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ObjectivesObjectives

• Review and compare the available methods for pileReview and compare the available methods for pile 
capacity analysis

R i th il bl t t d t (NDOR d ti l)• Review the available test data (NDOR and national)

• Develop an efficient method for the pile capacity analysis 
for NDOR practice

• Determine the corresponding resistance factors φ forDetermine the corresponding resistance factors, φ, for 
NDOR practice



Load Components for Piles Used in the Analysis

Axial load [kips]

Load Symbol D=70%, 

L=30%

D=50%, 

L=50%

D=30%, 

L=70%L=30% L=50% L=70%

dead load DC 675 490 290

dead load DW 75 50 30

live load LLLRFD 320 540 750

live load LLHS25 333 563 781



Calculation of φ factors

Ulti t it diUltimate capacity according 
to Standard Spec: Rn = 2 (DC + DW + LLHS25)

Ultimate capacity according 
to LRFD: φRn = 1.25DC + 1.5DW + 1.75LLLRFD

Calculation of φ
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Calculation of φ factors

Dead load Live load φDead load Live load φ

D 70% L 30% 0 70D=70% , L=30%, 0.70

D 50% L 50% 0 74D=50% , L=50%, 0.74

D=30% , L=70%, 0.78



φ Factor for piles

- According to ASSHTO LRFD Bridge Design Specifications 
4th Edition 2007 Table 10 5 5 2 3-1 φ -factor for nominal4 Edition 2007, Table 10.5.5.2.3 1, φ factor for nominal 
resistance of a single pile in axial compression, φ = 0.65 

P d φ f t 0 70- Proposed φ -factor = 0.70



Current Methods to Predict Pile Capacity 

• Modified ENR formula (NDOR)

• FHWA Gates formula

• Wave Equation

• CAPWAP

• Static test (most accurate)



Modified ENR Formula (NDOR)

Dynamic Formulas according to Standard Specifications for 
Highway Constructions NDOR, 703.03 g y ,

- steel - concrete

WEP =
0.7WEP =

0.3

where: 
• P is safe load in tons

MWS
P

++
=

1.0MWS
P

++
=

1.0

• P is safe load, in tons
• W is the mass of the ram
• M is the mass of pile and driving cap
• S is the average penetration of the pile per blow for the last 10 blows for steam g
or diesel hammers (in/blow)
• E is the energy per blow in foot-tons



Gates Formula

Gates Formula:

where: 

100)10(log75.1 10 −⋅= NERn

• R is nominal resistance measured during the pile driving (kips)
• E is developed hammer energy
• N is number of hammer blows for 1 in of pile permanent set (blows/in)

Safety factor for Gates formula = 3.5 (AASHTO 1992)



Correlation between CAPWAP and static load test results.
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1.5
Ratios of CAPWAP Capacity and other methods for Steel H piles in fine grain soil.
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1.5
Ratios of CAPWAP Capacity and other methods for Steel H piles on rock . 
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1.5
Ratios of CAPWAP Capacity and other methods for Pipe piles in granual.
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1.5
Ratios of CAPWAP Capacity and other methods for Pipe piles in fine grain soil.
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Ratios of CAPWAP Capacity and other methods for Concrete piles in granual soil
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Proposed Modified Nebraska ENR Formula

Proposed formula

For all piles: 

50.S
E6P

+
=

where: 
• P is safe load, in kips
• S is the average penetration of the pile per blow for the last 10 

blows for steam or diesel hammersblows for steam or diesel hammers 
• E is the energy per blow in foot-kips



1.5 Steel H piles in fine grain soil.
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2 Steel H piles on rock.
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1.5 Steel pipe piles in sand.
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1.5
Steel pipe piles in fine grain soil.
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Conclusions

• φ factor for driven piles can be 0.70

• Pile capacity can be calculated using

50.S
E6P

+
=
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