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From the r e sults of static loading tests it has 
bee n deduce d that near to the upper and lower 
boundaries of the bearing layer the calculated 
value qb DB corresp onds more to the limit load 
(settlement of the pile base app roximativ ely 
equal to 2 , 5 % of the base diameter) and more to 
the conventional rupture load (settle ment of the 
pile base equal to 10 % of the base diameter) at 
large depth in that layer . ( De Beer , 1984) . 
When sufficient data is available , the trend is 
now to introduce a corrective fac:tor to take 
into account the particular geometry of the base 
and the casting procedure . 

The ultimate bearing capacity resulting from 
skin friction is in most cases deduced from the 
total side friction Qst measured in the CPT 
test , assuming proportionality with the perime­
ters . When possible , a factor is introduced to 
take into account the nature of the pile skin 
and the installation procedure . 

Normally a safety factor of 2 is applied to the 
calculated ultimate bearing resistance at the 
base and a safety factor between 2 and 3 to the 

~ calculated bearing capacity by side friction . 

bearing capacity can also be 
the ultimate bearing capacity , 

The allowable 
obtained from 
predicted from 
applying partial 
the problem of 
others, covering 
base and lateral 
al , 1981) . 

the results of CPT tests , by 
safety factors, one covering 
large deformations , and two 
the dispersion , resp . for the 
bearing capacities (De Beer et 

The design of piles can also be done by means of 
the pressuremeter characteristics : the Menard 
modulus EM and the limit pressure p 1 . The 
bearing capacity is function of the values of 
p 1 around the base of the pile and along the 
shaft . The settlement of the top of the pile 
will be given by formulae into which the values 
of EM are introduced (see Menard (1963 , 1975) 
and Gambin (1963)) . 

Otherwise , the limit pressure p 1 can be found by 
using correlation formulae between the cone 
resistance qc and P1 

9 for sand 
6 for silt , 
3 for clay . 

( 1) 

Some correlations have also been established 
with dynamic penetrations tests (DPA, DPB , DPL 
and SPT) . The total dy namic specific energy 

Ea= ~':~ with M mass of the hammer , 
g acceleration due to 

gravity , 
( 2) h height of the fall , 

A area of the base , 
s pene tration p e r blow 

gives the qc values b y qc = Tla Ea with ( 3) 

Tla = 0 . 60 to 0 . 70 for penetrometer DPL in s a nd , 
0 . 40 to 0 . 50 for SPT in sand , 
0 . 12 to 0 . 15 for clayey soils ; 

and the p 1 values b y : 

P1 = fpl . Ea with fpl 
ri a (4) 
(qc/P1l 
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3 . Prediction of blowcount diagram 

The blowcount diagram is usually predicted by 
the contractor in order and select the driving 
equipment and to assess his production 
beforehand . 
Two main procedures can be used : 
l) determine the bearing capacity features of 

the member along the driving depth and from 
there determine the set by v arious methods , 

2) scale the results of a dynamic in-situ pene­
tration test to the size of the pile and 
hammer energy . 

3 . 1 . From_bearin9 _caEacity_ features 

On the basis of the me thods e xposed in chapter 
2 , the bearing capacity of the driven member can 
be estimated at any depth . The t wo main methods 
to rela te this bearing capacity to the set are 
the use of driv ing formulae and a wa v e equation 
analysis . The first one is often used for most 
of the cases whereas the second one , which 
requires more work and computer facilities is 
performed for s p ecial cases . Howe ver , due to the 
shortcommings of the dri v ing formulae , the 
present trend is in fa vour of the wave equation 
analysis . 

3 . 1 . 1 . Driv in9_formulae 

To show the various formulae used in Belgium, it 
is interesting to present the energy equation 
relating the dri v ing resistance QD to the 
plastic sets in the g e neral form (S¢rensen and 
Hansen (1957)) 

Tl i llc Mgh = ½ QD sel+ QD . s ( 5 ) 

in which Tl i is the efficiency of impact 
Tl c is the efficiency of drop 
se 1is the trans ient displacement 
"elastic" rebound . 

or 

The four most popular driv ing formulae are the 
ones of Eytelwein (or dutch formula) , the danish 
formula , the Hiley formula and the Delmag formu­
la ( after Crandal) . Their parameters are sum­
marized in the following table : 

Dutch 

Danish 

Hiley 

Delmag 

with L 

Tli llc 

1 1 r+µ 

1 0 . 7 - l 

2 
1 + erµ 

0 . 75 - l I + µ 

1 1 T+µ 

length of pile (m) 
Section of pile (m 2 ) 

sel 

0 
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( 2 llc Mgh L ) 
A .t,; 

p 

QD L 
C1+ + C3 V 
0 . 6 10-

3L 

Modulus of deformation of pile [MPa] 

Mass of pile [Mkg ] 
Mp/ M 

c 1and c3= Hiley constants obtaine d from tables 

[ m] (0 < c1 + c3 < 12 10-
3

m) 

er= Coefficient of restitution [-] 



Results of these four formulae differ and expe­
rience has shown that some are better suited for 
certain applications . The Delmag formula is 
used whe n a Diesel hammer is considered . Better 
estimates are obtained when using the actual 
working energy at 44 blows/min rather than the 
r a ted e nergy . The Dutch formula is used for 
precast piles , but more ofte n in the reverse 
application ( chapter 6) with a high factor of 
safety . The Hiley formula is used by those who 
hav e enough judgemen t or exper ience to choose 
the right v alues of C1 , C3 and er . The Danish 
formula has shown to give rather reliable 
results , even for bottom driving of Franki 
tubes . 

3 . 1 . 2 Wave_eguation_analisis 

The algorithm suggested b y Smith is certainly 
more s a tisfa ctory , provided one has a rational 
way to choose the so-called "quake" and 
"damping" in each soil layer . 
In that respect , Holeyman (1984) has suggested 
to model the soil behaviour at the base and 
around the shaft in a more physical way . This 
physical model enables one to make a clear dis­
tinction between the geometrical damping , the 
v iscous damping , the hysteretic damping and the 
velocity dependency of the ultimate strength . 
An hyperbolic stress-strain relationship is in­
tegrated to the geometry of the base or of the 
shaft so that the behav iour of each layer is 
governed by 3 characteristics the ultimate 
unit strength , the initial tangent modulus and 
the velocity dependency of the ultimate 
strength . The ultimate strength is obtained from 
CPT tests , with some reduction factor to take 
into account the geometry of the base , the 
dynamic nature of the driv ing (liquefaction) and 
the friction wear . The initial tangent modulus 
is obtained either from a vailable methods used 
in earthquake engineering or from a correlation 
with the cone resistance . The v elocity depen­
dency law of the ultimate strength is the one 
suggested by Gibson and Cooyle ( 1968) , of the 

type o 2 

, = 's (1 + v • ) with 
, ultimate strength at velocity v , (6) 
's ultimate strength at velocity 0 , 

e xcept that it is adapted to the reference speed 
v r of the penetration test ( v r= 2 cm/ s) . 
An advantage of the wave-equation analysis is to 
handle the diesel hammer action in a satisfac­
tory way . A side product of such an analysis is 
also the prediction of dynamic stress es which is 
not given by driving formulae . 

3 . 2 From_di namic_Eenetration_tests 

The principle of the prediction lies in the 
comparison of t wo specific energies Ea : 
the first one for the pile , the second one for 
the penetrometer . 
But the specific energy which is to be consi­
dered is the energy working on the top of the 
penetrometer Et . One has : Et= Dt · Ea 
Dt(smaller than 1) measures the efficiency after 
the shock . 

Dt • Mg . h 
Et = Kp/s ( 7a) s 

The blowcount diagram is obtained b y means of 
the following equation 

( 7b) 
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The various penetrometers hav e for K the follo­
wing values in MJ/m (with Dt= 1) 

for the DPA 1 X 63 . 5 X 0 . 75 X 9 . 81 
30 X 100 

for the DPR 1 X 63 , 5 X 0 . 75 X 9 . 81 
20 X 100 

for the DPL 1 X 10 . 0 X a. so X 9 . 81 
(10 or 5 or 4) X 100 

for the SPT 1 x 63 . 6 x 0 . 76 x 9 . 81 
(20 . 3 - 7 . 9 p) X 100 

0 . 156 

0 . 234 

= 0 . 490 
(A=l0cm2 ) 

0 . 980 
(A=Scm 2 ) 

1.226 
(A=4 cm2 ) 

0 . 26 4 
(p =0 . 9 ) 

0 . 360 
(p=0 . 6) 

p being the ratio of the height of the sample 
inside the sampler to the pene tration of the 
sampler . 

The test pile of ESOPT II (Amsterdam - 1 98 2 ) had 

K = p 

(0 . 9 or 0 . 6) x 1200 x 2 . 6 x 9 . 81 

625 X 100 0 . 441 
(Dt=0 . 9) 
0 . 2 93 
(Dt=0 . 6) 

The real blowcount diagram is compared in figure 
2 with the blowcount diagram obtained b y means 
of the DPB test with respe ctively Dt= 90 % and 
Dt= 60 %. 
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Fig . 2 : ESOPT II Blowcount diagrams 

4. Prediction of driv ing str ess e s 

Knowledge of the dynamic stre ss e s during driv ing 
is critical to the driving of concre t e precast 
pil e s and thin steel casings . The stresses in 
compression and in traction are predicted b y 
three methods empirical formula , analytical 
and numerical solution of the wa ve equation . 

4 . 1 Empirical_~~~~~!~ 

It is proposed (Wallay s , 1 98 4 ) to i ntroduce in 
the Belgian standards draft for pile f o undations 
a limitation for the ma ximum compression stress 
ob in the concrete of R. C. p rec ast pile s . ob is 
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assessed from a semi-empirical fo r mul a 

(Felle~ius 1 973 ) . 
ab = 30 ✓¾ (8) 

2 
ab in N/ mm , he in m being the equivalent drop 

height . 
For a drop hammer actuated by rope and winch , he 

(9) 

The efficiency nc of the driving depends on the 

type, the characteristics and the condition of 

the used equipment . From the litterature 

(Brinch Hansen , 1960) the average value n = 0 , 7 

can be used in first approximation wh~n the 

equipment is we ll appropriated to the job and is 

in a medium condition . 
On site , nc can be deduced from a 
series of measurements hi and t• 
height h and the elapsed ti~e 

formula 
n 

.!. I n 1 

large enough 
of the drop 

t from the 

(10) 

For a diesel hammer , he is gi v en by the 

approx imate formula 
2 

he= 1 , 22 ta+ u - 0 , 1 (11) 

The needed time ta+ u • in sec , for the drop and 

the upward motion of the hammer is given by : 

ta+ u = ~ (12) 

N being the driving frequency in number of drop 

per min . Formula ( 11) is based on the assump­

tions that the drop time is equal to the upward 

motion time and that the sum expressed in drop 

height of the shock and pile penetration 

durations is equal to 0 , 1 m. , 

The maximum compression stres~ ab must not be 

larger,than
0
the critical one ab, cr 

, ab ' ab, er 
ab , cr is given by : 

' ' 

( 13) 

' ab , cr= a.~ . y . Rbk (14) 

Rbk is the characterstic value of the compres­

sion concrete strength determined on 150 mm 

diameter cylindrical samples . 
a is a multiplying factor taking into account 

that the value of the concrete resistance is 

larger in case of shock than in standard test 

(De Kezel , 1979 , Mainstone , 1975) . 
~ is a reduction factor taking into account the 

repetition of the stressing during driving . 

y is a reduction factor taking into account the 

accepted value for the rupture probability . 

For driving up to 2000 hard blows , the values 

a= 1 , 25 ~ = 0 , 8 
are appropriate so that in this case 

(15) 

Usually the value y = 0 , 9 or y = 0 , 8 is accep­

ted . They approximately correspond to one rup­

ture for respectively 80 or 700 piles . 

4 . 2 Analyt ical_solution_of_the_wave_equat ion 

The problem of the hammer of mass M impacting 

with velocity v a tube or pile of impedance I 

t rough a cushion with a stiffness coefficient k 

can be solved analytically in the case of an 

infinitely long pile . The impedance of the pile 
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is defined by : I= A,..., ✓Ep , p being the specific 

mass of the material Of the pile . vis obtained 

by the ~ormula v = ✓~. Formulae expressing 

the maximum stress proposed by Hirsh (1966) have 

been rearanged in a simple chart (Holeyman 1984) 

reproduced in fig . 3 . It gives a non~adimen­

sional form of the ma ximum compression (F /Iv 

= a~axl ✓Ep) as a function of the imp~~!nce 

ratio , another adimensional factor defined by : 

nI= 2I/ ✓KN . 

.e 

,6 

, 4 

.2 

0 4 6 

Ene rgy ENTH RU 
Tranter : ---
Ratio ½ M 11

2 

1h 2 I 
l1'{kii 

8 10 

Fig . 3 Adimensional stress and energy transfer 

v s impedance ratio (semi-infinitely long pile) . 

Therefore the ma ximum impacting stress can be 

obtained from this chart with the following 

input data : M, v, k , I . In this chart is also 

given the energy transfer from the hammer into 

the infinitely long pile this ratio of the 

transferred energy (Enthru) to the actual 

kinetic energy (Mv 2 / 2) only depends on the 

impedance ratio nI • It can be related to the 

max~mum va lue of ni in equation (5) . For 

tension forces , the method suggested by Hirsh 

(1966) is used . 

4 . 3 Wave_equat ion_analxsis 

Since a wave-equation numerical simulation gives 

at various points of the pile , the force as a 

function of time , it is easy to obtain both 

maximum compression and max imum tension forces . 

The reliability of the results is more easily 

achieved for compression than for traction . In 

the latter case , one must be care ful to use 

small pile segments . The introduction of a 

visco-e lastic behav iour for the pile material 

has been found a convenient way to shave off 

some unrealistic peaks , leaving the significant 

ones unaltered , specially in tension . One is 

now aware that_ the driving system must be 

carefully modelled and in the case of driving 

Franki tubes , the tube head must be perfectly 

modelled . For the driving system , essential 

features need be known : the velocity of impact 

and the cushion stiffness . The first one 

requires measurements performed on specific 

hammers whereas the second one can be assessed 

by compression t es ts . 

5 . Driving equ ipment 

Depending on the way the hammer is actuated , one 

can distinguish the following types most often 

used in Belgium : 



- winch operated hammers, 
- diesel hammers, 
- hydraulic hammers. 

The winch operated hammers are most often used 

to bottom drive the heavy tubes leading to the 

construction of an expanded base . In that case 

no helmet is required since the internal drop 

hammer is hitting the gravel or dry concrete 

plug which cushions the blow . The mass of the 

hammer varies between 2000 and 5000 kg and the 

height of fall between 1 and 12 m. These "free 

fall" hammers can also be used to top drive 

precast piles or tubes for cast in-situ piles . 

In that case, a helmet is used to cushion the 

blow which has a drop height usually of 1 . 5 m 

for tubes and 0 . 9 m for concrete piles . The 

efficiency nc of the free fall depends on the 

winch mechanism and its relative inertia respec­

tive to the mass of the hammer . Typically nc 

varies between 0 . 65 and 0 . 85 . 

The diesel hammers are used to drive precast 

piles and tubes for cast-in-situ concrete piles . 

Their striking mass usually varies between 2200 

and 5000 kg whereas their actual drop height 

varies between 1 . 6 and 2 . 4 meters , thus signifi­

cantly lower than the theoretical one given by 

the manufacturer ( usually 3 . 2 m) . Their selec­

tion is done according to the manufacturers' 

recommendations, taking into account either the 

mass of the driven member, or a combination of 

the length of the member and its driving resis­

tance . In Belgium, since the length of driven 

piles is rather uniform around 16 m, the type of 

hammer depends on the section of the precast 

pile or of the driven tube. For piles . 30x . 30 m, 

one uses a 2200 kg hammer whereas for tubes up 

to¢ 0 . 45 ma 3500 kg hammer and for piles up to 

¢ 0. 70 m, a 5000 kg hammer . It is clear that 

the final concrete section is in relation with 

the expected bearing capacity, such that the 

only governing parameter is truly the section of 

displaced soil . 

More recently have appeared hydraulic hammers , 

which basically do the same job as diesel ham­

mers , with the suggested relative advantages 

control of drop height, no stalling in weak 

layers , regularity of operation . Their mass 

varies between 3 and 6 tonnes, and the drop 

height is typically 1-1 .5 m. The efficiency of 

the free-fall depends on the hydraulic set up : 

it can vary between 0 . 8 and 1 . 0 . 

The peak energy transferred to the pile is still 

a portion of the actual kinetic energy of the 

hammer upon impact. Referring to the chart of 

fig 3 va lid for a semi-infinitely long pile, one 

can select the cushion stiffness in order to get 

the best transfer without damaging the pile . 

More detailed charts for piles of finite length 

can also be consulted (Holeyman 1984) . In 

practice , the ratio of the peak energy transfer­

red to the pile to the actual kinetic energy of 

the hammer is on the order of 0 . 8 to 0 . 9 . The 

energy finally transferred to the pile can 

however still be lower than the peak energy . In 

order to increase this energy transfer to the 

pile, some developments have also taken place in 

the field of helmets. Among the most effective 

ones, is the prestressed-type, which allows a 

reduction of the peak stress . This in turn 

allows to use higher drops , increasing therefrom 

the driving efficiency . 
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6 . Determination of final set 

6 . 1 Driving criterion 

In Belgium, the following driving criterion is 

recommended 
A certain number of ~PT tests are previously 

performed at the vertica ls where certain piles 

are to be driven . The allowable bearing capaci­

ty and the level of the pile base are deduced 

from the results of these CPT tests (De Beer , 

1971/72; De Beer et al . , 1977) . 

During driving the 1st pile at the very location 

or at least in the close vicinity of a CPT test , 

the set is measured at the proposed level . This 

set is then imposed within a narrow margin when 

driving the neighbouring piles . Driving is thus 

to be continued until the pile is placed in the 

same layer as the test pile and at such a depth 

that the same set is obtained . For calculating 

the set or the penetration per blow, or the mean 

value over the last 10 or 25 cm or the mean 

value of 5 consecutive observations of 10 blows 

is taken . 

When none of the CPT tests has been performed at 

the very vertical or at least in the close 

vicinity of one of the piles to be driven , the 

allowable bearing capacity and the level of the 

p ile base are deduced from the results of the 

less favourable CPT test . 
If necessary , and based on the results of the 

previous l y performed CPT tests , the building 

site is divided into different areas and for 

each area, use is made of the CPT test with the 

less favourable results in the considered area . 

During driving the first and all successive 

piles the same procedure as described is 

recommended . 

6 . 2 Deduction_of_bearing_caEacity_from_driving 

measurements 

The deduction of the static bearing capacity 

from dynamic measurements is controversial 

because of two principles : 
the dynamic loading behaviour is not necessa­

rily repreientative of the static one , 

the displacement induced during driving is 

much smaller than what is recognized to yield 

significant data about the bearing capacity of 

a pile. 

In spite of these arguments , some deductions are 

made using available methods based on the wave 

equation . The first type is the application of 

the "Case" method formula . Studies in Belgium 

of this method (Holeyman 1 984) tend to show that 

the result depends strongly on the shape of the 

impacting force diagram (role of helmet) and on 

the level of energy . It is found that the "Case" 

bearing capacity increases with the maximum 

temporary displacement . This confirms the 

conventional character of the results obtained 

with this method , on top of the empirical nature 

of the choice of the "Case Damping" constant . 

More universal is the dynamic analysis with an 

imposed boundary condition with the aim to match 

the other calculated boundary feature with the 

measured one . This method allows in theory to 

find one or more solutions which satisfy the 

observed data . In practice however , it is time 
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consuming to find exactly the resistance distri­
bution along the pile and approximate solutions 
are settled for when no improvement can be 
achieved . For this procedure , it appears that 
the significant parameters that can be found 
with a reasonnable degree of reliability are the 
ultimate skin friction and the loading curve at 
the base , up to the mobilized load (Holeyman , 
1984) . The ultimate failure load , if required , 
is then a matter of extrapolation as in the case 
of a loading test not carried-out to failure . 
This kind of analysis , conducted in the case of 
dense sand at the base and compared to load 
tests has shown that compared to the static 
case , the dynamic base behaviour is similar 
whereas the ultimate skin friction is reduced . 

7 . Recent Researches 

7 . 1 . §teel_H-Eiles_in_dense_sand_and_stiff 

fissured_cla y 

Two test programs on steel H-piles with diffe­
rent kinds of laggings and enlargements have 
been performed at Kallo into a very dense sand 
and at Kontich into a stiff fissured clay , 
(De Beer et al. , 1981 ; De Beer et al. , 1982) . 

The piles were hot rolled wide flange beams 
from the American W series (W 14 x 16 x 142) . 
They were driven by an open end Diesel hammer 
D36 developing a theoretical maximum energy of 
115 kNm per blow and having a drop weight of 36 
kN . The pile cap made of welded steel had a high 
density polyethylene fill and weighed 3 kN . 

From the measurements with the saximeter it 
could be deduced that the ratio E between the 
actual energy Ea developed by the Diesel 
hammer and the theoretical energy Eth given by 
the manufacturer varied between 0 . 36 and 0 . 75 at 
Kallo and between 0 . 40 and 0 . 90 at Kontich : the 
lower values correspond to easy driving when the 
pile started to penetrate into the soil , while 
the highest values correspond to the end of 
driving when high resistances were encountered . 
The difference between the highest values of E 

at Kallo and at Kontich depended essentially on 
the maintenance of the hammer . 

The ratio between the actual Energy Ea and the 
energy transferred to the pile Ep given by the 
"Pile Driving Analyzer" varied from blow to blow 
between O. 30 and O. 40 which seem to be usual 
values for this kind of cap and cap-fill . 

The obtained results indicate how dangerous it 
is to make use of the theoretical values of the 
energy Eth in the dynamic formulae for the 
determination of the bearing capacity of piles . 

As the actual energy E = E • Eth and the energy 
transferred to the pi1e Ep have been measured 
in a direct way , the well-known Hiley driving 
formula can be used to calculate the dynamic 
resistance of the pile . This analysis leads to 
the following conclusions for the two sites : 

a) dense sand at Kallo test site . 

When the energy really transferred to the pile 
Ep is introduced in the Hiley formula , values 
obtained are somewhat lower than from the 
"static resistance " given by the Pile Driving 
Analyzer with the Case Method using a damping 
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factor Jc= 0 . 1 . 

On the contrary , when using the theoretical and 
even the actual energy , the Hiley formula gives 
too high resistances . Furthermore , when 
introducing the theoretical energy Eth in the 
formula of Hiley , the ratio between the 
predicted resistance and the "static resistance" 
by the Case Method is not a constant , making it 
very difficult to define an adequate factor of 
safety . 

From static load tests it could be deduced that 
the values obtained by the Case Method and by 
the Hiley formula based on the transferred 
energy , are very close to the values of the 
limit load deduced from the static loading test 
results by the criterion of Davisson . 

b} stiff clay at Kontich test site . 

Introducing a damping factor Jc 0 . 5 , which 
seemed appropriate because of the high content 
(55 %) of clay particles (<2µm) , a static resis­
tance was obtained with the Case Method which 
was very small with regard to the dynamic resis­
tance calculated with the formula of Hiley . 

recorded during 
for short delay 

damping factor 

A CAPWAP analysis on a blow 
normal driving indicated that 
static capacity predictions , a 
of 0 . 17 should have been adopted . 

By redriving some piles it could be observed 
that the damping factor drops from 0 . 5 to 0 . 17 
during driving , indicating that no valuable 
static capacity prediction can be made with 
dynamic methods for piles driven in clay by 
analyzing blows recorded during straight 
driving . 

In order to predict correctly the bearing capa­
city of piles in stiff fissured clay , the Case 
Method has to be applied to redriven piles . 

7 . 2 . Comparative_tests_on_bored_and_driven 

piles_at_Kallo . 

Following a proposal of the National Committee 
on Pile Foundations an extensive research 
program was performed by the Ministry of Public 
Works at Kallo . Static loading tests were 
performed on two driven and t wo bored piles with 
a diameter of 600 mm , installed at a depth of ca 
5 m in a dense sand layer , and at 11 m under­
neath the original soil level (De Beer , 1984) . 

The driven piles consisted of heavy steel tubes 
¢ 600 mm , e = 40 mm , closed at their end by a 
heavy steel plate with renforcements . The piles 
were driven with a Hera 5700 Diesel-hammer . 
During the installation of the piles the number 
of blows necessary for each penetration of 
10 cm was registered . Furthermore the elastic 
rebound of the pile was registered continuously 
and acceleratins , velocities and strains were 
continuously recorded at different levels within 
the pile . 

The obtained blow-count diagrams are given on 
fig . 4 . In this figure the result of the CPT 
test performed at the spot of pile A is also 
given . The result of the CPT - test performed at 
the spot of pile Bis given on figure 1 . During 



the installation of pile A the driving was 
interrupted at a depth of 9 , 68 m for 12 min 
30 s e c . and at a depth of 10 , 52 m for 4 hours . 
During the installation of pile B the driving 
was interrupted at a depth of 11 , 02 m for 4 
hours . 
0 2 
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Fig . 4 
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CPT test and blow count diagrams at 
Kallo . 

For the e xecution of the static loading tests 
Franki piles were installed at a distance of 
5 , 80 m from the test piles . Therefore a steel 
t ube with an outer diameter of 520 mm and closed 
at the bottom with a plate with a diameter of 
570 mm and a thickness of 30 mm was driven until 
a d e pth of 10 , 30 m. The blowcount diagrams 
registered for the tension pile is also given on 
fig . 4 . 

8 . Env ironmental problems 

8 . 1 Noise and vibration . -------------------
In Be lgium , no specific standard e xists in order 
to limit the noise and v ibration levels caused 
n otably b y pile or sheet pile driving . Never­
theless , the communal authorities , which by law 
are responsible for preserv ing order , use their 
prerogative in view that in the residential 
areas the inhabitants are not excessively 
disturbed by noise and vibrations . It is 
observ ed that inside or around inhabited areas , 
dri v ing is progressively disappearing to the 
advantage of other techniques . 

Wh en pile foundations must be installed in the 
v icinity of technical equipments sensitive to 
v ibrations , the consulting engineer or the owner 
usuall y specifies particular appropriate 
solutions . For example , for the construction of 
a relatively large and piled building located in 
the immediate vicinity of a computerized signal 
box , the Belgian National Railwa y s had specified 
the critical vibration levels , the use of two 
typ es of piles , cheaper dri ven piles and more 
exp e nsive special bored piles , and the conti­
nuous measurement during piling of the vibration 
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level inside the box. The installation b egan 
with the more remote driven piles so that t he 
boundary from which special bored piles were 
used has been determined e xp e rimentally with the 
job progressing . 

8 . 2 Heave_of_clai e i _or_plastic_silti _soils 

The Belgian National Railwa y s is e x treme l y 
sensitive to the phenomenon of ground heave in 
the neighbourhood of pile foundations ne xt t o 
the track . One has cast a formula b y means of 
certain hypotheses giv ing the vertical displac e ­
ment of a point with polar coordinates ( r , 0) 
caused by an isolated pile with radius R dri v en 
into clayey or plastic silty soils (see fig . 5) 

Fig . 5 Soil displacement mechanism . 

The assumptions are as follows : 
- the soil is considered incompressible unde r 

the influence of dynamic actions 
- the v olume of soil displaced in the dihedral 

angle d0 b y the pile at e ach blow is e venly 
distributed at the surface onto an a r e a 
defined by the interse ction of the initial 
surface and a cone whose generating lines form 
an angle of 45° respectiv e to the a xis of the 
pile , 

- the zone of influence to which a given point 
has to belong in order to heave can be asses­
sed on the sole basis of the rake angle l and 
the driven length L . 

The zone of influence resulting from these h ypo­
theses is described by 

r ~ a ✓7: . L 

2 cos ( 1t / 4 - ~ ) 
( 17) 

with ~ = cos- 1 (sin l • cos 0 ) 
With a = a / Rand A L/ R, the soil heav e llh is 
given by : 
llh = R COSl(l + 

sin 
In the case of 
is reduced to 

llh R. ~~~ 

sin 2(3) ( A - ✓ 2-:- 0: cos(n/4-B)) (l 8 ) 
2~ ✓-Z . a A cos ( n /4-'-~) 
a vertical pile , the soil heave 

( 19) 

Table I : ll h measured [ cm] /llh calculated [cm] . 

Vertical profile l ' = o · R = 0 . 20 m 

L 2 . 4 m 6 . 0 m 10 . 1 m 
a [m] 

1.0 2 . 35/2 . 38 3 . 20/3 . 32 3 . 55/3 . 66 

2 . 0 0 . 30/0 . 34 0 . 80/1.34 1.45/1.61 
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During jacking of vertical rectangular 
in the tertiary Boom clay at Kontich, 
et al, 1977) , the soil heave has been 
around the profile for various values 
penetration depth L . 

profiles 
(De Beer 
measured 

of the 

These values are compared in table I with the 
ones resulting from the formula (19) . 

In the case of a pile group , the effects due to 
each pile are added . For a bridge at Quevy , 
piles had to be driven in the vic inity of an 
existing track ( see piles 1 to 8 in fig . 6) . 
Heave was measured at benchmarks located on the 
track and labelled A to Din fig . 6 . The top 7 
m of the soil profile consists in clayey silt 
and clay layers . The adjacent piles with an 
equivalent diameter R = 0 . 37 m are raking at 
1 = 30° towards the track . 

1.50 m 1.50 m 1.50 m 

.... u, "' 

0) "' .. "' 
"' 0 
3 

N 

"' 0 

3 

OUEVY LI NE 96A ~ 
-----------------

Fig . 6 Plan v iew of piles and benchmarks . 

Tab 1 e II compares the measured heave with the 
calculated one , for 3 phases of the driving 
operations . 
In this case of a foundation with raking piles , 
one observes some tendency to overestimate the 
soil heave at short distance from the pile ( s) 
and to underestimate it at large distances . The 
agreement between measured and predicted heave 
is rather satisfactory , considering the 
simplicity of the hypotheses . 

Table II : 6h measured [cm}/6h calculated [cm) . 
Raking piles at Quevy 1 = 30° R = 0 . 37 m 

Driven Benchmarks 

piles A B C D 

1 0 , 50/0 , 91 - - -

1 & 2 3 , 00/4 , 32 1 , 70/0,91 - -

1 to 8 - - >12,0/11 , 74 >8,0 / 2 , 56 
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