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KOBE 
DIESEL 

PILE HAMMER 

1. Introduction 

W e  pioneered in the domestic pile hammer industry when we introduced our Diesel Pile 

Hammer No. 1 in 1954. and have established a high reputation in this field. At present we have 

diesel pile hammer models K13, K22 K32, and K42 in production, the fruit of our wide experience 

as well asof  the ingenious application of data obtained from various tests, and we are proud of the 

markedly high standard of quality and performance of our products. 

I ,  

The following introduction to our diesel pile hammers is intended for easy understanding by 

those who are learning about the diesel pile hammer for the first time, and at the same time to 

furnish professionals with information by including technical data. 

Results of research conducted by our engineering staff that have not been disclosed previously 

are also included. 



2. Specifications 
1 -  

S l ~ ~ ' i ~ i t i ~ ~ : t l i ~ ~ t i s  i l j  thi.  ~ : i r i < n t s  ITI,XIPIS of LI~C.SCI  I~ i l lnn~ers  arc given lwlo~r  : 
P.'y w 

hlc,ciel K l 3 K B 1 3  K Z Z K B Z Z  l i : T Z : k R : l ?  I C 4 2 K B 4 2  

Number of blow per minute / b'02i 45-60 45-60 45-M) 

Energy output per blow 
I 1 3 . W  / 6.150 7 1 1 1 . ~  1 

. ~ ~ . . .  . . ~ ~- .~ ~ 

I 
Ouc~rall length : mm i 3,850 ' 4,500 14,070 4 ,720 ,  4,150 : 4.800 ( 4 , 4 2 /  5,070 g . 

I < '  
Tot:tl r r i ah t  of hnnmnrr ' kg 1 2.900 2.990 1 4,800 4,920 . 7.000 . 7 . 1 ~  ! 10 ,000  10,220 

Max. ram stroke 2.500 i 2,500 2.500 1 2.500 

I Explosion pressure on pile 72 127 

. , 
I'ermissible angle for batter 

piling 

Weight of ram 

Fuel consumption (light oil) / I / h  / 3 - 8 1 9 - 12 1 12 - 16 1 17 - 21 

I I 
mD ! ,,SO i 3(10 1 450 

! 
3 . 2 ~  i 4.200 

Lubricant consumption 1 / 1.5 2 1 2.5 

Furl tank capacity ' : h i  4 1 4 0  1 48 1 65 

Photo 1. Model K13 Photo 2. Model K22 Photo 3. Model K32 

- 2 -  

Lubricant reservoir capacity 

Cooling water tank capacity 

Lubricant for ram 

Lubricant for anvil 

Bearing capacity of piles dr~ven 
by this hammer (permanent) ton 

5 I 7 

I 70 

Motor oil Motor oil 

i 

SAE 40 - 50 
m p " ? b ~ . ~ 4  m m  

c~llodsr 011 

20 - 50 

9.5 

130 
Motor oil 

SAE 40 - 50 
S u p r b a l a d  BMm 

m18odar oll 

SAE 40 - 50 
zupsrbated a m  

01lwr all 

12.5 

150 

Motor oil 
SAE 40 - 50 
Bupsrbatad Suxm 

wllnder 011 

I 
30 - 1W 50 - 150 1 65 - 2M) 



) indicates dimensions of Model KB 

Fig 1 Outside dimensions of Kobe Diesel Pdc Hammers. 

3. Construction 

The  diesel plle hammer conststs of a vertical cylinder comprised of upper and lower sections, a 

ram that moves up and down in the cylinder, an anvil a t  the lower end of the cylinder, a fuel pump 

and a tripping device, and is equipped wlth a fuel tank, and a water tank for cooling the cylinder. 

The  cylinder is lubricated in two parts, the ram and anvil separately. The ram lubricant is fed 

by the up-and-down motions of the ram from the ram oil chamber at the top of the ram. The  anvil 

lubricant is supplied a t  4 grease nipples located around the Iowa cylinder. 

The fuel pump is driven by the up-and-down motions of the ram by means of a cam. When 

the falling ram reaches the cam, it pushes aside the cam. and the motion is transmitted to a plunger 

by means of a push-rod. to inject the fuel from the fuel chamber a t  the bottom of the plunger. 

(Fig. 2, Fig. 3) 

After the explosion, the ram rises and passes the cam which is then returned to its original 



lx,sition by lllc ;,ction of ;1 spring in t l~e  fucl pump. and fuel flows from the fuel tank to the fuel 

CI~R~I IRT.  

Tlie thn,ttlu Ixdt regulates the amount uf fuel injected. When it is shut, all the fuel forced 

out by tlic plunger is injected. hrinaina the injected fuel amount to a maximum. When the throttle 

Ixdt is ugnled, the hack flpw of fuel info the fuel chamber increases, thus gradually reducing the 

'*""i, 

Fig. 2 Canstruetion of diesel pile hammer. 
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;rm<runl c ~ i  focl in tlie injection. The a h ~ r e  a r l j u r t ~ ~ ~ r n t  is performetl I,? ila* fuel adjusting lever. 

.flit check vi~l\.e 1111, for prevent,ng fuel f n ~ l n  l l o w i n ~  drrwn irom the fuel chamber, is opened 

oil-presbore a t  the titnc the fucl is injrcted and clones upon being presscd against the v:tlve seat by 

11ie ;lrrinn of ;I spring at the end of the injection. (Fig. 6) 

Fig. 3 Gnstruetion af fuel pump 



T11e trippilip dcricc consists of two 

i s . .  onv f o r  i~rtutttin~: the r;+m lifting 

h<x,k and tllr r,lller lor ;trti,;iting tllc left 

and right hicnlltller lifting larsks. (Figs. 4 

Fig. 4 Function of ram lifting 

hook. 

LIB hook Risht hook 

Fig. 5 Function of hammer 

lifting hmk. 
I 

I I 

(Throttle closed) (Throttle opened) 

Fig. 6 Diagrams showing the construction of throttle valve & check valve. 



4. Starting operation 

(1) Lowering of tr ipping device (Fig. 7) 

M'hrn a pile is erected in psition, the hammer is put on the pile a ~ ~ d  the tripping device is 

I<nvcred, 

( 2 )  Operation of tr ipping device (Fig. 8) 

 hen thc tripping device is lowered, the lower part of the trip lever pin comes inm contact 

with the upper surface of the stopper of the upper cylinder and the lever is turned until it is hori- 

zontal, and at  the same time the ram llftlng hook enters the cylinder, passes along the grwves in the 

upper cylinder, and hooks the shoulder of the ram 

(3) Lifting of ram (Fig. 9) 

When the tripping device is llfted, the ram, being held by the lifting hwk, is raised. 

(4) Gravity fall (Fig. 10) 

When the tripping device reaches the predetermined height, the upper part 

of the trip lever pin contacts the lower part of the stopper of the upper cylinder to 

trip the starting lever, and the ram lifting hook is thmwn open at the same time, 

and the ram begins to fall. 

Fig. 7 Lowering tripp. 
ing device. 

Fig. 8 Tripping device 
in action and ram 
being lifted. 

Fig. 9 Ram just before 
falling. 

Fig. 10 Gravity 
fall. 



5. Lifting of pi le  hammer 

S l ~ c  [HI[. Iiariimrr is ;II%, liftc(l nlcans of the tri~lging device. The tripping device is 

Iorvcrrtl wit11 the I~cx>ki: open. and when it has passed the rill for lifting the upper cylinder, s ratchet 

is operntrcl to rotate thc stoplxr $vhicli closes the left and right hooks. When the tripping device is 

lifted in this state. the cntirr hammer is lifted with it, the upper cylinder being supparted by the left 

and right hooks. 

For the trippinp operation, the ratchet is operated again to open the hooks. 

6. Working principle 

The working pr~nciple of the diesel pile hammer is described by the diagrams in Fig. 11-17. 

(1) Fuel injection (Fig. 11) 

When the ram 1s Itfted by the tripping device to a predetermined position, it is automatically 

released and in its fall actuates the fuel pump cam so as to inject a measured amount of diesel oil 

Fia. 11 
Fuel injection 

Fig. 12 Fig. 13 
Air compression. lrnpnct 

Fig. 14 
Explosion. 



< t i > t < t  I I M .  C W I V : I V ~ ,  l>:~ll I I , J I ~  the :~tivd ~)n<lt.r ;iOout I..; ; ~ ~ r n w ~ ~ I ~ ~ ~ r i c  p r< , s s~ , r~~  

t 2 j Air con~presnion ( Fig. 12 : 

'1'11~ r;ilii. t .tln~ti~~<~inl: i l l  1:1II pin*! tile suciion and exhaust ixjrts ccimprcsscs 111c air in the 

r y l i ~ ~ l c r .  

( 3 )  Impact explosion (Fig. 13 & 14) 

l ' l~e  ram linnlly ;trikes the anvil and delivers its impact energy to the pile and s i ~ ~ l u l t ~ ~ ~ ~ ~ I ~  

:ttomirrs the f u r l  on the top of the anvil. which is then ignited by the cnmpreaed hot air. The 

resulra~~t explosive force drives the pile further into the ground, and propels the ram upward a t  the 

same time. 

( 4 )  Exhaust (Fig. 15) 

The gas expanding in the : cylinder is dixha rged when the rlslng ram passes the suction and 

exhaust ports. 

( 5 )  Suction (Fig. 16) 

As the ram rises past the suction and ex- 

haust ports, the pressure in the cyl~nder becomes 

negative, and fresh arr is drawn in through the 

said ports. The fuel pump cam returns to its 

original position to be ready for the injection of 

fuel for the next stroke 

Fig. 18 Schematic diagram showing gar pressure. 

Tine il/lOOrcc! 

Fig. 15 Pis. 16 Fig. 17 Fig. 19 Schematic diagram showing pile driving 
Exhaust. Suction. Gravity fall. force. 



(6) Gravity fall  (Fig. 17) 

The ram, having :ttt;hined the full height of its stroke, begins falling again, expelling exhaust 

gi~s. a11d thus the cycle of fucl injcction, cornpressiun, irnplct and explosion is repeated automatically. 

7 Stopping 

The diesel pilr hammer is stopped by disengaging the fuel pump cam for a whlle to shut off 

the flow of fuel. Further derr~pt ion will be given of the above function with reference to data on 

gas pressure in the cylinder, pile.driv~ng forces, displacement of pile, etc. that were obtained during 

operating tests of the pile hammers. 

(a) Variation of gas pressure in cylinder. (Fig. 18) 

(1) shows the point at  which the ram begins compressing air upon closing the suction and 

exhaust ports; (1)-(2) shows the compression stroke; (2) shows the time the ram strikes the anvil 

and the pressure is at the maximum; (2)-(3) shows the time lag between the formation of mixed 

gas of the compressed air and the atomized fuel by the blow of the ram and combustion; (3)-(4) 

shows combustion; (4) shows the point at which the explosive force reaches its maximum ; (4)-(5) 

shows the expansion of gas in combustion; (5) shows the suction and exhaust ports open, (5)-(6) L 

shows the discharge of exhaust and the point where negative pressure prevails in the cylinder and 

fresh air is drawn in. 

(b) Variation of pile driving force. (Fig. 19) 

(1)-(2) shows the ram entering ~mpress ion  stroke, and with the compression pressure increase, 

the driving force increasing; (2) shows the moment the ram strikes the anvil; between (2)-(3) a 

strong impact energy, maximum at point (3), is 
Time (1/10@scc) 

o 1 2  3 1  5 6 7 8 9 1 0 1 1 1 ~ 1 3  delivered to the pile; between ( 3 4 4 )  the 

- impact energy decreases due to the fact that the 
E 

energy delivered to the pile is consumed by the - 5 5 

u - ~- 
a penetration of the pile into the ground; at 

3; 10 
d (4)-(5), pushing force is created by the com- 
e 

E bustion following the impact, this energy being 
15 - 

.3 .- less than the impact energy, about 1/2 as shown 
a 

a in the diagram. In other words, the limit of 

the driving capacity of a diesel pile hammer 

Fig. 20 Displacement of pile. depends on the impact energy, while the force 

generated by combustion is a factor concerned 

with impulse which governs the piledriving efficiency. Therefore, to obtain a large driving force 

with the diesel pile hammer, its ram stroke has to be large. (5)-47) shows the expansion of the gas. r 
The pile driving force decreases with the decrease of gas pressure ; (6) shows a hrief rise in impact 

energy at  thia point is due to the delayed fall of the cylinder behind the penetration of the pile to 

strike the anvil. 



(c i  I)isl,lacemcnt of (Fig. 20) 

(1)--(2! sha\vs tlic p i n t  at which thr clnstic resistance nf the ground is o\rercome by the 

f u n c  g l f  tlrc n,n>llrrr.;cd irir in the cylinder ant1 the pile begins a rigid movement ; (2) shows the point 

of ilnpact I,rtrcen ihr raln and a n d  ; (2)-(3) the pile is driven clc~wn strongly hy the impact 

cnrrgy ;in11 csplosion cnt.rgy ; (3) thc lxnint of maximum displacement of the pile when the penetra- 

tion st~)ps ; (3)-(5) shc!ns the point a t  which the pile rises due to the resilience of the pile and 

ground, and then conies to a stop; (4) a stop of the rising curve is due to the pile receiving a dourn- 

ward push us it is struck by the cylinder; (1)-(5) shows vertical distance of the penetration of the pile 

and (3) - (5) shows the amount of temporary elastic compression nf the cap, pile and ground. 

7. Equilibrium of generated energy 

The diesel pile hammer operates in a cycle of two phases. The  first phase is the downward 

stroke of the ram and the second is its upward stroke. The first phase is performed by the fall of 

the ram by gravity, and the second phase by the rise of the ram propelled by the gas expansion in the 
-.= combustion chamber, when the energy for the first phase is generated. 

'The equilibrium of energy for the two-phased operation of the diesel pile hammer is as 

follows : 

The 1st cycle : 

L,l=L,+L,+Ldl+L. ,+L.~+L,P ............................................................... ( I )  

Where : 

LP1 ; W H  .......................................................................................... kgam 

L,, ; Potential energy ........................................................................ kg-m 

........................................................................... W ; Weight of ram k8  
- 1 H ; Stroke of ram ................................. : . . . . . . .  ;: ........................... m 

.................. LC ; Energy consumed for compression of air in the cylinder kg-m 

L, ; Energy consumed by friction and air resistance at the time of the ram's 

falling ...................................... kg-m 

Lal ; Impact energy absorbed by the resilience of the striking part of the 

hammer and the elastic deformation of the pile and soil ..................... ks.m 

L,, ; Energy utilized for sinking of the pile during the mmpression stroke in 

the cylinder .............................. ..am 

Liz ; Energy utilized for sinking the pile by impact .................................. kg-m 

L,, ; Energy consumed for jetting of the fuel ...................................... ..,.kg.rn . 
t 

The 2nd cycle : 

........................................................................ L , Z = L - L , ' - L , ~ - L ~ ~ + L ~ '  (2) 

Where : 

....................................................................... L,, ; Potential energy kg-rn 



.................. L, ; Energy delivered by the expansion of gas in the cylinder kgsm 

I,( ; Energy ccmsumed by friction and air resistance in the ram's upward 

movement ......................... .. ..................................................... kg-m 

............ f.,% ; Expk~ive  energy of the fuel utilized for the sinking of the pile k p m  

Lna ; Explosive energy absorbed by the resilience of the striking part of the 

hammer and the elastic deformation of the pile and sail ..................... kgam 

L,' ; Energy given back to the ram by the Elastic restitution (Restitution at  

the impact and elastic recovery of the pile and soil) (coefficient of 

Restitution >0) .............................................. kg.m 

From the above equations (1) and (2): 

L,~-L,I--(L~-LC)-(L,I+LS~+L,~)-(LII+L~~-L~~-(L,+L,'+L~,) ............ (3) 

Where : 

L,-L, = FP,,,S 

.............. .......................................... F ; Sectional area of the cylinder : m2 

P*,,; Indicated mean effective pressure .................................................. kg-mg b 

S ; Operating stroke of ram ........................ .;. ................................. m 

The equation (3) can be expressed as follows : .+ 
I 

Energy to vary the ram stroke=(ener~y generated in the cylinder)-(effective 

striking energy)-(energy loss due to elastic deformation)-(mechanical energy 

loss) ................................ .. .................................................................... (4) 

....................................... =(energy generated in the cylinder)-(energy released) (5) 

In the above equation (4). the first item. i-e., the magnitude of the energy generated in the 
. . 

cylinder, is related to the magnitude of impact energy of the diesel pile hammer, and whether this 

thermodynamic process is rational or not constitutes a decisive factor in determine the various q f i .  
ments in hamme designing. 

The two energy losses mentioned in the 

3rd and 4th items in the same equation (4) are 
E 

thoseoecuring in the hammer itself and the pile 
a i .. system including the hammer, and wnstitute an e 
* 

important factor in the manufacture of ham- G 

mers, and the selection of a suitable hammer 

for the kind of piles to be driven. 

(1) When t h e  penetration resist- ..m....ke. 

ance is constant Fig. 21 Relationship between rsm s t d c  and 
energies pnentcd and released. 

Assuming the penetration resistance to 

be wnstant, the relationship between equation (1) and (2) can be plotted as shown in Fig. 21, wherein, 

if the operating cycle of the diesel pile hammer starts at  a given ram smke, for example, a t  point a, - 



thc rnerCy Kcncr;~ted is prrntcr than the rncrpy relcased and because of the relatir,nship shown in 

I erluittinn (5). thc ram strr,ke et the in i t i~~l  stape of the nest cycle moves to p i n t  

~ l ~ l i r  r;tm strrrkc thos sorccssively incrcascs up to p i n t  E; Anrl even if the operating cycle 

commmcrs at inlint 6 the rain stroke reaches p i n t  c_ through an entirely reversed prccess. Point 

I c'. which corrcslmnds to point c, is a point of equilibrium of energies generated and released as is - 
apparent in the diagram, and the pile hammer repeats the operating cycle a t  a constant ram stroke a t  

I p i n t  c. - 
(2)  When the penetration resistance is varied 

1 
In an ordinary piling operation, the penetration resistance is nor constant, but tends to increase 

as  the penetration progresses, and the effect of variation of penetration resistance on the ram stroke 

can be explained as iollows: 

1 As shown in Fig. 22, the energy generated by the hammer tends to increase with the increase 

Cylinder vo1.m. V c n '  - Cr l indcr  rolumc Vcm' 
4 

When pcnrtr.tion r r r i s u n c e  i s  grmt When prnetrntion r e r i s h n c e  is small 

Fig. 22 Relationship between generated energy and penetration resistance. 
(Generated energy E-Area 1-2-3-4-1) 

Displacement S cn - ~- Displacment S cm - 
When penet.llon r e s i s 1 . n ~ ~  is .reat When peaewatoan resistance is sn.II 

Fig. 23 Relationship between released energy and penetration resistance 
(Released energy E'-Area 1-23-4-1) 



of the penetration resistance of the pile. This is considered to be due to the fact that the.atomieation 

I of the fuel becomes finer with the increase of penetration resistance, and that the incr~aard penetration 

resistitnce facilitates scavt-nging of the exhaust. resulting in more efficient combustion. 

As is shown in Fig. 23, the released energy tends to decrease as the penetration resistance of 

; i the pile increases. This is considered to be due to the fact that the amount of work done on the pile ( : 
decreases with the increase of penetration resistance and that more of the impact energy is returned 

: I .  to the ram. 

The relationship between equations (1) and (2) is shown here again in Fig. 24. 

AS is shown in Fig. 24, when the penetration resistance is great, the equilibrium p i n t  of the 

] ' , :  energies generated and released moves to the right, contrasted with the case in which the penetration 

resistance is small, and as a result the pile hammer operates with a larger ram strokes. 

In actual piling operations, the ram stroke of the diesel pile hammer is small at the initial stage 

of driving. and increases with the advance of the penetration of the and this phenomenon is 

Ham saohc  m 

Fig. 24 Relationship between ram stroke and energies generated 
and released. 

believed to be due to the above reasons. Thus, the greater the penetration resistance becomes, the 

stronger the striking force becomes, and this is oke of the advantages of the diesel pile hammer. 

8. Impact atomizing mechanism 

There are two fuel atomizing methcds used for the dicsel pile hammers: the high.pesaue jet 

atomizing method and the impact atomizing method. The hammers used in Japan generally adopt 

the latter method, in which the fuel is not atomized by a high-pressure jet pump as in the case of the 

diesel engine, but is sprayed into the concave ball pan of the anvil and is atomized by the impact of 

the ram. This is the method unique to pile hammers. 

The impact atomizing method can be described as follows: 

The ram po~nt is convex and the head of the anvil is concave so that they fit together. When 

it is assumed that s viscous fluid is present between these two surfaces (See hg. 25 & 26), that the 

ram and anv~l  are perfectly rlgid balies, and that the viscosity of the fluid is not changed by pressure 



or trrnpwaturc, t l~c  miix in ion~  pwssure on the viscous fluid a t  the center of impact between these two 

surfaces and the m;tximurn vckrit>- r l f  the visco~rs Ruid jetted are as f(1l1ou.s: 

0.15.1 (Hz-r") JM3 1.',5 .................................................................... fJ,,,,,z = R' (6) 
"1 

- 
- L1Z* j!KQ .............................................................................. (7) C,", - R2 . 1, 

Where : 

M ; Mass of ram ................................. ... ....................................... kg-s2/cm 

V. ; Initial velocity of ram ............................................................ cm/s 

h ; Thicknesspf viscous membrane during ram's striking .................. cm 

p ; Pressure on viscous membrane ................................................ kg/cms 

Z ; Coordinate tangent to axial line of ram, and extending in axial 

direction of ram from the center of the thickness of vixous mem- 

.................................................................................... hrane cm 

9, ; Viscosity of viscous substance ................................................ kg.s/cm2 

C ; Average flow velocity in radial direction relative to axial line of 

.................................................................................... ram cm/s . ~ 

The above equations (6) and (7) respectively give pressure distribution in radial direction from .--i--'4 
the center of the impact of the ram when Pmar is produced, and velocity distribution when Cmar is 

produced. 

Now as for the size of the atomized particles, when fuel is jetted from a nozzle, the diameter 

of the atomized particles is proportional to the diameter of the nozzle hut inversely proportional to the: 

jet velocity of fuel according to the experimental equation of Prof. Tanazawa, and by applying this 
1 

theory to the impact atomizing of the diesel pile hammer, the diameter of the nozzle is relative to the 

psitions of the'ram and anvil during the fuel jet, apd the jet velocity is considered to be C,.. sought 

by presuming r = R  (outside radius of the impact surface) in the equation (7). Now the relative 

positions of the ram and anvil become closer with the decrease of oil pressure created on the impact 

surface, that is, the relative positions of the ram and anvil in an atomizingwndition creating exces- . 

. ' sively high oil pressure are considered to be inversely proportional to the oil pressure created on 

the impact surface. When the equations (6) and (7) are considered again with this idea in mind. the 

factors that affect the sire of the atomized fuel particles are these two: 

(1) The area of the impact surface of the ram and anvil. 

(2) The collision velocity between the ram and anvil. 

To secure stabilized combustion of fuel in the diesel pile hammer, it is essential that the fuel 

be atomized in as small particle as possible. For this reason the effects of the above two factors 

should be thoroughly taken into consideration in the selection of design requirements. Other im- 

portant factors are the distance the atomized particles travel and the shape of the combustion chamber, 



Fig. 25 Diagram showing the impact of rigid 
badies with viscous membrane between 
them. 

Fin. 26 Daigram showing velocity distribution 
af viscous fluid in axial direction. 

that takes into consideration the quantitative 

distributional state of the fuel in relation to the 

jet directidn. 

The factors impairing the impact atomir- 

ing process during piling operation are : 

(a) Faulty ignition on soft ground. 

When the mnetration resistance of the 

pile is small because the ground is extremely 

soft, the sectional area of the pile is smalt, or 

'the pile is too light, repeated explosions cannot 

occur, hence continued operation is nnt.possible. 

If the starting performance is unsatisfactory, it 

is necessary to repeat it. which lowers operat- 

ional efficiency. When the diesel pile hammer 

dperates on soft gmund, the anvil sinks with the 

pile before the ram strikes, lowering the impact 

velocity of the ram, and for this reason the 

atomized pitrticler ;Ire larue ;rnrl their distribu- 

tion in the c<lml>ustion chamber ispoor, causing 

fault). ignition anrl stoppitge. 

(b) Preignition. 

When the cylinder hecomes overheated, I 

preignition occurs, with inefficient atomizing. 

A detailed explanation of this will be given in 

part 2 of item 9. 

(c) Batter piling. 

When the angle of inclination of the 

hammer becomes large, it is difficult to hold the 

Fig. 27 Rig uwd in testing the diesel 
pile hammer. 

Photo 4 Rubber d i rs  used for starting 
performance tests 



fuel in ihc ball lliiii of tlic, i~ri\.il. 50 that this angle is limited. The maximum ;angle of batter piling 

\\.as a b u t  :Ill' will1 ci~n\~entionnl hi~mmers. However. hanimers with a maximum allowable inclina- 

lion of 45* have reccntly breit developed. 

9. Special features 

9-1 Performance 

The shapes of the ram point, ball pan of the anvil and combustion chamber are  of wr own 

design, insuring optimum atomization and distribution of the fuel for most efficient combustion. The 

shapes of the suction and exhaust p r t s  are designed to insure best dynamic effects a t  the ports 

(suction inertia effect and exhaust blowout effect) so that the residual gas a t  the bottom of the com- 

bustion chamber can be thoroughly scavenged. 

(1) Fine starting performance 

Starting performance of t h e ' ~ o b e  D i e 1  Pile Hammer is revolutionary, eliminating the 

greatest drawback of the conventional d ~ e x l  pile hammer, faulty ignition on soft ground, with the 

result that in ordinary operation just a single starting is sufficient. Even on ground so soft that the 

pile sinks several meters only when the hammer is lowered onto it, continuous operation is possible 

after a few cold blows. 

In tests of starting performance conducted a t  our factory, a number of rubber discs were 

stacked on a rigid foundation to simulate soft ground. The test rig used is shown in Fig. 27 and the 

manner of stacking the rubber discs in Photo 4. 

The starting performance data obtained through the tests were as follows: 

Model K13 18 discs (number of rubber discs that were stacked at the point of critical starting) 

Model K2Z 16 discs (number of rubber discs that were stacked at the point of critical starting) 

Model K32 16 dlscs (numher of rubber discs that were stacked at the point of critical starting) 

Model K42 12 discs (number of rubber d~scs  that were stacked a t  the point of critical starting) 

Other maker 7-8 discs (number of rubber discs that were stacked at the point of critical starting) 

Pcnrwation per b b r  (II) Sinking effected by the dead weight of 
the hammer ........... 2 m 

Hammering without fucl ...... Amountot sinking ... W m m  
Hammeringwithoui fucl ...... Amount of sinking ... W m m  

Hammering without fuel ...... Amount of sinking ... 1.000 mm 

Hammering without fuel ...... Amount of sinking ... 1.000 mm - 
e At this point the driving resistance increased and - 

the luel starting operation was done. Gntinued opera- 
d, tion began immediately. 
d 

Pile used : 241/257XlOm Upper pile (steel pipe pik) 

241/250X 10m Lower pile (steel p i p  pile) 

Date : December 9, 1963 

Site: Tokai Iron Works Compound (Nagoya) Reclaimed 

20 ground. 

Fig. 28 Chart showing rrsults of driving by Died  Pile Hammer Model K13. 



Fig. 29 Diagram showing results of driving 

At the first starunr( operation. rcpcatrd ex-  

plosions began, and contrnuous pperation was 

maintained. 

Pile used : 350bx9 m concrete plle 

Time required for driviing : About 3 min. 

Number of piles driven : 7Olday 

Date : December 10.1963 

Site : Nabeta reclaimed land. Nagoya 

by Diesel Pile Hammer Model K13 

The starting performance data confirmed by actual employment in the field is as follows : 

Model K13 160-230 rnm (sinking of pile per blow at  the point of critical starting) 

Model K22 150-200 mm (sinking of pile per blow at  the point of critical starting) 

Model K32 150-200 mrn (sinking of pile per blow at  the point of critical starting) 

Model K42 150-200 mm (sinking of pile p r  blow at  the point of critical starting) . . .- 

Other maker 70- 80 mm (sinking of pile per blow at  the point of critical starting) 

Fig. 28 and Fig. 29 show the results of operating tests on soft ground in the Nagoya district 

and Photo 5 shows the scene of the tests. 

Photo 6 Testinn a diesel pile hammer 
pile himmer Model - ~ 1 3  (Nogoya 
Tokai Iron Works Compound) 



(2'1 Powerful dr iv ing force 

'Cbe Kolic 1)iesel Pile Hammer has a ram 

stroke as long as 2.500mm at a point near the 

end of the driving of a pile (when sinking of 

the pile per blow is 0.5 mm). 

This stroke is lolfger by XK) to 400 mm 

than that of the hammers manufactured by 

other makers in Japan, and produces a striking 

force and pile bearing capacity =me 15-20% 

greater than conventional hammersof this type. 

Photo 6 shows a hammer equipped with instru- 

ments for measuring striking force, gas pressure, 

etc., and Photo 7 shows the Model K13 ex- 

hibitting the power. 

9-2 Construction and materiala 

(1) Water-cooled system 

Diesel pile hammers are cmled either by 

water or by air, and the former method is em- 

oloved in the Kobe hammers. In the diesel pile . . 
Photo 7. Diesel pile hammer Model K13 

in action hammer, the cooling system deserves particular 

attention because of the close relationship it has 

with the performance of the hammer. The merits and faults of the two systems will be explained 

using the rpsults of comparative tests performed by our engineers. 

These tests were conduet~d with a view to find the differences in performance during con- 

tinuous operation of water-cooled and air-ccaled hammers, and inner-wall temperature of the 

cylinder, gas pressure and striking force were measured. 

To measure the inner.wall temperature of the cylinder, an adaptor containing a rhermocouple 

was inserted in the scavenging port of the cylinder and the variation of temperature was recorded on 

an electronic self balancing type recorder. 

T o  measure the gas pressure, a plug for mounting a pressure indicator was made and attached 

to the scavenging port and the variation of gas pressure was measured with an electromagnetic 

oscilloscope. 

T o  measure the striking force, a load cell equipped with a dynamic strain meter was made and 

placed under the hammer and recording was done by means of an electromagnetic oscillngraph. 

For the tests, two Model K13 water-cooled hammers of identical design were used, one with 

its water tank detached. 

T o  insure uniformity in the testing conditions, same fuel pump was used and the throttle was 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0.er.ti.. ti.. (mi") 

were ~xrfect lg  free from penetration. 

When the hammers were operated con- 

tlnuously wtth a constant feed of fuel and under 

constant load cond~tions, it was apparent that 

the changes in the operating conditions of the 

water.mled and air.mled hammers were 

caused only by the rise of temperature 

(a) Inner-wall temperature of cylinder 

With the water-moled hammer, the 

inner-wall temperature of the cylinder became 

stabilized after  about 30 minutes of operation. 

and thereafter the rise of temperature was very 

Date : May 22. 1964 
slow, and a t  the end of the tests it was about 

S~te :  Okubo Plant compound 150°C. The curve of temperature rise indicates 
Atr temperature: 27°C. 

Ftg. 30 Test results of water-cooled dicxl that the peak is about 150"C., and that no fur- 
ptle hammer Model K13. 

ther temperature rise takes place during mn- 

Opcrsting time (mi") 

Date : May 23. 1964 
Site: Okubo Plant compound , 
Air temperature : 28'C. 

Fig. 31 Test results of sir--led diesel pile 
hammer Model K13. 

opened to the same extent so as to feed the 

same amount of fuel constantly. 

T o  avoid variations in the load condi- 

tions, both hammers were tested on stands that 

tinuaus operation. (See Fig. 30) 

This is because the heat generated by the 

cylinder is absorbed by the evaporation heat of 

the water. 

With the air-emled hammer. however. 

the temperature rise was considerable. going as 

high as  500'C. (Fig. 31) 

Since the air-cooled system depends 

greatly upon the convection of the surrounding 

Table 1. Results of comparative teat# of air- 
cooled mad watersooled diesel pile 
bmmmn. 

I PIP % 1 5 4 1 9 0  

Water 
cooled 

29 

' 

91,3 

83.5 

TYF I I Air- 
1 cooled 

- 

Striking force 
(ton) 

Temperature At beginning of 

I of cylinder .ope! 
inner.wall After about 2 
("'-7 hours of operation 

At beginnigof 
Maximum go oprat,on : 
press"*e - 
(k,cm") 

After about 2 hours 
of operation : p' . ~ ~ .  

28 

-- XX) 

gg,g 

53 

- ~- . - 
At beginning of 

ozeration: P - . ~ -  
After about 2 
hoursoperation: P' - ~~~ 

Is,, 

80.5 

.- 
Is* 



Inn ...., 11 *..rr.t"r. 
of cylinder 4O'C 
(W.lcr.wnkd h.m.rl 

b 0 . l l c e - I  

Fig. 32 Performance curve of water-cooled hammer. 

Fia. 33 Performance curve of air-wled hammer 
I 

! air, there is a strong tendency for the cylinder to become overheated. 

Under such a condition, lubricants may burn or lose viscosity, and as a result the lubrication 

I of the inside of the cylinder becomes unsatisfactory. 

. Overheating of the cylinder not only impairs lubrication, but also causes preignition, thus 

I adversely affecting the performance'of the hammer. 

(b) Gas pressure 
. . While variation in gas pressure is seldom observed in a water-cooled hammer, the maximum 

' 1  :.. gas pressure in the air.mled hammer dropped to 59% or so after 2 hours of operation (Table 1). . t 
The decrease of gas pressure means a decrease in generated horse power, and reduced striking 

. I  force, which can render the hammer unworkable. 

(c) striking force 

With the water-cooled hammer the decrease in striking force was almost unobservable, but in 
i 

*.. . 
~ 

.' . .. . . . cw.,.i'>. .. c..:. . . . ~ m r . " . = \ . * h . : < ~ ' * . ~ ~ ~ ~  ;.. *r ... ..,... I ~. ~ ~ 



Lo.I..~.-~ 
Fig. 34 Performance diagram of watersmled hammer 

Inner-wall !enper.tur. 01 cylinder 
460.C. (.ir.ceolcd hann=rl 

I 0 . l r . r A  

Fig. 35 Performance diagram af air-cooled hammer. 

the case of the air.cwled hammer the striking force dropped to about 54% (Table 1). 

The striking force determines the driving capacity, and the extreme decrease in striking force - 
of the air.cooled hammer is a serious drawback of this type. 

i 
(d) Cause of deterioration of performance 1 

The deterioration of performance in the air-cooled diesel pile hammer can be explained by 

comparing the diagrams of gas pressures at the beginning of operation (normal condition) and after 

continuous operation (overheated condition). 

Fig. 32 and Fig. 33 show gas.pressure at the beginning of operation, and, as explained earlier, 

they clearly show the normal generation of combustion energy, while Fig. 34 and Fig. 35 show the 

gas pressure after a long period oi operation. In Fig. 35 the maximum compression pressure and 

ignition lag are not clear, and the beginning of compression and the maximum gas pressure are 
i 

connected by a steady curve, and when compared with Fig. 33, the characteristics of the chart are 

varied. The absolute value of the maximum gas pressure is also reduced. 

This phenomenon can be explained as being casued by the overheating of the cylinder, which 

lea& to imperfect combustion of the fuel in the ball pan of the anvil. Pre.ignition takes place due 



t l r  the 11igi1 tenll~er:itui-c hclore the fuel is ntn~ni~rrl  sufficiently. decmasina 1116 striking f0rce.a 

characteristic i,cruii;~r 10 diesel pilc hammcr. 

(2) Guide r i n g  

Thr  Kobe pile 11;arnmer has an annular guide ring made of anti-frictk,n alloy around the ram, 

lby mcaixs of which the ram is kept aligned with the cylinder. The air-tightness of the piston ring is 

psitivcly maintained and the curved surface of the ram point nnd ball pan of the anvil are kept 

accurately fitted. assuring the most efficient atomization and combustion. As the axial line of the 

ram is kept correct, the circumferential surface of the ram except for the sliding guide does not come 

into contact with the cylinder wall, protecting the wall from wear and damage. 

(3) Cylinder 

The upper and lower cylinders which constitute the most vital part of the hammer are welded 

by a technic of the highest standard. The  lower cylinder is made of nickel-.chrome.molyMenum 

steel to insure long service life. 

(4) Ram a n d  anv i l  

The ram and anvil are made of forged high-carbon steel and manganese steel to give them 

sufficient strength to hear the p2werful driving force of the Kobe hammer as  well as to prevent wear 

of the lifting shoulder of ram and the convex and concave ball pan. 

(5) Fuel pump sys tem 

The cam of the fuel pump is so shaped as to reduce its surface pressure against the ram as 

much as pssrble and thus to minimize wear of the ram and cam. The  working surface of the cam v, 

glven hard facing to insure long, dependable seNIce. 

For the fuel line, heat- and oil-resistant rubber hose is used that effectively absorb shmk and 

prevent breakdown of the fuel system. 

9-3 Comparieon w i t h  d rop  hammer and s team hammer 

Besides diesel hammers, steam hammers and drop hammers are used for pile driving. These, 

however, have become things of the past in Japan, having been replaced by diesel pile hammers. 

This is because the diesel pile hammer has the following advantages over conventional drop 
, 

hammers and steam hammers (Table 
, TmbIe 2. Cornpariaan of wrfarrnanea nf rarioua pllc 

2). haturnern. 

(1) Savings  in expenaes and 
Kobe diesel 

easy  mobility pile hammer 

(a) Auxiliary external source of 

power is eliminated. 

of 2-cycle diesel engine in which the 

fuel itself perform the work, and thus Total weight !2,9~/4.8~~7,0~)!10.~4.1m18,3a)/14,4~ 
-- 

the energy can bt utilized most effec- Number of - -  
blpws per 45-6045-60:s-6045- 

lively with great fuel economy. rn~nute I ., 

- , . .. ir ..**.-, rr"S4.,.;.; .. ... ... -. . . .. ~: .~ '  _ . . .....% ib. . : .. . . . . is..,- . ~ . 



I 
I Since ntl ancillary equipment such as a 

I hammer, ~ l l c  initial cost c,f thc crluipment is 

low, and ascmbly, disassembly and transprta-  

I tiun of the hammer are simple. 

(b) Light weight 

I The  weight of a diesel pile liammer is 
, 
I about 112 to 1/3 that of a steam hammer having 

the lame driving energy. 

Because of the diesel pile hammer's high 

impact energy in spite of its light weight, 
I 
1 the capacity of a crane o r  pile driver using it 

can be small, reducing the investment for equip- 

ment considerably. This helps make it easy to 

assemble, disassemble and transport the entire 

rig. 

(2) Promotion of working e5ciency 

(a) Fast starting 

This hammer, being self-contained, can 

i start instantly a t  any time, without complicated 

preparations, and gives no trouble in cold 

weather. 

(h) Powerful driving force (Fig. 36 & 

I 
Fig.' 36 (upper) Diagram showing the perform. 

Fig. 37) ance of diesel pile hammer. r~ 
As pile driving work is carried out in Fig. 37 (lower) Diagram showing the perform. 

anceof drop hammeror steam hammer. 
the 3 steps of air compression in the cylinder 

I by the ram, the blow of the ram and the subsequent explosion, the diesel pile hammer has much 

greater driving force than other types of hammers which depend solely on impact energy. The 

energy created by compressive force, impact and explosion in succession combine to achieve strong 

driving effects. 

i (c) Effective for driving into hard ground 
I As the diesel pile hammer has the characteristic that the ram stroke is proportional to the 

I penetration resistance, the greater the resistance is, the more powerful the impact energy will 

become. 
r ,  

(d) Automatic operation 

Because of the larger number of blows delivered per minute and its automatic operation, the 

diesel pile hammer can work about three times more efficiently than the dmp hammer. 

- 24 - 



10. Anci l lary  equipment  

10-1 P i l e  driver 

The pile driver is a mechanism intended 

for erecting the pile, lifting the hammer and 

maintaining the alignment of the pile and ham- 

mer. The performance of the pile driver 

a8ects the efficiency of piling work, so 

in planning piling work, the hammer to be used, 

the kinds of piles, amount of work, method of oper 

studied. There are various types of pile drtvers 

(3) No damage to pile head 

Since the pile is driven in the three-step 

olar;tlir,n of air compression, ram impact and 

explosion, forces acting u p n  the pile are less 

violent. As a result the pile head is not 

damaged. 

As the hammer and the pile are connect- 

ed together, working cnergy is always imparted 

to the center and the pile is driven straight. 

I'hnta 8 Batter piling by pile driver equrpped wtlh 
l' 6i H type [.A lender 

ation and the site of operation should be carefully 

but they can be be roughly dtv~ded lnto the pile 

driving tower and the crane equipped with a leader. 

(1) Pile driving tower 

This type consists of a rotary frame, travel~ng frame. leader, stays, etc.. with a winch and an 

.I electric motor mounted on the rotary frame. The wlnch is used for lifting the mammer and pile. 

For traveling, rotation, slanting movement and sliding of the leader, a hydraulic or  mechanical method 

is employed. The slant of the leader is controlled by either tightening o r  slacking the stays, and the 

angle of slant is generally limited to about 15'. 

In halter driving, usually the pile is first erected vertically, and then slanted as desired together 

with the leader, but there is another method in which a jib boom is attached to the upper part of the 

leader and with thc leader in slanted position, the pile is lifted from the jib boom. 

(2) Crane equipped with a leader 

This is a crawler crane or  a truck crane to which a leader is attached and used as a pile driver, 

permitting greater mobility and easier operation with more efficiency than pile drivers of the rail 

traveling pile driving tower. For these reasons this type of pile driver has come to be used more 

widely in recent years. 

The crane type pile drivers are classified as follows according to the leaders used, 

(2)-1 Suspension type 

(a) Outline 
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Fig. 38 Overall view of pile driver equipped with type LA leader. 

This type is constructed by attaching the leader to the upper end of the crane-boom and con- 

necting the lower end of the leader to the crane body by catch-fork. The lifting of the hammer 

and pile is performed by the hoisting mechanism of the crane, and the slanting of the leader is con. 

trolled by adjusting the boom angle and the length of the catch-fork. At our plant t h i  type of , '.; 
leader is classfied as type LA, and the entire pile driving rig as a pile driver. Specifications of this i .  

type are shown in Table 3 (page 29) and the entire rig is shown in Fig. 38. Photo 8 shown an 

example of batter piling by type LA. 

(b) Special fatures 

- 26 - 



TYF of crane , ,!i I ;$y<,!i 
~ ~ ~ ~~ 

~~~ . ~ 

Type of leader 1 L H 22 1 L H 42 

-- 

Fig. 39 Overall view of type LH pile drivm (3.point supporting type). 

(1) Being of the crawler crane type. the unit has excellent mobility and is ideal for work 

requiring frequent work-site shifting.' 

(2) The assembling and disassembling of this rig require no additional equipment. 

(3) Because of its simple construction, it is easy to transport the unit from one job site to 

another. 

(4) This leader can be mounted on the standard P&H crane without any modiheations, 

making it versatile. 

(2F2 3-paint supporting type 

-.n - 



I .  
(a) Outline 

This rig supports the leader with stays and leader holder% and the hammer and pile are lifted 

by hoisting mechanism of the crane as in the case of the suspension type. The slanting movement 

of the leader is controlled by changing the length of the stays. 

At our plant th'is type of leader is called type LHand the entire rig is called the type LH pile ..... 
*) ; :. 

driver. The specifications of type LH are given in Table 4, and the overall view of the pile driver 

in Fig. 39, and the overall appearance in photo 9. Fig. 40 shows the sectional dimensions of the 

leader. 

(b) Special features 

(1) The angle of the leader is adjusted by means of hydraulic cylinder, making it easy to 

operate. 

(2) For batter piling this system is far more efficient than the suspension type 

Photo 9 

(3) As the leader can be held close to the 

Lwdy of the crane, i t  is convenient for working 

in confined areas. The unit is very stable and 

can be used in combination with a large hammer 

such as our K42 d~esel pile hammer. 

(4) The leader is so constructed that its 

angle can be adjusted into either side, and it can 

Sectional view of 
Model 13 Leader 

Sectional view of 
Model 22 Leader 

Sectional view of 
Model 42 Leader 

Fig. r10 Sectional dimensions of 
leaders. 

Blllt~bls combin~tion. of hammerm 
and leadem. 

e 0 . I Suitable hammer 

Model 22 

Model 42 
K13 K22 
K13 K22 K32 K42 
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be easily erected vertically even on pound that is not level. 
. . 

(5) This rig can be assembled or  d~sasembled without the use of auxiliary devices. 

(6) Because it is easily set up or  taken down, the rig can be transported from one work-site 

to another with ease. 

(7) This leader can be combined with standard cranes such as P&H Model 320H 01' Model 

330 without majar modifications. 

Rotating s p e d  (rpm) 
Speed of hammer lifting 
rope m/min 
Speed of pile lifting rape m/min 

: :  

~mble 3. SpcciBeationm for nnspension tme pile driver. ..; .+ 
(Table 3-1) (See Fig. 38) 

5.1 (high w e d )  3.2 (low speed) 

51 (high speed) 31 (low aped)  

51 (high speed) 31 (low speed) 

Pile driver 
330 (LA421 

K22 K32 
. I  

12.19 - 18.29 .. 
18 - 24 

13 - 19 . j  

. 
1 Pile driver Pile driver --.. ., ~. . 

Item .-. 
1 . . _ - - _- 

K13 KZZ Diesel pile hammer 
12.19 - 18.29 Length of boom: L-B (m) 12.19 

Pile driver 315 (with Leader LA13) equipped with pile hammer Model K13 

(Table 3 - 2) (See Fig. 38) 

' Length of boom LB 12.2 
Length af leader L 18 
Max~mum length of pile (m) 13 

Traveling speed (kmlh) I 1.9 (high speed) 1.2 (low speed) 

Length of leader: L (m) 

Maximum length 01 pile (m) 

I 

Bwm angle (07 

Hammer lifting wire rope 

Pile lifting wire rope 
Ground pressure (kglcm?) 

Weight of pile 
w (0 

4.8 

18 

13 

18 - 24 
13 - 19 

. ~ C  . , 

204 2ropes 

20# 
0.70 0.68 - 0.79 

0.77 - 0.89 
(590mm shoe) . , 

... 



Pile driver 32OII (with leader LA22 & 760 mm shoes) equipped with diesel pile hammer Model K13 

Tahlc 3 - 3 (See Fip. XI) 

Boom angle (0') 

! With standard counterweight 
I 

I Workinn radius R (m) Weight of pile to be lifted W (1) 

With 2.100 kg extra wuntweight 

Length of boom LB (m) 1 , 12.2 

Length of leader L (m) 18 

Maximum length of pile crn).1 13 

Pile driver 320H (with leader LA22 & 760mm shoe) equipped with diesel pile hammer Model KP. 

(Table 3 - 4) (See Fig. 38) 

18.3 

24 

19 

12.2 

18 

13 

15.2 

21 

16 

I With standard counterweight 
I 

15.2 

21 

16 

18.3 

24 

19 

Working radius R (m) Weight of pile to be lifted W (t) 
Boom angle 

: 

82 

81 

80 
79 4.8 5.2 5.4 2.8 - - 
78 5.1 4.4 5.7 2.0 - - 
77 5.3 3.6 6.0 1.3 - - 
76 5.5 3.0 - - - - 
75 5.7 2.4 - - - - f:! 
74 5.9 1.9 - - - - 

73 

72 

71 

70 - I -  - I -  - - 

With 2.100 kg extra counter- 
weight 

12.2 . 15.2 

21 

16 1 19 

Length of boom LB (m) 
Length of leader L (m) 

Maximum length d pile (m) 

12.2 

18 

13 

15.2 pi 18.3 

18 

13 

21 

16 

24 

19 



- - . ' I  

Bmm angle ( H D )  
W R (m)-- 

- - - . - 
82 1 4 6  7.2 1 5.1 1 4.8 1 4.6 / 9.6 

81 4.9 5.9 / 5.4 3.5 4.9 8.0 

I'ile driver 330 (with lender 1.A22) cquipped with diesel pile hammer hlcdel K22. 

(Table 3 - 5) (See I'is 38) 

I 
W ~ t h  standard 1 counterweight 

Length of lxwtn 1.B (m) 15.2 1 18.3 
Length of leader I. (m) ! 21 24 

hlaximum leneth of ~ i l e  (m) 1 16 1 19 ' 

Pile driver 330 (with leader LA42) equipped with diesel pile hammer K32 

(Table 3 - 6) (See Fig. 38) 

With 2.100 kg extra 
counter-weight 

15.2 18.3 

21 : 24 
16 1 19 

: to be lifted 
'l.-- ---_ 

R W  
-- 

5.1 / 6.9 

5.4 

5.7 

6.0 

6.3 

6.6 
- 
- 
- 
- 
- 
- 
- 

I Working radius R (m) Weight of pile to be lifted W (t) 

5.4 

4.2 

3.1 

2.2 
1.4 
- 
- 
- 
- 
- 
- 
- 

With standard counterweight With 2,iW kg extra counter- 
weight 

Length of boom. LB (m) 12.2 15.2 18.3 

Length of leader L (m) 
Maximum length of pile (m) 1 :: 1 1 1 :: 1 6  19 

Boom angle -.-A- ( " ) I k - l Y i p i - G - j i F I  ~ ~~ ---- ~~~~ R 1 w I R w ! R w 
82 

81 

80 
79 

78 

77 

76 

75 

74 

4.4 

4 ~ 6  

4.8  

5.0 

5.2 

5.4 

1 73 1 , 

Note: The weights of the piles mentioned in the above tables show the vertical loads at the center of the 
hammer on firm level with the K o h  leader mounted. 

The 760 mm shw is recommended for pile driver 320H. 
When thc standard shoe is attached, the weights of the piles should be 3W kg less than the values 

mentioned in the above tables. 
The attaching and detachingof the extra wuntenveight should be carried out with the boom mounted. 

6.4 

5.1 

3.9 
2.9 

1.9 

1.1 

- - -  

- 

1.1 
- 
- 
- 
- 
- 

- - - - - - - - - - - -  

4.8 

5.0 

5.3 
- 
- 

- 

- - 

4.4 

4.6 

4.8 
5.0 

5.2 

5.4 

5.6 

5.8 

3.5 
2.2 

1.1 
- 
- 
- 

- - - - - -  

- 

5.2 
- 
- 
- 
- 
- 

- - -  

- 

8.9 
7.4 

6.1 
11.9 

3.9 

3.0 

2.2 

1.5 

- - 

4.8 
5.0 

5.3 
5.6 

5.8 
- 
- 
- 

- 

5.7 

4.2 

3.0 
1.9 

1.0 
- 
- 
- 

- 

5.2 

5.5 
- 

- 

- 
- 
- 
- 

3.0 
1.7 
- 
- 
- 
- 
- 
- 

- - 



1 2  Marine pile driver 

For underwater piling. a marine ~ i l e  driver is used. It may be equipped nrith the upper 

structure of a crawler crane or have a winch and other equipment mounted on it. To reduce the 

rocking of the marine by wire ropes stretched leading to anchors or land mooring. Photo 10 shows 

an  example of using a marine pile driver. . I 
10-3 Pi le  cap . 
When driving a pile, a cap is placed between the hamrer  and the pile to protect the pile head 

from damage and at the same time to keep the pile aligned. If the pile is struck directly by the 

hammer, the pile head receives a strong impact that damages the head. To avoid this a cap is used 

to absorb the impact energy. The cap is held in position by the lead of the leader so as to drive the 

pile parallel to the leader without slanting. The cap should be made of cast steel rather than welded 

steel plate. This is because it receives tremendous impact energy that can cractiwelds. 

Photo 10 Work with a marine pile driver 

A cushion of hard wood is placed on top of the cap to avoid the direct impact of the hammer 

on the cap. The rate of absorption of impact energy is in direct proportion to the size of the cushion 

material. When the cushion becomes worn, the impact stress on the cap becomes greater. The . ! 
cushion should be replaced occasionally for it wears out comparatively easily. Fig. 41 and Fig. 42 

show caps for sheet piles. 

104 Follower 

When pit excavation work is to be done, the follower is used to drive the pile head down to a 

predetermined position below the ground level. The follower is often used in the construction of 
' ; 

foundation of bridge piers. When the pile head is even with the ground surface, the cap is removed 
f . :  

and the follower is placed on the pile head and, with the upper end of follower being struck by the 

hammer, the pile is driven to the  redetermined depth, and then the follower is lifted out by wire j 

i 
rope. The follower should be so wpstmcted that it fits 'the pile head snugly to trammit all the 



Table  4. Specifications for pile d r i r e r  t l p a  LH (3-point aupperting t rpc )  

(Table I - 1) 

Male o crane 1 
( ~ ~ d ~ l ~ : l ~ ~ d . ~ )  ' 32UtI- 1.H 3 m H L R  . 3.10-LH ! ~ ~ O - L H  

Pile driver Pile drtver Pile driver pile driver 
item ! (LH22) ! 

. ~, -. ~ . ~ . .  - - -  (LH42) : (LHZ2) ; (LH42) 
~- -~~ 

Diesel pile hammer -- / K13 K22 I K32 K42 i K13 K Z  K32 ~ 4 2  
Length of leader (m) I8  - n . i 18 - 24 18 - 27 : 18 - 24 '~ ! 

Maximum length of (m) i 13 - 22 1 , 13 - 19 1 13 - 22 ' , 13 - 19 

Note: For items other than those mentioned above, the .pci~ations in 3-1 apply, 

Table  of workins eSp8eity of pile driver JZOH-LE. 
(Table 4 - 2) 

Table of workins eapscitF of pile d r i r e r  30-LH. 
(Table 4 - 3) 

Leader 
-~~~~ ~ 

~ ~ ~ 

I " I 
18 
21 K32 

2 0 ,  5 
15 / 5 

13 
16 

4 
24 I s  1 4 

~ ~ 4 2  . 0 19 4 

18 

LH22 1 - .--I ~ 

4 
~- 

5 I" ! ! *m 5 
c 

16 . . 

Hammer "d 

K 13 

ode1 Length (m) 

21 
24 

27 

Maximum batter angle 
(degree) .. .~ - 

Pile 

K42 
20 ! 0 
15 i 0 
15 ; 0 

Leader I 

Backward i Forward 

20 1 5 
20 i 5 
15 i 5 
0 ,  

19 4 

13 
16 

. ~ a ~ ~ ~ ~  used 

K13 

.- 

K 22 

K 32 

K 42 

~~ ~ .. 
Model Lcngth (m) 

Maximum batter angle 
. - -  (degre_q) 

Backward I Forward 

0 22 
4 

M a x . n S t h - P i L -  
(m) I (ton) 

*Avoid lifting the hammer while the leader is in the position for batter piling. 

. - 

4 
4 

1 8 1  

LH22 

20 
20 
20 
0 

- 
20 
z0 
20 
0 

20 
a 
15 

- 
20 
20 
15 

Pile 

X'LX. / Maxi>ht 
(m) ( 1 

13 
16 
19 

18 
21 
24 
27 

- 

18 
21 
24 
27 

18 
21 

5 
5 
5 
0 

5 
5 
5 
0 

I 

5 
5 
5 

5 

o 5 

13 
16 
19 
22 

13 
16 
19 
22 

13 
16 
19 

~ ~ . . ~  - ~ - - 
13 
16 
19 

4 
4 

1 %  ~ ~ 4 2  ! - ~  ~ 

18 

4 
4 
4 
4 

~ ~ ~. 

4 
4 
4 
4 

4 
4 
4 

4 
4 
4 
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impact energy of the hammer to 

the pile. It is essential to have 

an accurate alignment between 

the axial centers of follower 

and the pile in order to avoid . . 

eccentric driving. The follqwer .i 
. . 

is usually made of steel pipe. :: 
and its diameter of middle part . ,:A - 

i 
is slightly smaller than the dia- 

meter of the pile so as to min- 

imize the contact between it and Fig. 41 Cap for sheet pile. Fig. 42 Cap for sheet pile. 

the sides of the pile hole, and 
' C  

to facilitate the drawing out of the follower. When a long follower is driven into clayey soil, it may :i 

...t 
not be easy to pull it out because of the adhesive property of the soil; The  ~ i l e  driven in such a case 

ir .~:*; 
d ! ... 

should be strong enough to overcome such a tensile force. 4 
'.I 

11. Selection of hammer capacity i? 
:< 

The hammer to be employed should be selected by taking into consideration the bearing -~ 
capacity of the pile desired, economy, efficiency and the strength of the pile. 

I t  is expected that greater impact energy raises the efficiency of operation. However, when a 

hammer of large capacity is used, a large pile driver is required. and if the striking force is t w  

great, and the stress the pile receives becomes t w  strong, then the pile head is liable to be damaged. T: 

If, on the other hand, the impact energy is too small, it can not wercome the penetration resistance 

and elastic resisbance and not satisfy the work requirements. The critical point of the driving opera- !?, 
tion can be considered to be a penetration of 0.5 mm per hlow. When the penetration per hlow is 

less than 0.5 mm, the driving operation is unduely slow and the hammer becomes overloaded. 

The heavier the pile becomes in relation 

to the weight of the ram, the larger the rate of . -. 

loss of the striking energy becomes, and the .. 
lower the driving efficiency. The energy tran- 

smitted from the hammer to the pile ean be 

described as follows : 

W+tlZP Ep = Eh . ..................... (8)  

Where : (1 
Ep = Energy transmitted from 

hammer to pile ............ ton-cm 
wliibt 01 pilcl-ri#ht 01  rmm 

Eh = Impact energy of Fig. 43 Weight ratio and reduced values 
hammer ..................... ton-cm of impact energy. 

< 



.................................. ............................ U' = Weight of m m  .. 
P = U'eigIit of pile .......................................................................... ton 

n - Repulsive nwflicicnt 

1x1 equation 8, the reduced values of impact energy were sought relative to the weight ratio 

between ihc ram and pile, ignoring the effects of elasticity. 

Generally speaking. it is not advisable to use a hammer whose ram is less than 1/3 the weight 

of a pile. 

11-1 Bear ing capacity formula a n d  N value 

A hammer should have suficient impact energy to utilize the designed bearing capacity of the 

pile and to easily overcome the penetratiion resistance and elastic resistance. 

T o  select a hammer adequate for the designed bearing capacity of a pile, it is best to calculate 

the penetration resistance of the ground by Meyeroff's formula (Equation 17). and the drivingcapacity 

of the hammer by Hiley's formula (Equation 20) when the diameter and length of the pile. N value 

and value of the standard penetration tests are known, and determine the capacity of the hammer 

by comparing the two values thus obtained. 

11-2 Strength of pile a t  t h e  time of dr iv ing 

The pile is subjected to an extremely large dynamic compressive force or  tensile force at the 

time of driving, and this also must be considered. 

(1) Dynamic compressive force on pile head 

To calculate the component of force created in the pile body by the hammer impact while the 

pile is being driven, there are two methods, i.e., either by the equilibrium of impact energy or  by 

impact wave equation. The  following is an impact wave equation that is often employed because it 

is said to correspondent with values obtained by actual operation. 

Dynamic compressive force of diesel pile hammer 

C P  - Dynamic compressive force on pile head ....................................... ton/cm2 

........................................................................... A - Sectional area cm4 

...................................................................... E -Young's modulus ton/cm* 

p - Specific gravity ....................................................................... ton/cma 

................... ........................................................... e - Efficiency ;.: + 0.8 

H -Ram stroke ............................................................................. cm 

Additive symbols - Hammer 

Additive symbolo -Cap 

Additive symbolp - Pile 

For centrifugal reinforced wncrete piles and steel piles, the above equation can be replaced by 

the assumed Constants as  follows : 



" - 7 rp  R 

In*. dl..,.. 
< 

h i r h i i & i w i r i r u w i & * m r n *  

(a) Centrifugal reinforced wn-  

crete pile 

E,, = 2,100 t/rrn2 

E,. = 350 t/cm2 

Ec = 100 tIcm2 

p,, -- 7.85~ 10-6 t/cms 

oP = 2.4 x 10-6 t/cmS 

Fig 44 Selection at ndequate hammer according to dynamic pc = 1.0~ 10-6 t/cms 

compressive component of force on pile head (con- s.- = 
crete pile). 

Fig. 45 Selection of adequate hammer according to dynamic 
compressive force on pile head (steel pile). 

(b) Steel pile 

E,, = EP = 2,100 t/cm8 

From the above equations (12). (13) and (14), it can be said that the length of the fall, rather 

than the weight of the hammer, and the use of a hammer whose sectional area is larger than that of 

a pile create forces that can damage the pile head. 

Now in equations (13), (14). asuming 

H = 180 cm 

Ao/Alr = 1.0 

the following equation can be obtained: 

(a) In the case of centrifugal reinforced concrete pile 

(b) In the case of steel pile 

Fig. 44 & Fig. 45 show the selection of adequate hammers, considering the dynamic com- r \ 
pressive forces on the pile head. 

The strength of a pile can be expressed relative to the N value of the standard penetration ' 

tests, and the limit of the hardness of gmund that can be penetrated by piles is roughly N=30 for 

the wncrete pile and N=50.-70 for the steel pile. 
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Table 5. Typlcal eombinstiona af piles and Kobe Diesel Pile Hanmera. 4 k. ~ ,~ - .  

/ Typeof pile Ihrnmcr male1 K 13 K 22 
.-. ............. .. ....... .. . 

I I H c i g h t x W i d l h ' l  3w x300  : 350 x 350 4~ x 400 m x 300 1 .w X 350 j 400 X 400 mm 
~ ~. . I  ~~ ~ --. --- .. 

H i  h i  i IS 16 i 12.5 / 16 12 
m 1 2  I 1 . .  ..I : ;~ 

. .  

Weight kg/m 84.1 103 1 106 131 115 1 137 84.1 
. - . . . . . . . .  . . .  - ............ -. ~. . I 

406.4 508.0 1 509.6 

/ Pipe pile 

-2 , - -- 

$ 
X 

4 Shm pile - 

Concrete 
pile 

- _  . .  . .  ...... . .  .. 

Thickness mm 6.0 6.419.5112.7 6.41 9.5; 127 6 41 9.5112.7 9 5/12.7/16.9 
~- 

Weight kp/m 46.2 - -- ~ . ~ . 1 / 9 3 . 0 ;  123 63.1193.4 . lZ3ikFFi . lil 1871 .- 234 

Tvue m I N I v 1 2 - 3 1 2 - 4 5  nt ! N I v 1 2 - 3 8 1  2-45 

I I I I I I 1 . 2  

Sinnle dle Double ~ i l e  - .. -- 

- .- . -- 

Out. dia. mm - 
Thieknesa mm 60 

- -- 
Weight kg/m 82 

~ 

~ ~. 
Lower end m m  I 2 5 0 over 1 . - .... I - I -  .- -- =-:--- 

H pile 

Weight of pile ton 

Bearing capacity ton 

/Type of pile I Hammer model / K 32 

Pipe pile 

K 42 

Sheet pile 

1 . 0  - 2 . 5  

2 0 - 6 0  

- . 
1. 5 - 4. 5 

3 0 - 1 0 0  

I,,,,, . -- .- - . ... ' __ ...... -_ 
Thickness mm 1 1 1 3 13 i 16 1 iZ.5 1 l6 
. .- -- -- 
Weight kg/m 84.1 1 103 1 106 1 1317 115 106 1 1 1  115 

Weight of pile ton I 2. 5 - 6. 5 I 3 . 5  -8 0 . 5  

0ut .d ia .  mm 
-~ .- 

~ h i c k n e s s  mm - .. 

-- 

Concrete 
pile 

- 
Wmd pile 

Bear in~  capci ty  ton 1 5 0 - 1 5 0  I 6 5 - 200 

-- 
Weight perpile a 1 76,4 

kg/m 
1 % 1 116 

Out. dia. mm 

Thickness mm 70 

Weight kg/m 

Lawer end mm --- 

508.0 1 6 0 9 . 6  7 1 1 . 2  / 812.8 
-- 
6.41 9.5/12.7/9.5:12.716.dl 9.5?2.7116.019.<~23116.0 

.... 
€49.6 1 7 1 1 . 2  1 8 1 2 . 8  9 1 4 . 4  
-~ 
9.5112.7116.91 9.5)12.7';160/ 9.5)112.416.0/ 9.5k.d 16 

1(11187/m21{ 2121 354 

Type 

Thickness mm 

Number of piles 

-. 

- - ~  m I N i v  1 2 - 3 1  2-45 

13 1 15.5 / 22 117.2/11.4121.5/12.6 

Triple pile 

m 1 nr I v 1 2 - 3 1  245 
--. 

13 / 15.5 1 22 117.2/11.4121.5/126 
. . . . .  . . . . .  

Triple pile 



Table 6. Dimsn~ions mud performance of centrifngal reinforced concrete pile. 

Dimensions Natures of cross section -I-. . 
Out.dTa T K d i a .  IThicknes. A ,me I =,,," 

(mm) I (mm) I (mm) I 
Designed bending 

.. ~ ~~ moment - 

Crack kg,mI ;pture 

Reference 
weight 
kg'm - 

120 

130 
140 _ -- 
140 
160 
180 

~- --- 
190 
210 

~~ ~-.~. g/m -~ 
180 M) 452 2,470 1 37,100 1 3.500 8.200 

300 160 70 506 2,600 j 39,100 ' 3,700 8.400 

3.800 . . 

5.200 
5.600 
5,900 

Ts%'J 
8.500 

2,690 / 4 0 . m  
~ ) _ . -. 

3.700 / 64,400 

' 3,900 1 68.600 
4,100 72,000 I. 
5.550 ! 111,000 
5,W / 117,000 

8,800 
. 

12.300 
12.800 
13,500 

18.100 
19.600 

- 

350 

140 

W )  

210 
190 

2M) 

80 
-- 

M) 

70 
80 

70 

400 

553 
. 

547 
616 
679 

726 

2.40 1 80 804 



Table 7. Dimensions, Weight and sectional performance of ateel pipe (J1S G3U4, JIS A5625) 

Dimenions of steel pile / Weight Sectional performance 
~ ~ ~~ . 

Section 'Geometrical Rsdiu? of 
Out. diaj moment of gyratton 

mm inertia of area 
cm' Em 

451 719x10 11.0 
515 820x10 
591 940x10 

-- 

/ 6.0 1 311.8 / 47.0 2 i . n  59.90 
7.1 1 309.6 I 55.4 18.04 70.64 

0.0824 

.~ . . . . 

0.0993 

~ ~ 

o,130 

.- 

355.6 

---- 

4ffi'4 

. 
457.2 

~ 

1.02 

~~~~~~ -- 

1.12 

l'" 

~ 

6.4 

7.9 
9.3 

11.1 
-- 

6.4 
7.9 
, 9.5 
'12.7 

. .- ~~~ 

6.4 
* 9.5 
'12.7 

..... 
467 
547 
604 
702 
824 

342.8 55.1 
341.4 i 
339.81 67.7 
337.0 / 79.4 
333.4 94.3 
- 
393.6 63.1 
390.6 .77.6 

: 6.4 495.2 79.2 12.63 100.9 
508.0 ' 9.5 489.0 117 8.56 148.8 

*12.7 482.6 1 155 6.45 197.6 
. . I _  

- 
18.15 
16.39 
14.76 
12.59 
10.m 
- 

15.84 
12.88 
10.75 
8.11 

387.4 
381.0 

.- 
444.4 
438.2 
431.8 

317x1OZ 
462xlOZ 
606x10' 

756x10 
BSOXlO 
978x10 
113X102 
133xlOa 

-- 

70.21 
77.73 
R6.29 

101.2 
120.1 
-- 

80.42 
98.90 

118.5 
157.1 

93.0 
123 

.~ 

17.7 . 
17.6 
17.5 

230 X loz 
335x102 
438x103 

-- . 

0.M3 

. 

11.2 
11.2 
11.2 
11.1 
11.0 

15.9 
15.8 
15.7 
- 

71.1 
105 
139 

I 9.5 539.8 : 129 7.77 . 163.9 
5.85 217.9 
4.67 272.8 

9.5 W . 6  1 141 7.11 179.1 

12.3 
12.3 
12.3 
12.2 
12.2 

~ 

14.1 
14.1 
14.0 
13.9 

602 
664 
734 
853 

100x10 

792 
967 

115x15 
100x10 

Note: The above dimension conform to JIS A5525 steel pipe pile. 

0.245 

- 

0.292 

-- 

1.60 

107x102 
118x10' 
130x101 
150x102 
178x102 
---- 

161x10' 
196x102 ' - '  
233x10P 
305x102 

~ .-.- ~.~ 

14.06 
9.54 
7.18 

125x10 
182x10 
239x10 

609.6 1 '12.7 

1.76 

- 

1.92 584.2 / 187 
577.6 1 234 

~ 

90.64 
113.6 
177.3 

0.397 2.23 

-- - 

0.519 

. . -. - . . -- - - . . _. . 

0 . 7  1: 
--- .? . -. .. -. . 

0.811 

'16.0 
.~ 

711.2 

- 

812.8 

.. ..-,. 

91414 

-~ 

222x10 
291x10 
360x10 

265x10 
348x10 
432x10 

5.35 
4.27 

0.164 

363x10 
478x10 
594x10 

476x10 
629x10 
782x10 

-. 

238.2 
298.4 

9.5 
*12.7 
'16.0 

---- 
9 . 5  
12.7 

*16.0 
. 
9 .5  

12.7 
O16.0 
~~ 

619x10' 
813xlOP 
101xlOz -- 
129x10* 1 170x122 
211x102 

~ 

1.44 

I~ 

19.4 
19.3 
19.2 

~ 

21.2 
21.1 
21.0 

~ ~~ 

692.2 / 164 
685.8 219 
679.2 274 - - 
793.8 188 
787.4 251 
780.8 314 

- 
I -- 895.4 , 212 
I 

889.0 i ,282 
882.4 1 354 

I- 

129x103 
170x103 
211X10J 

193x102 
256x103 
318x10s 
I -_ 

101 X 10 
147x10 
192x10 
- 

4.24 
3.18 
2.53 

24.8 
24.7 
24.6 

~- 
28.4 
26.3 
28.2 

. - 

997.0 1 236 
990.6 ! 314 
984.0 j 395 

1,016.0 
W . 4  
400.3 
502.7 

6.08 
4.57 
3.65 - 
5.32 
3.99 
3.18 

4.72 

2.82 

32.0 
31.9 
31.8 

35.5 
35.4 

m x i o  
803x10 
9 9 7 x 1 0  
-- 

749x10 
992x10 
124x10 

9.5 
12.7 

'16.0 

209.4 
287.7 
349.4 

239.7 
319.2 
400.5 

- -- - .  . . 
210.1 
9 . 8  
451.6 
- 

n l x i o ~  
' 366x109 
456xlOJ 

3 @ 0 x 1 0 ~ . 6  
504x101 
268x108 



Fig. 46 H pile. Fig. 47 H pile. 

Tsblc 8. Dirncnmio 

Dimensions 

mm 

Table 9. Dimendono and  section^ 

1 Dimensions 

Designation [ 

3 0 0 ~ 3 0 0 ~ 1 2  
1 3 0 0  

300 1 1 / 1 2  20 

3 9 9 x m x i 2  1 3 9 9  300 11 i 12 20 
499xX4Jx12 1 4 9 9  300 11 12 20 

. . -. . - . - 
308x300~16  / 308 300 11 1 6 ,  20 
407x300~16  1 4 0 7  300 11 16 20 
507x300~16  1 507 300 11 16 20 

. . _ . -  1.- - - 
301x400x12.5i 331 4M) 11 12.5 20 

I 
400x400x12.5i 400 400 11 12.5 20 
5 0 0 ~ 4 0 0 ~ 1 2 . 5  500 400 11 12. 20 

j - _I 
308x400~16  1 308 400 11 1 16 20 
407x400~16  407 400 1 1 1 1 6  20 
507x400~16  507 400 11 j 16 20 

m m d  meetioaal are. performnnec of E pile. (See Fig 48) 
I Geometrical 

are. performanca o f  H pile. (See Fig. 47) 

SN.tirmrl / I Sectional area performance 

Sectional Unit 1 . . we~ght 
em. I h i m  

~- 

71.53 i 56.2 1 4,980 / 1,700 I 8.35 1 4.88 1 490 1 167 

of 
inertia 

cm* 
~~ 

l x  IY 
-- 

Radius of : Sectional 
gyration of area . modulus 

cm cme 
~1 

ix iy j zx I ~y 
~. - 
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Fig. 18 i l  ;.hnl,r steel 

Fig. 49 U shape steel sheet pile. 

Fig. 50 U shape steels heet 
pile. 

Table 10. Perform*nce of U #haw .tee1 a b e t  pile. (See Fig. 48) 

Dimensions 1 Sectional area Weight / M~~~~~ of ! Senion modulus 
- . A 

Per Per 

~ .- 
ysp-I ! 400 75 8.0  / 46.5 1 116 1 36.5 / 91.2 1 429 1 3.820 1 66.4 ! 503 

.i 

YSP-v 

Tsble 11. Performance of :U ahape iteel aheet pile. (See Fig. 49) 

9 Per sheet of ~ i l e  Per meter of wall 

Geometrical Seetion 

, modulus - .-. . 

"It I I3 h t '1. T W -  I m m l m m l m ~ l  1 g* 1 c 2 4  I / 2: .,r- X 8 . 8  4 1 4 I I 

NKK 

Note: NKK Special 4 & NKK Special 5 are manufactured on order. 
Table 12. Performance of U shape m k l  mheet pile. (Sea Fig. 50) 

1 Dimensions - I Weight Moment o 
I 

mm ! mm 
I . 

ESP II 400 j 1W 10.5 61.2 48.0 874 
ESP 0 A 4 I20 9.2 1 55.0 / 43.2 
ESP Ill 400 / 125 13.0 76.4 60.0 
ESP In A 150 13.1 / 74.4 58.4 
ESP N 

4 0 0 ;  185 16.1 94.2 74.0 
1 I70 15.5 1 9 6 . 1  

ESP N 



Fig. 52 Straight line steel 
sheet pile. 

Fig. 51 Z shape steel sheet pile. 

Table 13. Performance of Z shape steel sheet pile. (See Fig. 51) 

I Dimensions I Sectional area I Weight 

Table 14. Performance of atraight line steel sheet pile. (See Fig. 52) 

Sectional area Weight Moment of !section modulus inertia _ . I . . . _  ^ .- --I.__..___ 
TYF 

I 
Straight line 45 9.5 69.1 173 54.2 136 190 52.5 47.8 120 
type 

(2) Dynamic tensile force created in the pile body by the blow of the hammer when the pile 
P! .. . 

is driven into soft ground. 

When a pile is driven into soft ground, it sinks quickly on the impact of the hammer and ex- 

tremely large dynamic force may be created in the pile. The most important problem in this mn- 
! 

necton is the jointing of piles. and special care should be taken to prevent the joints from being broken 

or damaged. 

(3) Buckling of the portion p m e i n g  above the ground at the time of driving. 

In driving a pile into hard ground, the part of the pile protruding above the ground is apt to 

buckle. When the pile and the hammer are not truly aligned, or when the striking point of the 

hammer deviates from the center of the pile. dynamic bending moment occurs beside static com- 
' i . .  . 

pressive force, so it is necessary to take these forces into consideration. An acceptable slant of the 

pile is considered to be 1/500 and the eccentrieity of the hammer to be 1/20 of the diameter 

or width of the pile. 

As described abve, in the selection of hammer capacity, various factors have to be considered, 
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and typical types nf piles suit:ible for use with the Kobe Diesel Pile H a n ~ n ~ e r  are shown in Table 5 

(page 37). The shapes and perfr~rmance of various piles are shown in Figs. 46-52 (page 40-42) 

and Tables 6-14 (page 34- '1'1). 

12. Bearing capacity formula 1 
As a method to determine the bearing eapacity of a pile, the pile load test i.e., placing a load on 

the p~le  and finding the bearing capacity from the relationship between the load and the sinklng of 

the pile, is recommended as the most reliable one, and in all important projects this pile load test is 

conducted. But this test requlres much time and expenditure. As a result, two methods which can 

easily be put to use have k e n  developed to determine hearing capacity. One tries to find the bearing 

capacity of the pile from analysis of the soil and the other from the relationship between the amount 

of penetration of rhe pile and the hammer lmpact energy. The former is called a static bearing 

capacity formula and the latter a dynamic bearing capacity formula, and variations on these two have 

been presented by many scholars. Some of them will be described below. 

The following method for determining the permanent allowable hearing capacity of a pile is 

given in the Structural Designing Standards for Foundations of Buildings, 

The permanent bearing capacity of a pile should be determined as follows. 1 
(1) The bearing capacity should be 112 the valueof the yielding load in the load test of the pile, 

or 113 of the ultimate bearing capacity or the ba r ing  capacity obtained by multiplying the allowable 

compressive stress unit of the pile material by its sectional area, whichever is the smallest. In case 
, . \  q 

the load test is not carried out, a value smaller than one obtained by a pile driving test or other .:i 
. .I 

methods such as the static bearing capacity formula, or allowable bearing strength obtained fmm the .I .; allowable compressive stress unit of the pile material, whichever is the smallest, can be used. 

If a jointed or composite pile is used the bearing capacity of the weaker pile should be taken. ./ 
I 
i 

(2) - For a jointed pile. 20% should be deducted from the value of (1) above per joint. How. 

ever, when a jointed steel pile is used, if it is considered to have sufficient strength. no deduction 

needs be made for the joint. 

(3) With a ~ i l e  whose length is more than 60 times its diameter, a percentage value obtained 

by deducting 60 from the figure obtained by dividing the length by the diameter of the pile is 

deducted from the value (11, and in the case of a steel pile the figure 60 referred to above should be 

changed to 1M). 

(4) When a end-bearing pllc penetrates the ground which supposed decay, the effect of the 

frictiowl force acting on the circumference of the pile should be taken iuto consideration in detemin- 

ing permanent allowable bearing capacity." 

1%1 Static formula 1 
This formula supposes that the bearing capacity of a pile is the sum of the bearing capacity at 

the ~ i l e  end and the frictional bearing capacity at the circumference of the pile. 



There are many formulas for static bearing capacity, and the one shown below is Meyerhoff's 

formula, which seeks the bearing capacity formula by applying the theory of bearing capacity and 

the N value of the standard penetration test. 

(a) Formula applicable to sandy ground 

Where : 

R. - Ultimate bearing capacity of pile ...................................................... ton 

A -Area of pile end ........................................................................... mz 

L - Length of pile .............................................................................. m 

p, -Circumferential length of pile ......................................................... m 

N - N value of the ground at the pile end 

m - Average N value of the ground around the pile 

(h) Formula applicable to the composite ground of clayey and sandy strata 

Where : 

Ln -The length of the portion of the pile in sandy stratum ....................... .m 

Lc -The length of the portion of the pile in clayey stratum ........................ m 

n a  -Average N value of the sandy portion of the ground around the pile 

8. - Average unconfined compressive of the clayey portion of the ground 

around the pile ............................................................................ ton/m2 

N or from the relation of substantially q. = (kg/cmz) + N t/m' 

Between the unconfined compressive strength and the N value, thus 

With a pile of the open end type the 

effective area of the end portion which displays 

its end resistance is not the actual sectional 
v 

area of the pile, it is said to be better to con. 

sider its closed area as the effective area as is 

shown in Fig. 53. 
Fig. 53 Closed sectional .@ area of pile. 

The reason is this: As the pile' pne.  

trates, the interior of steel pile or the space between the flanges of an H-stwl section bemmes filled 

with soil, and when its inner friction becomes equal to the end resistance of the soil, there will be 

no further entry of soil, and thus the same effect as closing the open seetion is said to be displayed. 

There is another problem of how far we should practically consider the N value of the grW& 

at the pile end, one formula proposed in this connection being as followa: 



Where : 

R - N value of the ground at  the pile 

end for design 

N, - N value at {he pile end position 

mz - Average N value within the 

range of 10B (B being the dia- 

meter or width of the pile) up- 

ward from the pile end 

However, in such a case in which the N 

value tends to decrease with the depth down- 

ward from the pile end position, and average N 

value in the range of 28 downward from the 

pile end is taken as N1. 

Tables 15-17 below show various di- 

mensions of piles with reference to the calcula- 

tion of the above formulas. For steel pipe pile, 

see Table 6. (page 38) 

12-2 Dynamic formulaa 

The bearing capacity of a pile driven by 

a diesel pile hammer can be obtained by the 

formula based on the theory thai "the bearing 

capacity of a pile equals the driving resistance 

met at the end of driving." 

While there are various formulas for the 

calculation, here is given an experimental one 

by Stuttgan University in Germany which is 

slightly modified version of Hiley's adopted in 

Table 15. Dimensionm of concrete pile. 

Outside dia. I Circumferential C ~ ~ ~ ~ ~ ~ r  
m )  ! length qcm) 1 A (.z) - - . . - - -- -. 

Table 17. Dimensionm of mteel sheet pile. 

iCircumfer- 
, ential Closed 

Division Subdivision 1 sectional 
sectton A (mZ) 

~ 

YSP I ! 0.92 0.0347 
YSP n ESP n i 0.97 O.W 
YSPUY ESP ]I A 0.99 0.0481 
YSP. ESP. 1.03 , o.oria 
YSPU-15 ESP H A 1.04 0.0578 

Groave YSPIV ESPIV 1 1.10 0.0687 

type YSPU-2.3 ESP F A  1.09 0.0615 

YSPV 1.29 0.08% 
NKK 4 1.36 0.0900 
NKK 5 i 1.36 0.0900 

! NKK 4 Spcial ' 1 1.56 0.1080 

1 NKK 5Swcial 1.56 0.1080 



- : 
. , . . 

.... 
. . . , 

the Japan Institute of Architects Structural Standards for Foundations. 
. . 

2WH W+nZP R = ...................... .en .:. .. 
S + K '  W+P 

Where : 

.................................................................. R - Bearing capacity of ~ i l e  ton 

W - Weight of ram .............................................................................. ton 

H -Height of fall of ram ..................................................................... cm 
% 

P -Weight of pile .............................................................................. ton . .- < F 

I . , 
S - Amount of penetration of pile at the end of driving .......................... cm ,a 

K - Amount of temporary elastic compression of cap, pile and ground ......... cm 

I n - Repulsion factor (here n=o) 

The above formula is intended to seek the penetration resistance of a pile more rationally by 

I taking into consideration the energy loss due to the temparary elastic compression of the cap, pile and 

ground, and the effect of inertia due to the weight of the ram and pile. S is the best to take a value 

of 1/10 of the amount of sinking by the last 10 blows, and K indicates the actual amount of deforma- u 
I tion during driving. 

. . It is convenient to measure the amount of the final penetration and that of the elastic corn- 

1 pression by the method shown in Fig. 54. First, a horizontal beam is set up a few centimeters a p r t  

from the pile. This beam is supported at a distance of several meters from the pile to avoid the 

vibration caused by the driving of the pile. A sheet of recording paper is attached to the side of the 
I 

Fig. 54 Method of measuring the amount of penetration and the amount of temporary elastic mmpression. 
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pile, and a pencil is fastened to the beam in such a way that the point of the pencil will hear against 

the pile. During the driving operation, the pencil is moved slowly along the beam so that a stepped , .  . .  -. 

wave-line is recorded on the paper. The vertical distances between adjacent lines show the amount 

of penetration per blow, symbol S, and the height of the line rising from the left side of the horizontal 

line shows the amount of temporary elastic compression of the pile and ground. 

Literatures dealing with temporary elastic compression are listed in the footnotes of Tables 

10-21. However, the calculation of the bearing capacity should be based on the values obtained by 

actual measurement. The  symbols used in Tables 18-21 represent the following : 

K=Ct+Cz+Cj 

Where : 

C1 = Amount of temporary elastic compression of the cap 

Cz = Amount of temporary elastic compression of the pile 

Ca = Amount of temporary elastic compression ofthe ground 

Reference literature: Pile Foundation 

Table 10. Temponry Comprenion Aliowanee C, for Pile Head and Cap.  

Material to which 

blow in applied 

~~ .~ 
Head of timber pile ........................ 

Easy driving, 
P ,  =m 

PSI on 
cushion or 
pile butt if 
no cushion, 

in. 

0.05 

Medium 
driving. 

P, = lpoo 
psi m head 
or cap, in. 

0.10 

Hard driving. I Very hard 

PI = 1.500 
driving. 

PI = 2000 
pi brad psi on head 
or cap, in. I or cap, in. 

....... -- 

0.15 1 0.20 
3--4-in. packing inside cap on head of 

precast concrete pile ..................... 0.05 + 0.07b 0.10 + 0.18 0.15 + 0.22b 0.20 + O.W 
%-1-in. mat pad only on head of 

precast concrete pile ..................... 1 0.025 1 0.05 1 0.075 1 0.10 
Steel-rovered cap, contaming wmd 

packing, for steel piling or pipe ...... I 0.04 1 0.08 1 0.12 1 0.16 
%-in red electrical-fiber dirk between 

two %-in. steel plates. for use with 
severe driving on Monatube pile ...... 

I I 
0.02 1 0.04 

mLargely fmm A. Hile. "Pile Driving Calculations with Notes on Driving Forss and Grwnd Resistance." 
The &&ml En&acr. vol. 8. July and August, 1930.7 For b fuller dixussion of the means of obtaining these 
values we this reference. For purposeof this article values represent averwe conditions and may be used. 

OThe first figure represents the compression of the cap md srmd dolly or packing a b v e  the cap. whereas the 
second figure represents the compression of the waod packing between the cap and the pile head. 

Not:: Superior numbers (with or without letters) refer to the Bibliography, pp. 641 ff., in which the 
material is organized by subject. 

0.06 
0 Head of steel piling or pipe ............... 

0.08 
0 0 I O 



Table 19. Temporary Compreesion Valuea of CI fo r  Pilen. 

Type of pile ! 8 

I ............................ 
Timber pile. based on value of E= 

1.m.000. ......................... ..: ....... 
Precast concrete pile (E=3,000,OW*,C) 
Steel sheet piling. Simplex tube. pipe 

pile. Monotube shell, Raymond steel 
mandrel* (E=30,000,WO) ............... 

Easy 
driving, 

Pe = 500 
p ~ i  for wood 
or concrete 

piles. 
7.W psi 
for steel, 

net seetion, 
m. 

Medium j Hard 
driving, driving. 

p, = 1,000 i p, = 1,502 
psi for wood psi for wood 
or concrete , or concrete 

piles, piles. 
15,000 psi 22,500 psi 
for steel, for steel. 

net section, net ~ c t i o n .  
in. cn. 

Very hard 
driving. 

P2 = 2.000 
psi for wood 
or concrete 

piles. 
30,000 psi 
for steel, 

net ?ectaon. 
8". 

~p - - - -- -- 

'All other values in direct proportion to PI and inverw proportion to E. 
b L should be canridered as length. to center of driving resistance, hot necessarily full length of pile. 
c May reach 6,000,000 for exceptionally gmd mix. 

When computing p~ for a Raymond steel mandrel, it is suggested that the weight of the mandrel be divided 
by 3.4 Xlength of pile in feet to obtain the average area. 

Table 20. Temporary Compression o r  Qeakc of Ground Allowanre CP. 

All values of to be taken on projected area of pile tips or driving points for endbearing piles esnd piles of 
constant cross section; on gmss area of pile at ground surface in case of tapered friction piles; and on bounding 
area under H pilee. 

Hard driving, Very hard 
driving, drivi 

P J  = 1.500 poi. 
in 

PS = zapsl, 
In 

.. ...... -- .. 

Far piles of constant cross section*c ... 0 to 0.10 
I I I I 

a Largely from A. Hiley, "Pile Driving Calculations with Notes on Driving Force and Ground Resistance." 
The Smcolml Engineer, "01. 8, July and August. 1930.' For a fuller discussion of the merns of obtaininp $he= 
values see thrs reference. For purpose of this article values represent average conditions and may be used. 

l t  is recognized that these values should probably be increased in the case of piles with battered faces, but 
insufficient test data are available at present time to cover this condtlion. 

r If the strata immediately underlying the pile tips are very soft. it is possible that these values might be 
increased to as much as double those shown. 



Reference liternturc : l'hc Kcsistance of Piles tu Penetration 

Table 21. Temporary Compression Allowance Cc for Pile Read and Cap. 

i Easy Driving, Ihkrlium ~ r i v i n ~ ,  llard Ilrivinp, Very Hard 
Mnterinl of Ilead irf I'rlr. 1 ' Driving. ! p = 5M) Ibs. ! p = 1,MM lbs. I p = 1,5001bs. ! = 2,00qlbb, 1 per w. in. i lprr sq. in. 1 per sq. in. I per sq. In. 
- ~ 

Head of timber pile .................... ' ...... Shd;i;lollyin h-ilm.;t; $' to . .  ~ - 

1 4" of highly compressed Helmet and 
packing inside helmet cap l'auking 
on he_ad_of KC pile 

1" to ly matja;lbnlf6n head irnc-p'lli 

Temporary Compression Vmlues of C, per 10-Ft. Length of Pilea. 

~ e n d o t s r r  Coznprc~ion or Qmaks of Gramnd Cp far A ~ e r a s e  Cmnen where the Plle la D r l n n  
into Penetrable Ground. 

~~ - ~ ~~ . . . . - - . - . .  .... ........ ..... 

. . ~ ~  .--.- ~ ~~~ .~ .... 
As above 

............... 
~ 

Nae.--C=G+C,+C4. 
These temporary compression valuesof C ,  and Cp will vary with the of the concrete, periodof curing. 

and nature of sail, and should be checked by actual observation with the pile set gauge. 

Type of I'ile 

~. ~ ~ . ~~ ~ 

Fig. 55 shows a diagram of the ram strokes by eye estimatton, and Table 22 shows figures of 

the ram strokes by measurement. 

A reasonable safety factor is considered as a usual practice to the hearing cnpacity R obtained 

from formula (21). and according to the Institute of Architects Standards for Foundations, the follow- 

ing values are to be consrdered : 

For permanent load, Safety factor 4 

For temporary load. Safety factor 2 

Easy Driving, 
= 500 lb .  

per sq. in. 

and therefore these values are used here 

. 

Figs. 56.57.58 and 59 (pages 51-54) arecharts showing the bearingcapacitiesof pilesdriven with 

Kobe Diesel Pile Hammers, K13, K22, K32 and K42, respectively, obtained fmm the above formula. 

Very Hard 1 per w. m. 

Medium Driving, 
= lb, 

. per sq, in. 

In the case of hatter piling the rate of the loss of impact energy Increases with the increase of 

the slant angle of the hammer. 

The ram stroke should be considered as  being perpendicular. 

H' = H (c~sO-~ i  sine) ..................................... 
H' = Effective ram stroke ............................... cm 

H = Ram stroke measured in a slant direction ..... .cm 

0 = Slant angle 

p = CoefIicient of friction of ram and cylinder 

... .......... 

Timber pile ....................................... 04" 1 08" 12" 16' 
Reinforcedconcretepile ..................... / :OY ! 106' :og" 1 :12* 

Hard Driving, / Very Hand 
I ,  = 1.500 lhs. j Driving 

per sq. 8 " .  p = 2.00q lbs. 
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Fig. 60 Relationship betwet." slant angle o[ hammer 
and decrease m Impact energy. 

13. Posteript 

Thc merits of the diesel pile hammcr are so outstanding that it has mme to be considered 

indislxnsable for ioundntirin work. We will he very happy i f  this ixmklet serves those who are in 

this held. 

\Ve \v~,uld like 10 t;tke this opportunity to invite your (urther investigation of our Kohe Diesel 

I'ile Ha~nnners KlL4, KZ". K;X2 and K42,and to thank you for your interest. 




