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DESIGN OF PILE FOUNDATION SUBJECTED TO LATERAL LOAD

By Tadayoshi Ohkubo,
Keiichi Komada and
Asao Yamakawa

Public Works Research Institute

Ministry of Comstruction

1. Introduction

Since Japan is subject to frequent earthquakes, it is necessary to
have due consideration to earthquake effect in designing structures.
This is specifically stipulated under Paragraph 1-8-1, "Kinds of Load"
in the Volume I "Common Rules" of Japans Highway Bridge Specification
(Technical Standards of Ministry of Construction), and further, Volume V
of said specification sets forth, under the title "Specification for
Earthquake Resistant Design", the practical details including the design
seismic coefficient, etc.

Design of sub-structures of highway-bridge is performed in compliance

with the Specification's Volume IV "Specifications for Sub-structure
Design'. As the provisions relating to "Design of Pile Foundation” in
this Bridge Specification were established in 1964 and have become rather
obsolete, their amendment and revision are now being carried out in response
to the progress of technology and accumulat;on of field and laboratory
data.

This report is aimed to t ake up and argue the basic idea and .method
for design by selecting mainly from among several items studied for the
revision such matters relating to design of pile foundations subjected
to lateral load such as seismic load. Although these items are yet in

the process of study, the important part of them is considered to be



incorporated into the provisions of said "Highway Bridge Specification".
Consequently, the text of this report is to indicate a fundamental principle
of Japan's highway bridge design of today.

The construction of this report and the general outline and the sig-
nificance of each chapter are given as follows:

For the "design of piles," there are introduced the conventional
method and the rigorous method of which the former is to solve the calcu-
lation of the pile's head reaction-and displacement by merely the balance
of three forces, while the latter is to consider the displacement. For
usual foundations, the simple conventional method may be sufficient, but
as this may cause in some cases some large errors, its application limit
is indicated under a suggestiion of applying the rigorous method in such
cases. Generally, piles are considered sufficiently long. But considering
a case where the piles are short and it is necessary to apply the former
method by partially revising it, a description is given how to handle short
piles. |

For the "calculation of lateral coefficient of grouhd reaction," there
is introduced a method to deduce from the results of soil tests the lateral
coefficient of ground reaction which is to be applied to the analysis of
the stress and displacement of the pile with the aid of the theory of beam
on an elastic body.

This method was propounded on the basis of the experiments performed
to obtain the correlation between the goil properties and the results of
about 150 lateral load tests.

For the "Design of Pile Head", a design method for connecting pile's
head with footing is described. There has been no actually practicable
design method for rigidly connecting fhe head with the footing. But the

Public Works Research Institute of the Ministry of Construction, desiring



to secure the rigidity and strength of the connections, issued a design
standard, and in order to test and verify the reasonability of the standard,
it carried out a series of load test of nearly a full-size scale. In this
chapter, there is given a description of our basic concept of the design
process of the connection of a pile with the footing and the results of
said experiment.

The chapter entitled "Behavior of Pile Foundation with Free Length"
describes the lateral resistance of a pile foundation having a free length
and the result of the vibration test.

For the usual pile foundation of which footings are buried in the
ground, there was made a plenty of vibration tests in the past, and also
through the experiences of actual earthquakes, its earthquake resistance
has been already verified. However, there has been hardly any appreciable
experiment undertaken in respect of any pile foundation with free length
since it is entirely a new type of foundation. This chapter, therefore,
is dedicated to the presentation of the results of an experiment of nearly

a full-size scale performed by the Public Works Research Institute.

2. Design of Pile
2-1. Calculation Method of Pile Head Reaction and Displacement

There are two methods of calculation such as the "Rigorous Method"
and the "Conventional Method" for the reaction and displacement which may
occur at the head section of each pile against the external forces (Vo,
Ho, Mo) working upon the footing in the foundation where the pile heads,
as shown in Fig. 1, are rigidly fixed. Provided, however, in either
case, the footing is handled as a rigid body and the ground as being
elastic both in the axial direction and the lateral direction 6f the pile.

Here, the presented caléulation method is applicable only in the case where




the piles are sufficiently
long and are deemed to have

Vs
, 1
an infinite length. l;, *Eﬁj\M° L]
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>
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%
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The applicable extent
of this calculation method
and the calculation method

for short piles are pre-

sented in Paragraph 2-2.
Fig. 1 Calculation model of pile foundation
(1) Rigorous Method
Taking the lateral displacement of the footing as §,, vertical
displacement as 0, and the rotary angle as (y , these will be given by

the solution of the following three-dimensional simultaneous equations:

Axx Ox + Axy Oy + Axq @ =H,
Ayx Ox + Ayy Oy + Ayqga =V, @

Aax Jx + Aay Oy + Age @ =M
Here:

Axx =2 ( Ky f; + Kvsin® §; )

AnzAn=%§(Kv*KlﬁmﬁW0i

Axd:Adx:%‘{ (Kv —Kl) xjsinaicosﬁi —-K, cos@i }
Ayy:Z(KV“’szoi + K, sin? 01)

i
AY“:Ady:; {(Kvwszﬁi +Kisi? §;) x; + Ko Si"ﬁi}

Aaa =2 { (Kvew? 0+ K, sin 0,) & + (K, +K3 ) xsinll; +K,
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. 4/ KuD
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D: Pile diameter (m)

EI: Pile's bending rigidity (kg.cmz)

Kys Lateral coefficient of ground reaction for a pile (K¢ /cit )

K : Axial coefficient of ground reaction of a pile (Kg /cm )

When 5y , 5, and « have been sought from the equation (1), the pile's

~axial force P working upon each pile head, lateral force PHi’ and the

Ni
pile head moment Mi can be calculated by the following equations:

Pxi =Kv { Oxsinfli + ( Oy +axi)cosf;

Pui =K, { Oxcoclli — ( Jy + axi)sinfli} —K: @ @

Mi =—Ks { Oxcoelli — ( 0y +axi )suli} +K, «
(2) Conventional Method.

Considering the designing convenience, it is possible to perform
an approximation calculation by the following expressions under a certain
extent of application:

i) In the case of vartical piles alone:

Vo Mo + AHo

[ Pri =t ———— xi
n 2 xit
Ho ®3)
Pui=——
n
Mi ::—XPni




Ox=
nK;
A%

6y: °
nKv

" — Mo + AH,
Kv 2 x?

Here:
1 , 1
A= — (h~k——>
2 A
ii) In the case of involving skew piles:
In reference of Fig. 1, it is as follows:

/ VO M0+/2Ho

Vi= — + — Xi
n 2xf
Secoi .
H; :Vimnﬁi + = ( Ho ‘“Z_'Vi""‘oi)
sec i

< i
i

Py, = Vicosoi + HisinOi
4

Pu; = —V;sinfl; +H;ococ;
4 M ::“‘/{PHi
H
Ox = — :
%(Kl coszﬁi +Kvsin20i)
\%
By = —
nKv
Mo +IIH0
o _ —
\ Kv 2x

(3) Application Limit of Conventional Method
In case that the pile foundation is formed with only vertical piles

in symmetrical arrangement, both the rigorous method and the conventional



method perfectly concur with each other in the pile-head reaction and
lateral displacement respectively, in the case of K.v = o . Meanwhile,
in the case of K& = 0, the behavior of each pile becomes the same as in

a single pile. In the actual pile foundation, it maintains an interm-~diary
state between the two, and by the non-dimensional parameter g defined by
the following expression, the rigidity ratio between the vertical direction

and the horizontal direction is expressed:

szi‘xi2 .
0= (0£0<1 ) ()

. nEIfg
szxiz-"'—‘—‘_—‘
i 1+4h

Here; N: Number of piles.
By employing this parameter g, the solution(defining it as f) by the
rigorous method of both the pile-head reaction and displacement can be

simply expressed by the following expression:

f:f(szo)'F@{ f(Kv:oo)_— f(KV:())}

Here; f(K =0) is the solution when it is KV=O, and is the calculated
value of a singze pile. f(K =) is the solution when it is szcn , and
is the calculated value by t;e conventional method. Namely, the parameter
f becomes closer to 1 as the vertical direction rigidity of a pile founda-
tion as a whole grows larger comparing the lateral direction rigidity.
Consequently, the gap between the rigorous method and the conventional
method narrows down. From the results of preliminary calculation of
various types of foundations, it has been ascertained that if it is ﬁ) 0.95,
the gap between the two calculation methods is more or less below 20%.

In the case where skew piling is involved, it is difficult to make
Judgment of the applicable extent of such a simple parameter as mentioned

above, but the similar thing may be said as to its trend that when the



vertical direction rigidity is small and the oblique angle is substantially

great, the errors arising from the conventional method become larger.

2=2. Design of Short Piles ’JH
As practiced generally in Cj
H
the design of piles, viewing =

a pile as a beam on an elastic e

b~ Ky (Horizontal coefficieni of ground reaction)

body, the pile's displacement

: I -
Yy in the model as presented -
by Fig. 2 can be expressed by -
the following 4'order differ- + L

ential equations. ,
Fig. 2  Calculation model of single pile

4

Yy
El—— +KuDy=20 (6)
dx*

Solving this with inclusion of the boundary condition, the pile head
displacement rate 5 at the time when the lateral force HO affected the

pile head is expressed by,

5o L2 )
a KuD
2 fH,

Here: —————— is the pile head displacement rate in the case the
H

pile length { is infinite, and the coefficient « is the correction co-
efficient for the pile because of its being of a limited length, while

AL alone is expressed by a function. On the other part, as the pile

head displacement rate when the pile is regarded as a rigid body becohes

::~fjﬁl , the coefficient in the equation (7) is a::fifi.
KuDe 2

Fig. 3 represents the relation between ¢ and fL ,» and it can be

learned from this that if it is geL> 3, it is «== ] and is close to the




solution of an infinite length, (£4)
__2Bn

and that if it isfL< 3, it is 1000 ////{Z‘a-mg

gL .
¢« —— and is close to the solu=-

2
tion of a rigid body.

0.500}

The above description is

focused only on the pile dis-
o5 10 520 25 ™ 35

placement under the influence

of a lateral force. But even Fig. 3 Relationship between @ and SZ
in other cases, the similar
tendency is also noted. After all, as to the lateral behavior of a
foundation in the ground, it is possible to make the following classifica-
tion on the basis of a design principle:
FL> 3 ...... Elastic body. infinite length
1<fLl< 3 ¢eeee. Blastic body. limited length

FL=Z 1 +eeee. Rigid body.

A pile in-between the "rigid body" region and the "elastic limited
length" region is called generally a "short pile," and the boundary
conditions at the end-point of the pile must be taken into consideration
for the calculation.

Fig. 4 indicates the outline of a lateral load test performed with
use of d2m, £ 17m PC Well. In this case, with /£ =2, the pile belongs
to the region of "short piles," and its end-point is driven about 5m
deep into the gravel ground.

Fig. 5 represents the compgrative values derived by calculating the
measured oblique angle distribution and the boundary conditions at the
pile's end-point by changing them in three types of free, highed and fixed.
As shown in this case, when the end-point is substantially driven into

the gravellayer ground, the calculation values and the measured values



fairly well correspond with
each other when the end-point
is assumed as a hinge.

Pig. 6 illustrates the

2,050 _,
influence of the support q
. = —3=— EHQ,L N Value
conditions at the end-point < 0203w
b f-Inclinometer \/
of the pile upon the flex 5000 J N
f h d No.6 le\l N
distribution of the pile an
"i—/é m—:\\:
the bending moment distribution. l No.5 S Y
7T — Inclinometer N
No.4 :
3. Lateral Coefficient of s 3
i - Nop ] jom
Ground Rgactlon (KH). ; 8
The greatest factor to - R
control the pile's lateral t, L\\\*\\\
resistance is the lateral g%] 5" [Z:::
\\ R
resistance of the ground L—-L;7 J .
itself. The load-deformation

characteristics of the ground Fig. 4 Horizontal loading fest of

are generally non-linear, and PC pile with lorge diameter

moreover, when a load is

applied by or through such a

flexible body as a pile, it

is extremely difficult to

determine a definite yield-point since a breakdown takes place one after
another from the upper section as load is applied. Because of this, in
designing, the ground is assumed to be elastic taking into consideration
the precise data of the ground survey, and the pile is deemed as a beam

supported on this elastic body, and the calculation is made on this basis.

- 10 -



Thus, the design load is

determined from the allowable tr
o] G.L
]
displacement rate and the z //
< I
pile's permissible stress. & 7/
In this case, as the ground =5
naturally is non-linear, the
standard ground surface dis- ok / o Measured value
R . /’ Calculated | 777 Free fip
placement rate is determined { value -~ Hinged tip
! —-— Fixed tip
and a virtual free spring //' f
]
_|5 -
constant against so determined ;
'l 4
displacement rate is employed. 0 100
From this comes the lateral Fig. 5 Distribution of angle of inclination

(Comparison with calculated value )
coefficient of ground reaction

KH. In order to find out this deduction, a number of experiments have

been undertaken. ke0.7K/em2  BL:20l  E-4.010° Ko/
0 Bending moment (108 kg+cm)
Firstly, in order to ] — 10
-05 0 S _"H Detlection (cm)
. . i) TN
investigate the effect of oLt - \\Q:t
) ) B /// '\\_\\\
the size of the loading £ oeel Vi AN N§
S NN
/ \ N\
plate upon the lateral 034}f /' \ W
) ) \
T Deflection - depth curb / \
coefficient of ground 042 , \
/ f
reaction, test pits were os2f / y /
/0 e /
made in sand-ground and o62l! ’ /
1 / //
1 I' / // Bending moment -
loam-ground, and using 07sH ) , depth curve
[/ /
. ) /| y v
circular loading plates ! e
084 / y
/ / /, ——— Free tip
of 30cm, 60cm, 90cm and fwl / S Hinged. o
1 ! // —————— Fixed fip
120cm diameters respectively, /102 . /
-Q5 0 +05 +1
a series of horizontal Deflection (cm)
plate loading tests were Fig. 6 Difference due to supporting condition at pile tip

- 11 -




carried out.
Fig. 7 shows that the value of various diameter is expressed in a

ratio with K30 when KH in the case of D=30cm is placed as K It was

30°

confirmed that KH declined in an inverse proportion to the loading plate

raised to 3/4 povwer regardless of the ground depth or pile buried depth.

Ku < D 5—2_
Ky V30 ®

The virtual deformation coefficient obtained from the plate loading test

That is:

by use of 30cm-plate loading plates was assumed as K30 which was considered
as the performance value, and on the other part, in order to examine the
inter-relation in various ground investigation methods, a comparative

experiment was conducted for E_,. against the deformation coefficient Ep

30

obtained by a boring hole circular loadihg test, the deformation ccefficient

Ec obtained by either mono-axial or tri-axial test by use of sample materials,

ok N (K Sandy ground
2 X
s Loam

AN
Kn AN
—_— AN \\\
K30 NN _3
\\ \\\\ D 4
NN A 35 2
~ S \ 3
~ ~~ B\3
DN » (57
0.5 S~ =TI~
~~. R
L] -
x(30 \\\\\ }
{In case of elastic body) T T T——=
1 1 1 S— |
30 60 90 120

Width of loading plate D {cm)

Fig. 7 Relationship between ldading plate and coefficient of ground reaction
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and the standard penetration test value N, and from the results as shown
by Fig. 8 and Fig. 9, an approximation experimental expression as shown
below was obtained:

Ejo = 4 Er= 4Ec=28N &)
By adding a proportional constant which is experimentally determined from
a pile loading test to the expression of relation between (8) and (9),
the following expression can be proposed as an estimation expression of

the lateral coefficient of ground reaction for a pile KH:

E i, P
Kn = 30 ~ E 3 Ec B 7N

EY a3 3
4,8D* 1.2D* 1.2D* LG%

ao

Fig. 10 represents the comparison between the results of a single pile
loading test performed on a loam ground and the expression (8), and Fig. 11
illustrates the relation between 7N/KH and the pile's diameter (D) based

on the expression (10) by collecting the data on 150 cases of actual pile
horizontal loading tests throughout Japan. Here, for KH’ the value in the
case of 10mm of ground surface displacement was employed. For the standard

penetration test value N, the mean value up to the depth from the ground

surface 1.8 (,9 :4/ K"D> was employed.
4E1

4. Design of Pile Head

Since it is necessary that the load applied to the super-structure
or the sub-structure of a pile should be transfered without failure to
the foundation structure, the connection of the pile body to the footing
structure is extremely important. Expecially in the case of a pile
foundation, as the cross section wiil be the portion which will make a
sudden change, a smooth transfer of load is imperative.

At present, for the sub-structure of a highway bridge, the comnection

- 13 -
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Fig. 8 Relationship between Ep and Esq
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L 1 L

- Tri-axial test of sand

: Unconfined test of clay
* Unconfined test of clay
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Fig. 9 Relationship between Ep and E¢
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of piles and footing is regulated to be designed in principle as a rigid
structure by use of either of the following two methods:

Method A: By piles being buried into the footing to a certain designated
depth, the combined structure is to resist the pile head
confining moment by the buried portion of the pile. This
method is applicable to steel pipe piles, PC and RC piles.
The details of connection shown by Fig. 12, (1) and (2)
belong to this method.

Method B: This is to resist the pile head confining moment by mainly
reinforcing the piles, although the length of the buried
Pile into the footing is short. This method is applicable
to any of steel pipe piles, PC piles, RC piles or cast
in-place reinforced concrete piles. The methods shown in
Fig. 12 (3) - (5) belong to this method.

The design method is specified by each kind of pile and by the methods

B and A. For example, a design method for a steel pipe pile which is con-~
nected by use of Method B is introduced as follows:

(1) The connection of the pile and the footing is designed as a rigid

structure, and the pile's head should be designed so as to resist

to all of the punching, pull—qut force, lateral force and the
moment.

(2) The length of pile head to be buried into the footing shall be
10cm.

(3) The vertical bearing stress of the footing concrete shall be

(refer to Fig. 13):

P

T
Z D
4

Oov =

IN

Oca
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Cover plate \

Cross -shaped
stiffening plate

Main reinforcement
Lower surface of footing

Poor concrete
Gravel

L]

Steel pile

Jpper surface of footing

Reinforcement

DI3 piteh 150

-Main reinforcement
e

Cover plate -

Poor concrete . ».- .

Lower surface of footing I itz ,’12
R |4 i

Gravel/

/
Cross —shaped /

stiffening platel

S
A f
-
=
=Y
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Steel pile
<
o]
{3}
DI3 or more —-

Main reinforcement
Lower surface of footing_

pitch 150 or more

Upper surface of footing

Fill-in concrete —

Main reinforcement
Lower surface of footing

- Aaa—

L

v T
o

Poor concrete ‘..

Gravel %

Reinforcement

PC bar -

Main reinforcement

RC RC
pile - pile

Lower surface of footing

Poor concrete: ...

Gravel /

DI3

pitch 150

Fill=in concrete

L=Lo

t 50

09
s

:508+Lo
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RC RC
pile pile

Poor concrete iE
Gravel %
1
|
3 (3 :
DI3 or mor : e .
pitch 150 or more P Cost-in-place pile
Ny,
X 0 |
(5)

Fig.

12

Connection between pile and footing
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(4) The lateral bearing stress of

; T
the footing concrete shall be: ‘ \f“mmm\ Y .
H Footing ¢ ’ . / hy
Ocn = -———— £ Oca AN o, ]
D2 P | I~
~Shear surface H —T. ®
(5) The pull-out shear stress of P
Pile
the footing concrete shall be: &151
P P
T = £ Ta i
T (D+h,)h, Fig. 13 Design model to method B

(6) The cover plate and the cross reinforced plate:
tl = t2 = 22mm h2 = 30mm
Provided that these are applicable to piles of not more than

lm diameter.

l: Thickness of the cover plate. (cem)
ty: Thickness of the cross reinforced plate. ( cm)
h2: Height of the cross reinforced plate. (cm)
(7) Hypothetical reinforced concrete cross section stress.

In the case where either the punching force P and the moment M

3 or the pull-out force Pt and the moment M affect, a cross section
of a reinforced concrete is assuﬁed and the stress of concrete
and the reinforcement is studied.

(8) Anchoring of reinforcement.

i) Shearing stress at the welded section.

GSaASt
Tg=———— = Tsa

1.4240

2
Jsa Allowable tensile siress of the reinforcement (kg/cm )

2
Ast : Cross section of the reinforcement (cm )

1 ¢ Leg length of the fillet weld (cm)
¢, : Weld length (cm)

ii) Anchor length of the reinforcement

Tse Ase
Lo = ee———
Toa-u

- 18 -



Tos ¢ Allowable bond stress of concrete (kg/cmz)

u : Hoop length of the reinforcement (cm)

(9) As to the piles at the end of the footing, the lateral pull-out

shearing stress will be studied.

Then, the results of the model test on steel pipe piles which are

connected by Method B are introduced as follows:

Fig. 14 represents the model's form and measurement.

As shown by Fig. 15, the pile head
and is reinforced with 8 steel bars
of l6mm diameter. On the pile's
head, there is provided a steel
plate cover of lémm thick and
lémm-ring reinforcement is also
provided around the steel pipe pile
to resist the circumferential tensile
stress.

The vertical load is 90 tons
maximum, and the stress distribu-
tion on the footing concrete and the
pile head cover plate under this
maximum load is shown by Fig. 16,
and the comparison of the actually
measured stress value and the
calculated value is given in Fig. 17.
Provided, however, that the calculated
value of the cover-plate stress
is sought as follows assuming that

the entire bearing stress would

connection has a 10cm built-in

Vertical loading

J

L

[=d
Horizontal 1S4
loading
=t e [
B . 3
8 e A e
™ A3 w| B .
- (= S
3 Pa | P2 @
™) L
o . w - .
o
£ B
=] = | Concrete
B 2 :
i ERRCARE N -
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make the pile head to be perfectly a fixed state is extremely difficult.
However, as a whole behavior pattern, the presently established pile

head connecting method has a sufficient design strength, and the stress

occurring inside the footing is within more safe values than the general

calculation values.

5. Behavior of Pile Foundation with Free Length

The multiple-pillar foundation of rigid structure which is formed by
groups of large diameter columns or pillars which penetrate and are embeded
into a designated bearing strata and their head section is rigidly held

together by a top-cover plate excels in in-water workability and the cases

of work-execution of this type have rapidly increasing lately. Even in
the large scale projects involving highway bridges linking the mainland
and Shikoku Island is included this type of foundation structure. For
the purpose of examining the lateral resistance characteristics and
behaviors of the pile groups with such free length, a series of experiments
with ﬁse of large size models have been undertaken, and the results are
given as follows:

As shown by Fig. 19, two models having different thickness of the
‘ top-cover plates were made, and using these models, a series of experiment
including a lateral loading test, a free behavior test, and a forced
vibration test (the top-cover plate) have been conducted. The symbols 4,
B and C indicate the location of the applied load and the loading
direction.

Fig. 20 illustrates the relation between the averate lateral coefficient
of ground reaction (KH) and the ground surface displacement obtained from
the lateral loading test. By the group-pile effect, KH declined more than

in the case of a single pile, and it also fluctuated by loading position.
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Fig. 25 shows the acceleration mode

Ky (190°M/),16% Rog)

by free vibration at the tower-end

8172 (81+ 8
. .l
| position (C). Table 1 and 2 present the 3 Ky P08
\
1 results of the inherent vibration , - y;

frequency and the damping constant

Displacement of loading point
(directton of action of force) {mm)

obtained from the free vibration test 0 2 3 4
Fig.22 Eccentric horizontal load on the top-siab,
and the forced vibration test. displacement vs. torsional spring constant

on the fop-end of the top-siab.

When the inherent period of the

multiple~pillar foundation is sought by replacing it with a model of one

degree of freedom, and taking the total mass of the ground surface as the

mass which relates to vibration, calculate KH of the ground inversely
q.\ from the measured inherent period. Then, it is:

Top-cover axial free vibration (A) — K=1.23kg/cm3

Tower axial free vibration (C) —— K=1.24kg/cm3

Forced vibration (top-cover position) — K=l.08kg/cm3

Thus, these values are either comparable to or slightly lower than KH '

by the static load.
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made of natural vibration at the tower-top position

Table 1. Natural frequency f(c/s), damping factor h (natural vibration)
Axis-centered Eccentric natural | Axis-centered
natural vibration vibration test at | natural vibration

Set position of Accelerometer test at the top-siab | the top-slab test at the tower-top

f h f h £ h

Axial direction on the center

of the top-slab 8.5 0.074 8.5 .088 7.8 0.068

Perpendicular-to-axis direction . _ 9.5 058 _ -

on the center of the top-slab : ’

Axial direction on the upper ,

corner of the top-slab 8.5 0.071 8.0 .058 7.8 0.062

Perpendicular-to-axis direction _ _ 15.2 064

on the upper corner of the top-slab : : - -

Axial direction at 2m above the

ground of the central pile 8.5 0.075 8.3 .086 7.8 0.075

Axial direction at 0.3m above

the ground of the central pile 8.5 0.088 8.3 -097 7.8 0.071

Axial direction on the :enter of

the top-slab 9.5 0.128 10.0 .153 8.3 0.058

Perpendicular-to-axis direction . _ 18.0 077

on the center of the top-slab . . - -
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O

Vibrational

' £
pover £1(C/8) h

Table 2 Resonance frequency

£1(C/8) 0.3 7.8 0.073 7.85

. 7.85 0.078 7.9
Damping factor h 0.3

. 7.8 0.078 7.9
Natural frequency £ (C/S) 0.6 5

£= /122 0.6 7.85 0.080 7.9
1.8 7.65 0.087 7.7

(No. I, central pile, from the
measured strain, at the point
1.7m above the ground)

1.8 7.50 0.066 7.55

Pogtscript

This report has taken up a number of basic items for the design of
pile foundation subjected to lateral load, and dealt with the present
situation of highway bridge design in Japan. As the items to be further
studied for standardization relating to the design of pile foundation
bearing a lateral load, there are the problems'for example, of deformation
mechanism of group-pile structures. In this respect, a research work is
being continued.

In respect of the design of pile~head, this report introduces only
the method by reinforcement. But as an embedding or built-in method is

being developed, its results may be reported in some future.
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