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Lateral Resistance of Short Piles

Koichi Kubo *#

Synopsis
Lateral load tests of 33 model steel piles were performed in cohesionless soil to study the behaviour

of short piles with the following results.

(1) Piles subject to lateral force are brought into the following four categories according to the ratio
E,, which is the ratio of L and Iln:. (L is the length of embedment of a short pile and I is the

depth of the first zero point of moment of a corresponding long pile.)

E;>1.5 long pile
1.5>E,>1.0 Ist transition range
1.0>E,>0.6 2nd transition range short pile
0.6 >E- rigid pile

A pile of the first transition range behaves, when laterally loaded, quite similar to the corresponding
long pile, but doesn’t have sufficient embedment to be completely fixed in the ground at the pile tip.

A pile of the second transition range shows quite large deflection and inclination compared with a
long pile and shows fair amount of deflection at the tip.

A pile with E, smaller than 0.6 behaves like a rigid body and the effect of the bending of the
pile on pile behaviours can be neglected.

(2) Deflection, inclination and bending moment of a laterally loaded short pile can be estimated by

means of comparison with those of a long pile based on the E, ratio.

(3) The distribution of soil reaction against pile surface at the failure can be expressed by two
straight lines with sufficient accuracy for practical purposes. The first straight line coincide with the line

of passive earth pressure starting from the ground surface.

(4) The failure of a short pile occures when the soil reaction reaches the value of passive earth

pressure at the pile tip.

* Head of Soils Division, Dr. Eng.
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(B—27) %\ T d, &3kd, (B—25) itk A+5L, T #RHBZLHNTES,
(i) T #RAT, GEICHTIMBRBANR L £RHBEE,
(B—25) 25, '

e 2THBLE e B—28)
a=2LIEL (B—28)

ThE (B—27) itfkAT3L

ETAEL ) CRTHBLE) g7 o 2L2e0  orveeerereeriene s ‘
o Fgpr ) + Gr2) EERE) sl 21— : (B—29)

(B-29) # L o wTEHETS L o
ﬂzoL“—sﬁoToLz—lzﬂohoT.L—4T2=o ..................................................................... (B_30)
(B—30) 23X L 2 RDBZ LN TE3B,

C. #HadRRT (B—1068M8) -

0 Sx=Sdy : (PIB=CpoBeyesX  -eorerererssesissasss st e P [T (C—1)
di=x=L : (p)p=asx*+bex L P RTIE (C—2)
x=d, Iz T p
($1)3=CpeBeyerdy=aed\P+-bed;  ovveomevrmrinieiniii et e e tee e e en e nee (€—3)
dl=&:_li;ﬂ e e e aa et e ( C—;i)
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= C;8-2'X: dl
- Py I/ . |de

<1
bl ax®sbx

®—106 % A& th 4 &R

“(Ws  (Dmax)s

NOERLD b |
T=-;—Cp'3're'd12+(—g—” _b_Lz) (_dls.,.%dlz) ........................... e (C—5)

(C—4) #RALT 4, ¥HEETHL

A T..=L2( “éL +%)+% _(_QIL%;”;I’)S- e gt e n e e e s e e s e e e (C—6)

%—j v FOGIEEL, B,
_a
~Teh=-F

'L4+%L3_(’Z—d1‘+%d13)+%CP’B‘Te'x13 ..................... e, €c—17)

(C—4) #RALT d 2HETD L,

Teh=rBL L Y, 1 (CpeBeye—=b) e, e _
Toh =L +3)+12 > (C—8)

CpeBeye—b__ a = T = et et eet ettt ean e aaanas —_
a d,, CpBere m, Cp'B°r¢ n ' X C€—9)

T,

LB,
(C—6), (C=8) 25

—-n-h=L-m+———(1 dlom)+ dl‘om ............................ et e e et ae e (C—10)

n=

Ié om+ —(1 dyom) +

FR b m EWET B L

(,,__Lz_i)(_g;___L;_.dﬁl_lzdg);(,,.ﬂﬁ)( L L s 14) o0 (c—12)

(C—12) 12 dy D ARKNIZKE B,
Aed* +B'd13+C'd1+D 0 .................................................................................... (C_la)

A=gr (%)

1
B &)

S s

R O A G &

iz
e e [y

(C—13) &\ T di R, Kiz (C—10) b m &RD D, di, m & (C—Q) th)\b'(‘, a, b #RD 5B,

“'bﬁb#ﬂﬁ»(C—ll(C—Z)hlofﬁﬁﬁﬁﬁm&ﬁé ERTED,
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2

B " &

BANSm 0 H@ftic, BWEREEO.5m OB CEAANEPIBb0LT 5, (B—10788)

1. B LTO¥EHDHERE

T DFE & IR O FEF & SR( D25 ~2BFIZFEL <

D HBEkk

NEFOHET 2L, THXSEBBTHY, NiZ9THs, LR oT, £ix0ich 3,

O U5 A
HEOMBE T M (REN) & SBNONTE BT 5 LROEY Thb,

puos oud ]

4019 FHis ]

3O _® @ N O @& & 4 0 = O
— T

]
I10_ 20 30 40 30

3 0 3 1
AN

& H tL (S-pile)

B B B (P-pile)

EI 27.54X10° kgecm?

B 10
h 15
k 50

cm
cm

gecm=35

4,50 X10% kg-cm®

30.5 cm
50 cm

30 gecm~39

IOT’

Re1=(ED)p/(EI)s=1.634x103,

Rp=Bp/B;=3.05

Ry=Rn=hp/hs=3.33

Rk=kp/ks’=0. 6

lOg RE]=3‘213

, log Rs=0.484
, log R;=0.523
) log Ri=—0.222

E—107 # & £ #

log Rr=log Rs=7X0.523—3.213—2x0.222+2X0. 484=0. 972
log Ry=8x%0.523—3.213—2x0.222+2x0.484=1. 495

log Ri=9X0.523—2x3.213—2x0.222+2x0.484=—1.195
log Ry=10x0.523—2x3.213—2X0.222+2x 0. 484=—0.672

B) WE-HREEMROEE
(log yiop)p=(l0g ¥y:op)s+log Ry=(log yiop)s—0.672
(log T)p=(og T)s+log Rr=(log T),+0.972

BRFTHBENT, =2 TR AR5,

X ¥ @ B # E B R
(log yiop)s (log T)s (log yi0p)p (log T)p (Yeop)p em| (T)p kg
-1 1.541 2.328 2.513 2.128x10-2 | 3.26x102
2.300 1.328 3.272 2.128x10-' | 1.87x103
0.672
1 3.049 0.328 4.021 2.128 1.05% 10¢
2 3.789 1.328 4.761 2.128x 10 5.77x 10¢
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(4) MHE—EKETE—2 v MBOHE
(5) FFE—Imi HROME 4

(6) HE—HREESHBOEE

(M BERER

3), (4), (5), B)THELN Yiop, Mmaz, Imi- fo.,tzf j X EB LS ey b3 LE—1080 ) 5z B,

o o

B
B
73

Coa,

ud

1l
10

\“‘/——7‘ .

N
TH
T

an

\,
“Tpeall|[]

™ .
/ 4
s R
0 1l o E—108 Eiie L ToxE)
10‘ 10* 10° kg-cm) Mmax ' Co
& b egem b

2. GEAFEOHE
(1) ZEEEREOHE :

N e ¢ DBRIZSVTIR, ERERSZV, ZOHBELZIBRAFBE->TVBLEELLRBDT, ¢=40° &
x<°§t =L e B, = ) ENORIEN DI BRSO ERKEHET B, §=10°, :
5 1T HIERRENL0.59TH 502 5,

Cp=c0s20°x0.59% 17.5=0.94x0.59x 17.5=9.7

BRIZBIZBIT S, Cp & k/re L DERE B—108 (TR L7228, ZhicXiud k=30, y.=1.00g/cm® GE) ot

L, Cp=16iz72 3, LD Cp=9.7 x>V O % BARETH 5,
@) HEWEDHE

B=0.305 m
h=0.5 m
L=3.0 m

re=1.00 t/m® GiEEfE)
B=Cp'7’e'B=2. 96 t/l'ﬂ2
(B—27) »5 _ , _ r
- 2d24+(6X0.54+2%3)d; —3x3x0.5—2x 32=0
2d,2+9d,—22.5=0
d1=1.8m
(B—25) ILRALT
T = ___2 X3 2x1.8-3)

-~

=2.7t
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3. EHELTOEBDHETE

E—108 25, T=2.7t DL EXDEROEHZRDS &
(Ytop)iong=0.35 cm
(Mmaz)iong=3.5%10% kgecm=3,5 tem
(f0)tong=1.9x 10-3

o =43 m

E. ##H#ET 5,

E,=L/ln=3/4.3=0.70

E=0.70 TH 58 b 2EBRTFISLCRERAATIIETE . LItioT, T TIOR LEENEOHENIS

UThB,
WITE—58 &
(Yeop)r=1.7
(io)r=1.7
(Mmaz)r=1.0
IoT,

(Ytop)shore=1.7%0.35=0.60 cm
(io):h,ort=1.7x1;9X10_3=3.2X10_3
(Momaz)shore=1.0x3.5 =3.5 tem

TR L, EROEREESES BHOETH Y, BERELK L EIT yop i RARTHZ LV 5 ETHAV,
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BEH (EXFobo)
B ButE cm
Ca FEHERE
Cp Z@TERE ERLIEREO
(Cod)w ERIBOEER ICH T 32 LEFRE
EI  HogiFRik
E; BANY, Er=L/ln
h WS cm
fo HFRE 2 31F B OB '
Go)r  FIC&MEDLER L BRICBIT B o Dl
k - MR ORBRIERHUEL
L MOBANE cm
Im1 BHOEIFE—2A > MEL1 Y v HOES cm

kgecm?

gecm-3.5

Munas B ORAMIFE—2 2 b kg-cm
(Mmaz)r FCEHEDER &EBICRIT 3 Mnes D
m p=kexmeyn 123313 % ¥ OIEK

n p=kexmeyn \ZBIFT B y D

n #2 D 3E LR

p MOBNEES) OMMBK S  kgeem-2
b MTicR ) 2ZELE kgecm-—2
Pmaz  FLTIRIZEIT HUER S kgecm=-2
P MOBMNEEHY OHMKSH  kgecm-!

R Pp & pmaz D

n & n BB ORI E CORBBYEN cm.

T - wALITY W) kg
tn % n BB O E TORPMELNM cm
x HIRE D b OBEE cm
y B DAL cm
© Yeop HLEREAL cm
vd T ORBREE gecm=3
Te TOFEAGHER gecm-—3
8 BEm B A E
4 PR A B

Y ®o® T A
(1) . ERBEME  AMRE—: HOMERICET 258

@

@

@

®
O
™
®
@

(105

an
az
as)

14
(15)
(16)
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BFE (20 1) ESHEHNDIERSRS J
Vol. 11 No. 6, 1961 &
AREE—: HOBIERIZET 2 EROHE (20 A

2) ERENPIERTEE  Volll ' No.il2, 1961
ARIE— : LOBRERICE T 3 ZBAFE (20
3) EMETFTRRTESE Vol'12 No.2, 1962
AR~ MOBEROF LV EH B BmEd
HEFRSE Vol.2 No.3, 1964

X#ER(4), pp. 14~15
X#ER@, pp. 2~23
XHER(4),  pp. 14~22
X#k(4), pp. 25~29
BRLsER  GETORET LT, 196
pp. 112~115 :

K. Terzaghi: Theoretical Soil Mechanics,
1943 pp. 355~-358

ER(9), pp. 112~115

XD, p. 18

FHl - Kify: BERTHEAVFFy 7, 1964
pp. 94~101

X#R(9), pp. 112~115

X#R(10), p. 358

CER(13), pp. 94~101
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