




ABSTRACT 

S e l e c t i o n  c r i t e r i a  f o r  use by q u a l i f i e d  engineers  are presen ted  f o r  
commercially a v a i l a b l e  p i l e  d r i v i n g  equipment. Extensive gu ide l ines  on t h e  
proper  use  of such equipment and d i scus s ion  of t he  e f f e c t i v e n e s s  of  va r ious  
methods and procedures f o r  p i l e  i n s t a l l a t i o n  are given. The con ten t s  a l s o  
i nc lude  on- si te  procedures  f o r  the  foreman and i n s p e c t o r ,  v i b r a t o r y  hammer 
d r i v i n g ,  impact d r i v i n g ,  j e t t i n g ,  permafrost problems, energy c a l c u l a t i o n s ,  
p i l e  damage avoidance, and underwater d r iv ing .  
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FOREWORD 

This  design manual is one of a series developed from an evaluat ion  of f ac i l i-  
ties i n  t h e  shore establishment,  f r o m  surveys o f  the  a v a i l a b i l i t y  of new mate- 
rials and const ruct ion  methods, and from s e l e c t i o n  of t h e  best design p r a c t i c e s  
of the  Naval F a c i l i t i e s  Engineering Command wi th  i n p u t  from the  Department of 
t h e  Army, other Government agencies,  and t h e  p r i v a t e  s e c t o r .  T h i s  manual uses, 
t o  the  m a x i m u m  ex ten t  feasible, n a t i o n a l  p ro fess iona l  s o c i e t y ,  a s soc ia t ion ,  
and i n s t i t u t e  s tandards  i n  accordance w i t h  NAVFACENGCOM policy.  Deviat ions 
f r o m  these  cr i ter ia  should  no t  be made without  p r i o r  approval of NAVFACENGCOM 
Headquarters (Code 04). 

Design cannot remain s t a t i c  any more than can the  naval funct ions  i t  se rves  or 
t h e  technologies i t  uses. Accordingly, recommendations for  improvement are 
encouraged from within the  Navy and f r o m  the  p r i v a t e  s e c t o r  and should be fur-  
nished t o  NAVFACENGCOM Headquarters (Code 041. A s  t h e  design manuals are 
rev i sed ,  they are being res t ruc tu red .  
w i l l  be i ssued as a separa te  design manual for  ready reference  t o  s p e c i f i c  
criteria. 

A chapter  or a combination of chapters  

This publ ica t ion  is certified as an o f f i c i a l  pub l i ca t ion  of t h e  Naval F a c i l i -  
t ies  Engineering Command and has been reviewed and approved i n  accordance w i t h  
SECNAVINST 5600.16. 

By order of t h e  S e c r e t a r i e s  of t h e  Navy and Army. 

Official : 
ROBERT M. JOYCE 
Brigadier General,  
United S t a t e s  Army 
The Adjutant General 

E. C. MEYER 
General,  
United States Army 
Chief of S t a f f  

U. M, ZOBEZ 
bear Admiral, CEC, U. S. Navy 
Comander, Naval F a c i l i t i e s  
Engineering Command 
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c. Vibration Problems. The vibration due to pile driving shall be con- 
sidered concerning possible damage to adjacent construction. 
vibration is a function of both amplitude and frequency (see Figure 1). At- 
tempts to predict whether or not a significant problem will occur in any given 
case are highly problematic and beyond the scope of this text. If a problem 
occurs, however, a first solution could be to decrease the amplitude (lighter 
hammer, for example, or different type of hammer) or to change the frequency 
(double acting instead of single acting hammer, for example, or use of vibra- 
tory hammer). These recourses failing, it may be necessary to adopt a method 
of installation other than impact driving. 

Damage due to % 
P 

d. Obstructions. Where piles must penetrate ground containing numerous 
obstructions, use of jacked or screw piles generally is not attempted. 
ever, open-end jacked piles can penetrate through obstructions by use of a 
chopping bit or a light charge of explosives to clear the obstruction. The 
usual procedure is to use a heavy pile, a heavy hammer and to try to force a 
way through. 
caution and only when the pile section has been conservatively proportioned. 
Alternatively, a spud is used. This is a section of heavy pile which is 
driven through, or past, the obstruction, removed for reuse, and the pile in- 
serted through the passage so cleared. 

How- 

This procedure invites damage to the pile and must be used with 

If the group size and spacing permit, it also is feasible to probe for a 
way through, or past the obstructions. Use of a vibratory hammer, in which 
the pile can be readily extracted and reinserted, several times if need be, 
may be a useful solution t o  this problem. 

e. Limited Overhead Clearance. This construction situation may dictate 
the use of a specific hammer or the jacking of piles in multiple sections. 

f .  Type of Pile. The type of pile tends to influence the method of 
installation. For example, certain types of piles cannot readily be driven 
with a vibratory hammer because of difficulties in coupling the hammer hHammerto the 
pile. Jacking may not be feasible with displacement type piles in firm ground. 

g. Other Factors. The requirements of the foundation design may dictate 
use of certain methods of installation. For example, the designer may desire 
the use of impact driving to compact the soil around the piles and hence in- 
crease the pile resistance under load. Normally, if this is a consideration, 
it should be stated by the designer in the project specifications so that the 
pile driving field crews will know what is expected. 

Section 3. IMPACT DRIVING--SELECTION OF EQUIPMENT 

1. SELECTING THE HAMMER. 

a. Hammer Characteristics. See Table 1. 

b. Minimum Energy. See Table 2. 
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times) the weight of the striking part of the hammer. Another rule of thumb 
is that, when driving precast concrete piles, the weight of the striking part 
of the hammer should be at least 30 times the weight of a one-foot length of 
the pile. The purpose of this latter rule is to avoid excessive, sustained 
driving which would tend to damage the pile. 

! 

d. Soil Characteristics. In modem practice, it is customary in the 
design phase for the designer to indicate minimum penetration (in terms of 
depth or tip elevation) required for piling. It is up to the pile driving 
superintendent to provide these penetrations, if feasible. Sometimes the 
resistance to penetration builds up before the desired tip elevation is 
attained, to the extent that the pile cannot be penetrated further without 
excessive risk of damage. (Figure 2 may be used as an aid in judging the 
probability of the event.) In such case, in cohesive soils, a high speed ham- 
mer often will provide greater penetration than will a slower hammer. In 
dense, granular soils, and, sometimes in stiff clays, hardpans, or shale, a 
slow, heavy hammer often will provide greater penetration than will a faster 
hammer. In all cases, one or more of the devices or appurtenances as herein- 
after described and as listed in Table 3, will assist i n increasing pile 
penetration. 

e. Miscellaneous Hammers. Double, or differential, acting hammers can 
be fitted for horizontal driving or for driving underwater. Several manufac- 
turers produce hammers specifically designed for underwater driving. A hammer 
specially designed to operate in depths of up to 800 feet is illustrated in 
Figure 3. 

f. Data on Commercial Hammers. Tables 4 to 6. These tables give de- 
These tailed data on several types of commercially available pile hammers. 

tables are not intended to be complete, neither is the inclusion of a hammer 
in these tables to be construed as approval or recommendation of the equipment 
listed. The data is intended for handy reference and assistance in the selec- 
tion of pile driving equipment. The concept of "or equivalent" shall apply to 
the procurement of any equipment not so listed. 

2. SELECTING THE DRIVING RIG. Specially built pile driving rigs (on turn- 
tables, rollers, skids, or tracks) are in use, but the most common type of rig 
is a commercial crane adapted for pile driving (Figure 4 )by equipping with 
boom adapters (several types are shown in Figure 5 ) , leads, and appurtenances. 
Opinions as to the relative efficacy of the different types of special rigs 
(and their efficacy compared to that of the adapted commercial crane) vary 
widely. As a result, choice of the type of rig to be used, normally, is a 
matter of "what is available" and selection is limited to the type of leads 
and power equipment to suit the hammer selected, and accessories, as herein- 
after described. Most land rigs and floating cranes can be adapted for use as 
floating pile drivers. 

In selecting the driving rig, verify that there are an adequate number of 
weight-handling lines--one for the hammer, one for the pile, and, if hanging 
leads are to be used, one for the leads. (This would require a 3-drum crane.) 
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FIGURE 151155
Vibratory Hammer
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a. C R U S H I N G  OF TIPS O F  TIMBER PILES 
D U E  TO O V E R D R I V I N G

DUE TO 
ECCENTRICITY 
O F  FORCE 
IN PILE . 

c 

- 

D R I V I N G  
F O R C E  

SHEAR FORCE I Ill I 

t RESISTANCE 

c .  D I A G R A M M A T I C  
REPRESENTATION 

DAMAG Eb. DAMAGE TO BUTT O F  TIMBER PILE O F  BROKEN T I M B E R  
DUE TO HARD DRIV ING PI LE - 

FIGURE 18 
Damage to P i l i n g  Due to Driving 
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FIGURE 19
Damage to Steel "H " Piles Due to Overdriving
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