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NCDOT LRFD

Policy

LRFD Driven Pile Foundation Design Policy
Updated May 10, 2012

Section 3 Resistance Factors

3.1 Static Analysis

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

POLICY

3.0 Resistance Factors

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
iles in the Coastal Plamn.

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

3.2 Dynamic Monitoring

Use the same resistance factor for both drivability
analysis and pile driving criteria.

3.2.1 WEAP without PDA
Use a resistance factor of 0.60 for hammer
approval.

3.2.2 PDA and WEAP — Option 1
Use a resistance factor of 0.60 for hammer
approval with linuted quantity of PDAs.

3.2.3 PDA and WEAP — Option 2
Use a resistance factor of 0.75 for hammer
approval with required quantity of PDAs_

COMMENTARY

C3l1
See AASHTO LRFD Table 10.5.5.2.3-1 for details.

C3l1

NCDOT Resistance Factors are based on NCSU
localized resistance factors calibration research.
This factor applies to all soils and all static analysis
methods for H piles in the Coastal Plain. This is an
exception to AASHTO LRFD Specifications.

See FHWA/NC (2002) for details.

See Subarticle 1018-2(B), (1) of the Standard
Specifications for determining soils in the Coastal
Plain. If in doubt, consult project geologic
engineer.

C32

This is an exception to the AASHTO LRFD
Specifications. These resistance factors are higher
than the AASHTO LRFD Resistance Factors and
were established based on NCDOT’s pile driving
experience.

C322

PDA may be used without meeting AASHTO
LRFD requirements in order to monitor stresses
and resistance during pile driving.

Cc323

Minimum number of PDA tests required is two
piles per site condition, but no less than 2% of the
production piles. See AASHTO LRFD Section
10.5.5.2.3 for the definition of “site”.



AASHTO

LRFD

Side Resistance and End Bearing:

Clay and Mixed Soils
a-method: 0.35
B-method: 0.25
A-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

SECTION 10: FOUNDATIONS 10-47
Table 10.5.5.2.3-1—Resistance Factors for Driven Piles
Resistance
Condition/Resistance Determuination Method Factor

Driving criteria established by successful static load test of at least 0.80
one pile per site condition and dynamic testing™® of at least two piles
per site condition. but no less than 2% of the production piles
Driving criteria established by successful static load test of at least 0.7
one pile per site condition without dynamic testing

Nominal Beaning Driving criteria established by dynamic testing® conducted on 100% 0.75

Resistance of Single of production piles

Pile—Dynamic Driving criteria established by dynamic testing®, quality control by 0.65

Analysis and Static dynamuc testing® of at least two piles per site condition, but no less

Load Test Methods, than 2% of the production piles

Paiyn Wave equation analysis, without pile dynamic measurements or load 0.30
test but with field confirmation of hammer performance
FHWA-modified Gates dynanuc pile formula (End of Drive condition 0.40
only)
Engineering News (as defined in Article 10.7.3.8.5) dynamic pile 0.10
formula (En.d of Drive condition only)

Nominal Beaning
Resistance of Single
Pile—Static Analysis
Methods, Q.

o-method (Tomlm‘scn_, 198? Skempton, 195 l)
P-method (Esng & Kirby, 1979; Skempton, 1951)
A-method (Vyayvergiya & Focht, 1972; Skempton. 1931)

Side Resistance and End Bearing: Sand

Nordlund/ Thurman Method (Hanmigan et al.. 2003)
SPT-method (Meyerhof)

E.ud bea.rmg 1in rock (Canadlan Geotech. Society, 1983)

025
0.40

0.45
0.30

Block Failure, @5 Clay 0.60
Nordlund Method 035
o-method 025
B-method 0.20
Uplift Resistance of J-method 030
Single Piles, qup SPT-method 0.25
CPT-method 0.40
Static load test 0-§0
Dynamic test with signal matching 0.50
Group Uplift All soils 0.50
Resistance. @y
Lateral Geotechmical All so1ls and rock 1.0
Resistance of Single
Pile or Pile Group
Steel piles See the provisions of Article 6.5.4.2
Structural Limit State Concrete piles See the provisions of Article 5.5.4.2
Timber piles See the provisions of Articles 8.5.2 2 and §3.23
Steel piles See the provisions of Article 6.5.4.2
Pile Drivability Cfmcrete .piles See the provisions of Arﬁcle 5542
Analvsis Timber piles See the provisions of Article 8522
V515, Qe

In all three Articles identified above, use @ identified as “resistance durning pile doving”™

*Dynamic testing requires signal matching. and best estimates of nominal resistance are made from a restrike. Dynamic tests afre
calibrated to the static load test, when available.



Common Pile Driving Issues

* Overpredicting H pile capacity
o Design factor (0.7) compared to PDA testing factor (0.6)
o QOverruns

* 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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Capacity Comparisions
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Overrun/Reduced Required Driving
Resistance (RDR) Coastal Plain H Pile
°rojects
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B-5996 B2
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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.
Ski 0.05-0.20
Damping (s/ft) n
. . Toe 0.15
Design/Analysis :
Quake (in) Skin 0.1
Toe 0.1-0.20

Skin 0.02 | 0.112 | 0.29
Toe 0.02 | 0.092 0.4
Skin 0.04 | 0.084 0.4
Toe 0.04 | 0.173 | 0.51

Damping (s/ft)

EOID (Database)

Quake (in)

Skin 0.05 | 0.115 | 0.22
Toe 0.02 | 0.082 | 0.32
Skin 0.04 | 0.0/79 | 0.21
Toe 0.04 | 0.179 | 0.50

Damping (s/ft)

Restrike (Database)

Quake (in)




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

). d Total CAPWAP Capacity: 555.2 kips Total CAPWAP Capacity: 461.7 kips
Along Shaft: 205.2 kips Along Shaft: 121.1 kips
At Toe: 350 kips At Toe: 340.6 kips
* Qs=0.05in * Qs=0.131In
 Qt =0.08in e Qt=0.20in
* Ss=0.06sec/ft  Ss=0.26 sec/ft
e St =0.05 sec/ft e St=0.18 sec/ft

» Match Quality = 2.39 » 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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