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Pile Driveability 
Is Unpredictable 
InSand Or Silt. 

Foundation Strata 

by Marius J .  Mes, C o l l s ~ t l t i ~ ~ g  E I I ~ ~ I I P C I . .  
6. R a y  dlcDervlott S. Co. I ~ l c . ,  h T e ~ c ~ O ~ ~ l e a ~ ~ s ,  La 

Il)ased on predictions by three in- 
dependent consultants that piles 
for a northern North Sea platform 
~:ould be driven more than 140 ft 
deep, a designer decided that no 
insert piles ~voulcl be required for a 
particular installation. When this 
platfoim n as installed, however, it 
n-as found that even the heaviest 
available hammer could not drive 
any of the 20 required piles beyond 
70 ft through a sandy silt lager. 
Af te r  many re-evaluations t h e  
pretlicted pile capacities were re- 
vised up~vards ,  ant1 some insert 
piles had to  be fabricated and  
inst;~llcd. 

'Tllc r.oniplctc i l~s ta l ln t ic~  effort, 
cc>~ist~qut>ntly ttxOli !line lnonths 
11)ligrr ant1 scvc'~.nl mi l l io~~ tlo1l:irs 
t1xt1.;1 i n  der1.icli h:il.gt> time. l'liis is 
i~itlicative of the present state of 
t h e  a r t  of pile dr iveabil i ty  
pre(1ict ion. 

A typical installation \\-it11 a large 
pile penetration of a deep \\-ater 
platform in the northern North Sea 
should consist of driving a p r i m a q  
pile to 50 or 60 ft and attaching it 

i Fig. 1. Typical conqxi~ison hcttvcen actunl ant1 pre- 
dicted bloncount as a function of pile penetration. I 

I PENETRATION FI  I 

with grout to the jacket. The prim- cause soil borings on which pile 
a1.y pile is drilled out and hole is driving predictions are based are 
continued to the desired full pene- rarely taken a t  the driving loca- 
tration of the insert pile. This pile, tion. Actual soil conclitions can be 
with diam smaller than the primary expected to be  different from the 
pile, is installed inside the primary assumed soil makeup resulting ina 
pile in the drilled hole. The annulus large variation in blourcount rate 
between the insert pile, the prim- found for successive unit penetra- 
ary pile, and the surrounding soil is tions driven. 
again filled with grout. One dimensional wave equation 

Pile with an ultimate capacity of analysis is used most commonly to 
over 5000 tons can be installed in predict pile driveability. In this 
this ~ v a y  with relatively small pile analysis, both hammer and pile are 
driving hammers. Alternatively,, a simulated by a combination of rigid 
large diam pile is driven to grade masses and springs, and other de- 
by a gigantic llamlller. If the object vices simulate soil resistance. One 
penetration is not 1.cachet1, the 1,ilp llnmnler blow is stutlicd a t  a time 
is ~lrilletl ollt nnrl an insert pile is Assumptions include pile at rest 
tlriven through the ~na in  pile to ivlicn hammer impact occurs, and 
lwnetration. This l,~.ocest; is usually concentric impact on pile. The 
follo~\ etl n hen large capacit~, pile Iiammer is simulated (Fig. 2) b j  

drix-ing hammers are available. A rigid masses and nonlinear  spring^ 
typical pile driveability prediction Pile batter reduces hammer e& 
(Fig. 1) gives predicted and actnal ciency. This reduction amounts to 
blow colunt ranges vs penetration some lo?. Efficiency of large 
for a particular installation. There steam hammers is approximatelj 
is a significant difference. 65% to  75%, and is 40% to 80% 

Even  small local changes in small hammers. 
foundation soil are  important be- The hammer cage rests on top of 
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the hammer when driving activ- driveability of piles on land. This reached and plastic deformation of 
ities start. I t  was found that ham- improvement was confirmed by soil starts,  or slip resistance starts 
mer efficiency improves when the theoretical calculation for piles acting, soil deformation is equal 
cage is supported by the hammer used offshore. But, unconnected to the value of the soil quake. In 
while driving. followers are hardly ever used be- conventional calculations, the soil 

The pile is simulated as a ser- cause the follower could crumble or quake is usually taken equal to 
ies of rigid masses connected by damage the top of the primary pile 0.1 in. 
springs. This further improvement or the insert pile if driven. Fig. 3 The  accuracy by  which this 
in the hammer simulation did not shows the commonly used pile and -, number is defined is characteris- 
resul t  in a significantly be t t e r  soil simulation model. Pile simula- tic for the accuracy by which it is 
driveability prediction. tion cannot be significantly im- known. I t  is usually an assumed 

Often, friction a t  shims is un- proved to yield better pile drive- value because it is hard to measure. 
justly neglected. Because piles ability predictions. A small variation in the Soil quake, 
usually have a batter of approxi- Soil resistance usually is simu- however, has a dramatic influence 
mately 7-1, in most cases friction lated by a combination of linear on pile driveability on the order 
forces can be large and can influ- springs, dampers or dashpots, and 2100%. 
ence the driveability of the pile slip resist'ance. The relationship The quake is not equal for p 
substantially. Initial soils tests and between soil deformation and pile motion up or pile motion down, a 
deformation conditions are derived shear is simulated by spring and it also depends on how many blo 
from preliminary blows. No tensile slip resistance. When dynamic pile in a row have been applied to 
stresses a t  a pile toe are  usually shear exceeds certain value, soil pile. Continuous pile motion ca 
allowed. deformation increases without an  soil softening which could be c 

Free contact between pile and increase in pile shear. At  the point soil fatigue of the slip plane 
follower was found to improve the where  maximum pile shea r  i s  the pile wall. Static soil prop 

NON LINEAR SPRING 
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P~ le  Driveabtlity 

are used for deriving dynamic soil (leereased driveability when driv- 
properties and the conversion from ing activities are resumed. 
static to dynamic soil properties is Pile friction is velocity depen- 
very hard to make. Soil set up oc- dent because of Thixotropy effects 
curs after a pile is being driven and and shock waves transmitter1 away 
the pile activities are temporarily from the pile. The assumed rela- 
stopped. This interruption of driv- tionship between local pile shear 
ing activity gives the soil time to caused by motion damping forces 
redevelop its old strength proper- and soil deformation is shown in 
ties, causing an increase in friction Fig. 4. The pile to  soil shear defor- 
values and skin friction along the mation model user1 in one dimen- 
pile wall with time. I t  results in sion wave equation analysis is  
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Fig. 5. General shear failure of a 
rapid single-stroke penetration. 

independent of the way the pile 
shears through soil. Two ways are 
possible. Shear failure can occur at 
the pile-soil interface, but when 
there is soil attached to the pile, 
soil can fail within itself. The calcu- 
lation model does not distinguish 
between e i ther  possibility and 
theoretical knowledge is not suffi- 
ciently reliable to predict which 
failure mode will occur a t  a given 
time. 

Ideally, a pile is driven into an 
elasto plastic half space. This half 
space could be simulated in calcula- 
tions by a finite element method. 
But these calculation methods have 
not yet been applied in current 
calculation systems because they 
are costly. The velocity of sound 
in steel is approximately 16,000 
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in standarcl soil 
mechanical tests.  

Seaforth have a lot of experience 
under their hats. 

Engineering 
Seaforth's Enpneering Division 

operates from three major plants to 
provide the entire range of e n g n -  
eering including fabrication, 
machnings and castings. 

Major product lines include manu- 
facture of dving systems complete 
with electrical and inshumentabon 
work; the fabrication of pressure 
vessels to internationally recognised 
codes  and standards; a s  well a s  
manufacture of large bulk materials 
handling plant covering all types of 
conveyor and structure. 

The Division provides repair and 
maintenance services for both 
structure and machinery on offshore 
installations. ~ a n a ~ e m e n t , o f  spares  
stoclana is undertaken for oil com- 
pa~lies,lbacked up by agencies for 
most major diesel e n g n e s  and 
general marine equipment. 

Logistics 
As an offshore support company, 

Seaforth's onshore facll~hes a re  
designed to provlde fast efflclent 
methods of movlng goods and 
equlpment 

Marine 
Seaforth's Marine Division provides 

the operational skills and the s o p h -  
sticated equipment essential to 
successful offshore support 
operations. 

In addtion to a fleet of modem tug/ 
supply vessels, the division has a 
growing involvement in the manage- 
ment and operation of other special- 
ised craft such a s  SEAFORTH CAPE, 
the dv ing  support vessel. 

Other Marine Division activities 
include s h p  management, 
chartering, rig towage, and s h p  
design under the guidance of the 
company's naval archtects.  

Sea forth 
Maritime 
Limited 
Seaforth Cenhe. 
30 Waterloo Quay, Aberdeen 
Tel. 0224 573401 Telex 73387 

Seabase 1s an integrated marine 
support base  in Aberdeen harbour 
providng simultaneous loading of 
deck  and bulk cargoes. 

Land transport p rondes  a national 
and lntern3hond tnlchng network. 
1:.2s: :he ?!an! h ~ e  s!de cf !he 
:;?:sxn ciiers a y b \ ~ d e  iange  of 
cranes and other speciallsed v.r&c]es 
such a s  bulk cement camers. 

Ssafcrth c\:ns ar.3 zpera:es cr.e of 
the UKs largest open storage yards 
for all items of heavy hardware, a s  
well a s  providing office and ware- 
housing accommodation in central 
Aberdeen locations. 

Heads above the rest. I I 

ftlsec, whil; in soil it is approxi- 
mately 5000 ftlsec. When a pile 
is driven, a wedge of soil around 
i t  will, therefore,  be vibrate 
(Fig. 5). This actual system is e 
tirely different'from the calculati 
moclel. 

By the time driving 'shock 
rives a t  pile tip, the soil area wh 
has been vibrated radiates 
from the pile to a maximum of ap-i 
proximately ?4 of pile penetration.: 
Interaction between the bibrating, 
soil and pile motion is not at all, 
included in commonly used calcula- I 
tions. This difference will be par-; 
ticularly significant for deep piles.) 
Therefore, predicted driveability 
rate will be less reliable the deeper 
piles are driven. 

During pile driving interrup- 
tions and after completion of driv- 
ing activities, soil plug elevation 
inside the pile is usually measured. 
I t  was found that the pile plug can 
both drive up or down with respect 
t o  original soil level. Measured 
movements of the pile plug be- 
tween successive driving stops in- 
dicate that gentle plug motion is 
rather erratic and cannot be pre- 
dicted with any success. 

When the-pile is driven to refusa 
in a sand lens it usually cannot b 
driven any further unless the pi1 
plug is drilled out  complete1 
Even if a ten foot pile plug near t 
tip is left, the pile won't advance 
all when driven. The pile tip, 
fact, cores through the soil with 
driving shoe acting a s  sort, ' 
cookie cutter into the soil. 

Calibration calculations w 
t ry  to assess end bearing r 
tance of piles during drivin 
tivities, show that the end be 
of t h r  pile is in excess of 
predicted statistically usin 
capacity formulas. The en 
ing resistance of piles co 
with sampler blo~vcount re 
data which are  collected 
geophysical investigatio 
nearby soil boring hole. 

In conventional pile dri 
culations, the ratio of ulti 
resistance to total dynami 
resistance often is prespe 
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UNDEFORMED DENSE SAND DENSE SAND DURING DEFORMATION 

Fig. 7. Espansion of dense sa11d by deformation. 
L 

Heviwater " completion 
fluid, clearly solids. free 
Heviwater packer and completion brines are the most convenient, 
most economical, heavy, clear liquids available. Used instead of 
mud, premixed Heviwater brine prevents contamination of pay 
zones and sticking of packers caused by settling out of solids. 

Heviwater I brine is a solution of calcium chloride in water 
with a density range of 9.0 to 11.6 pounds per gallon. Heviwater 
I1 brine is a water solution of calcium chloride and calcium 
bromide with a density range of 11.7 to 15.1 pounds per gallon. 

Chemicals are available to lower the fluid loss and increase 
the viscosity of Heviwater brines. Bactericides can also be added. 
While corrosion rates with Heviwater brines are exceptionally 
low, inhibitor can be added for greater protection of casing and , 
downhole equipment. For disposal, Heviwater brines can be 
dispersed into fresh or sea water to ecologically acceptable limits. 

Heviwater is available from Dowel1 in all areas where this 
type of completion fluid is needed. Ask your Dowell re resentative 
for full information or write for Technical Bulletin D ~ L  1743, 
Dowel1 Division of The  Dow Chemical Company, Box 21, Tulsa, - - 
Oklahoma 74102. 
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certain ratio for calculatio 
precludes any exact 
introduction of the ac 
anis,m of resistance a t  
tip. The ultimate tip resistance 
calculated using static ulti 
capacity formulas which us 
among others, a bearing capacity:;, 
factor Nq. This factor Nq depen 
on the angle of, internal friction 
sand and also failure rate speed 
,the pile through sand. CPushing 
fects of sand are completely'n 
lected. Nq varies sign 
given angle of internal 
normally expected variation 
the assumed value of Nq is s 
in Fig. 6. 

I t  is obvious that ultimate 
sistance, whether for driv 
static ultimate pile capacity 
lations, cannot be very ac 
Why does a pile when drive 
sand or silt layer so easil 
refusal? Perhaps the answe 
found from the inter 
the pile coring throug 
changes in sand density. 

When densely packed sand un-i 
dergoes deformation it 
volume. This is explained 
where it is shown how a sand layer$ 
increases in height when a certain , 

intermediate layer is forced t o ,  
shear between sand layers over- 
lying and underlying it. 

Schofield describes in more d e  
tail what happens if dense sand is 
deformed. First the volume in- 
creases. Second the water pres- 
sure of wet sand decreases. These 
combined effects cause soil pres- 
sure (sand pressure) to increase 
drastically. An increase in soil 
pressure is equivalent to increase 
in pile resistance. Thus, when apile 
tip is driven into x sand lens, de 
formed sand ~vhich penetrates in- 
side the pile will cause very high 
friction forces to occur at  the pile 
tip at the inside and outside surface 
area. This also explains why par- 
tially drilling out a pile does not 
enable the operator to resume driv- 
ing the pile. 

The pile plug must be completely 
drilled out and possibly even a pilot 
hole drilled before the pile ad- 
vances again when driven. Dense 
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FAIL SAFE! 
Axelson Pilot System Components 

Axelson manufactures, markets and services a complete line of pilot 
system components for Safety Systems. This product line includes 
high-low pressure sensors, relays, control valves, quick exhaust valves 
and sand probes. Axelson pilot system components provide irnrne- 
diate shut-in to the Safety System in case of any predetermined 
emergency condition. 

FEATURES: * Fail-safe * Block-and-Bleed Operation * Maintain Constant and Accurate Settings 
React Quickly to Predetermined Emergencies * Designed for Standard, H,S and C02 Service 

Get acquainted with Axelson. The Experts! 
Write: Axelson, Inc., P.O. Box 2427, Longview, Texas 75601 

AX F 1 S 0 N , I N C ¤ 

:::: 

USI 
A U.S. INDUSTRIES COMPANY. 

And that maker a world of difference. 
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Pile Driveability 

clay hardly expands when 
formed, but silt behaves the s 
way as sand. 

Because drilling out takes 
setup or freezing of sands and 
inside and outside the 'pile c 
crease the skin friction for s 
approximately 100%. The i~ 
in resistance caused by set 
side the pile is appro 
the increase in resis 
by set up inside the pile for 
boulder clay, the pl 
have only 30% of the friction it has 
a t  the outside, but s 
noticeable. The local inc 
driving resistance in so 
solidated clays is found in excess 
300% and often equal to about 500 
of the dynamic resistance found 
during continuous drivi 
ties. In stiff over-consoli 
this value reduce 
mately 200%. 

Pile motion can eas 
corded a t  the pile top b 
barge personnel. I t  is 
which requires that a pi 
be attached to the pile with tape. 
On the jacket, three pieces of weld-. 
ing rod form the base' 
pencil which can be pu 
piece of paper while 
being driven. A fairly 
tion record results, particularlyi 
when the pencil is drawn eveniy] 
over the piece of paper. An exam; 
ple of abstracts of the 
shown in Fig. 8. 

Comparing actual records to  
the calculated records shows that'  
pile rebound is not a t  all as strong 
and oscillatory as  th 
shows. 

At all penetrations it was found 
that recorded pile motion was iess 
violent than predicted by caloula- 
tions. Pile motion near the pile top 
is primarily influenced by soil re 
sistance of the top seabecl strak 
~ h u s ,  from the pile rebound it 
cannot definitely be determined 
whether or not refusal is caused hy 
excessive driving resistance or a 
boulder. Consultants who predicl 
pile driveability never show pre 
dicted pile motion records in their 
calculations. Usually, they resirid 

PETROLEUM ENGINEER, OCTOBER, 197 



rile urlveatxlity 
-- 

' themselves to predicting a blow- those causer1 by s h i ~ n  friction resis- 
count or  a blo\vcoun t range. tance or soil resistance. Because 

Sometimes reports are submit- masinium pile s t resses  usually 
ted 011 n h a t  stresses can be ex- occur before these nebulous resis- 
pected when the  pile is  being tance influences have had their ef- 
(11-iven. hleasurements always rlu- fect onthe stress waves, it is plaus- 
plirate almost esactly the calcu- ible that predictions of maximum 
later1 results simply because the s t r e s s e s  in t h e  pile a r e  v e r y  
stress waves propagate in the steel accurate. 
pile almost esactly as the theory Fo r  short piles which are  not 
])reilicts until the stress waves hit clliven to great  penetration, the 
uncertain resis tances,  such a s  pile motion recorcls predicted are 
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Pile Driveabilitv 

fairly accurate simply because the 
don.n\l-ard s t ress  waves cannot 
transmit much energy laterally to 
the soil. 

I t  has not been found possible so 
far to duplicate actual driving mo- 
tion records of deeply driven piles 
by calculations unless unrealistic 
values for soil quake and soil damp- 
ing were introduced. 

Decision making in the  field 
offshore would be helped if reliabil- 

ity of pile tlriveability calculations 
coultl be assessed on the spot. This 
coultl be clone by comparing both 
predicted blo\vcount and pile head 
motions with actual recorded pile 
motions a t  the top of the jacket. A 
comparison between predicted and 
actual blowcount is very sensitive 
to slight increases in soil resis- 
tance. Thus, even a large differ- 
ence between the two must always 
be expected. I t  does not prove the 

MEDEARIS MUD . 

SUCTION 
VALVES.. . 
PROVEN BY 
PERFORMANCE 1: i 
Dependability.. . long life . . . low 
maintenance. . . features you get in every 
Medearis Mud Suction Valve. These 
unique valves incorporate a 
fool-proof toggle action 
that locks positively in 
position. A screw-type 
model is available, too. 
Stems for any size tank 
available; standard sizes 
range from 6- to 14-inch 
diameter with larger sizes 
available through special order. 
Why not let us tell you more 
about our quality valves? 

Contact your nearest Medearis agent, 
Geolograph Co. office or Medearis Oilwell 
Supply Corp. 

Medearis Oilwel l Supply Corp. 
A part of the Geolograph organization 

P. 0. Box 4739 Long Beach, California 90804 (213) 597-0314 
Answerback: MEDOIL Telex: 69-6200 

unreliable blowcount calculations', 
right or wrong. Differences in pre- . 
dicted and actual pile motion at them 
jacket top show whether or not cal- 
culations were based on represen-, 
tative soil resistance data. This is 
an indication of quality af the sirnu- 
lation of total dynamic soil resi 
tance along the pile. This, perhap 
is a challenge for future consulti 
activities for major pile drivi 
jobs. 

In the meantime, while reli 
pile driveability predictions 
very deep piles cannot be mad 
any part icular  consultarits 
a reas  which have sand and 
lenses in the foundation of the 
i t  is wise to make provisions j 
case the pile cannot be dri 
grade in spite of the best av 
predictions. Even bet ter ,  
with a foundation des 
avoids these  uncerta  
together, such as deep pile i 
tion procedures now comm 
northern North Sea wh 
of driving a primary pile to 
imately 50 or 60-ft pen 
This main pile is connect 
jacket by grouting. Then, 
pile is drilled out and an 
hole for the insert pile dri 
penetration. The insert p 
inside t h e  hole and g 
place. 
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