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I A mple laboratory test arrangement is
- B, ccribed which simulates the action of a
¥, .ol pile wall in the soil during driving,
is suitable for determination
(elationships between wall
: Borizontal stress at the pile/soil interface,
> §ad pile wall velocity, in sand and in clay.
M Brese tests were run in order to provide
ore realistic input parameters for pite
" Brveability studies (e.g. wave equation

* & The results of the tests demonstrate
. ghat during pie driving 0 sand a simpie
Toulomb friction behaviour is exhibited:
" Bis friction jorce is linearly depandent on
L  Bormal stress and independent of velocity.
gieng _'-%‘Ecnversely, in ciays, it is found that wall
E f._uic!ion is, in an unexpected manner, de-
4iamond ﬁ:ﬁendept on ?._ne stress condnt@n at_the
- i zay/pule interiace, on the undrained shear
! ous Ej\rengt‘n of the clay adjacent to the pile,
e ; 4 on the velocity at which the pile wall

, gisolaces.
ZB rommen is given on- ine commonly
~ageld vew that clay remouiding -is the
. Fause of the phenomsnon that static fric-
i riving is lower than bearing

1545 LR
Introducnon
.f;i{ﬂisam NCWLEDGE aoout pile-driving

Y . . » _—

A -ELE LT S T Ymite3, 102 wave-

3 BRQuaron Lo -nputsl Srogram has proven
wgol, but

% quatiov of a driveability predictian de-

K oe § mus. vawable analysis
%‘ends fuity on the correctness-of the as-
vitude and behaviour of the
nce behaviour during driving
dly
n, soil being a Very complex
more understanding of the
behaviour of soil resistance
ng is necsssary 1o make bet-

o ‘e griveability predictions.
‘OOG NE Anaiys e of pile-driving in current prac-
/. f’ce bases dynamic (driving) resistance
X &z" an Ul mate static bearing capacity cal-
: r:::in' or & version thereof in which the
gp”‘c;r:_ce is reduceq by either taking a
cleentzge or by using remoulded shear
m';;:gm \(:xues, The driving resistance is
f’,&mpmcm- the static value by means of an
"la"dam i correlation factor (’Smm.\ s
R f""-;‘ valuet). In the author’'s opin-
Sl bae na cirect rela-

friction, -

accessible to a theoreti-

“tal soil stress, pile wall velocity, and soil

parameters. )

_In an effort towards this end, an ap-
paratus has been developed to simulate
in the laboratary the movemeant of a steel
pile wall along the soil during driving.
in this test apparatus, a flat steel plate is
pressed against a soil sample and moved
pack and forth by a hydraulic oscillator.
Amplitude and frequency can be varied
over a wide range; forces and displace-
ments are continuously recorded. By
means -of these tests, relationships be-
tween wall friction, velocity, and haorizon-
tal stress can be investigated in sand and
in clay. The tests have led to a better

) understanding of resistance pehaviour dur-

ing pile-driving; using the derived relation-
ships for computer back-analyses of obser-
ved driving behaviour, much can be learnt
about the magnitude of actual resistance
during driving, SO aiding in future pre-
dictions., This was thought important in
view of Heerema Engineering Service's
extensive involvernent in offshore pile-
driving activities in the North Sea, where
correct assessment of pile configuration
and equiprent is essential to economic
platform installation.

The relationships. found between wall
friction, horizontal soil stress against the:
pile wall, and pile wall velocity, as well
as the yeneral conclusions drawn in. this
Paper, have bren primarily formulated for
offshore applications. Fundamentaily, how-
ever, they are not limited to that field of
foundation engineering.

Description of the test apparatus
The - test apparatus is shown schema-
tically in Fig. & In an attempt to dis-
turb the soil sample as little as possible,
it is left in the steel tube in which it was
coliected. The sampling tube together

with the sample is cut in half length-wise. -

Thus the half-specimen has a face of
50mm: its height is about 150mm. It is
placed in a vertical position in a half-
cylindrical support frame. Against the face

of the soil sample, a fiat stiff steel plate is".

pressed which covers the sample face al-
most .completely. As the soil specimen
is also enclosed from above and below
relatively high horizontal stresses Gan be
applied to it before failure. Because of
the confinement, it does not dry out dur-

ips betweenwaline ion,
isplacemen velocityand

torizontalstressinclay andin sand,
forplle d riveability ana VSIS

the steel plate through a wheel mounted
on a load lever. As this wheel has ball
bearings, its friction may be neglected. Be-
cause of the way it is mounted, the hy-
draulic system cannot withstand horizon-
1al forces, so ‘that all horizontal load ap-
plied by the lever arm is transferred to the
soil sample’'s face. The horizontal load

_can be varied by altering the load on the

laver.

Two series of tests were carried our
__ horizontal load variation tests, and vel-
ocity variation tests. These were carvied
out in January and November 1976, at
TNO Delft laboratories, The Netherlands.

Results of friction tests in sand

The sand samples used in these tesis
were from Chevron's Ninian Field in the
North Sea, the sand peing fine and with
only a small silt content. The sand was
wetted and as 3 result it remained well
collected inside the test apparatus.

(a) Horizontal load variation tests
in sand

Horizontal loads were varied from 50 tc
240kN/m? while the amplitude and tre-
quency of the plate motion were main
tained at 12.5mm and 1.6Hz respectively
(sinusoidal motion). Frictions were meas:
ured at zero crossings, S0 that the velocity
there was 2waf=0.126 m/s. The result
of such a-test are shown in Fig. 2.1t car
be seen that.the friction-horizontal stres
relationship is very regular; the frictio’
angle § between the pile wall and th
sand is 25°. This is no new figure. 1t

‘customary to take 8§=¢~5% where & ¢

the effective angle of internal friction ¢
the sand. (¢ was not measured for th
sample, but should be about 30°).

(b) Velocity variation tests in sand

“Velocities were varied between 7x1(
and 0.8 m/s, while the horizontal lo
was kept constant. Fig. 3 shows !
sasults of such a test, the horizontal lc
here being 85kN/m?2.

This figure shows clearly that the
tion force is not velocity-dependent at
and therefore the sand may be cont
ered to behave as 3 simple Coulc
material. In terms of Smith damping
gest, this. would imply J=0. For ¢
parison the commonly used value ¢
for wall friction in sand is 0.164



, and low; many were silty or sandy.
samples were recovered from four
itions:  Kontich, Belgium ("Boom”

25: Chevron's Ninian Field; Occident-
~ore Fieid; and Unionoil's Heather
latter three locations are in the

(?and northern North Sea.

e

ndrained shear strengths varied from

V/m¢ to 620kN/m* and the depths
racovery beiow the sea bed ranged
12 to 70m.

Horizontal load variation tests
dav

wrzontal loads were varied from 10 to
«N/m2 (on the harder samples), gen-

w0 ine point where the ciay faiied.
ondindn ana iregquency  ware again
con e LEHZ, v2s0sCitvey, ]

473 Jiosuen tests are shown n Fig. 4
aupedls thal ine friction/normal stress
t.ionship is not linear in -clay, For shear
ngihs (c,) up to about 150kN/m? the
t fit of the power of ¢, is 0.6; for ¢,
snd 280kN/m2, 0.7; for ¢, around 450
m*, 0.8, and for the hardest clay (c,
ve 600kN/m2) the best power is 1,
its benaviour approaches that of sand
otner “"normal’” materials.
"ar eomputational simplicity of the
sicnsnip which will be derived further
" this article, the value of 0.7 has
v selected as the “'standard” power
the horizontal stress. it is an average
e fram the tests, and is representative
ihose shear strengths most commonly
,x.nferod in the North Sea.
izontal load variation tests on
)»us generally described by the
u_w‘srnb:

(1)

cut-analyses  of  driving  experiences
to horizontal stresses whnich are gen-
7 'n or near the range of horizontal
s2zs applied in the izboratory tests

Jp— (%4
T3 oy

seruations on slip surfece
:aviour during horizontai icad
‘ation tests in clay
acugh the measured  friction force
rot change by wear of the soil sur-
,, orly a few oscillations werg made
svary load step. The soil surfece did
~2 somawhat shiny 2s a2 consequAancs
“osciilations, Ahen conunu-
J usuiilating, a inodgerate emperature
of e steel platz couid be islt; the
= should, of course, cccur during
a} pile drlvmg
2 wWas no appsrent g
oy in the tests; th2 paztern of

<D

S ANy

remoulding of
the

y clay face did not chenge. The only
clane is the pile-scit interface itseif.
sfore, one could scgoest that due to
highly superficial cccurrznce the slip
2 needs almost no time to consoli-

end the horizontai might be
idered to be an ﬂrec‘ tress, This

ust ed by the fa2ct what if the appar-
‘ 'to rest for zn hour or so with
neontal load  appiied, the friction
5 not increase.
Jwever, the observed non-linsar rela-
stip  between friction and applied
tontal stress indicates that the effect-
stress does not increase at the same
as the total applied stress. The lower
on coefficient at high horizontal stress
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an attempt to learn r
viour, the slip plane
tace) was wetted w
cases. This resulted

"Pg friction reduction;
Jfrently soon driven ¢
+lon returned to the r
:Ivel-confined environr
2 lpile wall is located, »
qHriven out of the slip

it finc

tonsidered to be a
e,




|
|

|

T T T T T

0 . 01 0.2 0.3 0.4 0.5
{2}

e st S« i "

W e o versessne

halo r — e ammp————" o ——T

o

e o A e S

R~

140
1204
1004
80
60-

40-

107!
0.6

(b}

Fig. S(é & b). Velocity variation tests on a clay sample ¢, = 260kN/m? (Kontichj;
m = 315,87 and 184k /m?, respectively.  in kN/m?, v in m/s

T dae ¢, = 520 KN/m® {Heather), oy, = 206kN/m?
-0 ¢, = 390kN/m? (Heather), o = 150kN/m?
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" Fig.6(a & b). Velocity variation tests on clay samples with different shear strengths

{and difierent applied loads). =
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lesser role & smab apnhed

moiang SO0 e ahe

T A

L pleying e
' Tlesses,

Yith regard to the difterent powers to
rhich the horizontal stress must be raised,
T is likely that the tendency towards
3 higher power for the horizontal stress
¥ hicher shear strengths is mainly deter-

“inded by the decreasing moisture con-
tlengs, :

NN In an attempt to learn more about this
Sehaviour, the slip plane (pile wall/soil
Yierface) was wetted with water in a
L\ cases. This resulted in a very short-
< Wling friction reduction; the water wes
" ¥parently soon driven out so that the
Jition returned to. the normal value. In
: “% weil-confined environment in which a

%2l rile wall is located, water could not
L% diiven out of the slip plane so easily;

in kN/mz2, vinm/s

FARART)
finoarn

TR GG DT GONSTANT
A bhlaoe o0 T2 My, g lmnnes
flzovencied peiwee 107 and 13Hz, For the
lowest velecity, this would mean a com-
plete oscillation would take 28 hours; to
prevent this, the ampiitude was decreased
and elso most of the oscillation was
carried out at a higher frequency, making
only the zero crossings at the low fre-
quency. This was necessary 1o save time
and prevent the sample from drying out.

Only a few oscillations per frequency
were made. The different frequencies were
run in an irregular sequence to ctompen-
state for effects of wear, if there were any.

During pile driving, peak veiocities of
the pile wall can be as high as about
3 m/s at low blow counts. The. duration
of the peak velocities is however relatively
very short; the average velocity of the pile

well during passage of the most significant -

velocities, and very wezkly wvelocity-de-
pendent at high velocities. It is also note-
worthy that at veiocittes very near to
zero, the friction is very small

Fig.-5b shows that the relationship can

well pe described by

r=a,+a, (V)" A(2)
10 be the right
over the whoe renge of tested

3

The power 0.2 anpears
valus
clays. .

Fig. 6 snows the -esulis of a number of
velocity variation tests on samples with
different shezar strengrhe  (eand different

apphed -horizontal icads). Apparently a,
and &, in Eqn. (2) are cependent on the
shear sirencih vaiusz.

Tre onserved. sirange veiociy-depend-
ence of the triction mignt De expiained 8%
foliows. li the pile -wall was perfectly
smooth (Fig. 75}, the firiction between
pile wall and soil wouid probeably not be
velocity-dependent, But "every pile suf-
face, as wes the stes; plate used in tha
laboretory, is somewnat roughened end
not perfectiy flat. Uinder horizontal stress
the clay wili adjust itself 1c the minusculz
irregulerities of the steel surface (Fig.
7b). Now when the sieel surface displaces
(Fig. 7c), tiny gaps will be tormed loc-
aily, causing relative unoerpressures, "As
a2 consequence of these resulting pressure
differentials the clay will try to adjust itself
to the new shape. {f the displacement is-
slow, there is enough time for the clay’s
swiastic reaction, so that the effective fric-,
tion can also be low. But as velocity in-
creases, the adjustiment becomes pro-
gressively more difficuit (too slow), and
the apparent fricion becomes larger. At
2 certain stage the velocities become so
large that there is almost no adjustment
of the clay at all anymore — only slip-
page, so that the magnitude of the veloc-
ity becomes relatively unimportant. This
would explain the flattening of the fric-
tion-velocity curves at higher velocities.

“ The harder the clay, the less it adjusts
itself 1o the roughnesses and consequent. -
ly its velocity-dependence is less explicit.

Sand, finally, has relatively large par- "~
ticles compared to the minuscule irregu-
larities of the pile’s surface, can provide
easy access and flow of water, and nar-

nicuiarly lacks prastic tiow beheviour
the wirnv The Ciavo1s sugesied 10 hive,
Tnese daciors coulc  explain why 8ang

triction is not velocity-dependent,

In the tesls it was noted that samples

with sand and ciay intermixed in pockeis
had an intermediate behaviour.
" As regards the pile wall surface, test
piles have shown that the steel surface is
polished by the soil 'to some extent, re-
moving the roughness caused by rust,

Derivation of the general skin

friction relationship for clay

The aim of the velocity variation tests
is 1o find an expression for velocity-de-
pendence which is suitabie for use in the
wave-equation computer program. It is
logical to start with the commaon relation-
ship for dynamic and static friction (74
and 7,) introduced by Smith:



0 o

In Egn. {1),.a, is a constant assumed
to be dependent on the displacement
velocity and on the cohesive shear
strength.

if Egn. (4) is re-written in- the form- of
Ean. (7):

) 7, 7, )
Ty = o ;“—"—'*' v 5 o (3)

0.1 07
Ui D2/%

then the factor ¢,"7 determines the rela-
tionship with horizontal stress, and the
T TDJ

;
terms and

are only determined
ml 0.

Uh
the shear strength ¢,. To find their

Py

"

by

and

refationships with ¢, the values

]
try

Tereraned from N

Must O
EEN 3 ) ) .

canvidual tests and  drawn 3gainst C,.
Each velccity test provides a number of

friction values through which a line can
be drawn described by Eqn. (2). Com-

parison of Eqns, (2) and (5) shows that

TI)
the value from each test is egual to
Uhu.,
a, . To
and the value is equal to
0.7 0.7 .
Up Oh
al’.
O‘,‘,U'T

Figs. 9 and 10 show the relationships of
T 7o J ‘

0 v

)- and against ¢, as deter-
i B a, b .
mined from the velocity tests:
TH '
= 0.0029 ¢,—- 032
an
7. d
= -804 ¢, + 444 . (D)
(U
(}’;“'
The harizontai iced variation teiIS nave
so far only been used to determine the

oower 0.7-0of .
From Eqns. {1) and (5) follows

‘0 “

07 T
o h

Assuming ne Term 0 D2 Xnown

s
from the reietiorship of Fig. 8, a value of

7,4
can be c2tzrminad from the hori-

o, ) :
zontal load variaticn tests; vice versa, as-

7 d :
suming :o be known from the

o -
G
T

_.relationship of Fig. G,

g a value of
: (£
oh
can be determirse. The horizontal load
variation tests hs serve mainly as con-
of the =ir

firmation ready determined rela-
7, 7,d

tionships of and with ¢,
U';,:]" U'}.O"I
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(a)

Fig. 7. Pile wall — soil interaction (simpli-
fied suggestion)

Figs. 9 and 10 show a }arge scatter in
values. This is however not uncommon in
soil tests; an important factor in the scat-

ter is, for example, the shear strengin
walug ‘used, Soil reports illustrate the
wigs  scaller  tsuady foumd o anear
SRR A ST S, )

From ZUns. (Jd otk (3) 0w e eias
Gonsnio  Delween  nction,  Dunzondal

siress, alspld(,cmenc \/‘-‘IULIty and bOﬂcbl\/i’
shear strength follows:

Tygm = o[ (00041 ¢, + 4.44) 0.2
(0.0029 ¢, ~0.32) ] (7)
Min. range of validity (tested range):
55 < ¢, < 620 kN/m?,
8X10‘7<v<1m/s
10 < gy, < 490 kKN/m*.

Note: for conversion of these factors
to another measuring system, multiply
0.0041 and 0.0029 by (f)7°7 (g)™*, and
4.44 and 0.32 by (f)+03 (g)™* in which:

f is the conversion factor: 1 kN/m# = f
of the other system; ’
g is the conversion factor: 1 m/s = g

of the other system.

Eqgn. ”) can replace Smith’s “damping”
factor in the wave equation computer
pragram. Input for each pile part should
no longer be =, and J, but ¢, and ¢,.

In sand Iayers a fictitious ¢, of 1083
kN/m2 must be put in to eliminate all
velocity-dependence of the friction. Eqn.
(7) then becomes 7 2.82 g7, so for
%7 in the computer input the value
0.355 r must be used.

Figs. 11, 12 and 13 illustrate the wall
friction behaviour of clay according to
Egn. (7) as functions of horizontal stress,
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Fig. 9. "Static” component of general

friction formula

Open symbols:

variation tests

Fig. 8. Graphical representation of
7y, (1 dvn)

tively. The tested ranges (drawn wk
thicker lines) should be kept in mig
when, 1or example, interpreting' the vEiE
condition in qu 13. The negative frict

for soft alav is of course an unrualu('
Ao aeagenGe Af 1 umpiified formgia-.
Suy G0 aicsiDeiy JOw r=i0city i:::
WY m/s or 7 ommjnet ihe rrn(,'[uun;:

cotnes positive for ¢, = 0, and at 1 7n
hr the friction becomes positive for c«
25 kN/m?* (very soft to soft clay)..

these tests were primarily intended-§
studying friction behaviour during pg
driving, so that the fully static situalig:
is not important in this context. Neig
theless some conclustons can be dra

later in this article. G E

Comparison of the obtained frictice
velocity relationship with Smith’s: g
“damping” relationship

Fig. 14 shows these two re!atlons%
in one graph. The “damping” relations
(straight line) is drawn for -r-O'
(accerding to APB) and J= 0650 ] |
(0.2 s/ft, the commonly applied valuel§
clay}.
new relationship (curved line) is drc :
for m,-375kN/m" to approx1mately{
the “damping’ relationship. B

Is a comparison between the newlyy
rived friction-velocity relationship #
Smith’s “damping” relationship relevé

Smith's “damping’”’ values are a- res_
of correlatxons between observed drivks
behaviour and measured static bea'¥®

Tyd =

3
o —— ~
Black symbols:

horizontal load
variation tests

mw Y

Fig. 10. “Dynamic’* component of gz—:‘n&r ]
friction formula 8

b e RTINS 2

- TBuild]

Shear strength is 250kN/m2. «i L



derivation procedure

ol scity. Smith’s
( ) cafy pe expected to have been the follow-
r:: drive 2 test pile; perform compres-

“ywe and tensile foad tests on it intro-
.ayce the measured resistancjg values in
‘;e wave equation computation; by trial
;ni error, find a value for J that leads to
s sctuzlly measured blow count.

’ Therefore, the values for J that have

-

pesn cerived in this way and are com- .
vesn

monly used today are a means to jump
prom stetic friction in bearing to dynamic
tiction during driving. They do not repre-
sent actual conditions during driving: a
-1sise (100 high) static value during driving
" used. '
¢ The useful application, therefore, of the
‘wsmith”. damping values is 1o make a
correlation between observed biow count
-~ gnd.the static bearing copacity that mey
ne expected later. Recognising the fact
st the costs of offshore static load
. rests zre usuelly prohibitive, the method
should be given fair consideration.
» Care must be taken, however, when
“elsting- driving behaviour to static bear-
img cepacity using Smith’s damping fac-
— tors. The validity is limited for several
e treasons. Difference in pile plugging be-
“haviour during driving and in the static
thesring condition is, for example, one
-reason, {Detailed discussion of these as-
‘pects is beyond the scope of this article;
T cseed), Another argument against relating
( )ic':ivin'g behaviour to bearing capacity is
.nat it assumes the friction set-up factor
alter driving to be equal to that of the
‘test piles from which the “'damping”
‘vslues were derived, regardless of shear
<strongth, penetration, or horizontal stress
-conditions.
. The relationships illustrated in this
¥cle 'do not provide an answer to the
iqqcstion 8s to what the bearing friction
“will be zfter set-up. On the contrary, they

idlustrate that friction during driving and

Hnction after set-up are wholly different.
JAssume that in Fig. 14 the straight line
tepresents  an  application of Smith's
I"-‘)amping" relationship such that it corre-
<=5 well with both  the static bearing
‘epacity after set-up and the blow count
C}»’fng driving of a given case; the newly
1Oenved - relationship represented by the
uved line in the higure correletes reas.

PP

wirowell with the “gampine’ reistiorg
K LoBL @n Trveraar T weinea . (5T
Tt Gynamig fncniont ate 1l sen
Ted e SBUC IHCTION QunDing gty

._tL‘:"fGiﬂg to the new relationship appears

2 be only joughly one-fifth of the static
'*‘d:—'e thet will be valid after set-up. This
""""-‘e of one-fifth is valid only for this
Ii"ii{:strengih, and is dependent on the
“-:»;xty of-Eqn. (7) for v=0.
b_m" Fourse, it is also assurj'\ed tha.t the
hw;amry test arrangement is sufficiently
’ 'cur'r-\-sentanve for actual plle'-dn\b/mg‘m‘r-
b stances, But 8s an indication this
1290 of one-fifth is significant. This case
f»;\“.szfates that static friction during driv-
’.';fnm’“'dy is considerably smaller than
B . °f set-up. As the horizontal load vari-
—_— N tests have pointed out that friction
,_.,‘”ie.‘e'miﬂed by horizontal stress, we
.-t conclude that apparently horizontal

" strengths of

Tested range
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Fig. 11, Derived relationship between wall
friction and horizontal stress, for

¢, = 300kN/m? and v = Tm/s.

T and a;, in kN/m?

(the regain of friction after pile-driving

_has stopped). The phenomenon that the

static value during driving is lower is
commonly attributed to clay remoulding.
It is reasoned that in this manner the clay
loses strength and, therefore, exerts less
friction on the pile wall.

The results obtained from the labora-
tory tests point out that clay remoulding
cannot be the main cause of friction de-
crease during driving:

(7) i the clay is remoulded, leading to a
lower shear strength, the friction which it
exerts at the high average velocities oc-
curring during the pile wall displacement
(1-2 m/s) does not decrease as long as
the horizontal stress remains the same
(see Fig. 13).

(2) The considerable difference between
static friction during driving and bearing
friction after set-up which was d2duced
in the previous section (1:5 for that par-
ticular example) is too large to be sattrib-
uted to remoulding of the clay only: shear
North Sea clays do not
reduce to that extent when remoulded.
(3) Of course,” the clay is remoulded to
some extent when a pile tip is forced into
it, but after that the clay is probably not
further remoulded significantly, the slip
plane being the pile/clay interface itself
as in the laboratory tests.

It could be suggested that water in the
shear plane might bear a large proportion
of the total horizontal ground stress, so
that the triction is reduced, However, if
the wete: s exitagier trany Tne curroung-
NG Cley thert Ty e tees

oecur o the eSS,
Ana 11 cannol be essumeac that sza waler
finds ‘access to large depths along the

£ -N, WYY (IS

[ATRE S lepora1ony

e shaft sgainst the soil pressure.

A final argument in favour of the hypo-

. «——-= Tested tange

— Tested range

2004

ol -
G2 €4 08 wui L 12 14 v

Fig. 12. Derived relationsiup between wall
friction and veiocity, tor ~ = 300kN/m?
end g; = 400kN/m-. - in kN/m* v inm/s

eSS that INCHION GeCfeese Ouning driv-
ing t1s caused by norizontal stress de-
crezse can be found by examining the
beheaviour of piles cniven v sand, Open-
endsd sisel pies driven wholly in sand,
from which the soti plugs are removed,
shew iow blow counts after restarting,
even beyond the depih where point resist-
ance may be smell due 10 sand disturp-
ance by the piug removal operation. Back-
anelyses of such oriving cases show thzt
during driving the pile’'s outside fricticn
is considerably smaher than the bearing
friction which may be expected later. in
sand, a lower outside iriction during driv-
ing definitely proves the occurrence of a
iower horizontal stress. If a lower horiz-
orgal stress occurs in sand during driv-
ing, there is no reason why this would

"not zlso be the case in clay.

The- reduction of horizontal stressas
against the pile wall during driving may
be explained mainly by irregularities of
the pile wall pushing the soil outwards
and taking some soil downwards, and by
elastic expansion and transverse vibra-
tion of the pile, pushing the soil out-
wards, A horizontal soil arch may thus be
formed around the pile, temporarily, as
any static load test points out.

As the fact that static friction during
driving is lower than after set-up, is not
caused by remoulding. it is fundamentally
incorrect to use the remoulded shear
strength of the clay for driveability pre-
dictions, This does not mean 10 szv thai
no accemable predictions can be mecr
using The 1eMOUIQeT
pincal . methoas hasea ON COrrelalinnsg.
with femoulded shear strength may provi
10 work satistactorily. But the incorrect
starting point should provide a warning

(concluded on page 65)
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| Relationships between
wall friction, displace-
ment velocity and
horizontal stressin clay
and in sand, for pile
driveability analysis
(continued from page 1)

that where a @ood correiation is found
this shouid be considzrac 1o be rather a

coincidence, as the procedure carries the
risk of not being genzraliy epplicable.

Conciusions
. Tre azporelory leste oescriped in
i ogrucie. et 106 FemaErnaMe relationships
between wall friction, vewcity, horizonta!
ctress. znd shear strength for piles during
drivirg.
Mein resulits are:
(/) For sand with & farty low silt content
there ¢ no veiocity-dependence of the
friction et all (J=0).
(i} For clay the frictior is very strongly
velocity-dependent &l low velocities "and
very iitde velocity-aependent at  high
velocities.
(iii) For clay the friction 1s strongly re-
jated to horizontal swess. The friction Zo-
efficient decreases as the total horizanta
ground stress increases.
(iv) From the laboratory tests the general
relationship Eqn. (7) can be derived be-
tween {riction, velocity, horizontal stiess,
and shear strength for piles during driving
in clay.
(v) The commonly used “"damping’ val-
ues in driveability znaiyses appear not 10
be representative for the conditions dur-
ing pile driving. It is made clear that their
proper function is to correlale dynamic
friction during driving somewhat crudely
with the static bearing friction expected
after set-up.
(vi) The reason why static friction during
driving is lower than after set-up doss not
lie in remoulding of the clay. The phenom-
enon is wholly determined by temporary
relief of the horizontal stress that the soil
exerts on the pile wall— probably an
“arching’ efiect.

The results 0 These relztiveiv unsoph-

st~ ingis heve Qiven nse 10 saons
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Logant mnprevenents e the unoerstEnrming
of skin frcuon benaviour ounng plk oanv-
ing, providing a . basis tor improved pre-
dictions of pile driveabibty.
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