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Driving Practices For Pres tressed Concrete Piles 

INTRODUCTION 

The purpose of this paper is to briefly describe the 
phenomena which can cause cracking and spalling of 
prestressed concrete piles during driving and to outline 
procedures which will prevent these problems. In some 
cases of driving of prestressed concrete piles, cracking 
and spalling have been encountered and in most instances 
these problems can be avoided by following certain 
rules of good driving practices. The recommendations 
presented here are based on sound physical principles 
and have been proved effective in practice. 

The following discussion of problems which are 
occasionally encountered in driving prestressed concrete 
piles should not be interpreted to indicate that problems 
or failures are a natural consequence of the use of pre- 
stressed concrete piles. Many thousands of linear feet of 
prestressed piling have been successfully driven with no 
problems of cracking or spalling. Even on those projects 
where problems have been encountered, the piles giving 
trouble have represented a very small percentage of the 
total piling on the project. 

TYPES OF PROBLEMS 

In general, the problems of cracking or spalling of 
concrete piles which may occur during driving can be 
classified into four types. 

1. Spalling of concrete at the head of the pile due 
to high compressive stress. 

2. Spalling of concrete at the point of the pile due 
to hard driving resistance at the point. . 

. '  

I 
3. Transverse cracking or breaking of, the pile due 

to tensile stress wave reflected from the tip or head of 
the pile. 

4. Spiral or transverse cracking due to a combina- 
tion of torsion and reflected tensile stress wave. This 
type cracking is sometimes accompanied by spalling at 
the crack. 

CAUSES OF PROBLEMS 

Compression. Spalling of concrete at the head of 
the pile is caused by very high or irregular compressive 
stress concentrations. This type problem can be caused 
by the following: 

1. Insufficient cushioning material between the pile 
driver's steel helmet or cap and the concrete pile will 
result in a very high compressive stress on impact of the 
pile driver ram. 

, 2. When a pile is struck by a ram at a very high 
velocity, or from a very high drop, a stress wave of high 
magnitude is produced. This stress is directly propor- 
tional to the ram velocity. Table 1 shows the variation 
of the driving stress (compressive) with the ram weight 
and ram velocity. It can be seen that the stress magni- 
tude also increases slightly with ram weight, however this 
is usually not of serious consequence. Table 2 shows 
the variation of driving stress (compression) with ram 
weight and ram driving energy. At a constant driving 

energy the driving stress decreases as the ram weight 
increases. Therefore it is better to obtain driving energy 
with a heavy ram and short stroke than use a light ram 
and large stroke. 

3. When the top of the pile is not square or per- 
pendicular to the longitudinal axis of the pile, the ram 
impacting force will be eccentric and cause very high 
stress concentrations. 

4. If the reinforcing steel is not cut flush with the 
end of the pile, high stress concentrations may result in 
the concrete adjacent to the reinforcing. The ram im- 
pact force may be transmitted to the concrete through 
the projecting reinforcing steel. 

5. Lack of adequate spiral reinforcing at the pile 
head and also pile point may lead to spalling or splitting. 
In prestressed concrete piles anchorage of the strands is 
being developed in these areas, and transverse tensile 
stresses are present. If no spiral reinforcing is used the 
pile head may spa11 or split on impact of the ram. 

6. Fatigue of the concrete can be caused by a large 
number of blows at a very high stress level. 

7. If the top edges and corners of the concrete pile 
are not chamfered the edges or corners are likely to spaU 
on impact of the ram. 

Spalling of concrete at the point of the pile can be 
caused by extremely hard driving resistance at the point. 
This type resistance may be encountered when founding 
the pile point on bed rock. Compressive stress under 
such driving conditions can be twice the magnitude of 
that produced at the head of the pile by the hammer 
impact (see Figure 2B and 3B). Stress magnitudes at  
the head of the pile due to hammer impact frequently 
reach 2,000 psi to 3,000 psi. Consequently if the pile 
tip encounters hard rock the stresses there can theoreti- 
cally develop up to 4,000 psi to 6,000 psi, which will 
probably produce spalling. 

Tension. Transverse cracking of a pile due to a 
reflected tensile stress wave is a complex phenomenon. 
It  may occur in the upper end, midlength, or lower end 
of the pile. I t  usually occurs in long piles (50 f t  or over). 
It can occur when driving in a very soft soil or when the 
driving resistance is extremely hard or rigid at the point 
such as in bearing on solid rock. 

When a pile driver ram strikes the head of a pile, 
or the cushion on top, compressive stress is produced at 

TABLE 1. VARIATION OF DRIVING STRESS 
WITH RAM WETGHT AND,, VELOCITY 

Wave equation results for 65 f t  long pile, 200'sq in. area, 
and 3 in. wood cushion. Stresses shown are maximum 
compression a t  pile head. 

Ram Weight Ram Velocity, ftlsec-Stroke, f t  
lb 11 .4-2  1 3 . 9 - 3  16 .1-4  18 .0-5  

2,000 1,550 psi 1,850 psi 2,100 psi 2,350 psi 
5,000 2,000 psi 2,500 psi 2,980 psi 3,320 psi 

10,000 2,400 psi 3,000 psi 3,420 psi 3,820 psi 
20,000 2,750 psi 3,380 psi 
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Figure 1 .  Idealized stress wawe produced when ram 
strikes cushion at head oj  concrete pile. 

the head of the pile. This compressive stress travels 
down the pile at a velocity - - - C'1 z 

V = V E / p  1 . -  
where 

V = velocity of the stress wave, 
E = modulus of elasticity of the pile material, and 
p = mass density of the pile material. 

m e  intensity of the stress wave (a max.) depends on the 
weight of the ram, velocity of the ram, stiffness of the 
cushion, stiffness of the pile, and soil resistance. Since 
in a given pile the stress wave travels at a constant ve- 
locity (about 13,000 to 15,000 ft/sec), the length of the 
stress wave (LC) will depend on the length of time the 
ram is in contact with the cushion or pile head. A heavy 
ram will stay in contact with the cushion or pile head for 
a longer time than a light ram, thus producing a longer 
stress wave. If a ram strikes a thick soft cushion, it will 
also stay in contact for a longer period of time than when 
it strikes a thin hard cushion. 

TABLE 2. VARIATION OF DRIVING STRESS 
WITH RAM WEIGHT AND RAM ENERGY 

Wave equation results for 65 f t  long pile, 200 sq in. area, 
and 3 in. wood cushion. Stresses shown are maximum 
compression a t  pile head. 

Ram -. Weight 
Driving Energy 

f t  - lb 

2,000 3450 psi 4900 psi 
5,000 2980 psi 4200 psi 

10,000 2420 psi 3400, psi 
20,000 1950 psi 2750 psi 

Figure 1B shows the compressive stress wave build- 
ing up while the ram is in contact with the cushion. 
After the ram rebounds clear of the cushion, the com- 
pressive stress wave is completely formed and travels 
down the length of the pile as shown by Figure 1C. 
When the compressive stress wave reaches the point of 
the pile, it will be reflected back up the pile in some 
manner depending on the soil resistance. If the point of 
the pile is experiencing little or no resistance from the 
soil, it will be reflected back up tEe pile as a tensile stress 
wave as shown in Figure 2A. If the point of the pile is 
completely free, the reflected tensile wave will be of the 
same magnitude and length as the initial compressive 
wave. As shown in Figure 2A these two waves may 
overlap each other. The net stress at a particular point 
on the pile at a particular time will be the algebraic sum 
of the initial compressive ( - )  stress wave and reflected 
tensile ( + ) stress wave. Whether or not the pile will 
ever experience critical tensile stresses will depend on 
the pile length relative to the length of the stress wave 
(L,), and on material damping. If the pile is long com- 
pared to the length of the wave, critical tensile stresses 
may occur at certain points. When a heavy ram strikes 
a thick soft cushion, the stress wave may be around 150 
ft in length. When a light ram strikes a thin hard cush- 
ion it may be only 50 or 60 ft in length. 

If the point soil resistance is hard or very firm, the 
initial compressive stress wave traveling down the pile 
will be reflected back up the pile also as a compressive 

TENSION COMPRESSION COMPRESSION 

POINT FREE POINT FIXED 
(A) ( 0 )  

Figure 2. Reflection of stress wave at point of a long 
pile. 
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stress wave, as shown in Figure 2B. If the point of the 
pile is fixed from movement, the reflected compressive 
stress wave will be of the same magnitude and length as 
the initial compressive stress wave. 4s shown in Figure 
2B, these two stress waves may overlap each other at cer- 
tain points. The net compressive stress at a particular 
point at a particular time will be the algebraic sum of the 
initial compressive ( - )  stress wave and the reflected 
compressive ( - )  stress wave. (Note that under these 
conditions the maximum compressive stress at the pile 
point can be twice that at the pile head by ram 
impact.) Tensile stress will not occur here until the 
compressive stress wave is reflected from the free head 
of the pile back down the pile as a tensile stress wave 
(similar to the reflection shown at the free point in 
Figure 2A). It is possible for critical tensile stress to 
occur near the pile head in this case; however, internal 
damping characteristics of the concrete pile and sur- 
rounding soil may reduce the magnitude of this reflected 
tensile stress wave by this time. Cracks have occurred 
by this behavior, however. 

Figure 3 shows the reflection of the initial com- 
pressive ( -  ) stress wave from the point of a relatively 
short pile. If the pile is short compared to the length of 
the stress wave (L,) critical tensile stresses are not likely 
to occur. In Fiqure 3A the reflected tensile ( + ) stress 
wave overlaps the initial compressive (-)  stress wave 
coming down the pile. Since the net stress at any point 
is the algebraic sum of the two, they tend to cancel each 
other and critical tension is not likely to occur. A simi- 
lar phenomenon will occur when the reflected compres- 
sive (-) stress wave from the point is reflected from 
the free pile Eead as a tensile ( + ) stress wave. If the 
pile is very short (30 ft or less). the reflected stress wave 
from the point is likely to find the ram still in contact 
with the pile head when it arrives there. In such a case, 
little or no reflected tensile stress wave will occur. In 
Figure 3B the initial compressive (-)  stress wave is 
being reflected from the fixed point also as a compres- 
sive ( - )  stress wave. In this case also, little or no re- 
flected tensile stress will occur. 

The cases illustrated by Figures 2 and 3 are highly 
idealized and simplified, but they should indicate some 
of the basic factors which can cause tensile stress failures 
in prestressed concrete piles. In summary, tensile cracks 
of prestressed concrete piles can be caused by the fol- 
lowing: 

1. When insufficient cushioning material is used 
between the pile driver's steel helmet or cap and the 
concrete pile, a stress wave of high magnitude and of 
short length is produced, both characteristics being un- 
desirable. 

2. When a pile is struck by a ram at a very high 
velocity, or from a very high drop, a stress wave of high 
magnitude is The stress is proportional to the 
ram velocity. 

3. When the magnitudes of prestress and tensile 
strength of the concrete are too low to resist a reflected 
tensile stress, cracking will occur. 

4. When little or no soil resistance at the point of 
long piles (50 ft or more in length) is present during 
driving, critical tensile stresses may occur in the lower 
half or near mid-length of the pile. 

+u -u 
TENSION COMPRESSION 

POINT FREE 
(n) 

-u -cr 
COMPRESSION 

POINT FIXED 
(0) 

Figure 3. Reflection of stress wave at point of a short 
pile. 

5. When hard driving resistance is encountered at 
the point of long piles (50 ft or more in length) critical 
tensile stresses may occur in the upper half of the pile 
when the tensile stress is reflected from the pile head. 

Torsion. Spiral or transverse cracking of concrete 
piles is usually caused by a combination of torsion and 
reflected tensile stress. Diagonal tensile stress resulting 
from a twisting moment applied to the pile can by itself 
cause pile failure, however. If reflected tensile stresses 
occur during driving and they combine with diagonal 
tensile stress due to torsion the situation can become 
even more critical. Torsion on the pile may be caused 
by the following: 

1. The helmet or pile cap fitting too tightly on the 
pile, preventing it from rotating slightly due to soil action 
on the embedded portion of pile. - .. 

2. Excessive restraint of the pile in the leads and 
rotation of the leads; 

GOOD DRIVING PRACTICES 

From the preceding discussion of types and causes 
of concrete pile problems which have occurred, some very 
basic corrective measures have been revealed. 

These rules of thumb for good driving practices for 
concrete piles can be summarized as follows: 

1. Use adequate cushioning material between the 
pile driver's steel helmet or cap and the concrete pile 
head. Three in. or 4 in. of wood cushioning material 
(green oak, gum, pine or fir plywood, etc.) may be ade- 
quate for short (50 ft  or less) piles with reasonably good 
point soil resistances. Six in., 8 in. or more of wood 
cushioning material may be required when driving longer 
piles in very soft soil. The wood cushioning material 
should be placed on top of the pile with the grain parallel 
to the end of the pile and inspected to see that it is in 
good condition. When it begins to become highly com- 
pressed, charred or burned, it should be replaced. Some 
specifications require a new cushion on every pile. If 
driving is extremely hard, the cushion may have to be 
replaced several times during driving of a single pile. 
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Use of an adequate cushion is usually a very economical 
means of controlling driving stresses. 

2. Driving stresses can be reduced by using a heavy 
ram with a low impact velocity (short stroke) to obtain 
the desired driving energy rather than a light ram with 
a high impact velocity (large stroke). Driving stresses 
are proportional to the ram impact velocity. 

3. Reduce the ram velocity or stroke during early 
driving when light soil resistance is encountered. Antici- 
pate soft driving or at the first sign of easy driving re- 
duce the ram velocity or stroke to avoid critical tensile 
stresses. This is very effective when driving long piles 
through very soft soil. 

4. If pre-drilling or jetting is permitted in placinp; 
the piles, ensure that the pile point is well seated with 
reasonable soil resistance at the point before full driving 
enerey is used. Driving and jetting should not be done 
simultaneously. 

5. Ensure that the pile driving helmet or cap fits 
loosely around pile top so that the pile may rotate slightly 
without binding within the driving head. 

6. Ensure that the pile is straight and not cambered 
because of uneven prestress or poor concrete placement 
durinp; casting. Improper storage, handling, or hauling 
of piling can also cause excessive camber and even crack- 
ing. Care should be taken to support or pick up piline; 
at the prescribed points. High flexural stresses may 
result during driving of a crooked pile. 

7. Ensure that the tor, of the pile is square or per- 
pendicular to the longitudinal axis of the pile. 

8. Cut ends of prestressing or reinforcing steel flush 
with the end of the pile head to prevent their direct load- 
ing by the ram stroke. 

9. Use a reasonable amount of spiral reinforcing at 
the pile head and tip. , 

. 10. Use adequate amount of residual prestress in 
prestressed piles to resist reflected tensile stresses. The 
amount of prestress required depends on the driving 
equipment, length of pile, and soil conditions as previ- 
ously discussed. 

11. Chamfer top and bottom edges and corners of 
pile. 

A , .  

The rules of thumb summarized here are presented 
only as guide lines for producers and users of prestressed 
concrete piling. For quantitative values of dimensional 
tolerances, amount of prestress, and amount of spiral 
reinforcement that should be used, one should refer to 
the applicable governing standards such as ACI, PCI, 
AASHO, etc. These standards represent the present 
state of the art concerning prestressed concrete piling. 
Further research and development in this area is being 
conducted, and more specific information and improve- 
ments are anticipated in the future. 
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