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Settlements of a Pile Foundation in Sand

Toshihide HasHIMOTO*

(Received August 29, 1969)

This paper deduces an analytical theory concerning the method of

estimating the settlement of a pile foundation embeded in sand.

In general, sands are classified as good foundation materials, and

in most cases allowable bearing pressure on a pile foundation is
determined by estimating only the strengths of pile materials or soils
surrounding the pile. Nevertheless the detailed knowledge clarifying
their statical and dynamical behaviours under load is required to
obtain some basic data designing constructions.

A new assumption concerning skin friction and axial resistance
against the virtical load will be introduced, and an analytical method
to estimate the values of strain and displacement at any depth along
a pile shaft is presented with some basic equations. Applying these
equations under increasing load, we can also obtain the fluctuation of
values by computation. The computed loadsettlement curve may be
formed.

Some numerical examples are given, and comparison of the

computed values and the results of loading tests shows a fair approx-

imation.
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Fig. 1. Types of reactions of pile foundations.
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Fig. 2. Equilibrium of the skin friction and
the axial compression.
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Fig. 8. Distribution of unit skin friction
along a pile shaft.
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Fig. 5. The theoretical separating curve and
actual frictional resistance measured
by strain meter.
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Table. 1. Numerical Ex.-1

A) Estimation of Values of displacement.
[Data] PC-Pile, D=0.6m, ¥ =1.88m,
A=0.16m?, I=5m, E =400,000kg/cm?

K~ =0.00001125(m~2)
[Values of parameters under each load)

Po(t) 60 120 180
#uo(m) 0.008 0.0026 0.0056
y(m) 1.667 3.333 5.000
& 0.000094 0.000188 0.000282
&y 0.00008 0.000126 0.000141

[Values of displacement # (mm))

(6)

Depth Py=60t Po=120t Py, =180t
@ x(m) “ x(m) 172 u
0 — 0.80 — 2.60 5.60
1.0 . 0.71 — 2.41 5.32
1.667 0 0.65 — — —
2.0 0.333 0.625 — 2.24 5.05
3.0 1.333 0.56 2.09 4.81
3.333 — — 0 2.05 =
4.0 2.333 0.62 0.667 1.97 4.59
5.0 3.333 0.495 1.667 1.89 4.43
Notes y=1.667Tm »=3.333m

—— Displacement (mm)
081 2 26 3 4 5 56

T
~——

() 442 <
N =
|
|
T
E2re

i
4 : /
5

X - --- Measured directly af the pile poinl.
Fig. 6.

a——
\};_ = /302‘

Numerical example of computed
displacement along a pile shaft.
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&% Table. 2 ¥k F Fig. 7T wRL T,

Table. 2. Numerical Ex.-1

B) Values of strains at each depth. (x107¢)

i P °l Py=60t Po=120t \ Py=180t
0.0m 9 188 282
1.0 88 182 276
1.667 78 - —
2.0 72 165 259
3.0 53 137 231
3.333 — 12 -
4.0 34 101 192
5.0 - 15 63 141
FRES LR A FACE
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[ /

/ // ,%Measurd by
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Fig. 7. Numerical example of computed
strains along a pile shaft
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R, R, = Axial force al

he pile pojnt.
Fig. 8. Axial force and frictional resistance
along a pile shaft.
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PEREFERINZOBLUABRBEOLEMBZLOT, CP{ W, D=800mm, /=11m, A=0.256m? E
W ETE 2R L, EEORMARICX 2ICNAERER  =430,000kg/cm?
ERHELUTHS, GtE0BR) #|EABRZ2TubdiR, P°=160t,

6. 3 Et&EH 2

GGHET B & S0

UHhgds X O VW DFMH) —Hiii Fig. 9 2K,

Soils N.

240t, 420t, 560t iwisid 2 S WAL T & %, 2K® 5,

HIBEDNE L E 2 ERE U TCROBIE 2{ET 3,
«=130t, Pr,=420t, K~=0.00000194(m™2),

K=100(kg/cm?)

/0 20 30 40 < L‘%%@R, up %Eﬁbéif% Table. 3(C7‘T<j-o

Table. 3. Numerical Ex.-2
A) Determination of R andup

g..
Sand \

/ 4
Po(t) | 160 240 420 560

24 Silt

Po/Pry 0.381 0.571 1.000 _

F/Fy 0.617 0.816 1.000 1.000
37 F(t) 80.2 106.0 130.0 130.0

R(t) 79.8 134.0 290.0 430.0
4 R/A (t/m?®) 312 523 1129 1680
; Clay up» (cm) 0.312 0.523 1.129 1.680
6 W B, uo #RD B, % DIERFE Table. 4 [TWRT,

\\ P,=420t Tig y=1 £33,

Table. 4. Numerical Ex.-2

B) Determination of & and %,

7 - Po(t) 160 240 420 560
g0 (x10-8) 144 222 379 505
107 y (m) 4191 | 6.281. | 11.000 | 11.000
8 yI(l—
7/ K"[%*%] 0.0328 | 0.0396 | 0.0430 | 0.0430
s e ™ | ousse | o206 | 04067 | 0.5115
/24 %o (cm) 0.467 | 0.728 | 1.585 | 2.102
- P EDEEIR X A HE—IL TR 2 KB O sl bR
Fig. 9. A Soil profile. HBE#ELrz s 0% Fig. 10 wind, HEERE?D 3
— [oad F (1)
o 700 200 300 400 500
L ’\ -
e \\ \o\
g\ | \ Je \\ ~ "
Q ~ ~ ~
3 J ~ = ~ ~
‘% ~ - ~ 1
b ~ ~o.
5, 10 SR
’; - ~0 ~ = Measured K- up \\\ \\\\
~ ~
¥ —o— " BE-u, >~ TN
~ st >~
—a——CamPu'ted B~ up \\\
— s P-4,
20 \

Fig. 10. Load-settlement curve.

(8)

P T EAELE



R 51 3 BB O 127

s ki, BERETIRAARBHBRR K, ©
REDHEI D2, LN PHBONE»SHET S L
EIZAENTEH 5, NE & OB RIEERDECERE
T B REOA) (3BT, HEAOREWD 33
Ks=N (kg/cm?)

VBRI L OCELCEBE SN 2 X o wEbh 3,
FROBRHEERC I 2REREITH L, BEED
OHHICET 3L SRER, FAEETATVLED
THHT EVBDPS,

1. BH&LUHES

1) WEHRICK T B WD EEERO S AME IR

B ZEIBIT A2, WEICK H BEENRAEITE
LTW»aEy GHEL D) &, BREICEL TOWIWEy
GEET) &db, BHFCBIIEREOEK LT
FEEROMIE, MEREREIOME 2 L% 4 D EIUE
FTHCEIRED, LVilch S8, B0 LY
WADFEREE 23K 2 a0HEB R 2B 0T,

2) K OEHEBEES R EOEIMCE L 0WFRE LR AHE
CETAIETOHEEERZEFVLEL, Thd b OB
HEOEIMCIR T 2 SIEPUE %2 AT & < WIohht
BRI EWCHEET B FEC OO TREL,

3) LEloHEmoHAME LT, EEORERGT
B VRO TE, e VIR X O WSRO
BT 2RD 3 A 20Tl 5 EA 2 &
o, EBROFR LU,

4 EBRBITFEREAOLNZVEE, EROBNFE
BISRE D AR X CHER TR B R AV 3 03, BEDF
— ZVBPNEFICOWTRBRETRZ UL, 58K
BEROEREBEEN 3,

X ik

(1) H.B. Seed and L.C. Reese : The Action of Soft
Clay along Friction Piles. ASCE, vol 81, 1955.

(2) A. Kézdi : Bearing Capacity of Piles and Pile
Groups. 4th Intern. Conf. on SMFE.

(3) WEHR : RO TIREIT 2EHRNEH,
SO, RF36. 6

(4) CmEE B OIS, AR, M4, 1~5.

(5) Ir A.F. von Weele : A Method of Separating the
Bearing Capacity of a Test Pile into Skin-friction
and Point-resistance. 4th Intern. Conf. on SMFE.

(6) BARBE: CEBOBFARBRICHT 2H%K, HEIFALE
FE, A2, 11,

(7) G.G. Meyerhof : Penetration Test and Bearing
Capacity of Cohesionless Soils. Proceeding of
ASCE., SM1, 1956.

(8) HAAREFES: BFEHCWERRFIETEERED, RM8
46 Ao

(9) Karl Terzaghi :
Subgrade Reaction. Géotechnigne, Dec., 1955.

(10) G.G. Meyerhof : Shallow Foundations. Proceeding
of ASCE., SM2, 1965.

(1D mEEE—: #ACVORTR: ZOHELOWT, F3ELH
THAPIEHRSMEE, BA4E6 A,

BB

Evaluation of Coefficients of

C9)



