4, are written as follow (shown in:
fig. 6-10).

4,=0.24x1072(gy/E) LQy=0.3x 10-5LQ,
Here, L, gy, E are length of piles, yield stress and Young’s modulus of steel, and loads are expressed
with ton-units, too. )
The relation of settlement of top of piles between the ultimate loads 4 and yield loads 4y change
a little according to length of piles, and are expressed as follow (shown in fig. 6-1,2).

2 duldy< 4 (L<30m)

1.5< 4] 4,3 (L>30m)
Amount of settlement of top of a pile under a load being less than a yield load 4; is written as
follow (shown in fig. 6-11~15).

di=j154,
Here, j is a ratio of a load Q; to a yield loads; j=Qj/Qy.
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ZIT, NesAERToBEEREARRMEL L, BAh
WOFH DO NiEix NTEbT L, 24 ORI Qr
L RAEERC L 23RN @ kErhrhX (2.10) TF
bEIND,

Qr=40NAp }

(2.10)

Q;—IXWL (2.10)

T, FEIE () TEHER, A, ¥, Liz(m)E
I Cdh B,
Bjerrum(1953) 122 4 v o+ € 7R B OEESIH4.5
tm2 LU OFE LB I TIA A 75 7 4 OBTTRER R L
BoiEN & OBBFREHEN, R(21DERBED,
— _Q-9crdr

Ca=—"—7 2.1
ZE TG A BAEEENTHY, cp 274 TF
VRESE DM OREE I TH B,

FEHCITAA L 7 4 O FEFEE >, Tom-
linson (1957) M7 A VB, A FV R, AP = —F D12
TR CiT b 12564 D 7 4 O FREEFER % Bjerrum
LRUFETERLT B-23eR7T L5, 724 EH
T SHE NS T LIREN LD b0 THL, FEDH
A 5tfm2 Phhiie bk, hleh/ XL eBZ &KL
8, COFER, R-2URTIIAEMEIRY L S
ERRELTC B, HEHBCITRAAK 7 4 25K
ohf, 7 A RERHETHAHE L 2 EMN-TL B2
1 2R5e, COREIFRICAZ B2, HFEIKkOXS
D LEI¥~v 7y 7(2 A, BHE, BM40

%, p. 423
8) M.J. Tomlinson, The Adhesion of Piles Driven

in Clay Soils, 4th Int. Conf. on SMFE, Vol. 2,
1957, p. 61~71.

9) AW. Skempton, Cast In-Situ Bored Piles in
London Clay, Géotechnique, Vol. 9, No. 4, 1959,
p. 170
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B-2.3 #EHEHEN & OBR
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#%-2.2 Tomlinson ORELTLS
74 AETOMEND
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R4, 2v2 99—+ 274 0~3.8 0~3.5
3.8~7.5 3.5~4.5
7.5~15 4.5~6.5
s o A 0~3.8 0~3.0
3.8~7.5 3.0~3.8
7.5~15 —

CHBALTW2, 242 TRAL L 7M LD HRT
FEOMBIMN ERCBET 5, < oo
GERORBS AL, = OREYE - CEEOKIBE
L, 24 BOD0HEEHLT5, SDER, 24 DOX%HE
TNEFHE L ek Lo XEL I h, NS i
%o
FELHARICITIA A TS 7 4 Tidde\ 28, ¥ (Lon-
don Clay) wZEfLL, Fle@ifizv 2V -4 %47
BLLBED 74 BECE < ME %, Skempton 2t
Bjerrum, Tomlinson ¥ [kE7c FECHAIRBEERE LD
SEWLT, 74 FEOMES ca & FHHED ¢ & O
w2 12D %R T,

¢a=0. 45¢<10 t/m2 (2.12)

Skempton DRz ¢ & ¢ & OBAFELL, Bjerrum,
Tomlinson D3R > D L it 2 A KDL Y HFOERD
e RIs BM, BEORH 3 OOHEEN L REM
LEHRETT ey F LEONE-2.4ThH 2, ZHEE DT
RENOREMBIET AR D LRIc> T B L 5 TiRD B8
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- Skempton * -
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» gl Tomlinson P77 " °} ° 2
5 K74 oi—— -
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X
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= /x/// ° % X
% . _— x x
2 ,(’/ @ x o -
7 X &x
(t/m2) | R N
a o ‘
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B-2.4 #1804 OFDEHICEYT 3 Bjerrum, Tomlinson, Skempton
DIRERME & HBRRAEFH
HEWRERYEOE 2 ERADES L ¢ <5t/m? OREAT if;’7”_*g
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¢% Bjerrum : Tomlinson OfER: TR CHEY D 501 A FHEE KOt
of%b,Cﬁmﬁ@ﬁgfu?bmmwnwﬁﬁoﬁ a0l g Siggg 5w§hm%
B A e < &, Tomlinson ¢ Skempton DFEFL “ 301
I P EEE S T B 2B, SEBEDOFT - % L 20} >>\<E:;r_a;3—
—%B®RTAX 5L, Tomlinson &z T\ 3 X3, t 1.0 8 8 4
c<4t/m? T ca=c ThhH, MBNBRKEL B LK 0
1.0 20 30

B ca BEEBENL I 0 /hEL B LXHRTH
B,

wi ot BAOMEMKL : Oz P DERD
55 LPFHEIABDT, BROWBEHELFBITIAAL
7 1 OBRHREER Y LHHTHE 5, Bjerrum D
BHE LR ReB2, BF, AEQO)HENEKL
BIiTRALER S A, av s Y-+ 74 OEGFGRETE
HBREEN Qu &, RQC )IRTHEZZFN Q&
HHELT, MEOH a=Qu/Q LBEOHEN (<3
t/m2) r OBAERB-2.5IciR LT 310,

Q=2nRLc (2.13)
COFETR 7 A REEFNEERL T2, 205
2T OESYHBHLTARL 5, EFRPFHTITBLT
10) BTk, BHEYH, BEEROoXFHEEET

iRk, BARREFLHURESE, No. 66, FEMBELO
A

— % % 5 (ton/m2)
E-2.5 EFERAFELBCITANI74DXFED
(LRE) LFEXFIHOH (a) BN
EOBE (BT, #HIY)

¥ Bjerrum OEXNFOEEFHCTCEHL AT L,
SN Qp L EEERN Q DK (2.14) TERb
ENs,

or _%.Q.DZ.CP
Qs nDLc
T, RTEEBEEEN LV ETHRE, BENBFEEL
L HRCESAEML, 7 A FA0MKLwEOFEE
B ¢ 2o A EEHEDBEORE I cr D 12BE TS
D,QM@=&SZa&6Q TRV 74 DOREIR
4~1ImBETHD, 74Rd 15~30cm BETH5D
C, Qp/Qs=4.5%(0.03~0.04)=0.1~0.22 /¢ b, 5 —

E—Dr5v R HTSHE, R(21DD X 5Tk

(2.14)
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REBARE N
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E-2.6 SEBRAENE N EABEER ¢ LORG

N BB L dDBEERFBTEIBETHD, %
7o, EEBHESTIRETIE, c=cp L30T
LRI NEROMETI0G LT & e b X bR/
&l D, B-2.52 X B L ¥EE I c=1~2t/m? DEiFH
TRBEARBAEREHEMD 2~ 4 £ 2 7 b, Bjerrum,
Tomlinson D#EFE & —F L T\ As, ¢=2~3t/m2d
HETREEDOL aix 1wy, Bjerrum, Tomlinson
DEFER L L IPUT W5, BT, gHOBE TRy v
7V vy, TERB CEENOREFECOWTHR
TRV DOTHRATIES B4, A VEOHBE THNE
MR AR CRT L HEOM X X ) 155 <{HE
HhEhBL, ¥, GHIHEIK T hbhi4HE
FOF—F—FEDEFLHDELDLEIDTHD, L
LR 2T v 7Y v I ERSNESECRE LTV S
BEORADT — 2 —ThBZ b, OB
WTRSDOBRE, Uh diBEHES < THEEDEEH
52 BHLI DB F1, EEMEE: LTBART
W OTEFEE DA c=1 tim? BEE Lpvig\ X 5 iR E
IAKRRSERATHLALVEBY, C0X5hB
BRIBEBR 7 M2 d o LFECHE THRATEBARYE
S UTREIE % BT 55, WEBHERTRIRTT
bbo LAEOBET c=1t/m? FiEOF — 2 —wHET
% E, BAMEE LB DT b, Bjerrum, Tomlinson
DEZ HHAL T L L HIITE 5,

B2 4l e o 7 4 OFEESIC oW T, Bler-

rum, Tomlinson, Skempton DZILER % HBILTH
o s, [, AR i e B84 5 Dorr, Terzaghi,
Meyerhof OREAXXHLB L TH L 5, Dorr OXTH
EREFERIC oV Tl p=Stang~tang L REEAT

maﬁ,::fuﬂ=%ﬂm¢abrwaoTamyﬁ@
REANTR, 74 AECE < ERK Ki, FEHEEER
# u oW TEARBEATRIN TRV A, B
BERHBPE TR DL WPT Ko, 0=0.25, LE 7T
K p=1.0r 30T 50T, —ERE 15D X 5128
E LT,

Ky=p=tang (2.15)

COEREBEIRGHEREOEL » SRS IR v S
ZTWb, ¥z, Meyerhof DRER TORERARR
B N 07 b IEREEERA ¢ KRB T 2 LE S
3o N & ¢ L OBV TiE, H-2.6073 5K,
Dunhum, Peck, Meyerhof, -kifj7s & %% { DIREH
Hb, WThORENRI VFUTHLZOPHLILVDT
Meyerhof FHE Nz —IG EiEOBEHERNT~<Tx B3t
BL T, Dorr, Terzaghi L HBE LT B,

7 4 XFENOELEETR S i, BEIHT Qs
LTS Qp LimbiF T, FRETFHRHELT
X 5o TNLTID 7 A OREBEEY H ORERER
Qs/As PHBORTERA S L 74K L L oBMF*ER
-2. T2 7R3, Meyerhof o B b DIEHE Qs/As
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274 DREOEEYERES Finv0T, —KFTEDb.

ENBHXTTHHM, NLg ORI EIERRE
REAVELD4EXOBTEDLI LT W %, L,
Meyerhof 2E D Qs/As {EIKEOMFHME LTEEE
LESKfBRERLTEY, BARREY 7 2—2-2L
Tw % Dorr, BIE Terzaghi e ¥ B T5 L
25° <L Pp<30° {EIE Terzaghi KX d L=5~15mY4

Dérr X L=2~8 mi¥4
35°< p<<40° {B1E Terzaghi X, L=10~25m}H2Y
Dorr X0 L=5~15m#gY4

LW B, TDX 5 BRI, & bz Meyerhof O3#E
PDERABEL VT B, & HBITITAALLIEAN
DE» 7 4 DXFENHBIE Terzaghi XCiHETH L
BYBAEEHFE NS B L i), DEWBHRI
BANROE 7 4 #¥AA 1B, Dorr OXCEETS
LBKERERZFE N2 ERTAC Ltk 3, Dorr oR
LS5IE Terzaghi K%+ 52, 2ffichbi5T
Dorr pREAEERYE L TH Y, RTEEHH? D
S BT ORT - DEMAIZHEL b, s, ZZTH
HLTW2DRBIE Terzaghi ¥FEHTH-T, HEBT
WA BUIOREBEL 0 b AREFTFEWvEL w5
LITEE IR,

L=50m
4000 .
L=40m
3500 .
3000 N
" L=30m
&
2500 N
lél., ,Peck
Z ; ,Ounhum
3 2000 Meyerhof-
5 / //L-20m
I /R
Al /
Qo0 #1500 .
i
L=i0m
1000 i
500 .
L=50m
L=40m
L= 30m
Le20m
L=10m
25 5
RBRRA D
B1-2.8 WHBICITAARE 7 41 DEFHE
XRHNARC L DEHEZR/D

B1-2. Sic VTR b D 7 £ DEWKFE N QplAr D
Dérr, Terzaghi, Meyerhof DH.#% 7R3, Terzaghi
A BATEIRY ) OERTREDC b 7 1 OfE~TEEL
BBTH0TEHBH, B-28CRAR 25m0 s 412>
WL DRFRTZ D7 4 ETEIEET A RERR-2
3 THniel i, 7ADRARNY=25m DL &(¢=
800mm DFFE/ A1) TTH, 74 OBRARKEIIOMT
$=40° DL ERROHETIERETLY, ZOFL
RAENEN KD L RAILTED T ETHY, B-2.8
DR CtHEHT L, Terzaghi X L=10m O OfED 2
f&r, L=20m OROfEL DETERbENS S, E-2.8

#-2.3 Terzaghi 74 &R AHICxTD
741 EBERTEORE(SER)
((BLZ74EE V=2.5m DOHE)

s f 25° 30° 35° 40°
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ErxRErclET2L, ¢ 2 NfE: OBGEXDL b
KX oThibRiczh, KEOHEHHA & LT Meyerhof
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#-2.4 {5IE Terzaghi & Meyerhof %

EHRILXFAERTRALER
(Ef7: m)
\;\\\2\ 0.5 0.8
30° 10 9
35° 11 12
40° 14 13

BIEX#T & Meyerhof o e +2 L, £-2.4
CRTISHBARKE © & S@ERRCEEI» 52
%0 b iz Meyerhof DX MNEYD 7 4 DEFENERL
T3 eHigT e, —BILHAVLRS 7 1EA 0.5~
0.8m DOEPFATIHXRANKS10m LITFD & FI5E Ter-
zaghi OXFENPEDRELRL, ISCHENLE
S TWB BV flirich, FHBAREMNISME LD
BRECIKREDRMELRRL, HWBIFPL WL BRATH
FLiss,

7 4 DFIKEFIRHICIL 7 £ DESTHE ST,
FAHEROAZET 23T ThD, +oC, BRI
A FEhi- 7 4(L=10~20m) o Dérr, {5IF Terzaghi,
Meyerhof #1035 b, FUBEBRO LD sEEYE
25" T, 2 DEYZT, —BEELDE, Dorr ©

£-25 BFXRNARORTEENDOS B
FREEOLSHIHS

B E ]
\ Dérr 2% | Terzaghi M:\)eri}%of
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30 [0.88]0.85]0.50 [ 0.41 [0.29] 0.22
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LI, TRTCDIANEBE S M2\ 5 2 L izh
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12) R.D. Chellis, Pile Foundations, Mc Graw Hill,
1961, p. 559
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EE D d EFORY MptEbT, ChHEEL

— 15 —



HEHEORICIZKD X 5 1BEFAS 2,

M=%v 3.2
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LB »VI—DHHTWB=RXAF—iL, 740K
ARCBEINDH, DB’d, ¥+, 74, FAEHOH
BO—RHLEEERCIEINS, chbotEE
BRETELRBEDT, ~vI—D=FL¥F—2 LTIk
ARG IORENTV BHBEDO~v~<—2214 D% -

TwBzRAF— Ef #VWBREThH D, 2hHER
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Xigh, b vw —Dﬁ]g%‘ 1000/02&7‘& L—CEE
T5&, AB.23)KRT X 5 7 Pacific Coast Uniform
Building Code X261 3,
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