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Efficiency analysis of hydraulic Junttan pile driving hammer 
Analyse d’efficacité du marteau Junttan hydraulique pour enfoncer les pieux

H. Jokiniemi - Tampere University of Technology, Finland

ABSTRACT: T he m ain resu lts o f  hydraulic ham m er study held in H o n g  K ong  in 1994 are  presented . T he tes ts  included stress w ave 

measurements o f  four different hydraulic ham m ers and one open  ended  diesel ham m er a t th ree  different sites by using  tw o  different types 

of piles. S tress w ave m easurem ents w ere  analyzed by C A P W A P-program  and sta tic  load  tes ts  w ere  perform ed. All hydraulic ham m ers 

were provided by m anufacturers ' ow n  kinetic energy m easurem ent equipm ent w hich  enables th e  determ ination  o f  driving system  

efficiencies. A ccording to  m easurem ents the  hydraulic ham m ers w ere  m uch m ore efficient than  th e  dieselham m er. In add ition  differences 

between various hydraulic ham m ers can be found. S tress w ave m easurem ents fo r Jun ttan  H H K -9A -ham m ers w ere  fu rther analyzed w ith 

GRLW EAP-program  and by using an analytical approach. A  sim ple dynam ic piling form ula is suggested  from  th e  results.

1 IN TR O D U C TIO N

In 1994 H ong  K ong  C o nstruc tion  A ssociated , L td . a rranged  a 

Hydraulic H am m er S tudy in H o n g  K ong. T he aim  o f  th e  te s t w as 

to establish the  efficiences o f  various hydraulic ham m ers and to  

develop a sim ple pile driving fo rm ula fo r these  ham m ers. T he 

performance o f  d ieselham m ers are  well established  in H o n g  

Kong, but an application  m ethod  fo r the  use  o f  hydraulic 

hammers is lacking.

The w orking system  o f  a  typical hydraulic ham m er differs 

from that o f  a dieselham m er and the  transm itted  energy  to  the 

pile is quite independent o f  th e  pile behaviour. W ith  the  

dieselhammer th e  d ropheigh t o f  the  ram  depends on th e  soil 

resistance acting  on  th e  pile. In hard  driving the  ram  rises high 

and the transm itted  energy to  the  pile is th u s com parab le  w ith  the 

potential energy o f  ram  p rov ided  th a t the  cush ions behaves in a 

similiar m anners as w ith  low er strokes. In easy  driving the 

hammer does no t neccessary  even sta rt, b ecause  the  com bustion  

may not be initiated.

M anufacturer's ra ted  energ ies fo r their ham m ers are  valuable 

data for driveability stud ies and fo r th e  cho ice o f  ham m er to  the  

pile driving operation . T he ra ted  energy  is often  the  m axim um  

potential energy o f  ram , bu t it m ay also be  m axim um  kinetic 

energy o f  ram  b efo re  im pact. T he la tte r com es in to  question  

primarly w ith double-ac tion  hydraulic ham m ers w here  th e  m otion  

of the ram can no t alw ays be  visually seen. F o r  driveablity  stud ies 

and also for dynam ic pile driving fo rm ulas th e  k inetic energy o f  

the ram is needed. A lthough there  are  con ituously  u pdated  

recommendations available fo r different ham m er m odels' 

efficiences in the  well know n G R L W E A P -program  (G R L  1994), 

the knowledge and th e  application  o f  these  efficiences have not 

neccessarily reached  all the  people involved in driven piling.

The aim o f  th is p aper is to  p resen t the  m ain resu lts o f  the  

hydraulic ham m er study  held in H o n g  K ong. T he original resu lts 

were presented by M aunsell G eotechnica l S ervices L td . (1994) in 

their testing report. T est resu lts w ere  fu rther analyzed especially 

for Junttan H H K -9A  ham m er by using  G R L W E A P -program  and 

an analytical approach  developed  by D eeks (1992). A  new  

dynamic pile driving fo rm ula fo r hydraulic ham m ers w as also 

developed from  th e  tes t resu lts o f  th e  tests.

2 DEFINIT A T IO N S

H E  =

K E

P E

KE

PE
(1)

is th e  k inetic energy o f  a ram  

is th e  poten tial energy o f  a ram

T h e  kinetic energy o f  a ram  can be  m easured  by ham m er 

m anufacture r's  energy m easuring  device o r  by m eans o f  H am m er 

P erfo rm ance A nalyzer (H PA ). T he use  o f  the  la tte r has been 

described fo r exam ple by L ikins and R ausche (1988).

A pplication  o f  im pulse-m om entum  consideration  to  th e  stress 

w ave m easu rem en ts m ay also lead to  g o o d  estim ations o f  

m axim um  im pact velocity  o f  ram  (PD I 1993).

MFO = J F (t)d t

0

n

MWO = J F  i  (t)d t

(2)

and

MFO  = M WO -  M  v
ram ram (3)

w here

F it)

F -I (t)

t l

t2

^ r̂am

is th e  m easured  fo rce  from  the  to p  o f  the  pile

is th e  d ow nw ard  travelling  w ave

is th e  tim e o f  zero  velocity

is th e  tim e o f  zero  dow nw ard  travelling  w ave

is th e  m ass o f  ram

is the  velocity  o f  ram  befo re  im pact

F rom  equation  (3 ) the  im pact velocity  o f  ram  can be  so lved and 

thus th e  k inetic  energy o f  ram  (K E).

D riv ing System  Efficiency (D S E ) is defined as th e  p ropo rtio n  

o f  th e  m axim um  energy transferred  to  the  pile (E M X ) and the 

k inetic energy o f  th e  ram

D SE  =
E M X

K E
(4)

M axim um  energy  transferred  to  th e  pile can  be determ ined from  

the  stress  w ave m easurem ents

There are th ree  different efficiency co ncep ts w hich  g overn  pile 

driving hammers.

Hammer efficiency (H E ) is defined as the  p ro p o rtio n  o f  the  

kinetic energy o f  th e  ram  before  im pact and th e  poten tial energy  

of the ram at th e  to p  o f  it's stroke.

E M X  = J F(t)v(t)dt (5)

0

v(t) is the measured velocity from the top o f  the pile
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O TE = =  H E D S E  (6)
P E

F o r op en  end diesel ham m ers only the  ram  s tro k e  and thereby  the  

po ten tia l energy  o f  ram  can be  calculated  from  th e  S axim eter 

equation  (P D I 1993)

h[m ] = l , 2 2 - ( - ^ ] - 0 , l  (7)
1 J K B P M )

B P M  is th e  b low s p er m inute

A ccord ing  to  litté ra tu re  review  (PD I (1993), B rom s& L im  

(1988), C heng& A hm ad (1988), W u et al. (1985) and Y ao  e t al. 

(1 9 8 8 )) the  overall transfer efficiences o f  diesel ham m ers are 

approx im ately  3 0 -40%  for tim ber and con cere te  piles and 40- 

50%  for steel piles. T he energy  transferred  to  the  pile fo r diesel 

ham m ers can  be  as low  as 20%  o f  th e  ham m er's po ten tial energy 

(B rom s& L im  1988).

3 H Y D R A U L IC  H A M M E R  ST U D Y  IN  H O N G  K O N G

3.1 Test procedure

T h e  te s ts  w ere  done at th ree  different sites by using  tw o  different 

ty p es o f  piles. T he te s ts  w ere  op en  fo r any hydraulic ham m er 

m anufactu re r prov ided  he answ ered  fo r the  cost o f  th e  testing . 

T he m anufactu re rs w ere  inform ed th a t th e  piles w ould  be 

com m only  used  pile types in H o n g  K ong  and aim ed also to  be 

driven w ith  D elm ag  D 62-22  diesel ham m er. T he te s ts  w ere  

arranged  January  to  M arch  in 1994.

T he te s t p ro ced u re  a t each  site w as as follow s:

1. A  site w as se lected  accord ing  to  site investigations such th a t 

g ro u n d  conditions w ere  sim iliar in th e  w hole tes ting  area.

2. A t first one  reference pile w as driven w ith  D elm ag  D 62-22  

diesel ham m er. T he se t c rite rion  w as originally aim ed to  

establish  by th e  H iley type  dynam ic pile driving fo rm ula o r  by 

th e  P D A -m easu rem en ts w ith  C A S E -m ethod  fo r the  u ltim ate 

bearing  capacity  th a t is typical fo r the  pile type. T h e  la tter 

m ethod  w as used  in p rac tice  b ecause  H iley 's fo rm ula  w ith  

used  ham m er efficiency o f  90%  for diesel ham m er gave 

unrealistic  values w hen com paring  to  C A S E -m ethod  R M X - 

capacity . T he p enetra tion  w here  th e  capacity  dem and  w as 

reached  fo r diesel ham m er w as determ ined to  be th e  refe rence  

level. A t th is level elastic com peression  and perm anent set o f  

th e  reference pile w as reco rded  w ith  pencil and paper.

3. N ex t w ere  four tes t piles driven each one by a  different 

hydraulic ham m er approx im ately  to  refe rence  level by using 

sam e transm itted  energy  to  pile as w ith  diesel ham m er 

P erm anen t set, elastic com pression  o f  soil and pile and kinetic 

energy  o f  ram  w ere  recorded . T he d istance b etw een  te s t piles 

w as 3 to  4 m eters.

4. A fter a  p ro p er w aiting  period  restrike tes ts  w ere  perform ed  

for all te s t piles w ith P D A -m easurem ents, set and tem porary  

com pression  record ings and k inetic energy readings.

5. C A P W A P-analyses w ere  perform ed  for P D A -d a ta  o f  all piles 

bo th  end o f  d rive and restrike records.

6. S ta tic  load  testing  w as carried  to  th e  fo u r tes t piles and to  the  

refe rence  pile if  neccessary. T he type  o f  tes ting  w as p ro o f  

load  tes t w ith  safety fac to r o f  tw o.

Overall Transfer Efficiency (OTE) is defined as

3 .2  Description o f  hammers

T h e  selection  ham m er size w as m ade by each m anufactu re r on 

th e  basis o f  inform ation  g iven in advance.

F o u r d ifferent hydraulic ham m er m anufactu re rs to o k  p art into 

th e  tests : Ju n ttan  from  Finland, M enck  from  G erm any, IH C  from  

N eth erlan d s and N ippon  Sharyo from  Japan. In T ab le  1 are 

p resen ted  th e  ham m er m odels w hich  to o k  part in tests.

Table 1. Properties o f  different hammer models

M odel T ota l 

m ass rkgl

M ass o f  

ram  [kgl

R ated  energy 

[kN m l

D elm ag  D 62-22 12000 6200 224

Ju n ttan  H H K -9A 12500 9000 106

M enck  M H F5-12 15500 12000 130

IH C  SC 150 17500 10900 140

N ip p o n  Sharyo  N H 100 22500 10000 141

IH C  SC 150 and N ippon  Sharyo N H 1 0 0  are  bo th  double-acting 

ham m ers w hereas Ju n ttan  H H K -9A  and M enck  M H F5-12 are 

single-acting  ham m ers a lthough  in bo th  ham m ers the  ram is 

m odera te ly  accelerated .

T h e  cho ice  o f  ham m er and pile cushions is m ade by each 

m anufactu re r and the  in ten tion  w as th a t they  w ould  use their 

s tandard  cushions.

3 .3 D escription o f  the test sites and  p ile  types

T he th ree  te s t sites to g e th e r  w ith  average  pile penetrations are 

p resen ted  in T able 2 and typical S tandard  P en e tra tio n  T est SPT 

”N -values” in F igu re  1. S ites 2 and 3 w ere  chosen on same 

building site to  reduce  the  costs  o f  the  tests.

3 .4 Test results

M ajor tes t resu lts are  co llected  in T able 3. E q u a tio n  (4) can be 

used  fo r hydraulic ham m ers to  calcu late  the  corresponding 

k inetic energy  o f  ram  (K E ) and equation  (6) fo r diesel hammer to 

calcu late  th e  m axim um  potential energy  o f  ram.

In T ab le 3 C p+ C , is the  tem porary  elastic com pression  o f pile 

and soil, w hich  has been m easured  by pap er and pencil near the 

to p  o f  th e  pile. R„ is u ltim ate sta tic  resis tance  o f  the pile 

determ ined  by C A PW A P-analysis. T h e  resu lts o f  sta tic  loading 

te s ts  and C A S E -m ethod  are  no t p resen ted  here  because half of 

th e  piles d id n ’t reach the  u ltim ate sta tic  resistance during static 

loading tes ts  and C A S E -m ethod  is alw ays m ore o r less subjective 

m ethod  w ith o u t calibration  o f  Jc by sta tic  load ing  tests or 

C A PW A P-analysis.

O nly M e n c k ’s ham m er included instrum enta tion  w hich could 

m easu re  the  actual s tro k e  and thus th e  po tential energy. It is not 

know n by th e  au th o r w h eth er the  instrum ention  takes into 

considera tion  the  oil p ressu re  acting  on the  ram  during  moderate 

acceleration . In  theo ry  the  w o rk  done during  acceleration  should 

be  added  to  th e  poten tial energy as suggested  by P o sk itt (1991).

A s far as efficiencies b e tw een  diesel ham m er and th e  different 

hydraulic ham m er m odels are  concerned , th e  te s t resu lts clearly 

show  th a t the  overall transfer efficinecies o f  hydraulic hammers 

are  m uch larger than  the  diesel ham m er and th a t the  measured

S IT E  1 S IT E S  2& 3

F igure  1. Typical SPT  ”N -V alues” from  th e  te s t sites.

SPT "N -V A LU E"

0 50 100 150 200

SPT "N -V A L U E "

0 50 100 150 2 0 0
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Table 2. Description o f  test sites and pile types

Site 1 2 3

Location Sw im m ing P ool C om plex T in Shui W ai A rea 13, Phase 2 

beside H am m er Hill road

T in  Shui W ai A rea  13, Phase  2

"Ground conditions R ubble fill over 

w eathered  gran ite , over 

g ran ite  rock

Sand fill ov er so ft pond  deposit, 

ov er alluvial silt/clay, over 

w eathered  siltstone

Sand fill over so ft pond  deposit, 

o ver alluvial silt/clay, over 

w eathered  siltstone

Pile type <|)500 mm t=  100 m m  

D A ID O  concre te  pile

<(>500 m m  t=  100 mm 

D A ID O  co n cre te  pile

3 05x305x180  steel H -pile 

(A = 229 ,3  cm 2)

Nominal ultim ate resis tance  ik N l 4600______________________4600______________________________ 4800

Penetration [ml___________________ 28________________________ 23_________________________________ 30^

Table 3. M ajor tes t resu lts o f  the  hydraulic ham m er study held in H ong K ong in 1994

Pile ID Type Set/Blow fmml C.+C, [mml E M X  fkJ'l RuikNl HE f%l DSE [%] o t e  r%i

EOD BOR EOD BOR EOD BOR EOD BOR EOD BOR EOD BOR EOD BOR

HH/D62/2 DAIDO 3.4 1.3 18 16 60 61 3055 4655 - - - - 39 35

HH/MHF120/1 DAIDO 2.1 0.35 25 24 85.3 84.9 3895 4650 95 97 84 85 80 82

HH/NH100/2 DAIDO 1.6 0.4 21 26 79.3 75.5 3800 4600 - - 74 70 - -

HH/HHK9A/1 DAIDO 0.9 0.05 22 22 76 76.3 3788 4630 - - 89 88 - -

HH/SC150/2 DAIDO 0.95 0 22 22 70 58.4 3394 4726 - - 78 68 - -

TSW/D62/1 DAIDO 7 2.8 17 14 77.5 67 2 3358 4753 - - - - 39 36

TSW/MHF120/1 DAIDO 5.4 2.7 19 21 85.3 72.6 3425 4049 93 94 84 70 77 66

TSW/NH100/1 DAIDO 8 2.3 16 14 79 71.6 3253 3915 - - 81 72 - -

TSW/HHK9A/1 D A ID O 6.5 2.2 15 17 81.4 77.5 3812 4855 - - 91 87 - -

TSW/SC150/1 DAIDO 5.5 2.2 16 18 81 80.9 3550 4737 - - 89 88 - -

TSW/D62/2 H -PIL E 5.8 2.4 19 21 87.3 83.4 4854 4644 - - - - 44 43

TSW/MHF120/2 H -PIL E 2.1 1.3 24 26 108.9 96.1 4936 3195 92 92 96 87 88 80

TSW/NH 100/2 H -PIL E 4 1.7 24 26 96.6 97.1 4491 5605 - - 73 73 - -

TSW/HHK9A/2 H -PIL E 7 3.9 23 22 103 98.1 4212 4350 - - 97 96 - -

TSW/SC 150/2 H -PIL E 7.1 2 24 22 100.1 93.2 4525 5933 - - 93 93 - -

EOD is End O f  D riving

BOR is B eginning O f  R estrike

Table 4. A verage driving system  efficiences for different

_________ hydraulic ham m ers.____________________________________

Hammer m odel D riving System  Efficiency [% ]

_________________________D A ID O -piles______ H -piles____________

Junttan H H K -9A  89 97 

IHC SC-150 81 93 

Menck M H F5-12  81 92 

Nippon Sharyo N H 1 0 0  74_________________ 73_________________

efficiencies o f  the  diesel ham m er are  c lose to  th o se  values 

presented in litera ture . It can also be  concluded  from  the  

measurement’s o f  th e  M e n ck ’s ham m er, th a t friction  losses 

during the d rop  o f  w ell m aintained hydraulic ham m ers are  very

small.

The test resu lts show ed  clear d ifferences b etw een  th e  driving 

system efficiences o f  different hydraulic ham m ers. T he average  

DSE-values fo r the  different hydraulic ham m ers are  p resen ted  in 

Table 4. It can be  concluded  th a t th e  g rea te r  th e  D S E -value , the  

better the helm et m ass in p ro p o rtio n  to  th e  ram  m ass and the  

properties o f  cushion have been chosen  to  p ile’s im pedance.

The original tes ting  rep o rt p repared  by M aunsell (1994) 

suggested a new  dynam ic pile driving fo rm ula w hich  can  be  used  

in connection w ith  hydraulic ham m ers. T he fo rm ula is no t 

discussed here, bu t ano ther very sim ple fo rm ula can  be easily 

derived from  th e  m easurem ents done fo r hydraulic ham m ers.

By assum ing th a t th e  form  o f  the  fo rm ula is

(8)

* + - ( C , + C , )

where

K is the facto r, w hich tak es in to  considera tion  all energy 

losses in cushions and dynam ic energy losses in pile and 

soil.

S is the perm anen t se t p er blow

and by com paring  equation  (8) to  T ab le ’s 3 co rrespond ing  

CA PW A P-capacities w ith  D A ID O -piles (16  cases: 4 ham m ers, 2

sites and 2 te s ts  (E O D  and B O R )) and w ith  H -p iles (8 cases: 4 

ham m ers, 1 site and 2 te s ts  (E O D  and B O R )), a  reasonably  go o d  

co rre la tion  is ob tained, w hen K =0,5  and K = 0 ,6  are chosen for 

D A ID O -piles and H -p iles respectively.

T his will yield an average  ratio  o f  Ru.dyi/R^cAPWAP to  0 ,97  w ith 

a s tandard  dev iation  o f  0 ,17  w hen w hole test d a ta  is taken  into 

consideration .

P a ik o w sk y ’s (1994) energy  approach  is sim iliar in shape  to  

equation  (8). H ow ever, in his form ula K E  is rep laced  w ith  E M X  

and Cp+Cq w ith  D M X -S E T , w here  D M X  is th e  m axim um  

disp lacem ent o f  th e  pile head and S E T  is th e  perm anent set. 

D eterm ination  o f  E M X  and D M X  needs how ever u se  o f  Pile 

D riv ing  Analyzer.

It should  be  u n d ersto o d  th a t equation  (8) is only valid fo r 

sim iliar ham m ers and soil conditions as they  w ere  in the  tests.

4  A N A L Y S IS  O F S T R E S S  W A V E  M E A S U R E M E N T S  F O R

JU N T T A N  H H K -9A  H A M M E R

G R L W E A P -p ro g ra m ’s ham m er library includes inform ation  o f  

v arious Jun ttan  ham m ers. H ow ever, th e  p resen t inform ation  is 

lim ited only to  ram  dim ensions and ham m er assem bly. N o 

inform ation  is given ham m er cushion p roperties o r helm et 

w eights. It is expected , th a t th is inform ation  is included in the  

G R L W E A P  1.997-1 version.

By using  m easured  ram  velocity , actual ham m er cushion 

d im ensions and w eigh t o f  helm et it is possible w ith  G R L W E A P - 

p ro g ram  to  com pare  sim ulated  pile to p  curves to  m easured  ones.

In F igure  2 is PD A -m easurem ents com pared  w ith  the 

G R L W E A P  sim ulation. T he soil param eters in sim ulation  are 

ob tained  from  the  C A PW A P-analysis. It should  be noted , th a t 

the  pile cushion is no t m odelled because  signal is m easured  from  

the H -pile. B y using  E = 2500  M P a and C oR = 0 ,9  fo r the  

M o n o cast M C  901 ham m er cushion reasonably  go o d  

com patability  is achived betw een  curves. T he m easured  

m axim um  pile to p  velocity  w as 5 ,57  m /s and the  enthru  energy 

103 kN m , w hereas G R L W E A P-sim ula tion  g ives 5,54 m /s and 98 

kN m  respectively.
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FOUNDATION TECHNIQUES p° i  p il e  o r iv in g  anal yzer  

TIN SHUI WAI HHK9-2

_______F BN 872

_______V*Z RTL 615

WOl 527 

CTN 0 

SFT 517 

VMX 557 

Z ^ J50ms RMX 436

TTKK GEOTEKNIIKAN LABORATORIO

F igure  2. C om parision  o f  m easured  and sim ulated  pile to p  fo rce  

and velocity  tim es im pedance.

F igure  3. C om parision  o f  do w n w ard  travelling  w aves 

b e tw een  analytical app roach  p resen ted  by  D eeks 

(1992) and m easured  curves

T he dev iations betw een  m easu red  and sim ulated  curves can  be 

explained as to  have been caused  by different soil m odels. T he 

G R L W E A P -ana lysis has only used  th e  S m ith -1-type dam ping 

m odel, w hile resu lts o f  the  C A PW A P-analysis include also 

S m ith-2-type  dam ping, w hich  yields a  dam pened  b ehav iou r o f  

pile to p  velocity.

D eek s (1992) has developed  a ra ther com plicated  closed  form  

analytical so lu tion  fo r th e  m odelling o f  ram  im pact to  pile. In his 

m odel lum ped ram  and anvil a re  separa ted  by a  parallel 

connected  linear spring  and dashpot, w hich  are  rep resen ting  the  

ham m er cushion. T h e  pile is m odelled  as a d ashpo t o f  im pedance 

Z = E A /c , w here  E A  is cross-sec tional rigidity o f  th e  pile and c is 

the  1-d im ensional w ave speed in the  pile.

T h e  form ulas developed  by D eeks are no t p resen ted  here, but 

an app lication  o f  m atching tes t d a ta  is show n.

In F igu re  3 th e  com parision  betw een  m easu red  d ow nw ard  

travelling  w ave and sim ulated  d ow nw ard  travelling  w av e  is 

presen ted . I t should  be  no ted  th a t the  signal is sam e as in figure 2 

and rep resen ts  a  typical signal fo r pile T SW /H H K 9A /2  E O D . By 

using  actual ram  and anvil m asses 9000  kg  and 900  kg 

respectively , actual ram  velocity  befo re  im pact 4 ,85  m /s, actual 

ham m er cush ion  d im ensions (D = 600  mm, t= 2 0 0  m m ) and by 

supposing  th a t elastic  m odulus o f  ham m er cush ion  is 2500  M P a 

and dam ping  con stan t o f  th e  ham m er cushion is 35%  o f  the  

im pedance o f  th e  pile, the  d ow nw ard  travelling  w ave caused  to  

pile can  b e  expressed  w ith  equation

F {t)  = 4 2 7 7 -g ^ . ( l - e — ■COS(1945- , - ° ’0 9 7 4 )) (9 ) 
v '  0,9953

w here  fo rce  is in kN  and tim e is in seconds.

A ccording to  F igure 3 simulated and m easured dow nw ard travelling 

w aves are nearly identical before 14 ms. After this the measured 

dow nw ard travelling w ave includes also effects o f  skin resistance, 

w hich are not taken into consideration in analytical approach.

C alcu la ted  en th ru  energy  to  the  pile by using equation  (9) is 

app rox im ately  96%  o f  th e  m odelled  k inetic energy. This 

c o rre sp o n d s very  well to  actual m easurem ents.

5 C O N C L U S IO N S

A ccord ing  th e  tes t resu lts do n e  in H o n g  K o n g  the  overall 

transfer efficiency o f  the  diesel ham m er w as on  an average 37% 

fo r D A ID O -p iles and 4 4%  for H -piles. T hese  values correspond 

well to  values p resen ted  in literature.

D ifferences b etw een  driv ing  system  efficiences o f  various 

hydraulic ham m ers can be found. T he best D S E -value  had 

Ju n ttan  H H K -9 A  ham m er w ith  bo th  D A ID O - and H -piles.

A simple pile driving formula for hydraulic hammers was 

presented, which correlates quite well with CAPWAP-capacities. 

However, the use of such formulas is not suggested unless their 

validity is not calibrated via static loading tests or CAPWAP- 

analyses.

S tre ss  w ave m easurem ents fo r Ju n ttan  H H K -9 A  ham m er were 

fu rther analyzed by G R L W E A P -program  and analytical 

approach . B y com paring  m easured  curves w ith  sim ulated  curves 

w ere  param eters  fo r ham m er cush ion  backcalcula ted .
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