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CHAPTER NO. 21
PILE, DRIVING
SPECIFICATION NO. 21. 1—Pﬂeinﬁving—aeum1

1. Piles may be classified Into the two mam groups; bearing
pies and sheet piles.  The bearing piles may 4gain  be divided inro
four sub-divisions: timber, concrete, composite and steel. Sheet piles
may be divided info three grotps: woud, steel, and concrete. In the
Punizb, at present stesl shset piles and * precast concrete bezring piles
are being genecally iised and therefore specifications for these two Lypes
of piles only have been laié down.

" 2. ‘Bquipment for.driving piling shall be in accordance with the
reguiremstts hereinafter sei forth.

{4) General.—Piles mzy be driven with a gravity hammer, 2 steam
or air hammer or a combination of water jers and hammer but a4 steam
hammer is prefecred. Precast concrete piles preferably shall be driven
by means of 2 combination of hammer and jets.

(&) Hammers.—Unless omherwise specified, precast coberete or
steel piles shall be driven with a steam hammer whick shail develop an
energy per blow 2teach full stroke of the pision of ot less than one
foot pound {0.14 kilogram metre) for each pound {0.45 kg.} of weight
driven. In no case shall the total energy develuped by the hammer
be less thaw 6,000 foot pounds {825 kilogram metres) per blow., If a
gravity hammer is used, it shall have a'weight not less than that of the dri-
ving head and pile, and the mazimum drop shaii not exceed 8 feer (2.5
metres) in case of coacrete pikes and 15 feer (4.5 meires) incase of steel
piles. -

11 case, the required 'penctra.ﬁoﬁ is not obtained, by the use of a
hammer 23 specified above, the contractor shell provide a heavier hammer
Or resOrt {0 jetting at his own expense.

(e) Leads.—~Leads shall be required for ali types of hammers, Thay
shall be constructed in such 2 manner a5 to afford freedom of movement
to the hammer and shall bz beld in required position by ZUVE or stitf
braces. Leads shall be of sufficienr lengthso thar theuse of 2 follower
will not be necessary,

(4} Followers.—The driving of piles with followers should be
avoided aad shall be done only if' approved by the Executive Engiager,

{e} Water Jets.—When water jets are used, the number of jets and
the volume 20d pressuce of water atthe jet nozzleshall besufficient to frecly
erode the material adjacent to the pile. The plant shall have sufficient
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SPECIFICATION NO. 21.1—Pile Driving —{General

capacity to deliver at all times at least 100 pounds per square inch (7kg./sq.
cil) pressure at each of two inch (20 mam.) jets nozzles while both are
im operation.  Before the esired penetration is reached, the jets shall
be withdrawn and the piles shall be driven with the hammer to secure the
final pepatration and bearing. -

(f) Caps—The heads of concréte piles when the manire of the
driving i such as to undaly infure them shall be protested by caps of

orad dasign, preferably having arope or other suitable cushion next

ethepile head and fitting imto’ acasting which i tirm supports a

er shock block.

w steel piling the heads shall be cut squarely and a driving cap

shall be provided to hold the axis of the pilein line with the axis of the
harmer.

3. Iaspotting the poltits of piles preparatory of driving, care shal)
be 1aken to locate them as shown on the plans or ' as directed by the
Executive Enginger, and the deviation from such designated locations
shall not exceed 3 inches (7.5 om.) at the time driving is begun, except
asmay be made Mecessaty by the presenceof large boulders, broken piling
er other unavoidable obstructions. While being driven, the piles shall
be st hald by toggles, shores, or cables asto deviate the minimum possible
amount from the vertical, or the batter line shown on the .plans,

4. All piles driven and accepted shall be cut off te 2 trns plane at
ths levels indicated omthe drawings from tops of piles, or below and un-
sound portion of Pﬂﬂ as directed bvy the En-:rmaer

5. Test piles shall be of the same size 2nd maierlals as the per-
manent piles and shall be driven with the same equipment and in. the
same manner as specified for such piles. Load tests shall be made witk
equipment approved by ‘the Eugmer-m-chnrge and the charges for con-

" dueting such tests shall be Borne hy th:: department unlass uthermsna

specified.
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SPECIFICATION NQ. 21 2—Steel Sheet Piles

1. Steel used, inpile section and chutches shall conform to category Kiatetigle,

A’ of structural stee] as laid down in specification no. 3.19. For noiversal
sheet piles, standard beams of 5 inches {12.5 em.)flange will generally be
used. The clutch bars will- be specially rotled sections. Different sections
are rolled out by manufactures for piling bars bt latast hst should be ob-
tained whils new work is mﬂle deslgn stagc,
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SPECIFICATION NO, 21.2.Steel Sheet Piles

2. All makers of steel sheat piling - make spacial sections to form
cortlers and T connections. -The: diagramis  ix fig. 21.2(2) show the sec-
tions of the clirich bar and types -of corners, junctions, and circular work
possible with umiversal piling™:bays. ' Standard details for splicing -on
additional lengths are availabie'but, utiless the conmection ‘has -the same
moment of inertia as the plain section;the ability to transmit ‘the full
moment is mof obtaimed, so thatit i always desirable to avoid splicing, Tf,
however, splices must be provided, the method of splicing shall be "ag
shown ou the plans or ag approved by “the Bxecutive Engineer,

3. Care shall be exercised in handiing steel piling beczuse small
bentds m1y mroduce excassiva driving and pulling resistance. Efforts
shall be made while deiving to keep each pile plumh, Iftha first pila

driver. isvertical. maintaining a wall straight orintrue form and making
closures will not bz difficul:. Piling that deflects badly or refuses to
pelietrate 00 account of serious bured obstructions shall mever be forced,
otherwise it may, separate as the wter-lock and be twisted ont of usable
shape. Where the decreased movement of.the piling under the bammer
blows indicates sarfozs obstruction, it is advisable to confioyge the Tine.
baring the obstinate piles projecting above therest. Whenall other piles
have been driven, the obstruction may be removed and the obstinate piles
may then be taken wup for driving,

To provide protection foy the piling or to procure good alignment or
to affect a quick closure, sheet piles will not be useally. driven to final
penetration singly, Several piles should be fixed iz the driving position.
Then each shonld ba driven a short distance in turm oniil the desired penle-
tration of all the piles is reached.

4. Steel sheet piles may be pulled by use of special tackle pile
extractors, or inverted steam hammers. When inverted steam hammers
are used, a steady pull on the cable shall also be maintained.

5. Neo -pament wili be made for piles driven out of Place or for im-
perfect piles, or for piles which are damaged in handiing or driving,

f¢1
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SPECTFICATION NO. 21.3—Precast Reinforced Conerete Piies

1. Precast reinforeed concrete piles shall be manufaciured in
accordance with the design, including shoes, made of cast steel, wronght
iron or chifled: cast iron, as indicated on the drawings, and shall cm:fform
to the following specifications. The reinforcement should be designed

to resist the stresses developed in bandling end driving.

2. Materials for use in precast reinforced concrete piles shall con-
form to the specification no.10.8 for réinforced cement concrete.

3. When the length of the piles required is not specified on the
plans, ot cannot be determined satisfactorily by other means, test piles
of *he lengths and in the locations designated by the Execufive Engineer
shall be driven so that théey may be incorporated in the perman¢nt work.
These test piles shall be of greater Jength than the length assumed in the
design in order to provide for any variation in soil conditions.

The Exccutive Fngineer shall estimate the length of piles to secure
the proper bearing and shall record in writing as to the number and length
of piles. '

If the work s done by the contractor. ke shall not order material for,
begin casting preparations for. ror place ar order for the precast conerete
niling until he has driven test piling and the Executive Engineer bas deter-
mined, from the data thereby obtaincd. the lengths of piling fo be
constructed or to be ordered by the contractor.  If the contractor furnishes
=ontrete piling in  Jengths other than those determined by Execuiive
Engincer subsequent to the driving of the test piling, all unsatisfactory,
unsuitable, or excess lengths of piling so furnished will not be measured for
payment.

4, TForms for precast concrete piles shall be of wood or metal and
shzll conform to the general specification requirements for conerete form
work. They shall be sufficiently tight to prevent leakage of mortar
and shall be sufficiently strong and adequaiely braced together so asto
cffectively withstand tamping and vibrating. Forms shall be removed at
times and In the manner specified by the Engineer-in-charge.

5. (a) When concreting is once started, it shall be carried em as a
continuous operation until'the pile is completed, beginning at the head
and working toward ths point of the pile. The top surface shall be screed-
ed and brushed to 3 uniform even fexture similar to that produced by
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SPECIFICATION NO. 21.3—Precast Reinforced Concrete  Piles

the forms.  No concrefe that has partically hardened ar been conrtamina-

ted by foreign material shalibe depos:ted i the forms, nor shall retern-
pered concrate be used.

(6) Vibrated concrete conforming to secification no. 10.8 shzl] be
used in precast cement concrote piles. . To secure even and dense surfaces
frec from heney-comb. vibration shall be suppicmanted by spadmg or
rodding by hand while concrete is pIa.stlc under the vibrating action.

{¢} Each pile shall be stamped or markcd with the date of its manu-

facture. Lifting points indicated on the drawings skall be plainly marked

on the piles

6. Side forms may be removed 24 hours after concrete js placed,
provided the concrete has hardened sufficiently.

Piles shall be cured for a period of at least 28 days.

7. Piles shall be handled carefully to avoid dropping or severe
jarring or causing excessive bonding stréss.  While in horizontal position
piles shail be lified 2nd handled only when the concrete has attained
the designed sirength as determined by the tests. Anv piles that are. in
the opinien of the Engincer-in-charge, considered damaged on account of
handling stresses, shall be rejected  and shall not be paid for.

8. Piles shall be driven to a bearing value not less than that shown
on the plans.

Theoretical bearing values shal be mmputed accordmg to the follow-
ing formulae:—

2 WH

Pe= mom————for gravity hammers -
S-4-1.0
2WH .
P= — for single-acting hammers (stéam or ajr)
S40.1
2H (W+AP)" . _ .
P= for double-acting hammers (Steam or air}
S+0.1 '
in which

P=8afe bearing power in pounds,

W="Weight of striking parts of hammers in pounds.
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SPECIFICATION NO. 21.3—Precast Reinforced Concrete Pifes
| H=Height of fall i fest,
A==Area of piston in Squﬁre inches,
P==Pressure {stearn or a2ir) at the hammer in pounds per square inch,

S=The average penetration in inches per blow for the Jast 3to 10 blows
for gravity hammers and the last 10 to 20 blows for steam (or air)
hammmers.

The above formulas are appiicable only when :—
() The hamamer has a free fall,
{i) The head if the pile is not broomed or crushed.
(i} The penetration s reasonably quick and uniform.
{iv) There is no sensible bounce after the hlow.

(v} The follower ig 0ot used,

Twice the height of the bounee shall be deducted from ‘H’ to deter-
mine its value in the above formulge,

The bearing valus of piles as determined by the foregoing formylae,
shall be considereq effective only when they are less than the crushing
Sirengths of the piles. The character of ihe soil penetrated, conditions
ofdriving, thedistribution, sizes and leagths of'the piles inveived, and the
Fomputed load per pile shall be given due consideration in determining
the reliability of the driven pileg.

In CASE waler jots are nged in connection with the driving, the bear-
ing values shall be determined by the above formulae from the resuits
of driving after the jets have been withdrawn,

by .

Such hammear tests in conjunction with pile formulze shall be consider-
¢d only as rough indications and 0ot as a final criterion of the bearing
Power of the piles, Pile tagfs shall be made witk - varying static intensi-
ties of load og single pile and og group of piles as required. The test

load shall not pe applied util the pile has beeg allowed to rest at least 24
hours after driving, ' ' -

In general, these tasts shall consist of the application of & test load
Placed upon a suitable platform supported by the pile, with suitable
8Pparatus for accurately measuring the test load and the setdement of
pﬂe. . . . .. - . . "

I lien  therepf draﬁﬁc.ra.cks‘ with su;taﬁle uk&.and pressure
E2uges may e used.hy . d
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SPECIFICATION NO. 203--Preast Retaforcad Concrete.  Piles

The safe allowable load shall be considersd as 50 per cent of 1hat
load which, after a continuous application of 48 hours, produces a per-
manent settlement 110t greater than 3 inch (Smm.) measured at the top of
the pile. The maximum settlement shall not be increased by a continuous
application of the test load for 2 pericd of 60 hours orlonger. At least
one pile for each group of 100 piles shall be tested.. -

9. These piles shall be driven plumb or to the better indicated in
epe continucus operation, and in the required locations. Piles shall
be driven to refusal, or nntil the penetration per blow indicates a minimum
bearing value as indicated on the drawings or specified. Accurate record
of penetration per blow till the last foot shall be kept for zll piles by the
contractor. Where driving is interrupted before final penetration is
reached, the record of penetration shali not be laken until afler at least
12 inch (30cm.) penetration has been obtained on resumption of driving.
Any pile damaged in driving which cznnot be rebuldt or extended, or Is
unsatisfactory after being driven shall be removed and the hole fillea io
he satistzction of the Execulive Eagineer at the expense of the coniracior,
ofter waich another pile shall be dariven as closely as possible to the re-
quired focation, within the indicated distance from the edges of the footing,

Concrete piles shall be driven to final penetration and bearing befors
it is rebuilt or extended and no piles shall be driven within twenty-five

feat ol any concrete which is cunng

Concrete piles are preferably driven by hammer and jet. The piles
shall be secured against Jateral movement during ariviny by leads ox other
suitable means and shall be so driven that these shall not deviate more
than § inch per foot (LU ram. permetre} from the vertical, nor- more than
3 inches (75 mm.) horizontaliy from e locauon shown on the - plans.
If these daviations are exceeaed, proper additionai constructious should
be provided ar the CORWacior's expense.

10, Full):ngth piles shall be used as far as possible. In exceptional
cireumstances splicing of piles may be permitted. The method of
splicing shall be approved by the Engimeer-in-charge and shall be in
general as given Delow — '

Afrer the driving is completed, the comcrete at the head of the
pile shall be cur off, leaving the reinforcing steel exposed for & length
of 40 diameters. The final cic of tns conccete suall be perpendi.
cular to the axis of taa piles. Kelofogoemedl SURMAr fo0 tBat used
inthe pile shali be securely fasteged to the projecting stezl apd the
necessary forms shail be placed and the concrete poured, care bein
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SPECIFICATION NO. 21.3—Precast Reinforced Concrete Piles

taken to prevent leakage along the pile. The comcrete shall be of
the samhe quality as that used in the pile. Just prior to placing
concrete the tap of the pile shall be thoroughly wetted and covered

. witha thin coating of meat cement, or cement siurry or other suitable

hondmg"mateﬁal The forms shall remain in place mot less than
sevest | days and shall them be carefully removed. Driving shall not
be commenced unil comcerete has hardened f‘urzsdays,

IL " Payment for driving piles per Inear foot shall include the
cost of labour, tools, material, supply, equipment and other necessary
incidental cost of rehandlimg, wnloading a2t comvenlent place at the
site of driving, lifting, placing in correct position and driving piles, ete.
The cost of pile cap, etc. is also inmcluded im the rate, The lenmgth of
drivirtg of pile shall be the portion of the pile which has been embedded
in the gronad and shall not include portion of the pile near the head
which is o be broken for embedment in the footings. Cuting or
stripping head of the pile by means of manual labour, remacval of concrete
or cemenlt mortar, etc., from the head of the pile shall be paid for
separately,

Mo payment will be made for piles driven out - of place or for
imperfect piles, or for piles which are damaged ino bandling or driving.

All piles poshed up during driving shall be driven  down to the
original level and tha level shown on the drawings. No extra cost
will be pzid for this driving.

Payment,



