


 
 
 
 
 
December 17, 2014                                                GTR Project # - 14.227 
 
 
Mr. Volker Burkowski 
Project Manager 
Kubricky Construction Corp. 
269 Ballard Road 
Wilton, NY 12831 
 
Re:   Wave Equation Analysis Report 

Bridge Replacement Rutland City BRF 3000 (19) 
Rutland, Vermont 

 
Dear Volker: 
 
 At your request, we have performed Wave Equation Analyses (WEAPs) using the program 
GRLWEAPTM for the ICE I-60S diesel hammer at the above-referenced project.  Steel HP14x102 
and HP14x117 sections are proposed for the bridge abutments and piers, respectively.  The WEAP 
input and assumptions, including the soil, pile, and hammer details are summarized in the following 
letter.  Appendix A contains literature on the wave equation analysis and the GRLWEAP program.  
A copy of the Pile and Driving Equipment Data Form is provided in Appendix B.  
 
Soil 
 

The generalized subsurface conditions at the abutments and pier consist of granular soil 
varying from silty sand to sandy gravel overlying bedrock.  The soil is primarily medium dense and 
becomes very dense over the lower depths.  Boulders and cobbles were frequently encountered 
within the granular soil.  Bedrock was encountered at elevations ranging from +453 feet to +459 
feet.  For a more detailed description of the subsurface conditions, refer to the Geotechnical Report 
and/or the boring logs. 
 
Pile 
 

Steel H piles (HP14x102) are proposed for the support of the abutments.  A minimum pile 
penetration of 40 feet below the bottom of the abutment is required.  The factored axial load was 
reported to be 174 kips.  Based on AASHTO LRFD Bridge Design Specifications, the resistance 
factor is 0.65 (dynamic load testing) and the required nominal resistance is 268 kips.  The cross-
sectional area is 30 square inches. Some of the abutment piles will be driven on a 1H:12V batter. 

 
Steel H piles (HP14x117) are proposed for the support of the piers.  A minimum pile 

penetration of 50 feet below the bottom of the pier is required.  The factored axial load was reported 
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to be 255 kips.  Based on AASHTO LRFD Bridge Design Specifications, the resistance factor is 
0.65 (dynamic load testing) and the required nominal resistance is 392 kips.  The cross-sectional 
area is 34.4 square inches. All of the pier piles will be driven on a 1H:12V batter. 

 
 A reinforced shoe will be attached to the tips of the piles.  The maximum allowable 

compressive and tensile driving stresses are 45 ksi, based on AASHTO guidelines of 90% of the 
yield strength (Grade 50).  Refer to Appendix B for further details on the piles. 
 
Driving System 
 
 An ICE 60S single acting diesel hammer is proposed to drive the piles.  The maximum 
continuous rated energy for the hammer is 60 kip-ft (based on a ram weight of 7 kips and a stroke 
8.6 feet).  The over-stroke and maximum rated energy is 10.2 feet and 71.4 kip-ft, respectively. The 
cushion material, as reported by the manufacturer, is a Nylon and Aluminum, with an elastic 
modulus of 175 ksi, thickness of 2 inches, and coefficient of restitution of 0.92. The hammer 
cushion area is 491 square inches.  The helmet weight (including anvil and insert) is 2.44 kips. 
Refer to Appendix B for further details on the hammer. 
 
Analysis 
 

Seven cases were analyzed based on variations in pile type, verticality, penetration, tip 
conditions, and resistance distribution.  An HP14x102 abutment pile with a penetration of 40 feet 
(minimum tip elevation), toe quake of 0.12 inches, and 75% end bearing was modeled in Case 1. 
Case 2 is similar to Case 1, except a pile penetration of 55 feet and 50% end bearing was used. Case 
3 represents a 55 feet penetration with a high resistance of 750 kips, toe quake of 0.04 inches and 
end bearing of 90% (rock conditions). Case 4 was modeled on a 1H:12V batter with reduce hammer 
efficiency. 

 
 Cases 5 through 7 were based on the 1H:12V batter HP14x117 pier piles (with a reduced 

hammer efficiency).  Case 5 represents a penetration length of 50 feet (minimum tip), toe quake of 
0.12 inches and a percent end bearing of 75%. Case 6 is similar to Case 5, except a pile penetration 
of 60 feet and lower end bearing of 50% was modeled. Case 7 represents the batter piles driven to 
rock (toe quake of 0.04 inches with 90% end bearing). 

 
Typical GRL recommended quake and damping parameters for granular soils were used.  

The vertical piles were performed using the typical GRLWEAP recommended internal hammer 
efficiency of 80% for piles driven with an open-ended diesel hammer. The batter piles were 
performed with an internal hammer efficiency of 75% (5% reduction) to account for the batter angle 
of 1H:12V. This is lower than the efficiency reduction of 1% recommended in the VAOT Standard 
Specifications. We have found that reductions generally less than 5% are not significant enough and 
that a 5% reduction for minor batter angles is more appropriate (based on PDA measurement 
experience). Each wave equation analysis was performed for a resistance ranging from 100 to 950 
kips.  This range of capacity brackets the driving resistance that may develop during the pile 
installation. 
 
 
 



Geosciences Testing and Research                                       December 17, 2014 
Project 14.227              Page No. 3 

  

Results 
 
 Table 1 summarizes the results of the analyses.  The maximum compressive and tensile 
driving stresses, blow count, stroke, and transferred energy at the ultimate capacity are presented in 
Table 1.  Appendix C contains the output summaries and bearing graphs for each analysis.   

 
Conclusions 
 
 The wave equation analyses indicate the following:   
 
1. The abutment and pier piles are specified to be driven to the required minimum tip 

elevations/pile penetrations stated in the plans. 
 

2. For the abutment piles (nominal resistance of 268 kips), we recommend a preliminary driving 
criterion of 3 blows per inch for 6 consecutive inches with the hammer operating at an output 
setting resulting in a stroke of 7.5 feet (corresponding to a transferred energy of around 23 to 24 
kip-ft).  This includes the abutment batter piles.  The PDA can be used to determine the setting 
used for the required stroke. 
 

3. For the pier piles (nominal resistance of 392 kips), we recommend a preliminary driving 
criterion of 4 blows per inch for 6 consecutive inches with the hammer operating at an output 
setting resulting in a stroke of 8 feet (corresponding to a transferred energy of around 21 to 22 
kip-ft).  The PDA can be used to determine the setting used for the required stroke. 

 
4. We also recommend a refusal criterion of 15 blows for one inch or 10 blows per half inch for 

cases where the piles ‘take up” abruptly.  
 
5. The WEAP analyses indicate that the compressive and tensile driving stresses were below the 

allowable limit for the cases analyzed.   
 

6. The abutment and pier piles may need to be driven to higher resistance than required to achieve 
the minimum tip elevation/pile penetration. Since the resistance may increase, the stroke and 
energy will also increase. The hammer is capable of installing the piles using a 10 foot over-
stroke to around 750 to 950 kips at 8 to 14 bpi within the allowable pile stresses (see cases 3 and 
7).  

 
7. The above recommendations are preliminary and highly sensitive to actual hammer 

performance.  Dynamic testing will be performed to assess driving stresses, evaluate transferred 
energies delivered to the pile, and estimate pile capacity during driving.  The preliminary 
driving criteria, hammer setting and recommendations above may be modified pending the 
results of the dynamic testing program. 

 
This analysis does not account for variations in the soil profile significantly different from 

those encountered in the borings.  Other factors not considered in this analysis are scour 
requirements, bending (due to misaligned hammer impacts), soil setup and relaxation effects, lateral 
and uplift requirements, cyclic loading, effective stress changes (due to changes in the water table, 
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excavations, and/or fills), settlement, and pile group effects.  The owner’s geotechnical professional 
should evaluate if any of these issues are applicable to the foundation design. 
 
 The results of the wave equation analysis depend on a variety of hammer, pile, and soil 
input conditions.  Attempts have been made to base the analysis on the best available information; 
however, the predicted stresses and blow counts may vary from those encountered in the field, due 
to the factors outline above.  Further refinements may be made using the PDATM to provide a better 
assessment of the pile capacity and the driving criteria at the time of driving.  

 
This report has been prepared in accordance with generally accepted geotechnical 

engineering principles with specific application to this project. Our conclusions are based on 
applicable standards of practice, including any information reported to and/or prepared for us.  No 
other warranty, expressed or implied, is made.  
 

We appreciate this opportunity to work with you on this project.  If you have any questions 
regarding this analysis, please contact us at (978) 251-9395. 
 
Sincerely, 
Geosciences Testing and Research, Inc. 
 

      
       
Curtis A. George. P.E.  Les R. Chernauskas, P.E. 
Project Manager   Principal   
  
Attachments: Table 1, Appendices A through C  
 
14.227 Rutland City BRF 3000 (19) WEAP Letter



 

  

TABLE



12/17/2014

Pile Pile Pile 1 Percent Tip Nominal Compressive2 Max Tens2 Blow3 Transferred

Case Type Alignment Embedment End Bearing Quake Resistance Driving Stress Driving Stress Count Stroke Energy

(feet) (%) (in) (kips) (ksi) (ksi) (blows/ft) (feet) (kip-ft)

1 Vertical 40 75 0.12 268 24.3 0.3 22 7.6 24.0

2 Vertical 55 50 0.12 268 22.8 0.1 20 7.5 23.7

3 Vertical 55 90 0.04 750 44.5 4.9 95 10.1 33.9

HP14x102

TABLE 1
SUMMARY OF WAVE EQUATION RESULTS 

PROPOSED BRIDGE REPLACEMENT RUTLAND CITY BRF 3000 (19)
RUTLAND, VT

ICE-60S OPEN-ENDED DIESEL HAMMER 

4 1H:12V Batter 55 90 0.04 268 24.9 0.2 25 7.7 21.4

5 1H:12V Batter 50 75 0.12 392 24.5 0.6 40 8.2 22.4

6 1H:12V Batter 60 50 0.12 392 22.9 0.2 39 8.1 21.3

7 1H:12V Batter 60 90 0.04 950 43.2 3.9 166 10.2 30.8
 

Notes:

1. The pile embedments are referenced  from grade.
2. Maximum compressive and tensile driving stresses in the pile recommended to be less than or equal to 45 ksi (Fa=0.9*Fy, where Fy=50 ksi).  
3. The blow count represents the average over the final foot of penetration.  

HP14x117

14.227 WEAP Table
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WAVE EQUATION LITERATURE



GRLWEAP Version 2010
Accurately Simulates Pile Driving

30725 Aurora Road Cleveland Ohio 44139 USA
tel: +1-216-831-6131 fax: +1-216-831-0916
Email: info@pile.com www.pile.com

Quality Assurance for Deep Foundations

GRLWEAP 2010 is the software of choice for industry-
leading piling professionals all around the world.
1. Calculates driving resistance, dynamic pile stresses, and estimated

capacities based on field observed blow count, for a given hammer
and pile system.

2. Helps select an appropriate hammer and driving system for a job
with known piling, soil and capacity requirements.

3. Determines whether a pile will be overstressed at a certain
penetration or if refusal will likely occur before a desired pile
penetration is reached (driveability analysis).

4. Estimates the total driving time.

GRLWEAP 2010: Available in Standard and
Offshore Wave versions
The most widely used pile driving simulation software is now
more powerful and user friendly. New features improve the
accuracy of predicted stresses, bearing capacities, blow counts
and installation time:

• Four static geotechnical analysis options: ST method, SA method
with an updated input method, CPT method and a method based
on American Petroleum Institute (API) requirements.

• Variable toe area input for consideration of plugging in selected
soil layers.

• Simplified input for analysis of battered piles.

• More flexible Driveability Analyasis input.

• Friendlier interface with spreadsheet programs.

Exclusive Features of Offshore Wave Version:
GRLWEAP Offshore Wave Version is particularly
well suited to analyze free riding hammers on
non-uniform and/or inclined piles.

• Pipe Pile Builder simplifies input of
complex pipe pile sections and add-ons.

• Alternate hammer location may be
modeled (pile top, bottom or in-between).

• Static bending analysis for inclined pile
driving.

• Fatigue Analysis output tables show stress
ranges and extrema with number of
occurrences for fatigue damage studies.

• Option to consider Soil Plug Weight.
Offshore Wave Input Screen.



30725 Aurora Road Cleveland Ohio 44139 USA
tel: +1-216-831-6131 fax: +1-216-831-0916
Email: info@pile.com www.pile.com

Quality Assurance for Deep Foundations

Printed on recycled paper.
© 2010, Pile Dynamics, Inc.

GRLWEAP Version 2010
Accurately Simulates Pile Driving

GRLWEAP Output Graphics
The Bearing Graph depicts the relationship of capacities, pile driving
stresses and stroke versus blow count. It can be used to estimate the pile
bearing capacity given an observed blow count; the required blow count
for a specified capacity; or the maximum capacity that a hammer-pile-soil
system can achieve.

The Driveability Graph is a plot of capacity, blow count and dynamic
stress extrema versus depth. It allows for consideration of pile add-ons,
hammer energy and efficiency changes, cushion deterioration, soil
resistance degradation and soil setup during driving interruptions. The
numerical summary also includes an estimate of driving time based on the
calculated number of blows and on the hammer blows per minute rate.

The Inspector’s Chart compares stroke (or hammer energy) versus blow
count for a single capacity value. Inspector’s Charts are used for diesel

hammers and external combustion hydraulic (ECH) hammers to determine, for a given bearing capacity, the required blow
count versus variable hammer energy.

The Variables vs. Time graph shows any calculated quantity as a function of time for comparison with measurements or
illustration of stress wave propagation.

Computational process features:
• Smith-type lumped mass hammer and pile model with Newmark

predictor-corrector type analysis.
• Realistic non-linear stress-strain analysis of pile with splices, slacks,

cushions, and other material interfaces.
• Basic Smith-type soil model with several research extensions.
• Bearing graph analysis with proportional, constant shaft or constant

toe resistance.
• Thermodynamic analysis for diesel hammers.
• Iterative diesel hammer analysis for stroke calculation.
• Residual stress (multiple blow) analysis.
• Multi-material analysis for composite piles.
• Two-pile analysis for mandrel driven piles.
• Static soil analysis based on soil type, SPT N value, CPT data files or API method.

Superimposed bearing graphs compare two hammers.

Background:
GRLWEAP - GRL Wave Equation Analysis of Pile Driving - simulates motions and
forces in a foundation pile when driven by either an impact or vibratory hammer.
(Replaces blow count with speed of penetration for vibratory hammers.) Its
continuously updated, internet accessible hammer database featuers over 800
hammer models and extensive driving system data.
During the early development of the GRLWEAP program in the 1970s and
continuously since that time, the program authors have improved program
performance by matching GRLWEAP results with measurements by the Pile Driving
Analyzer®.

Driveability Graph









 

  

APPENDIX B 
PILE AND DRIVING EQUIPMENT DATA FORM



Contract #: ## Structure Name and/or No.: BRF 3000 (19)
Project: Bridge Replacement Rutland City

Pile Driving Contractor or Subcontractor:

County: Rutland VT Kubricky
(piles driven by)

Manufacturer: ICE Model: 60S
Type: OED Serial No :ne

nt
s

Type: OED Serial No.:

Rated Energy: 60 kip-ft at 8.57 ft Length of stroke

Hammer Modifications:

H
am

m
er

 C
om

po
n

Capblock Material: Nylon/Aluminum
(Hammer Thickness: 2 in Area: 491in2 

Cushion) Modulus of Elasticity (E): 175 ksi
Coefficient of Restitution (e): 0.92

Helment

Pile Cap Bonnet Weight: 2 44 kipsPile Cap Bonnet Weight: 2.44 kips 
Anvil Block

Drivehead

Material: NA
Thickness: Area:

Pile Cusion Modulus of Elasticity (E):y ( )

Coefficient of Restitution (e):

Pile Type: HP14x117 or HP14x102
Length (in leads): 40 to 60 ft
Weight/ft.: 117 or 102 lb/ft
Wall Thickness: Taper:  na

Pile C S ti l A 34 4 in2 or 30 0 in2Pile Cross Sectional Area: 34.4 in2 or 30.0 in2
Nominal Resistance: 392 kips or 268 kips
Description of Splice: n/a

Tip Treatment Description: Reinforced Steel Point

Submitted by: CAG Date:

PILE AND DRIVING EQUIPMENT DATA FORM
12/12/2014



 

  

APPENDIX C 
GRLWEAP OUTPUT SUMMARY  

AND BEARING GRAPHS 
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ICE      60-S    ICE      60-S    

Ram Weight       7.00       7.00  kips
Efficiency      0.800      0.800
Pressure       1150 (100%)       1150 (100%)  psi

Helmet Weight       2.44       2.44  kips
Hammer Cushion      42963      42963  kips/in
COR of H.C.      0.920      0.920  

Skin Quake      0.100  in      0.100  in
Toe Quake      0.120  in      0.120  in
Skin Damping      0.050  sec/ft      0.050  sec/ft
Toe Damping      0.150  sec/ft      0.150  sec/ft

Pile Length
Pile Penetration
Pile Top Area

     60.00
     40.00
     30.00

Pile Model
Skin Friction
Distribution

Res. Shaft = 25 %
(Proportional)

     60.00
     55.00
     30.00

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 50 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    100.0       9.72       0.00      5.9     5.62    23.71
    174.0      18.60       0.42     12.2     6.66    23.37
    268.0      24.31       0.34     22.1     7.57    23.98
    350.0      26.29       0.42     31.3     8.06    24.50
    450.0      28.92       1.84     44.3     8.57    26.48
    550.0      32.61       3.08     62.0     8.96    28.45
    650.0      35.67       3.47     83.2     9.43    30.60
    750.0      38.22       4.03    112.4     9.89    32.84
    850.0      39.77       4.23    157.3    10.19    34.29
    950.0      41.37       4.66    222.2    10.42    35.28

Rutland BRF3000 (19) Case 2             

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/ft ft kips-ft

    100.0       7.87       0.00      5.4     5.49    23.59
    174.0      17.59       0.65     11.2     6.50    23.26
    268.0      22.83       0.08     20.3     7.45    23.69
    350.0      24.63       0.41     30.0     7.92    23.50
    450.0      25.98       0.60     42.3     8.37    24.90
    550.0      27.01       1.73     58.2     8.70    26.17
    650.0      27.93       2.00     82.4     8.99    27.22
    750.0      28.83       1.03    120.1     9.24    28.35
    850.0      29.86       0.63    168.5     9.57    29.95
    950.0      30.47       0.28    261.2     9.75    30.81
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ICE      60-S    ICE      60-S    

Ram Weight       7.00       7.00  kips
Efficiency      0.800      0.750
Pressure       1150 (100%)       1150 (100%)  psi

Helmet Weight       2.44       2.44  kips
Hammer Cushion      42963      42963  kips/in
COR of H.C.      0.920      0.920  

Skin Quake      0.100  in      0.100  in
Toe Quake      0.040  in      0.040  in
Skin Damping      0.050  sec/ft      0.050  sec/ft
Toe Damping      0.150  sec/ft      0.150  sec/ft

Pile Length
Pile Penetration
Pile Top Area

     60.00
     55.00
     30.00

Pile Model
Skin Friction
Distribution

Res. Shaft = 10 %
(Proportional)

     60.00
     55.00
     30.00

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 10 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    100.0      12.94       0.02      6.2     5.71    24.07
    174.0      20.30       0.29     12.6     6.83    23.84
    268.0      25.85       0.19     23.3     7.71    23.26
    350.0      28.45       0.15     31.6     8.13    23.90
    450.0      31.90       1.76     43.8     8.57    25.88
    550.0      36.56       2.63     57.9     9.15    28.88
    650.0      40.94       2.44     73.1     9.73    31.82
    750.0      44.48       4.94     95.0    10.13    33.86
    850.0      47.59       6.56    124.0    10.42    35.21
    950.0      49.16       7.29    169.6    10.42    35.29

Rutland BRF3000 (19) Case 4             

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/ft ft kips-ft

    100.0      10.88       0.00      6.4     5.76    22.41
    174.0      18.99       0.19     13.1     6.88    21.91
    268.0      24.88       0.20     24.7     7.74    21.38
    350.0      27.49       0.18     33.6     8.15    21.96
    450.0      30.71       1.72     47.2     8.57    23.95
    550.0      35.00       2.31     63.4     9.13    26.57
    650.0      38.99       2.56     82.0     9.67    29.07
    750.0      42.43       4.08    108.5    10.05    30.99
    850.0      45.14       5.59    142.7    10.34    32.35
    950.0      47.29       6.76    193.2    10.42    32.80
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GRLWEAP Version 2010Rutland BRF3000 (19) Pier Case 6        
C

om
pr

es
si

ve
 S

tr
es

s 
(k

si
)

0

10

20

30

40

50

T
en

si
on

 S
tr

es
s 

(k
si

)

0

10

20

30

40

50

Blow Count (bl/ft)

U
lti

m
at

e 
C

ap
ac

ity
 (

ki
ps

)

0 40 80 120 160 200 240
0

200

400

600

800

1000

Blow Count (bl/ft)

S
tr

ok
e 

(f
t)

0 40 80 120 160 200 240
0

4

8

12

16

20

ICE      60-S    ICE      60-S    

Ram Weight       7.00       7.00  kips
Efficiency      0.750      0.750
Pressure       1150 (100%)       1150 (100%)  psi

Helmet Weight       2.44       2.44  kips
Hammer Cushion      42963      42963  kips/in
COR of H.C.      0.920      0.920  

Skin Quake      0.100  in      0.100  in
Toe Quake      0.120  in      0.120  in
Skin Damping      0.050  sec/ft      0.050  sec/ft
Toe Damping      0.150  sec/ft      0.150  sec/ft

Pile Length
Pile Penetration
Pile Top Area

     60.00
     50.00
     34.40

Pile Model
Skin Friction
Distribution

Res. Shaft = 25 %
(Proportional)

     60.00
     60.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 50 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    100.0       7.90       0.00      6.0     5.69    22.23
    200.0      18.71       0.80     15.2     7.01    21.59
    255.0      21.47       0.31     21.7     7.47    21.75
    392.0      24.49       0.62     40.2     8.24    22.37
    450.0      25.30       1.13     49.6     8.47    23.20
    550.0      27.71       2.03     68.1     8.77    24.42
    650.0      29.96       2.96     94.2     9.07    25.71
    750.0      31.93       3.43    126.8     9.43    27.26
    850.0      33.17       2.80    172.9     9.68    28.40
    950.0      33.96       1.82    246.3     9.91    29.31

Rutland BRF3000 (19) Pier Case 6        

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    100.0       6.87       0.00      5.5     5.59    22.57
    200.0      17.73       1.42     14.2     6.82    21.38
    255.0      20.30       0.36     19.8     7.37    21.65
    392.0      22.88       0.17     38.6     8.10    21.32
    450.0      23.51       0.38     46.5     8.29    21.77
    550.0      24.40       1.01     63.6     8.57    22.57
    650.0      24.97       2.15     91.3     8.74    23.22
    750.0      25.70       1.24    126.1     8.96    24.21
    850.0      26.37       0.79    178.0     9.15    25.14
    950.0      26.82       0.62    272.3     9.33    25.70
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ICE      60-S    

Ram Weight       7.00  kips
Efficiency      0.750
Pressure       1150 (100%)  psi

Helmet Weight       2.44  kips
Hammer Cushion      42963  kips/in
COR of H.C.      0.920  

Skin Quake      0.100  in
Toe Quake      0.040  in
Skin Damping      0.050  sec/ft
Toe Damping      0.150  sec/ft

Pile Length
Pile Penetration
Pile Top Area

     60.00
     60.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 10 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    100.0      11.17       0.00      6.4     5.78    22.47
    200.0      19.84       0.26     15.8     7.12    21.54
    255.0      22.75       0.23     22.8     7.60    21.09
    392.0      26.68       0.28     39.8     8.28    21.79
    450.0      28.34       1.19     47.5     8.57    23.05
    550.0      31.62       1.80     63.0     8.89    24.76
    650.0      34.85       2.03     82.5     9.26    26.31
    750.0      38.21       2.35    103.8     9.69    28.26
    850.0      40.94       2.95    130.4     9.97    29.67
    950.0      43.15       3.93    166.2    10.22    30.75
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