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NCDOT LRFD 
Policy

3.1 Static Analysis
Use AASHTO LRFD Resistance 
Factors for all piles except Steel
 H piles in the Coastal Plain.

3.1.1 Exception
Use NCDOT Resistance Factor of 0.7
 for Steel H piles in the Coastal Plain.



AASHTO 
LRFD

Side Resistance and End Bearing:
Clay and Mixed Soils
α-method: 0.35
β-method: 0.25
λ-method : 0.40

Side Resistance and End Bearing:
Sand
Nordlund/Thurman Method:   0.45 
SPT-method (Meyerhof):        0.30
CPT-method (Schmertmann): 0.50
End bearing in rock:                0.45



Common Pile Driving Issues 

• Overpredicting H pile capacity
o Design factor (0.7) compared to PDA testing factor (0.6)
o Overruns

• Underpredicting pipe pile capacity
o Design factor (0.35) compared to PDA testing factor (0.6)
o Underruns
o Difficulty predicting pipe pile plugging

• Uncertainties in PDA testing  



Successful Coastal Plain H Pile Projects
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B-5621 EB1

Apile EOD Restrike
Toe 29 100
Shaft 273 173
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B-5621 B1

Apile EOD Restrike
Toe 51 100
Shaft 382 350
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Overrun/Reduced Required Driving 
Resistance (RDR) Coastal Plain H Pile 
Projects
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17BP.2.R.90 EB1

Apile EOD Restrike
Toe 2 40 48
Shaft 283 137 235

0

50

100

150

200

250

300

Ca
pa

ci
ty

 (k
ip

s)

Capacity Comparisions

0

10

20

30

40

50

60

70

0 50 100 150 200 250 300 350

De
pt

h 
(F

t)

Capacity (kips)

Capacity Comparisions

Apile Total Skin Friction (kips)

Apile End Bearing (kips)

Apile Ultimate Capacity (kips)

CAPWAP Pile 4 EOD

CAPWAP Pile 4 RS



-20

-10

0

10

20

30

40

50

60

70

0 50 100 150 200 250 300 350 400 450

El
ev

at
io

n 
(ft

)

Capacity (kips)

B-5624 EB1

APILE FHWA

PDA EB1 P2

CAPWAP EB1 P2

PDA EB1 P2 Restrike

CAPWAP EB1 P2 Restrike

PDA EB1 P4 Restrike

CAPWAP EB1 P4 Restrike



-40

-30

-20

-10

0

10

20

30

40

50

60

70

0 100 200 300 400 500 600 700

El
ev

at
io

n 
(ft

)

Capacity (kips)

B-5624 EB2

APILE FHWA

PDA EB2 P6

CAPWAP EB2 P6



-40

-30

-20

-10

0

10

20

30

40

50

0 50 100 150 200 250 300 350 400 450

El
ev

at
io

n 
(ft

)

Capacity (kips)

BP1.R004 EB1

APILE FHWA

PDA EB1 P7

CAPWAP EB1 P7

PDA EB1 P7 Restrike

CAPWAP EB1 P7 Restrike



-40

-30

-20

-10

0

10

20

30

40

50

0 50 100 150 200 250 300 350 400 450 500

El
ev

at
io

n 
(ft

)

Capacity (kips)

BP1.R004 EB2

APILE FHWA

PDA EB2 P7

CAPWAP EB1 P7



-70

-60

-50

-40

-30

-20

-10

0

10

20

0 50 100 150 200 250 300 350 400 450 500

El
ev

at
io

n 
(ft

)

Capacity (kips)

B-5996 B2

APILE FHWA

PDA B2 P8

CAPWAP B2 P8

PDA B2 P8 Restrike

CAPWAP B2 P8 Restrike



B-5996 B2

Apile EOD Restrike
Toe 48 90 90
Shaft 355 155 211

0

50

100

150

200

250

300

350

400

450

Ca
pa

ci
ty

 (k
ip

s)

Capacity Comparisions

0

10

20

30

40

50

60

70

80

0 100 200 300 400 500 600

De
pt

h 
(F

t)

Capacity (kips)

Capacity Comparisions

Apile Total Skin Friction (kips)

Apile End Bearing (kips)

Apile Ultimate Capacity (kips)

CAPWAP EOD

CAPWAP Restrike



Underrun Pipe Pile Projects
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PDA Database



Summary of Quake and Damping Soil Parameters

Only for HP 12X53 & HP 14X73 in Coastal Plain Min. Avg. Max.

Design/Analysis
Damping (s/ft) Skin 0.05-0.20

Toe 0.15

Quake (in) Skin 0.1
Toe 0.1 -0.20

EOID (Database)
Damping (s/ft) Skin 0.02 0.112 0.29

Toe 0.02 0.092 0.4

Quake (in) Skin 0.04 0.084 0.4
Toe 0.04 0.173 0.51

Restrike (Database)
Damping (s/ft) Skin 0.05 0.115 0.22

Toe 0.02 0.082 0.32

Quake (in) Skin 0.04 0.079 0.21
Toe 0.04 0.179 0.50



RDR vs PDA Data
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Two Different CAPWAP Results for a PDA test

Total CAPWAP Capacity: 555.2 kips
 Along Shaft: 205.2 kips
At Toe: 350 kips

Total CAPWAP Capacity: 461.7 kips
 Along Shaft: 121.1 kips
At Toe: 340.6 kips

• Qs = 0.05 in 
• Qt = 0.08in 
• Ss = 0.06 sec/ft
• St = 0.05 sec/ft
Match Quality = 2.39

• Qs = 0.13 in 
• Qt = 0.20 in 
• Ss = 0.26 sec/ft
• St = 0.18 sec/ft
Match Quality = 2.18



Things to Consider

• Ignore isolated inflated N values
• Reduce inflated N values from cementation
• Static analysis resistance factors, should we limit to 0.6 for H 

piles in coastal plain?
• Revise coastal plain H pile policy (Clays as sands, Hammer 

efficiency corrections)
• Choose resistance factor based on testing
• Method of predicting scour resistance has impacts



Questions?
ardrda@ncdot.gov
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