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-.----- PILE? D W IVING "~XKALYSIS-SHEET"-- 
"- "- -- -- 

* please read D?FO SHEET. 
*use seperate sheet for  each case. 
*processing only when c q l e t e l y  f i l l e d  in, 
* t h i s  sheet, completed with output w i l l  be 

returned t o  c l i en t ,  

c l ient  - - 
cl ients  c d e  = 

1.1 HAMMER: Make = .Type= 

1 .2  PILE : (incl.followers) 

top of p i l e  _I_b 

Total p i l e  length = m .  

Penetxa t ion 
below mudline = m .  

1.3 Soi l  : s o i l  investigation by =-  ---a 

mudline - 
(1 ton =lo00 kg) 

-- 

dtming factor fo r  skin f r ic t ion @ = s e c / m .  (0.6 unless c l ien t  
states dif ferent ly) .  

fixed plug supposed to be f om& a = -(yes o r  no) . 
unit-en-ing 3 = ton/m2. 

?===--m------P 
(Notes @ - @ : see INFO SHEET) 

> I----"-.-- - <-*---- 

OUTPUT SUPPLIEUTO CL!E_NJ, 
--___1 -- 
s e t  per blow - - an. blowcount = blows/ft 
net h;urener energy at  met =______ton.mter. 
buffer force - - ------ton. (for Hydroblok hamw-rs only) . 
t o t a l  skinfrict ion - - ----_-__ton. @ 
padbe-arm -----* - - -ton. @ - 
t o t a l  driving resistance = -- ton: @ 
dynamic stresses in p i l e  (ki/cm2: F- =--. F,, - - ---. 

price : 



I N F O  SHEET ( I n f o  t o  " P i l e d r i v i n g  A n a l y s i s  S h e e t t ' )  

T h i s  i n f o r m a t i o n  is t o  assist c l i e n t s  f i l l i n g  i n  a l l  q u e s t i o n s  u n d e r  
t h e  head ing  INPUT o f  t h e  s t a n d a r d  I t  P i l e d r i v i n g  A n a l y s i s  Sheet".  

We must a p o l o g i z e  i n  a n t i c i p a t i o n  f o r  n o t  b e i n g  a b l e  t o  p r o c e s s  
i ncomple t e  forms;  t h e y  c o n t a i n  t h e  b a r e  minimum of  i n f o r m a t i o n  needed  
f o r  a  f i r s t  q u i c k  a n a l y s i s .  

I n  many c a s e s  a c o n c i s e  a n a l y s i s  a long  t h e s e  s i m p l e  l i n e s  w i l l  b e  
i nadequa te .  We a r e  p r e p a r e d  t o  go more d e e p l y  i n t o  d e t a i l  i n  
s p e c i f i c  p roblems,  i f  t h e  c l i e n t  w i s h e s  s o ,  though w e  t h a n  have  
t o  a g r e e  upon d i f f e r e n t  terms and c o n d i t i o n s  i n  advance. 

Problems may a r i s e  conce rn ing  a  p r o p e r  i n p u t  from c l i e n t s  s i d e ,  i n  
t h e  way it is needed  f o r  s i m p l e  s t a n d a r d  computer  p r o c e s s i n g .  
For  c l i e n t s  conven ience  t h e r e f o r e  e x a n ~ p l e s  a r e  g i v e n  i n  t h i s  I n f o  
Shee t  c o n c e r n i n g  p i l e - i n p u t  and  s o i l d a t a - i n p u t .  

On a  few p o i n t s  s u p p o s i t i o n s  have t o  b e  made a s  f o r  i n s t a n c e  whe the r  
a  f i x e d  p l u g  w i l l  form d u r i n g  d r i v i n g  o r  n o t ;  w e  d e l i b e r a t e l y  a s k  
t h e  c l i e n t  t o  g i v e  h i s  view conce rn ing  c e r t a i n  a s sumpt ions  t h a t  must 
be  made. T h i s  c o n c i s e  a n a l y s i s  does n o t  a l l o w  f o r  a  t ho rough  i n v e s t -  
i g a t  i o n  on c r u c i a l  p o i n t s ,  a s  f o r  i n s t a n c e  "plug-forming".  

.- 
Concerning p i l e c a p ,  a n v i l  and c a p f i l l i n g  m a n u f a c t u r e r s  s t a n d a r d s  are  
i n c o r p o r a t e d  i n  o u r  computer  programs. I f  t h e  c l i e n t  w i s h e s  t o  have  
non - s t anda rds  t o  be  i n c o r p o r a t e d  i n  t h e  a n a l y s i s  h e  s h o u l d  s u p p l y  
r e l e v a n t  i n f o r m a t i o n ,  p r e f e r a b l y  a  d imens iona l  s k e t c h  and a 
s p e c i f i c a t i o n  o f  t h e  c a p f i l l i n g  m a t e r i a l .  

" P i l e  D r i v i n g  A n a l y s i s  S h e e t s "  completed w i t h  t h e  o u t p u t  o f  t h e  
a n a l y s i s  w i l l  b e  r e t u r n e d  t o  t h e  c l i e n t .  

C l a r i f i c a t i o n  on t h e  4 n o t e s  o f  t h e  " P i l e d r i v i n g  A n a l y s i s  Shee t " :  

Value o f  S k i n f r i c t i o n  .-.-- 

The b a s i c  v a l u e  o f  t h e  s k i n f r i c t i o n  i s  e q u a l  t o  t h e  p r o d u c t  o f  u n i t  
s k i n f r i c t  i'on ( m e t r i c  t o n s  p e r  sq .meter )  and c i r c u m f e r e n c e  o f  p i l e  
( m e t e r ) .  

I f  i n s i d e  f r i c t i o n  is t o  b e  e x p e c t e d  (open  ended p i l e  w i t h  s o i l  plug 
moving r e l a t i v e  t o  p i l e )  t h e  b a s i c  s k i n f r i c t i o n  is e q u a l  t o  t h e  
sum o f  u n i t  o u t s i d e  s k i n f r i c t i o n  m u p t i p l i e d  w i t h  t h e  o u t e r  c i r c u m f e r -  
ence  p l u s  u n i t  i n s i d e  s k i n f r i c t i o n  m u l t i p l i e d  w i t h  t h e  i n n e r  
c i r c u ~ ~ f e r e n c e .  

B a s i c  s k i n f r i c t i o n  may have  d i s c o n t i n u i t i e s  a t  t h e  b o u n d a r i e s  o f  
t h e  s o i l  l a y e r s .  The A n a l y s i s  Shee t  t a b l e  p r o v i d e s  f o r  t h i s .  
Wi th in  each  l a y e r  a  l i n e a r  d i s t r i b u t i o n  o f  t h e  s k i n f r i c t i o n  i s  
assumed i n  t h e  a n a l y s i s .  

I une ' 76  
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I N F O  SHEET 

The s k i n f r i c t i o n  i s  assumed t o  depend on t h e  v e l o c i t y  o f  t h e  p i l e  
( a s  a f u n c t i o n  o f  d e p t h  and t i m e )  a c c o r d i n g  t o  t h e  fo rmula :  

W =  ( s i g n o f  v ) .  W ( 1 + d l v l  
0 

w i t h  v = v e l o c i t y  o f  p i l e ;  Ivl = a b s o l u t e  v a l u e  o f  v  

W = b a s i c  s k i n f r i c t i o n  
0 

oc = damping f a c t o r  ( r a n g i n g  from 0 , 2 5  - t o  0,60 s e c / m e t e r )  

W = a c t i n g  s k i n f r i c t i o n  

ix depends  on n a t u r e  o f  s o i l  and d e g r e e  o f  c o n s o l i d a t i o n .  

I f  oc i s  n o t  known cc = 0.6 sec/m w i l l  be  used  a u t o m a t i c a l l y  

i n  t h e  a n a l y s i s .  

Note  a Q _ p r u g  and Uni t -Encbear ing .  . -- 

When a n  open-ended p i p e  p i l e  is d r i v e n ,  a  c e r t a i n  q u a n t i t y  o f  s o i l  
w i l l  e n t e r  i n t o  t h e  p i p e ;  t h e  " s o i l  p lug"  o r  "p lug" .  

When d r i v i n g  e i t h e r  o f  two p o s s i b l e  c o n d i t i o n s  may o c c u r :  

a) t h e  p lug  moves i n t o  t h e  p i l e .  

b )  t h e  p l u g  is f i x e d  i.e. t h e  p lug  moves downward w i t h  t h e  p i l e :  
t h e  p i l e  behaves  l i k e  a  p i l e  c l o s e d  a t  i t s  t o e .  

Remark I The c o n d i t i o n  b) " f i x e d  p lugn  d r i v i n g  is n o t  t h e  
same a s  t h e  c o n d i t i o n  " f i x e d  p lug"  f o r  s t a t i c  l o a d i n g .  
O f t e n  t h e  p l u g  w i l l  move i n t o  t h e  p i l e  ( c o n d i t i o n  a). 
even  when a  s t a t i c  a n a l y s i s  shows t h e  f i x e d  p l u g  p o s s i b l y  
t o  form, t h i s  p l u g  might move i n t o  t h e  p i l e  ( c o n d i t i o n  a  
d u r i n g  d r i v i n g  1. 

I n  c a s e s  o f  doubt  it i s  sugges t ed  t h a t  p i l e  d r i v i n g  
a n a l y s e s  a r e  t o  b e  made f o r  b a t h  c a s e s :  a)"moving p l u g "  

b ) " f i x e d  p lug"  

( s e p e r a t e  I fAna lys i s  Shee t "  p e r  e a c h  c a s e ! )  

Remark I1 U n i t  i n t e r n a l  s k i n f r i c t i o n  g e n e r a l l y  h a s  a  l ower  v a l u e  
t h a n  u n i t  e x t e r n a l  s k i n f r i c t i o n .  ( s a y  i$ t o  4 ) 

- the nettlerlands. ..~ . .. 



INFO SHEET 

Remark 111. A s  a g u i d a n c e  f o r  t h e  u n i t - e n d b e a r i n g  t h e  f o l l o w i n g  -- 
v a l u e s  may b e  assumed:  

s a n d s  100  x  u n i t - s k i n f r i c t i o n  a t  p i l e  t o e  
c l a y s  3 0  x " I I 11 II I I 

( V a l u e s  g i v e n  by  s o 2 1  c o n s u l t a n t s  may s u p e r s e d e  t h e s e  
i n d i c a t i o n s ) .  

T h e s e  v a l u e s  may b e  u s e d  as s u c h  f o r  c o n d i t i o n  a )  
( p l u g  moving i n t o  p i l e ) .  
F o r  c o n d i t i o n  b )  ( f i x e d  p l u g )  t h e s e  v a l u e s  a p p l y  
o n l y  i f  p i l e  t o e  h a s  p e n e t r a t e d  s u f f i c i e n t l y  i n t o  a  
u n i f o r m  h a r d  l a y e r .  
I f  n o t ,  t h e  u n i t - e n d b e a r i n g  i n  t h i s  c a s e  r e d u c e s  t o  
a v a l u e  dependi,ng on p e n e t r a t i o n  i n t o  h a r d  l a y e r  
and  on t h e  s t r e n g t h  o f  l a y e r s  o n  t o p  o f  t h i s  h a r d  
l a y e r  ( r e d u c t i o n  up t o ,  s a y ,  1 /3  o f  v a l u e s  g i v e n ) .  

... 

Note  Q -- ~ T o t a l  s k i n f r i c t i o n  a n d  t o t a l  e n d b e a r i n g  a n d  t o t a l  
d r i v i n g  r e s i s t a n c e  a r e  c a l c u l a t e d  w i t h  t h e  d a t a  
s u p p l i e d  b y  c l i e n t .  ( T h e s e  v a l u e s  may b e  c h e c k e d  
b y  c l i e n t ) .  

Remark = - T o t a l  d r i v i n g  r e s i s t a n c e  need  n o t  b e  e q u a l  t o  
t o t a l  s t a t i c  r e s i s t a n c e .  

..... -- - - - -- - - .- ~- 8--2.-- ...... -- . - - 
R e f e r e n c e s :  1 De I n g e n i e u r ,  no. , 1 F e b r .  1374, p a g e s  ~$6-153 ..... 

. . . . . . .  . . . .  - . . . . .  ... . - - -. - -  
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INFO SHEET 

1. C o n v e r s i o n  f a c t o r s  F o r  i n p u t  ( f o o t - ~ o u n d  u n i t s  t o  m e t r i c  
iicit s 

L e n g t h ,  a r e a ,  volume 
1 f t  = 0 , 3 0 5  m 
1 i n c h  = 0 .0254  m = 25.4  rnn 
1 s q  f t  ~ 0 . 0 9 3  sq.m = 0.093 m 

2 
2  

1 s q . i n .  = 6.45 sq.cm= 6.45 cm 
3  

( 1 c u . f t  = 0.028;7 cu, m = 0.02837 m ) 

F o r c e s ,  w e i g h t s  - 
1 t o n  = 1 m e t r i c  t o n  = 1000 kg 
1 ( l o n g ) t o n  ( 2 2 4 0  l b s )  = 1017 kg 1 m e t r i c  t o n  
1 ( s h o r t l t o n  (2000 lbs)= 908 kg = 0.908 m e t r i c  t o n .  
1 k i p  = 0.454 m e t r i c  t o n  

S t r e s s e s  and  p r e s s u r e s .  --- 
1 l c s f  = 4.88 t/m2 = 4.88 m e t r i c  t o n s  p e r  sq.m.(use f o r  

c o n v e r s i o n  o f  Uni t  s k i n f r i c t i o n  and U n i t  
e n d b e a r  i n g  . 

1 ( l o n g ) t o n / s q  f t . =  10.93 t/m2 

S k i n f r i c t  i s .  
1 k i p / f t  = 1.49 t / m  .- . 
1 ( l o n g )  t o n j f t  = 3.33 t i m  

S k i n f r i c t  i o n  a s k e d  f o r  i n  1.3 i s  u n i t  s k i n f r i c t  i o n  - 
c i r c u m f e r e n c e  o f  p i l e  ( e v e n t u a l l y  o u t s i d e  and  i n s i d e  t o -  
g e t h e r ) .  

F o r  O u A u t  ( m e t r i c  t o r t 2 , p o u n d  u n i t s )  2 .  - 
1 cm = 0.394 i n c h  

1 t o n  m e t e r  = 7222 f t  l b s  

1 t o n  = 2202 lbs = 2.202 k i p s  

1 t o n  = 0.983 lung t o n s  

1 t o n  = 1.103 s h o r t  t o n s  

1 kg/cm2 = 1 kg/sq  cm = 14.21 p s i  = 2.046 k s f .  



1.2. PILE (incl.followers) 

top of p i l e  - 
total pile length = 405 m. 

penetration 
below mudline = _ _ 6 L r n .  

pile pa ---.." 
> r k -  

i~allandsche betan maatsckaappij bv I u n e  ' 7 6  
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SOIL : EXRMPLE 
CFICTITIDUS 3 NEE SKIN FRICTIOH LWnr 

1.3. SOIL : soil inve3tigations by = COMPRHY XYZ. , 

skin friction( tonjm) 
soil layers(m) varies between type of soil ...... and ...... a ---- 

P.5 ' T 7 - - T T i  
----- 

mudline - O -- ---I SILTY SRND 

1- 8.0 I FIRM CLAY . I 
( 1 ton=~0001cg 1 _L 40 _ _ _  9.5 1o.n I -- HRRD CLAY 

411 55 0.0 0.0 FIRM CLRY --- ---- 
55 -- 65 6.U SOFT CLRY 4.'!-.- 

...-A&- - 75 -- 5.0 i 4 5 . 0  ___- SRI(DY GLRY 1 75 1 85 1 35,O 1 48A 1 COARSE MNQ 1 , 

damping factor for skin friction@ ==sec/m.(0.6 unless client 
states differently). 

fixed plug supposed to be f o r m e d o  =-!%-(yes or no). 
unit end-bearing 0 = 750 ton/m2 

( ~ ! i ! Z . s  @ - @ :(see Info Sheet) 
-- _"- " _ _  _- _ " ----_ "-"---" Î 1I1I -" -. ---*I.̂ I ."- *-"*I --ll ---i---- 1- ^ ---- ---- . - - - - -  - ---l 
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McDermott Servi cios de Construcoa Ltd. 
att.Mr.Fred Thomason 
Rua Mexico 31 - Grupo 501 
20.000 RIO DE JANEIRO. R.J,Brasil 

Re Your ref. 

Dear Mr. Thomason, 

Verolme ~achinefabr iekf  
(Engineering Compar 
IJsselmonde B.V. mJp 

RSV 
F 

our ref. V H U / C ~  Rotterdam, 8th February 1979 

Subject:  Demonstration with Hydroblok HBM 4000 pi ledriving hammer 

February 22, 1979. 

As published worldwide l a s t  year id  offshore magazines-two HBM 4000 

pi ledriving hammers were ordered f o r  delivery by the  end df 1978. 

These hammers are  the most powerful among present ly proven ones. 

The i n i t i a l  f u l l  sca le  tes t ing  meanwhile has confirmed tha t  the 

ra ted  energy output measured on the t e s t p i l e  goes f a r  i n  excess of 

the  1,700,000 specif ied feet-lbs.  The number of blows reached was 

80 per minute. 

For par t icu lars  we re fe r  t o  the attached sheet.  

The above t e s t ing  of the hammers happens in comb'nati on with a 4400 HP , 

hydraul i c powerpack which has been bui 1 t especi a1 ly  f o r  thei r %drive, 

A t  c l i e n t s '  demand i t  is  a skid mounted, 'containerised and f u l l y  se l f  

sustained uni t. 

The HBM 4000 hammers are  now s t r i  king t h e i r  testblows on top of an 

84 i n .  O.D. 1:5 ba t t e r  t e s t p i l e .  This t e s t p i l e  passed a dense 

layer  a t  225 f e e t  depth which caused a temporary refusal  of e7 25,500 

blows/foot. A t  the time t h i s  l e t t e r  was wr i t t en ,  the  hammers have been 

driving over 29 hours. 



, 
, + Verolme Machlnsfebrlek 

(Englntsrtng Company) 
Un~slmonde B.V. 

8th February 1979 
To: 

We are  now organisi  ng a demonstrati on of the pi ledriving capabi 1 i t i e s  

of the above Hydroblok hammers on Thursday, February 22,  1979, f o r  
which we gladly i n v i t e  you. 
This demonstration is  s e t  u p  in  cooperation with the future Owners. 

The program i s  as per attachment. 

O u r  guests a re  invi ted t o  assemble on the 22nd of February a t  09.15 hrs a.m. 

in  f ron t  of the  Rotterdam Hilton Hotel, located in the very centre of 

the c i ty .  

From there t ranspor t  wi l l  be arranged by buses. 

In case you prefer  t o  have your own transportat ion,  we advise tha t  

our presentation w i l l . s t a r t  a t  Motel "Papendrecht", Restaurant "De Staa tse  

Schans" on the  f i r s t  f loo r .  

This place can eas i ly  be found a t  the  freeway entrance of the town of 

Papendrecht. 

For your easy reference you wil l  f ind enclosed herewith copy of a map of 

the pertaining Rotterdam-Papendrecht area. 

By road, the dis tance Rotterdam-Papendrecht i s  approx. 20 miles. 

Due t o  short  time avai lable  we kindly ask you t o  confirm your attendance 
I 

by telex or by telephone, please ask f o r  Miss Janet Visser. 

I t  wil l  be a grea t  pleasure t o  have you as our guests on February 22 ,  

1979. 

Yours fa i thfu l  ly  

VEROLME ENGINEERING COMPANY 

IJSSELMONDE B.V.  

Encl. 3 x 



Hydroblok Hammer 
Type : HBM-4000 

Standard 

Main Specifications. 

CAEACITX 
Guaranteed NET 
driving energy 160  trn. 

1 200 0 0 0  ft 

RATED driving 
energy approx. 232 tm. 

1 700  0 0 0  ft 

Bufferforce min. 1600 t. 
3 300 k i p s  

max.  4000 t. 
8 800 k i p s  

Number of blows/min. 40-70 

Power (installed) 4400  hp. 

Magnitude of total 
soilresistance the 
hammer can overcome 
during driving 7200 t. 

1 6  000  k i p s  

YEZGHTS 
Dropwe ight 93 t. 

205 0 0 0  Ibs 

Ilammer (incl. drop- 
weight,cxcL.anvil, 
pile sleeve and 
ballast) 186 t. 

4 1 1  0 0 0  t b 8  

I p34 O.D. 1 
Anvil 1 5  t .  

3 3  000  Ibe  

Pile sleeve 2 1  t .  
4 6  0 0 0  tbs 

Under water ballast 38 t. 
84 0 0 0  t b s  

Max. pile size 
(without adaptor) 2134 mm. O.D. 

L--3_700--4 . 

Dimensions in nun. Subject to modifications. 

0400-00-6(  
--- 





09.30 hrs 

10.00 hrs  

10.00 - 12.00 hrs 

12.00 hrs  

12.30 - 13.30 hrs 

13.30 hrs ' 

14.00 - 16.00 hrs  

16.00 hrs  

Buses leaving.  

Arrival  a t  Motel "Papendrecht" - 
Restaurant "De S t a a t s e  Schans" 

f 

PROGRAM HBM 4000 DEMONSTRATION . 
# 

Thursday, February 22,  1979. 

09.15 hrs  Guests assemble i n  f r o n t  of Rotterdam 

H i  1 ton Hotel. 

Boarding buses. 

Coffee. 

Br ief ings  by Dr. J.N. Jansz ,  managing d i r e c t o r  

Hollandsche Beton Groep, Research and 

Devel opment . 

Departure f o r  Test  S i t e .  

Demonstration of HBM 4000 pi l edr iv ing  system. 

Departure f o r  MotelUPapendrecht" - 
Restaurant "De S t aa t s e  Schans" 

Cocktai ls .  

Cold Buffet .  

Departure f o r  Rotterdam Hilton.  

Informal discuss ion.  



P R O G R A M  

hrs 

hrs 

10.00 - 12.00 hrs 

Pemonstration 
of - - 

Hydroblok HBM 4900 , 

Thursday, ~ i b r u a r y  22, 1979 - .  , 

hrs 

- 13, 

hrs 

hrs 

Guests assemble i n  f ron t  ,af, % L Rotterdam ,): 
HiltonHbtel . - 

I - .  

Boarding , Buses . . . . 

Buses leavfi ng : . 

Arrival, a$- Matel "Papendrecht" , 
Restaurant "De Staa tse  Schans" 

8- 2 , 

Part ixi  pants wi t h  > ,  own transportat i  on 
join the Qroup, - , 

Coffee,. 
.* . " 

Introduction by Mes srs Verolme Engi neeri ng 
Compaqj, ,. ,, - , , 

Briefjngs by Dr. .J. W .  Jansz , Managing Director 
HBG, .Research and Development and by 
Messrs 'Nether1 ands Off shore Company 

Questions 

Departure fo r  Test S i t e  

hrs Demonstration of HBM 4000 Piledriving System 

Departure for Motel "Papendrecht", 
Restaurant "De Staatse Schans" 

hrs Cocktai 1s 

Cold Buffet 

Departure for  Rotterdam Hilton 

Informal d i  scuss i ons 



Piles Client ahve/under Wa;;- 
water 

PGchiney 1970 Flushing NL. 
1 

concrete 34 m clay, sand HBM 
..- - 

34 m sand HEN concrete 
59.45 an 

200 steel 
piles,dia 106m 1 12 m I clay, sand I HBM 

Pub1.W.m 1974 Amsterdam NL above H.B.M.500 1 2000concrete 118-24m I peat,sand I HEN 
piles 

1 I I 1 

Shell Oil 1974 Gulf of PIexico 
Ccan~. Plarsh Island 

Block 130 

H.B.M.500 1 steel pile 
24"dia,lWw.t. 

350 ft. stiff clay, McDemtt 
(160m) silts HBM 

Min.Publ. Eastern Schelde 
Works under H.B.M. 500 Various tests 

a.o.underwater 
canpaction 

HEN 

--I- above 
I -- H.B.M.500 950 steel piles 25-36 m I peat, sand 

box type l -  
Greater 
Iandon Thames Barrier 

Council 

H.B.M.850 I Steel profiles 1 15-20 m I peat,sand I HBM I Lars& 6 and PSP 
I 8005 I 

clay, chalk I - I 
H.B.M. 500 Steel sheet 

piles 
peat, clay / sand 1 -  

Occidental 1 1976 1 Claymre field, 
of Scotland, North Sea . 

above 360 ft. H.B.M.3000 4 steel piles 
dia 48" 
24 steel piles 
dia 60" 
batter 10.7:l 

150 ft. clay,s&- Neth.Offsh 
layers Ccmp.NOC. 

Kellog ' s ) 1977 / Cork,Dublin 
I Ireland 

H.B.M.850 400 steel piles 15-18 rn sand, 
24" weathered 

rock 



Dutch Sector 

Dutch Sector 



n 
to be executed 

Works Schelde river 
NL. 

48" 



EXPERIENCE 

WITH 

HBM HYDROBLOK HAMMERS - 



NOC EXPERIENCE RECORD I - I Y D R O ~ K S  HEM 3000 

TABLE I 

shore in Holland 

North Sea U.K. 
19x60 in dim. 

Pennzoil Nederland Platform K13/C 
North Sea, D u t c h  

Norht Sea, D u t c h  

Petroland B.V. 
rth Sea, D u t c h  

TOTAL : - + 154 hr 



particulars 

Piledrivers at jobsite: 

Installation vessels/barges: 

Piles driven to final penetration by 
different h m r  types: 

H m r  problems : 

2 x HBM 3000 and 3 x Menck MRBS 8000 

Challenger one side 
Herculess (shortly Orca) other side 

2 x HBM 3000 48 inch piles) total of 2 1  piles 
19 x 60 inch piles 

3 x Menck MRBS 8000 : 48 
piles) total of 7 piles 5 x 60 inch piles 

2 x HBM 3000 - lubrication of guiderails 
- steering hoses 
- piston rods connection collapsed 

3 x Menck MRBS 8000 - anvils cracked 
- cilinder lining problems 

At end of pile driving 4 out of 5 harmers were unuseable, one HBM 3000 finished the driving job ! 



COMPARISON * 
HEAW PILE DRIVERS 

T R m  II HBM 3000A (3000) MRBS 12500 

Max. rated 867.960 f t / l b s  1.100.000 (774.000) f t / l b s  
157.000 (107.000)mkg 

7.700.000 (5.250.000) mkg/min 7.087.500 mkg/min 11.200.000 mkg/min 

information drawn f m  manufacturer's sales brochures 

weight 
4 0 

0 0 - 0  0 
0 o o m  0 
0 O O N  0 
co m o d  -r 

capacity ll-IxLU 
4 0 

0 0 - 0  0 
0 o o m  0 
0 O O N  0 
co m o d  * 

m  s: L C - - r :  x 



H B M - 4 0 0 0  TYPE HYDROBLOK HAMMER 

UNDER DURATION TEST,  SLIEDRECHT 1979. 

Today, February 2 2 ,  1979 you w i l l  see a more than l i f e - s i z e  t e s t  s i t e .  
The most powerful hammer i n  the  world, dr iving an 84 inch p i l e  t o  a 
penetra t ion of more than 230 f t .  

1 WHY ALL THIS EFFORT? I 
We have th ree  goals i n  mind, v i z . :  I 
1) I t  must be proved t o  the  c l i e n t ,  i n  t h i s  case The Netherlands 

Offshore Company, t h a t  t h e i r  hammers can meet t he  quaranteed per- 
formance spec i f ica t ions  over an extended period of time. 

2 )  The Hydroblok organization wants t o  check i t s  design ca lcu la t ions  
and t o  ca l i b r a t e  i t s  design techniques fo r  fu ture  developments. 

3 )  This opportunity i s  u t i l i z e d  t o  gather information of a more general  
nature  about the  i n t e r a c t i v e  behaviour of the t o t a l  hammer-pile-soil 
system. 

1) Performance 

The t e s t  has c l ea r ly  shown t h a t  t h i s  huge hammer r e a l l y  w i l l  do the  job 
it was designed fo r .  But what do we r e a l l y  mean by performance? The 
hammer must generate energy, necessary t o  achieve pene t ra t ion ,  t o  achie- 
ve p l a s t i c  deforma.tion of the  s o i l .  The p i l e  t ranspor t s  the energy from 
the hammer t o  t h e  s o i l .  
The only meaningful yardst ick t o  measure the  energy i s  the  k i n e t i c  ener- 
gy of t h e  ram immediately before it h i t s  t he  anvi l :  

The mass M is  known from ca lcu la t ions ,  and more accurate  a l so  from the  
f ab r i ca to r s  weighing procedure shee t .  
The impact ve loc i ty  v i s  measured and visual ized a t  the  operators  con- 
so le .  I n  our case t he  ve loc i ty  i s  determined by the  timedelay t between 
two adjacent  points  t h a t  a r e  passed by the  ram. (Incidentaly a l s o  ttle - re-  
bound ve loc i ty  i s  ind ica ted  by the  same means). The ve loc i ty  i nd i ca to r  
i s  ca re fu l ly  checked-and ca l i b r a t ed  and it i s  a standard b u i l t - i n  piece 
of equipment. i n  every Hydroblok hammer. 

Does the  p i l e  accept a l l  t h a t  energy from the  hammer? 
It depends on the r e l a t i v e  p rope r t i e s  of the  combination of p i l e  and 
hammer. A t  a ce r t a in  impact ve loc i ty  v a given p i l e  can only absorb a 
ce r t a in  force  per  time-span and the  excess force i s  bounced back i n t o  
the  hammer, and i s  there fore  l o s t  t o  the  dr iving process. Here the  ad jus t -  
able Hydroblok buffer-force comes i n t o  the  p ic ture .  
The operator  can regula te  the  impact force  during dr iv ing  independently 
from the  energy. Conventional hammers allow such a force-adjustment 
only by adapting ( i . e .  reducing) the  energy. This unique f ea tu re  allows 
the energy t o  be temporarily s to r ed  i n  order t o  s t r e t c h  the blow over a 

kollandsche bston maatschapgsij bv 
p.o.box 82 - rijswijk - the netherlands 
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longer per iod of time by merely adjust ing the  bufferforce ,  constant ly  
working with the  same optimum energy l eve l  of each hammerblow. This 
i n  f a c t  i s  the  key t o  f a s t  dr iving,  as  has been proved i n  many offshore 
operations where sho r t  dr iving times have amazed so many. 

During t e s t i n g  various bufferforces  and impact ve loc i t i e s  were used. 
The impact-force diagrams have a l so  been measured t o  check the  diagrams 
calculated with the  PILEWAVE-computerprogram. 

The HBM-4000 de l ive r s  more than i t s  guaranteed k i n e t i c  energy of 
120 000 1 b . f t .  (160 tfm) a t  buf fe r  forces varying from 2500 tonforce 
t o  4000 tonforce.  

I 2 Design Check. 

The bu i l t - i n  buf fe r  p ro t ec t s  t h e  hammer from excessive s t r e s s  and 
s t r a i n .  A t  moment of impact shock-waves s t a r t  t o  t r a v e l  not only i n  
the  p i l e ,  bu t  a l so  i n  t he  hammer. Now peakforces a re  cont ro l led  by 
the buf fe r  and consequently kept  within acceptable l i m i t s .  This makes 
i t  possible  t o  design t h e  various hammer p a r t s  properly on f a t i gue .  
Extensive s t r e s s  and s t r a i n  ca lcu la t ions  have been performed, both 
s t a t i c a l l y  ( f igure  I )  and dynamically ( f igure  2 and 3) , the 1at te . r  
being based on known impact speeds of the  various co l l i d ing  hammer- 
pa r t s .  Test  measurements during ac tua l  p i ledr iv ing  have proved t h a t  
these complex ca lcu la t ions  co r r ec t l y  assess  what happens i n  p r a c t i c e .  
Therefore we can be sure  t h a t  the  hammer i s  designed a s  a r e l i a b l e  
t oo l ,  s u i t a b l e  t o  be used underwater during longer per iods .  

1 3 Hammer-pile-soil behaviour. 

Extensive t e s t s  and measurements have been performed t o  determine s t r e s -  
s e s  and acce le ra t ions  a t  the  top  and near t he  toe of the  p i l e .  S o i l  in- 
ves t iga t ion  has been ca r r i ed  ou t  before dr iving.  During dr iv ing  pore 
pressures and t o t a l  s o i l  pressures  were recorded.  
This p a r t  of the  t e s t  gathers  information of a more general  i n t e r e s t .  
I t  has been made poss ib le  through the  generous support and pa r t i c ipa t i on  
of a broad in t e rna t iona l  forum: 

I Amoco U.K. Exploration Company 

I B r i t i s ch  Petroleum Trading Ltd. 

I Det Norske Veri tas  

I Delf t  So i l  Mechanics Laboratory 

I Groupe Elf-Aquitaine 

I Hollandsche Beton' .Groep 

I Indus t r i e l e  Raad voor de Oceanologie 

I I n s t i t u t  Franqais du Pe t ro le  

I Lloyd's Register  of Shipping 

I Marathon O i l  Company 

Netherlands Offshore Company 
.=-.=-------- C .._____-___ --.---.---. ---------- 

hollandsche beton maatschappij bv 
p.o.box 82 - rijswijk - the netherlands. i 
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and pore  p ressure  and t o t a l  p ressu re  measurements 
were made by 

Bui ld ing Research Establishment.  

~ u c h  va luab le  informat ion  has  been gathered  and t h e  f i n a l  r e p o r t  w i l l  
be i s s u e d  t o  t h e  sponsors be fo re  1 March 1979. 

Now t h a t  the  "WHY?" has been c l a r i f i e d  it i s  time t o  t e l l  something 
about "WHAT" you w i l l  s e e  a t  t h e  t e s t s i t e .  W e  r e f e r  t o  f i g u r e  4. ~t 
the  s i t e  t h e r e  a l r e a d y  was a v a i l a b l e  an 84 inch  v e r t i c a l  p i l e  ( 1) 
i n  f i g .  4 ) ,  which was used t o  t e s t  previous harmers.This time t h e  
t e s t  procedure c a l l e d  f o r  a b a t t e r  p i l e  7 on 1. ( 2) i n  f i g .  4 ) .  Du- 
r i n g  d r i v i n g  t h e  i n c l i n a t i o n  inc reased  t o  5 on 1 due t o  deformations 
i n  t h e  s o i l .  The i n c l i n e d  t e s t p i l e  i s  c losed  a t  i t s  toe  and t h e  o u t e r  
diameter  i s  84 inch ,  wal l th ickness  1.25 inch.  During d r i v i n g  t h e  p i l e  
was supported i n  t h e  beginning by t h e  means of  b racke t s  A and B con- 
nected t o  the  v e r t i c a l  p i l e .  Brackets  A )  and B) a r e  removable and 
they were taken away and replaced again  a s  t h e  d r i v i n g  procedure pro- 
gressed and success ive  add-ons were welded. The t o t a l  length  now i s  
71 m (235f t .  ) The 7 m deep hole  ( 3) i n  f i g .  4 )  i s  p r o t e c t e d  by s t e e l -  
p i l i n g .  I t  can be emptied by pumping o u t  water  and it has been u t , i l i z e d  
f o r  welding o p e r a t i o n s  and it al lows t h e  hammer t o  d r i v e  t h e  p i l e  a 
f u r t h e r  5 m below groundlevel  should t h a t  be necessary .  
The f i r s t  9 m of S o i l  c o n s i s t  of p e a t ,  then  up t o  40 m l a y e r s  o f  c l a y  
with medium dense sands.  From 40 m to 70 m we f i n d  dense sands and 
below 70 m c l ay  wi th  d i spe r sed  sand l a y e r s .  
A blowcount. graph i s  added t o  t h i s  informa.tion-package a s  f i g .  5.  

F i n a l l y  a number o f  maxinun values  a r e  given t h a t  have been reached a t  
any time dur ing t h e  t e s t i n g  program of  some 33 hours of d r i v i n g ,  though 
not  a l l  i n  combination. ( c a t a l o g  va lues  between b racke t s )  

2 
Net impact energy of ram (%mV ) ton.meter 190 (160) 

f t . l b s  1370 _ 000 (1200 000) 

Buffer force  maximum tonf  4000 (4000) 

k i p s  8800 (8800) 

I Maximum blowcount pe r  25 c m  40.000 

p e r  f o o t  49.000 

Hours e f f e c t i v e  d r i v i n g  
on t e s t p i l e  (15 Febr.79) hammer 4001 23  h r s .  17 min. 

hammer 4002 11 h r s .  7 min. 

7 -  hsifandsske beton maatschappij bv k,i' p.o.box 82 - rijswijk - t h e  netherlands. -- 
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Fig: 1. 

&re-tensioned bo l t  \ 
L 

- \ 
Thpee-dimensional finit element model representing the ram of Hydroblok 
hammer HEM 4000, Calculat ions  provide stress and s t r a i n  i n  each p a r t  of 
t h e  ram under  va r ious  s t a t i c  conditions. 

I X _ _ - _ _ p - ~ - ~ - ~ ~ - - . .  - t7------.--------.- 
-I----- -------- I 

ksElakadsekte beton maatsehappij bv 9.04.71 

p.o.box 82 - rijswijk - the netherlands. I I?.... 1 9 7 j  



wedge-shaped part is 
of ram cylinder 

of impact head 

impact speed of  
impact head onto 
bottom side of 
ram cylinder 
is 4.5 m/s 

Figure 2 :  Three-dimensional finit element model representing the ram of a 
Hydroblok hammer NBM 4000. 
The model includes next to stress-strain relations also mass; it 
is suited to perform dynamic calculations. 

kro!fandsche betow maatschappij bv 
p.o.bax 82 - rijswijk - the netherlands. 
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ultimate bending 
stress in bl/tnm2 

part: pre-tensioned bolt 

time: 4 milliseconds after begin of impact 

Figure 3: Typical result of dynamic calculation with the model shown in 
figure 5. All heavily loaded parts of a Hydroblok hammer are 
calculated in a similar way. 

hoBlandscke beton maatschappij bv 9. 04 71  

p o.box 82 - rijswijk - the netherlands 
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Blowcount (bllO,25 m) 
0 100 200 

A1 
A 2  

9 
A3 
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(NL) SLIEDRECHT PILEDRIVING TESTSITE 
FEBR. 1979 

A = BUFFERFORCE IN METRIC TONS 
= 

OVER SAME DISTANCE 
6 = TIMESPAN f - 

60 
BLOWS PER MINUTE = 

holitandsckae befisn maaftse;I%appij bw 
p.o.box 82 - rijswijk - the netherlands. 

i~ aa. rs-ls, 
w --.-~-*__^_xx__-.I -.lli7,--,." -,.. X"~-.̂ .--LI-~.-.~-~-*"A-",~..X^-l--l"l,..".-.----"."."^11-I- ^^ --.. - --.-- * 



-- --.------- * ~ - m * ~ e , - - - , , - . - . , ~ "  --*----.,. *--- j_._._-.~-~-_____,._____I-_--- I_-.-- -.-- 

- h o l l a n d z t o n  maatschappij b ~ ~ . o 4 . ~ 1  ? p.o.box 82 - rijswijk - the netiieriai-ids. - ~ P ~~~rab.1979 1 1 
. " " . . -  -"L ~ .,--. .-.~.-.- 



p.o.box 82 - rijswijk - the netherlands. 



-3 hollandsche beton maalschappij bv 
p.o.box 82 - rijswijk - t h e  netherlands. 







hollandschc beton n~aalschappij bv 9. 04.74 
p.o.box 82 - rijsivijk - the netherlands. -. 

FEBR. !97 i 



Piled Anchor Point (PAP) System with self-equalizing force 
d is t r ibut ion  f o r  Tension Leg Platforms. 

Hydrob lok 
dr iving 

hammer -4 
anchorcable, checked before 
submersion and coiled. 

anchorcable t o  Tension Leg 
Platform. 

The base frame primarily Lerves the purpose t d  s t a b i l i z e  the anchor p i l e s  
before they are  driven. The anchor p l a t e  ca r r i e s  the anchorcable(s) ;  the 
anchorcable-connection can be careful ly  checked and the cable i s  coi led 
before submersion. The anchor p i l e s  a re  driven, and a ce r t a in  difference 
i n  the l eve l s  of the  gimbals i s  acceptable. Pulling the  anchorcable(s) 
makes the anchorplate match a l l  gimbals, evenly d i s t r ibu t ing  the anchor- 
force t o  a l l  (maximum 3)  p i l e s .  The baseframe from t h i s  moment on has no 
function anymore, a s  f a r  as v e r t i c a l  anchorforces a re  concerned. Pinning 
the baseframe firmly t o  the seaf loor  with separate p i l e s  makes horizontal  
components of the anchorforce not work any more on the v e r t i c a l  anchor- 
p i l e s .  Because of the  nature i n  which TLP-anchorpiles a re  cyc l ic ly  
loaded, separation of horizontal  and ve r t i ca l  force components can be 
advantageous. 

hollandsshe betan maatsckappij bv 
p.o.box 82 - rijswijk 
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THE PUPPET SYSEMS 

The Puppet Systems a r e  Hydroblok's newest methods which make i t  
possible  t o  dr ive  p i l e s  insupportedly.  In  such cases there  i s  
nothing t o  hold the  p i l e  upr ight  during the  f i r s t  s tage of i t s  
i n s t a l l a t i o n .  

Two var ia t ions  were developed ( f igure  1) : 

Number 1: A method which uses only l a t e r a l  s o i l  res i s tance  f o r  
s t a b i l i z a t i o n .  

Number 2 :  A method where an element i s  added f o r  s e l f - s t a b i l i z a -  
t i o n ,  t he  so-called Puppet Weight. 

A standard Hydroblok hammer is the  i n t eg ra l  p a r t  of the  Puppet 
System. During dr iving a Hydroblok hammer s i t s  f r e e l y  on top of 
the  p i l e ,  while the  h o i s t  i s  kept  s lack.  
The sleeve guides the hammer pe r f ec t l y  onto the  p i l e .  This spe- 
c i f i c  fea ture  i n  combination with the underwater d r iv ing  capabi-. 
l i t y  each Hydroblok hammer bas i ca l l y  possesses,  provides the e le -  
ments fo r  the Puppet System. 

Puppet System method number 1 t h a t  uses l a t e r a l  s o i l  res i s tance  only 
was recent ly  described i n  d e t a i l  (reference 1 ) .  Puppet system method 
number 2 w i l l  be published soon. ( references  2 and 3 ) .  A s h o r t  out- 
l i n e  w i l l  be given here .  

The soil-inclependent Puppet System number 2 ( f igure  1) requi res  two 
puppet-weight-guidelines, running down from the  ves se l ,  passing 
through the puppet-eyes, t o  t h e  Puppet Weight. The l a t t e r  i s  simply 
a mass, loosely  s l ipped around the p i l e  a t  a low l e v e l ,  thus produ- 
c ing  a tension force  i n  t h e  puppet-weight-guidelines. A camponent of 
t h i s  tension force  a c t s  onto the  puppet-eyes, thus s t a b i l i z i n y  p i l e  
and hammer within c e r t a i n  l i m i t s  which w i l l  be explai.ned he rea f t e r .  

A puppet System operat ion mainly s t a r t s  with the  temporary connec- 
t i o n  of p i l e  and hammer i n t o  one u n i t .  There must be some s o r t  of a 
h o i s t  (e.g. d r i l l s t r i n g )  t o  lower the un i t .  Figure 2 ,  s t age  1, shows 
the  p i l e  sho r t l y  before it w i l l  touch the sea f l oo r .  Because of 
current-action the p i l e  toe  w i l l  not  remain v e r t i c a l l y  beneath t h e  
vesse l ,  but  w i l l  dev ia te  a c e r t a i n  dis tance ql ( landing d i s t a n c e ) :  

p.o.box 82 - rijswijk 
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FD r ep resen t s  the  r e s u l t a n t  of a l l  c u r r e n t  fo rces  on t h e  system 
a c t i n g  a t  a  d i s t a n c e  lD above t h e  p i l e  t o e .  Fur the r  synbols  w i i l  be 
c l e a r  from f i g u r e s  1 ,  2 and 3. The corresponding p i l e  angle a1 ( l an -  
d ing  angle)  : 

To make t h e  c a l c u l a t i o n s  i n  a coflservative manner, a  p o s s i b l e  p o s i -  
t i o n  change A q  of t h e  v e s s e l  w i l l  be assumed t o  occur i n  the  t i m e -  
s p l i t  between touch-down and t h e  beginning of  the  p i l e ' s  se l f -pene-  
t r a t i o n  ( s t a g e  3 ) .  This  r e s u l t s  i n  a  h o r i z o n t a l  d i s t a n c e  qs ( s t a b -  
b ing d i s t a n c e )  between p i l e  t o e  and v e s s e l ,  with corresponding p i l e  
angle  a ( s t abb ing  ang le )  : 

The p o s i t i o n  change A q  can occur i n  a l l  p o s s i b l e  d i r e c t i o n s ;  it 
depends on t h e  numerical value of c u r r e n t  v e l o c i t y  and p o s i t i o n  
change which p o s i t i o n  change r e p r e s e n t s  t h e  worst  case .  

Stage 3  ( f i g u r e  2 )  shows t h e  p i l e  a f t e r  be ing stabbed and t'le h o i s t  
i s  f u l l y  s lackened o f f .  The t e n s i o n  fo rces  i n  the  puppet-weight- 
g u i d e l i n e s  now s t a b i l i z e  t h e  system i n  such a way t h a t  t h e  p i l e  
w i l l  be kep t  i n  i t s  ( s t a b l e )  equ i l ib r ium p o s i t i o n  wi th  a  s l i g h t  de- 
v i a t i o n  from t h e  v e r t i c a l  because of  c u r r e n t s  a.nd d i s t a n c e  q .  The 
system may now undergo va r ious  p o s i t i o n  changes Aq. 

Before p i l e d r i v i n g  s t a r t s  t h e  v e s s e l  may change i t s  p o s i t i o n  t o  ob- 
t a i n  a  v e r t i c a l  p o s i t i o n  of  t h e  p i l e  ( s t a g e  4)  o r  i f  r equ i red  a  ba t -  
t e r  one. 
When the  p i l e ' s  p o s i t i o n  i s  wi th in  the  r equ i red  l i m i t s ,  t h e  hammer 
w i l l  be s t a r t e d  t o  opera te  while t h e  Puppet Weight keeps p i l e  and 
hammer upr igh t .  No dangerous shocks can be t r a n s f e r r e d  i n t o  t h e  
h o i s t ,  nor  i n  the  puppet-weight-guidelines because o f  t h e  s l a c k  i n  
t h e  h o i s t  and t h e  loose ly  guidance of t h e  Puppet Weight around t h e  
p i l e .  Af ter  some hammer blows t h e  p i l e  has  pene t ra ted  t h e  s o i l  f a r  
enough t o  remain i n  i t s  upr igh t  p o s i t i o n ,  even without  t h e  Puppet 
Weight. 

F igure  3 shows how t h e  mechanical system works. For s i m p l i c i t y  sake  
i n  f i r s t  i n s t a n c e  t h e  fo l lowing i s  assumed: (1) no f r i c t i o n  between 
t h e  puppet-weight-guidelines and t h e  puppet-eyes, nor  between t h e  
Puppet Weight and t h e  p i l e ;  hence, t h e  h o i s t  f o r c e  T  i s  equal  t o  G3 
cos  a ;  ( 2 )  t h e  v e s s e l  remains e x a c t l y  v e r t i c a l l y  above t h e  v e s s e l  
(no p o s i t i o n  change of  t h e  v e s s e l ) ;  (3)  no c u r r e n t s ,  t h u s  FD=O; 
(4)  t h e  Puppet Weight remains a t  a  cons tan t  l e v e l  above t h e  s e a  
f l o o r ,  thus  d i s t a n c e  1 3  i s  cons tan t  and independently o f  p i l e  a n g l e % .  
Suppcse t h e  system t o  be o u t  of balance;  l e t  M, be t h e  moment o f  
f o r c e s  d i r e c t e d  towards a  p o s i t i v e  value of  a ,  r e l a t i v e  t o  the  t o e  
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s i d e  of t h e  p i l e .  From s t a t i c s  it fol lows ( f i g u r e  3 ) :  

Mol = (G111 + G 2 1 2  + ~ ~ 1 ~ )  s i n a  + 
- G 3 1 0 .  s i n  (a-$1 ( cos  Cil 

-1 0 .  s i n  a 
where 6 = a r c t a n (  

h  - l o . c o s a  1 

For a  s u f f i c i e n t  l a r g e  value  of G3 (which means a  s u f f i c i e n t  heavy 
Puppet Weight),  t h i s  curve i s  s i m i l a r  t o  t h e  curves shown i n  f i g u r e  
4 ( h ~ w e v e r ~ s y m m e t r i c a l  wi th  r e s p e c t  t o  the  v e r t i c a l  a x i s ) .  
The system i s  i n  equ i l ib r ium i n  the  p o s i t i o n s  EP and UEP, where 

= 0. P o s i t i o n  EP i s  t n e  only s t a b l e  Equil ibrium P o s i t i o n ;  where 
i n  t h i s  syrnpl i f ica t ion  a = 0. P o s i t i o n s  UEP a r e  Unstable Equi l ibr ium 
P o s i t i o n s .  The on ly  r e l e v a n t  ques t ion  i n  t h i s  s t a g e  i s  whether t h e  
s t a b l e  Equil ibrium P o s i t i o n  EP e x i s t s  o r  no t .  From mechanics ( r e f e -  
rence  4 )  it fol lows t h a t  t h e  system remains s t a b l e  a s  long a s  
& < O r  where Ma i s  t h e  moment of fo rces  d i r e c t e d  towards a  p o s l c i v e  d& 
value  of  a. 

Der ivat ion  and l i n e a r i z a t i o n  (smal l  values o f  a) of equat ion  (5)  
g ives  f o r  t h e  equ i l ib r ium p o s i t i o n  where It2 = 0 and a = 0: 

- =  G3.lo.h dk 
( G 1 l l  + G 2 1 2  + G 3 1 3 )  a ------- da h-lo 

Hence, the  equ i l ib r i~zx i  p o s i t i o n  where a = 0 i s  s t a b l e  i f :  

This  simple equat ion  s p e c i f i e s  t h e  minimum r e q u i r e d  Puppet Weight t o  
make the  system s e l f - s t a b i l i z i n g .  Because of  t h e  s i m p l i f i c a t i o n s  men- 
t i o n e d  e a r l i e r  i n  t h i s  paragraph,  t h i s  equat ion  may on ly  be used t o  
a s s e s s  an approximation of  t h e  r equ i red  Puppet Weight; a  f u l l  a n a l y s i s  
t a k i n g  i n t o  account  a l l  mentioned aspec t s  w i l l  answer t h e  q u e s t i o n  
wether a  given Puppet Weight s t a b i l i z e s  the  system proper ly .  

In  appendix A t h e  moment of f o r c e s  has been der ived,  t a k i n g  i n t o  
account  f r i c t i o n  f o r c e s  i n  t h e  system, p o s i t i o n  charages o f  t h e  v e s s e l ,  
c u r r e n t s  and changes o f  1 3  due t o  a p i l e  angle  a. Figure 4 shows t h e  
moment of f o r c e s  f o r  a c e r t a i n  example ( n o t  s p e c i f i e d  f u r t h e r  i n  
t h i s  p a p e r ) .  When t h e  f r i c t i o n  f o r c e s  i n  t h e  system a r e  taken i n t o  
account  t h e r e  a r e  two curves ;  one because of  a  downward movement of  
t h e  v e s s e l  and a  second one f o r  an upward movement. I n  t h i s  graph t h e  
p o i n t s  EP, UEP, RS and U R S  a r e  t h e  important  ones.  P o i n t  EP i s  t h e  
only  ( s t a b l e )  Equi l ibr ium P o s i t i o n  of  t h e  system, because o f  c z  < 0. d a  

A small  devat ion  o f  t h e  system away from this p o s i t i o n  w i l l  
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always cause a  moment Mu t h a t  w i l l d i r e c t  the  system back towards posi-  
t i on  EP. 
Points  UEP a re  Unstable Equilibrium Posi t ions  of the  system; these  
po in t s  have no p r a c t i c a l  value. Points RS are  t o  be looked upon a s  Re- 
Stab pos i t ions .  
I f  f o r  some reason p i l e  angle a would reach one of these pos i t i ons ,  
the  system w i l l  not  regain automatically i t s  (s tab14 equil ibrium 
pos i t ion  EP when the  vesse l  moves upwardly a t  t h a t  same moment; t h e  
p i l e  must be l i f t e d  and be re-stabbed again. Does t he  vesse l  show a  
downward movement a t  t h a t  par t icular .  moment, re-stabbing could theo- 
r e t i c a l l y  be put  o f f  u n t i l  the  system reaches po in t  URS, being an 
Utmost Re-Stab posi t ion.  In p rac t ice ,  however, only the pos i t i on  EP 
and RS a r e  of i n t e r e s t .  The other  po in t s  (UEP and U R S )  the re fore  w i l l  
not  be considered any fu r the r  i n  t h i s  paper. 

A computer program i s  ava i lab le  t o  assess  t he  po in t s  EP, RS and URS. 
Appendix B shows a  Puppet System Analysis Sheet, ava i l ab l e  t o  be 
f i l l e d  i n .  

NOMENCLATURE -- 

f i  = f r i c t i o n  coe f f i c i en t  between puppet-eyes and puppet-weight- 
guidel ines  

f 3  = f r i c t i o n  coe f f i c i en t  between Puppet Weight and p i l e  

FD = r e s u l t a n t  of drag forces  on p i l e  and hammer 

GI  = weight of hammer i n  water 

Gz = weight of p i l e  i n  water 

G3 = weight of Puppet Weight i n  water 

h  = water depth 

l o  = height  of puppet-eyes 

L 1  = height  of hammer's centre  of g rav i ty  

1 2  = height  of p i l e ' s  centre  of g rav i ty  

1 3  , =  height  of Puppet Weight's centre  of g rav i ty  f o r  a = 0 

1~ = height  of po in t  of act ion of FD 

A13 = increase  of l3 (appendix A )  

M = moment of forces  d i rec ted  towards a  pos i t i ve  value of r and 
r e l a t i v e  t o  the  t oe  s ide  of t he  p i l e  

q = hor izonta l  d is tance between p i l e  toe  and ves se l  

A q  = increase  of q  due t o  a  posi t ion change of t h e  vesse l  

q1 
= q a t  p i l e  landing ( j u s t  before touch-down) 

qs = q j u s t  before p i l e  stabbing 



T = t o t a l  o f  f o r c e s  i n  puppet-weight-guidelines 

W 1  = f r i c t i o n  f o r c e  due t o  f 1 

W 3  = f r i c t i o n  f o r c e  due t o  f 3  

a = p i l e  angle  measured from t h e  v e r t i c a l  

a1 = a a t  p i l e  landing ( j u s t  be fo re  touch-down) 

as = a just before  p i l e  s t abb ing  

f3 = angle  o f  puppet-weight-guidelines, measured from t h e  v e r t i c a l  
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hoi s t  

pile penetrates soil by 
sel fweight and  lateral 
soi 1 resistance keeps 
pile and hanirner upright 

hoist ( k e p t  slack) 

no lateral soil resistance 
(e .g .  hard so i l )  
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current hoi st 

-puppet-weight- 
gui del i nes 

,eyes 

Weight 

Stage 1: Pile, hammer and Puppet Stage 2: Touch-down of pile toe; a 
Weight just before landing on sea floor position change of the vessel is assumed 

-=-- hoist sl ackened slack 

I Stage 3: Hoist slackened o f f  while Stage 4: Vessel changes position to 
Puppet Weight stabilizes pile and obtain a vertical pile position; hammer 

starts operating . - 

F i g u r e  Zi-peraat ion of the soi 1 --independent Puppet System Nirmber 2 - -- %+ I- ^ -  Y .%.ml- --I-_ * - - - --- <".=-. ---.-* =-c- ---L-" I-wI I =--s - r- I*- 5 -7- 



- 8 -  

ho i  s t  

puppet-weight-guide1 i nes --- 



- 4000 t URS 

WIU~- downward movement of the vessel EP . - (stable) Equil ibrium Position 
UEP = Mstable Equilibrium Position 

~~~~B~~~ upward movement s f  the vessel RS = Re-Stab position 

URS .: UI timate- Re-Stab pos-3Tion 

versus p i l e  a n g l e  a for c e r t a i n  ex%&: Figure 4 :  2 2 P e t .  sy s t em mmber 2; m o l a e n t 2 *  -u--.-------.-~----.-~----e-.L-.-llx,l-- ---_-..--7 & . - - - - - -~- .~- -  ,.---- ---* 



MOMENT OF FORCES FOR PUPPET SYSTEM NUMBER 2 -- -el_- 

See f i g u r e  3 .  L e t  Ma be t h e  moment o f  f o r c e s  
d i r e c t e d  towards a p o s i t i v e  va lue  of a and r e l a t i v e  
t o  t h e  p i l e  toe. From s t a t i c s  it fo l lows:  

% = i ~ 1 . 1 1  + G 2 . 1 2  + ~ 3 ( l i  + ~ 1 ~ ) )  s i n n  + 

h -  l o . c o s a  
where: A 1 3  = lo - h  + cos  

q - 1 o . s i n  a 
and : 8 = arctan(  --7--- h  0 .COS a 1 

From f i g u r e  3A: 

From equiLibrium o f  f o r c e s  i n  the  puppet-weight- 
guidelines : 

W1, W3 and T can  be e l imina ted  from the f o u r  
equations (B1) , ( B 2 ) ,  (B3)  and (B.4) ; f u r t h e r  
s u b s t i t u t i o n  o f  b13 Leads t o  Ma a s  a f u n c t i o n  of 
known pa rame te r s  and p i l e  ang le  a: 

h-lo . cos a + G3{13+10-h ------ 1 s i n a  + 
cos B 

cosa  f f 3 .  s i n  la 1 sin (a-B) - G * 1 0{ .----.----------- 
I - ( +  - 2f l . s in14a l  

q-1 0. s i n  a 
where: B = a r c t a n  I------------ h-1 0. COS 

I 

The + s i g n  i n  these equations t o  be chosen posi-tive 
for zn upward movement o f  t h e  vessel and n e g a t i v e  
for a downward one. 



/ PUPPET SYSTEM ANAWS S SHEET 
I .. 
INPUT 

%er depth rPrl  
Current a t  hammer l eve l  a t  touch down 

I ''(current a t  surface - - - - - - - - 7 ,-,- 

I Current near sea-bottom [ 1 
Vessel --- 
Type (e.g. barge, d r i l l sh ip )  r 
Positioning method (e .g .  anchors, d  
Expected position changes of vessel 

P i l e  
1 ci rcular  cross -- section, ?allow. open-ended: 

n Outside diameter 
Whall thickness 
Length - - - - - 

or 
i l e  * \ e.- 

Other types : 
Type (e.g. square, c i rcular ,  two p a r t s ) [  
~ e n g t h  - - - - - k-1 .- 
Weight above water 
Water displacement 
Frontal area ( for  current f o r c e s )  r-1 
Harmer 
please c i r c l e  appropriate type: 
KBM 500/HBM 900/M~M lSOO/HBM 3 0 0 0 ~ /  HBM 4000 

' IRE SULTS Puppet Weight: s t ee l .  weight above water I 
ton 

P i l e  landing distance q~ 

P i l e  landing a n g l e  aQ 

t o  current  
------ 

PiLe stabbing distance q, 

i l e  stabbing angle as 

rim Position EP 

Ultimate Re-Stab positions URS 

. --- 
alLest angle between EP and RS 

!computer run nr :  executed  by: ver i f ied  by: C --.-.---. ..-%-.." ,.-.-I--.. ..-,. , .",.~ ,.. ", ,-... -- -, --.--- ---.-,.--.----,--- - ---- - " -.-.---. ---? - - -... .---.."-. 1 
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