PILE FOUNDATIONS

A
:KNOW-HOW T 1,
N Al
\\\ ///
AN =

How To Drive Wood Piles
Through Hard Material

By T. B. Coull, Jr.

ARD STRATA need not be a deterrent to the use
of wood piles. For years, contractors have been
driving piles through and into soils which, at first
glance, would seem to prohibit the use of a displace-
ment pile. The equipment and techniques used for
‘driving in such soils are virtually the same for wood
piles as for other displacement piles, i.e., precast con-
crete, pipe or metal shell.

Quite obviously the first item to consider is the
pile itself. Control in pile selection and treatment is
extremely important when hard driving is expected.
Attempting to drive split, badly checked, spiral grain
or improperly treated piles can only lead to disaster.
The architect rejects piles, the owner is dissatisfied
and the contractor winds up with a costly job.

Years ago, when the wood pile was enjoying con-
siderable prosperity at the expense of its higher priced
contemporaries, steel and concrete, insufficient atten-

tion was placed on the quality of the pile shipped to

the job site. On a few occasions I have seen piles, too
dry when treated, literally explode under moderate
driving. In recent years, however, the trend toward

higher allowable capacities, along with the advent of
the prestressed concrete pile, began to create an eco-
nomic squeeze on the wood pile.

The treating companies, quick to realize this, ini-
tiated researches, specification revision, sales cam-
paigns and most important, self policing of quality
control, and have successfully kept wood piles in the
focus of the engineer.

The maintenance of this control over production
is necessary to insure continued success in the accept-
ance of wood piles driven into hard materials and to
higher allowable bearing capacities.

As a matter of interest, the California Division of
Highways, assisted by the American Wood Preservers
Institute, recently issued a specification for the furnish-
ing and driving of wood piles for the Elkhorn Ferry
Bridge across the Sacramento River. Piles were Doug-
las fir timber, both treated and untreated, driven to a
design bearing of 45 tons. Pertinent requirements, not
found in their California Standard Specifications (dated
July, 1964), but added to the job specifications, were:

1. Natural moisture content of untreated piles
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shall be not less than 18 percent at 2 inch depth.

2. Pressure-treated timber piles should be driven
within six months after treatment.

3. Checks in untreated timber piles, and checks
prior to treatment for treated timber piles shall not
exceed ¥4 inch in width or 10 feet in length. After
treatment, checks shall not exceed 3% inch in width
and 15 feet in length. Checks shall be considered con-
tinuous unless separated from other checks by at least
Y inch thickness of wood.

4. The natural moisture content of any timber
pile to be treated shall be not less than 18 percent at
2 inch depth.

5. Timber piles shall be equipped with driving
shoes and steel strapping. Shoes of commercial manu-
facture and steel straps conform to AWPI Specifica-
tion for Strapping Western Specie Pressure Treated
Piling except one wrap instead of two, and additional
bands at 10 foot minimum spacing were required.

The balance of the Specifications adopted ASTM
D-25.

Piles expected to receive hard driving should be
furnished to specifications similar to these.

HARD DRIVING

What is “hard driving” as it applies to wood piles?
Hard driving is a relative term depending largely on
the type and energy of the hammer used, its ram
weight, and the size of the pile. In the writer’s opin-
ion, ram weight and rated energy of steam hammers
should not exceed 6,500 lbs. and 20,000 ft.-Ibs. for
Class B pile sizes or 8,000 lbs. and 24,000 ft.-Ibs. for
Class A pile sizes. We have found that the diesel
hammers are less damaging to the heads of piles and
have successfully used hammers up to 40,000 ft.-bs.
of energy. A hammer with energy rating less than
15,000 ft.-lbs. is not recommended, primarily for eco-
nomic reasons. Limiting blow count should be a func-
tion of the hammer used; however, continued driving
at more than 75 blows per foot would most likely re-
sult in damage to the pile at the tip if not at the head.

As a case in point, timber piles driven extremely
hard through sand for a temporary trestle in Moss
Landing, California, were found after excavation to
have broken near the tip and the upper part driven
past the lower portion. Thus the required penetration
was never achieved. The pile heads were still in good
shape. Pile damage of this sort could have been
avoided by the use of several techniques described
later in this article.

¢
EQUIPMENT

The equipment used to drive wood piles should be
suitable to accomplish the task to which it is put. It
might be possible, as is occasionally done on smaller
jobs, to get by with “jury-rigged” equipment; how-
ever, by and large, the equipment should be well de-
signed and constructed.

Driving heads, preferably cast, should be well fit-
ted, properly mounted and contained to prevent their
becoming “cocked” on the pile head.

Leads should be straight and stiff, and secured in
such a manner so as to prevent the inducement of
lateral loads into the piles during driving. Long piles,
especially when driven on a batter, should be supported
at intermediate points.

Figure 1 Figure 2

Cranes or derricks should be of sufficient capacity
to maintain proper alignment of the leads and pile.
Other equipment as described elsewhere in this
article.
INSTALLATION TECHNIQUES

To properly treat the various circumstances and
conditions surrounding difficult driving, it might be
well to divide piles into four separate groups.

A. Piles entirely in granular material. (Figure 1)

B. Piles driven through a hard surface layer. (Fig-
ure 2)

C. Piles which encounter high resistance to driv-
ing at mid-depths. (Figure 3)

D. Piles whose tips found in hard material. (Fig-
ure 4) "

A, Piles driven their entire length in granular ma-
terial generally are of the friction pile type, and must
be installed to specified depths to satisfy soil design
criteria. Drilling, jetting, or both, are practical means
of accomplishing this task. Several methods of drill-
ing are available to the pile driving contractor.

One, utilizing a hollow, rotating drill stem with a
fish-tail bit simply churns the soil into a “quick” state
prior to driving, permitting the pile to be driven
through the liquified material. Water, to which ben-
tonite* or drillers mud is frequently added, can be
pumped through the drill stem to assist in the liquifi-
cation, to prevent too rapid a lateral escape of the
water, and to prevent the sides from sloughing. Drill-

*Bentonite, used for drilling, is an extremely absorbent sodium
clay found in Wyoming and South Dakota. With water, it
forms a gel which has the property of maintaining itself and
other solids in solution. It weighs approximately 54 pounds
per cubic foot and costs about $15.00 per ton, F.O.B. South
Dakota. Proportion of bentonite to water for a given job is
largely a matter of job site trial and error.

Figure 3 Figure 4



Fishtail bit mounted on side of pile driver leads. Power is sup-
plied from the crane to the turntable of the drill. Drill is 12 inches
in diameter and comprises four prongs.

ing in this manner does not produce spoil which must
be removed, other than the displaced mud solution.
The solution can be channeled to and collected in a
retaining pond where it is reclaimed and reused.

The auger method of drilling, using either partial or
full flight augers brings the soil to the surface, pro-
ducing an open hole along which the pile is driven. The
diameter of the hole may vary from a few inches to very
nearly the maximum diameter of the pile. A benton-
ite solution frequently is used to keep the hole open,
when the water table is high and there is possibility
of sloughing.

Air, steam, electrical or hydl.'aulic motors are
available to power both the hollow stem fish-tail bit
drill and the auger, with the nod going to hydraulic
power, in the writer’s opinion, because of control and
adaptability.

A rotary bucket rig can be used economically for
predrilling where the material is relatively hard and
stable. In this method and that of the auger, provisions
must be made for the disposal of the removed material.

Drilling can be performed with a separate drill
rig working ahead of the pile driver, or the drill can
be mounted on a steel H-beam, which in turn is fzstened
to the side of the pile leads. In the case of the latter,
drilling and driving is done by the same rig. There are
significant advantages to the driver mounted drill: one
rig instead of two, reduction in labor force, the elimina-

tion of confusion and difficulty in coordination asso-
ciated with too many pieces of equipment, and the hole
needs to stand open for a shorter period of time, les-
sening the chance of cave-in.

Each job must be analyzed separately, however, to
determine the best combination of drilling and driving
operations.

The use of predrilled holes need not be used only
for hard driving, but occasionally can be used to advan-
tage to increase production when driving is moderate.

Drills for pile driving are largely custom made to
satisfy the needs of a particular contractor — usually
from standard drill components. A drill supply firm
on the West Coast has recently interjected itself into
the field of pile driving drills and furnishes a more or
less standard leads-mounted drill using a rotating drill
table, hydraulically powered, with a hydraulic swivel
and hollow drill stem. The stem is flanged below the
table to permit the attachment of various types of bits
and augers. The crowd is either by gravity, cable or
hydraulic. The cost of such a drill will vary with the
size, speed and power required, but as an example, one
which will produce 10,000 ft.-Ibs. of torque would run
in the neighborhood of $35,000.

The practice of predrilling is increasing in the San
Francisco Bay Area. Piles installed in the sandy soils
under the buildings of the Golden Gateway Project,
Standard Oil Company, Wells Fargo Building Annex
and other structures in the lower Market Street Area
in San Francisco were driven in predrilled holes. Piles
for these buildings were concrete; however, the tech-
niques of installation were the same as they would have
been for wood piles.

Pressure-creosoted wood piles for the approaches of
a California Highway Bridge across the Sacramento
River near Elkhorn were driven in predrilled holes. A
fish-tail bit was used. Just as a matter of interest, the
design bearing capacity of these piles was 45 tons.

When the specifications permit or require jetting,
several methods are offered to the contractor. Similar
to fish-tail bit drilling, pre-jetting can be used to
“quicken” the soil. Working the jet pipe up and down
in the location of the pile prior to driving is the most
acceptable method of jetting, since it helps to maintain
vertical alignment. It might be necessary to jet along
the lower portion of the pile during driving. Care
must be exercised in jetting in this manner since the
pile tends to work sideways towards the jet. A double
jet is preferable. Charges of compressed air can be in-
troduced into the jet line to assist in the lubrication of
the upper portion of the pile.

The jet plant must be large enough to do the job.
The old adage — “don’t send a boy to do a man’s job”
— is very apropos here. Too often a contractor will
attempt to jet with undersized equipment. The writer
recommends that the jet pump be capable of delivering
a minimum of 700 GPM, preferably 1,000 GPM, at a
pressure of 200-250 psi. Two or more pumps may be
coupled in series or parallel to meet these requirements.
Volume is generally more important than pressure.
Three to four inch extra heavy pipe serves as a suitable
jet, supplied by three inch hose. Double jacketed fire

-hose is relatively inexpensive and quite resistant to









