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Overview
e Introduction

» Specifications

* Pile Problems and Solutions



Hammers Types

* Internal Combustion
*open end diesels
closed end diesels
*External Combustion
*Steam hammers
*allr hammers
Vibratory hydraulic hammers
*Gravity Hammers
‘New Hammers — The Resonant Driver

Single Acting &
Double Acting
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Pile Types

uted Piles
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WVDOH Specifications

Steel Piles: Steam /Air Hammer ~ 12,000 ft-lb
Concrete Piles :Steam /Air Hammer ~15,000 ft-1b

“Gravity hammer for driving steel [and concrete]
piles shall weight not less than 2,000 and 3,000
Ib respectively ...."

“Refusal is defined as the equivalent of 20 BPI
with a power hammer developing the minimum
designated foot pounds per blow”

Diesel Hammers are mentioned



LRFD Specifications

e 10.7.3.2.2 Piles Driven to Soft Rock

Soft rock that can be penetrated by pile driving shall be treated in
the same manner as soil for the purpose design for axial resistance

 10.7.3.2.3 Piles Driven to Hard Rock
The nominal resistance of piles driven to point
bearing on hard rock where pile penetration into the
rock formation is minimal is controlled by the structural
limit state. (This is the normal case in WV)

* The resistance factors for the compression limit

state are specified in Article 6.5.4.2. - 0.6 for easy driving and 0.5
for hard driving



WVDOH Specifications

*Plumbness
~ 2% from
vertical or
batter

*Alignment ~
6-inches for

group
3-inches for a j_aa = el
single line of pugge
piles why?
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LRFD Specifications

*Resistance Factor for Wave equation analysis,
without pile dynamic measurements or load
test, at end of drive conditions only is 0.40
(Table 10.5.5.2.3-1)

*We used 0.5 for point bearing piles on rock
when using the end of driving analysis

*\We Iinclude a skin friction estimate for our
analysis purposes only



WVDOH Specifications
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LRFD Specifications

10.7.3.8.4—Wave Equation Analysis

A wave eguation analysis may be
used to establish the driving criteria.

» 10.7.8—Drivability Analysis

The establishment of the installation
criteria for driven piles should include
a drivablility analysis.
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Problems

N'?‘.'. Hampshir
5 : { irtment of Transpc
ocal V8 S1an : H Plle Pomt Test
g trength -

M A 148 ¢ Al

CONTROL PILES

12x563




Problems

MICACEQOUS SANDY
SILT RESIDUAL
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RESISTANT
SCHIST,

SOIL, RETAINING
ORIGINAL ROCK

BANDING

GMNEISS

QUARTZ
VEIN,

e

FOOR SCHIST,

GMNEISS

BOULDER



Problems

SOLUTION
DEPRESSION

AL

SOFT LIMESTOMNE WITH RESIDUWAL SOIL OR
PRIMARY POROSITY MORE RECENT
ENLARGED BY SOLUTION : POORLY CONSOLIDATED
PITTING SEDIMENTS
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Solutions

Project: US35 Flyover Ramp
Date: April 177-18%, 28" May 8"-2", 15" 25™ and Jure 13", 2008 Hammer: APE D30-32

File Substructure  Test Test' Penetrafion®  Blow’ Transfd  Hammer® I'u-'I.=|:f..-E:"m:nraﬁs,i'.'ns-E CASE®  CAPWAP
No. Date Type Depth Count Energy Stroke Force  Siress Method  Mobilized
Capacity Capacity

(ft) | Blows/in (kip-ft) (fti (kips) (Ksi) (kips) (kips)

28-Apr-0E
8-May-08

408 10.7 BET 38.2 1111
4.8 118 538 206
474 114 1065 40.5
245 8.2 a02 L0
303 all 364

T 3-Jun-08

179 R
o
179 R
el
16.8
16.4
16.8

Wing Wall A 8-May-08 12. 212 g 787 30.5

Wing Wall A 73-Jun-8

18-Apr-08
8-May-0¢




Solutions

GRLWEAF 2005-2-West ¥irginia Dept of Transportation

GHH File Edit “iew Options Toolk Window Help

D@ =] 2] e| =iriez]si]

_ 18] ]
_ 18] x]

s7lsa] ¢ [a 0] 3

|Simple Resistance Distr j

|Unitorm Fil

-l

|Bearing Graph - prop. shaft resistance j

[Eriter Project Title Here

Harmer [nformation
Select from following lizt [10/24/2008-2003]; o i

[0}

| Mame | Type |

R arm Energy/Power

HITACHI HMC125 ECH
KOBE K12 OED
KOBE K22-Est OED

Hammer parameters

Efficiency E
Pressure psi [Fixed %
Stroke \ariable of Max

Pile material

™ Concrete {* Steel " Timber

Cugzhion Infarmation
Harnrner

Area 272 |

Elastic M odulus
Thickness

COR (e -
Stiffress 0| ] kips i

Helmet ‘weight kip=s

Pile Infarmatian

Length E ft [auto  Sedmerts
Penetration m ft W S-Length
Section Area in™2 W S-5E, Wt
Elast Maodulus m ki
Spec Weight 4 IbAfE"3

Toe Area in"2 |0 Splices
Perimeter ft
Pile Size:

File Type:

27 8573 108.493
2.8700 25428
48500 45,247

Ultimate Capacities [up to 10]
kips

200
500

EXI
Incr. _ Action

Soil Parameters
Quake

Const
Toe
D amping
Shaft s/t |Const
Toe : st [Smith

Shaft Resistance
Percentage

*
|_J— 1003

00y

Dzt Shape Mum

EKOBEK 13

- in ,7 Residual Stress Analysis: Mo

Press F1 for General Help Topics or F3 for Specific Help on Cumrent Parameters




Bearing Graph - SmallestH ammer. gwh

Solutions

D2 &| =2|2] &2/ [Engish =1 Joows B
=10 x]

YWWest Yirginia Dept of Transportation 27-Feb-2009
Enter Project Title Here GRLVWEAP (Th) Version 2005

a0
KOBE K13 Wiest Virginia Dept of Transportation 27-Feh-2009
,F"“d Erter Project Title Here GRELWELP (Th) Version 2005

Efficiency 0.800 Mazsimum Maimum
Uttimate  Compression Tenszion

Helmet 1.69 kips Capacity Stress Stress Energy
Hammer Cust 17486 kipsiin kips: i ksi kipa-ft

Skin Quake . i ! . a9.m
. : : . g.45

Toe Quake . i /
Skin Damping . ! ! / ) . g.g?
Toe Damping . . . . . oo
Pile Length ’ : ! . 13;2
File Penetratiol 20.00 : : - : 10-23
File Top Area 15480 i ’ : -

Cornpressive Stress (kai)
Tension Stress (ksi)

Skin Friction
Pile Madel Distribution

oo
=]
=]

o
o
=]

Strake (f

5

Ultimate Capacity (kips)

-
0 200 400 G600 800 1000 1200 Res Shaf= 10 %
Blowy Count (bl (FPropartional)

u] u]

For Help., press F1




Solutions

Good Plan Notes

All steel piles shall be HP-----____Steel Bearing Piles, Predrilled and Driven,
and shall meet AASHTO M270, Grade 50, requirements. Hardened steel
pile points shall be used. The target capacity is ____kips per pile [Insert
2X maximum factored load per pile here] at refusal in bedrock. The
Contractor shall predrill all the pile boreholes into [soft, medium hard, or
hard rock___ft. If vary hard or extremely hard, provide additional warning
to contractor]

* All predrilled boreholes shall have a minimum diameter of ___inches
[Insert diameter 6-inches larger than the pile diagonal dimension rounded
up to the nearest size in 6-inch increment]. As a minimum, all predrilled
boreholes shall be drilled to the tip elevations shown on the plans. The
holes shall be backfilled with dry sand prior to driving.



Solutions

« Refusal is defined as 20 blows for 1 inch of penetration, or the
equivalent, using a power hammer with a minimum rated capacity of
approximately 25,000 ft-1bs.

« If alarger hammer is used, the Contractor shall submit new driving
criteria using a wave equation analysis, such as GRLWEAP.

Or

« A power hammer shall be sized by the Contractor to achieve the
target capacity without exceeding 45 ksi maximum driving stress.
The Contractor shall determine the hammer(s) rated energy, and
pile driving criteria using a wave equation analysis such as
GRLWEAP.
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