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Abstract

Assessment of uncertainties of loads and resistances is prerequisite for the development of load and resistance factor
design (LRFD). Many previous studies related to resistance factor calculations of piles were conducted for short or
medium span bridges (span lengths less than 200m) reflecting the live load uncertainty for ordinary span bridges. In
this study, by using a revised live load model and its uncertainty for long span bridges (span lengths longer than 200m
and shorter than 1500m), resistance factors are recalibrated. For the estimation of nominal pile capacity (both base and
shaft capacities), the Imperial College Pile (ICP) design method is used. For clayey and sandy foundation, uncertainty
of resistance is assessed based on the ICP database. As long span bridges are typically considered as more important
structures than short or medium span bridges, higher target reliability indices are assigned in the reliability analysis.
Finally, resistance factors are calculated and proposed for the use of LRFD of driven piles for ordinary span and long

span bridges.
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ICP Bt 5 AARS A ™(in-situ test) Q]
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=

A1E0]t} (Jardine 1985; Lehane 1992; Chow 1997; Jardine
et al. 2005).
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Fig. 1. Loads and resistances of a single pile



Table 1. ¢ factors for the calculation of unit base capacity with different pile types and foundation conditions (Jardine et al. 2005)

) ) . ) Open—Ended Piles i
Foundation Type Drainage Condition Close—Ended Piles H piles
Fully Plugged Unplugged
Undrained 0.8 0.4 1 1.0
Clay -
Drained 1.3 0.65 1.6 1.6
Sand Drained 1-0.5log (Dp/Deer) 0.5-0.25log (Dy/Deer) 1.0 1.0

where, 0, = outer pile diameter; Dcpr = diameter of cone
Quit — thb,(l’ug (2)
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Table 2. Comparison of target reliability indices of short or medium bridges and long span bridges (Data of Case A are from AASHTO

(2010))
Target Reliability Index and Annual Probability of Failure
Pile Span Length (L) Brfor 75 Years of Service Life| Average Annual Probability of | p; -, for CaseAd
Br=zs Failure p; r_, pyp—y for CuseB
. —4
Single Pile or Case A: L < 200m 2.33 1.33%X10
Pile Group with 4 or Case B: 3.1 1.29%107 1/10
Fewer Component Piles | poom < L < 1500m (3.0999) (1.33x1079)
Case A: L < 200m 3.0 1.80%107°
Pile Group with 5 or " 110
More Component Piles Case B: 3.65 1.75%10
200m < L < 1500m (3.6424) (1.08x107%)
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Table 3. Summary of statistical characteristics of dead and live loads
Bias Factor COov Distribution Type Reference
Qot Independent of span length 0.10 Normal ('?\‘Ajvl-;oéggj’
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Loads Medium Span L < 200m 0.205 Lognormal Nowak 1999)
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Table 4. Summary of statistical characteristics of base and shaft capacities

Bias Factor Ccov Distribution Type Reference
A Clay 1.312 0.418 Lognormal (Jardine et al. 2005, Kim and Lee 2012)
. o Sand 1.02 0.204 " (Jardine et al. 2005, Kim et al. 2011)
Resistances
5 Clay 1.035 0.157 ' (Jardine et al. 2005, Kim and Lee 2012)
* Sand 117 0.290 ! (Jardine et al. 2005, Kim et al. 2011)
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Table 5. Resistance factors for driven piles for short or medium span length (L < 200m) bridges in clays

FAIZ =R

AgAR7} ot

[o:

Q)tt. Tables 5~ 89]

Arsto]

A5t BERAIRER| el ot o
15-0] S34S o]-8ato] th3o] A& ol &

®)

Srhebgo] 7ha

Ro,utn/ Target Reliability Index Br = 2.33 Target Reliability Index Gr = 3.0

Ast.n Qre,n/Qotn = 0 Qut,n/Qorn = 0.25 Que,/Qorn = 0.5 Que.n/Qotn = 0 Qut,/Qprn = 0.25 Qut,/Qprn = 0.5
0.1 0.81 (1.53) 0.87 (1.54) 0.89 (1.58) 0.72 (1.72) 0.78 (1.72) 0.79 (1.78)
1.0 0.77 (1.61) 0.83 (1.62) 0.85 (1.66) 0.67 (1.84) 0.72 (1.85) 0.74 (1.91)
2.0 0.71 (1.74) 0.76 (1.76) 0.78 (1.80) 0.61 (2.04) 0.65 (2.06) 0.67 (2.11)

*Values in parentheses () are the equivalent factors of safety

Table 6. Resistance factors for driven piles for long span length (L >

200m) bridges in clays

Target Reliability Index Gr = 3.1 Target Reliability Index Gr = 3.65
Span Length Rout,n/Fst.n Our/Qopn =0 Que.n/Qprn Qui,/Qorn Que.n/Qprn Qui.n/Qprn Que.n/Qprn
’ ’ = 0.15 =0.3 =0 = 0.15 =0.3
0.1 0.72 (1.73) 0.79 (1.66) 0.83 (1.64) 0.66 (1.89) 0.72 (1.82) 0.75 (1.80)
200m ~300m 1.0 0.67 (1.86) 0.73 (1.79) 0.77 (1.77) 0.60 (2.08) 0.65 (2.00) 0.69 (1.97)
2.0 0.60 (2.08) 0.65 (1.99) 0.69 (1.96) 0.53 (2.35) 0.58 (2.26) 0.61 (2.23)
0.1 0.72 (1.73) 0.79 (1.65) 0.84 (1.62) 0.66 (1.89) 0.72 (1.81) 0.76 (1.78)
300m~1500m 1.0 0.67 (1.86) 0.73 (1.78) 0.78 (1.75) 0.60 (2.08) 0.66 (1.97) 0.69 (1.95)
2.0 0.60 (2.08) 0.66 (1.99) 0.70 (1.95) 0.53 (2.35) 0.58 (2.25) 0.61 (2.21)

*Values in parentheses () are the equivalent factors of safety

Table 7. Resistance factors for driven piles for short or medium span length (L < 200m) bridges in sands

Routn/ Target Reliability Index Gr = 2.33 Target Reliability Index GBr = 3.0
Rst,n Quin/Qorn = 0 Qi1./Qorn = 0.25 Quin/Qorn = 0.5 Quin/Qorn = 0 Quin/Qorn = 0.25 Qit,n/Qoin = 0.5
1 0.79 (1.57) 0.84 (1.60) 0.86 (1.64) 0.69 (1.79) 0.74 (1.81) 0.75 (1.87)
5 0.76 (1.62) 0.81 (1.65) 0.83 (1.69) 0.67 (1.85) 0.72 (1.88) 0.73 (1.93)
10 0.74 (1.67) 0.79 (1.70) 0.81 (1.75) 0.65 (1.92) 0.69 (1.94) 0.70 (2.00)
*Values in parentheses () are the equivalent factors of safety
ZUwWe B0 CHEE ME A= &8 63



Table 8. Resistance factors for driven piles for long span length (L > 200m) bridges in sands

Target Reliability Index GBr = 3.1 Target Reliability Index GBr = 3.65
Span Length Ro,ut,n/Flst.n Que.n/Qorn Qui.n/Qorn Qui,/Qorn Que.n/Qprn Qui.n/Qprn Que.n/Qprn
=0 = 0.15 =0.3 =0 = 0.15 =0.3
1 0.68 (1.82) 0.74 (1.79) 0.78 (1.73) 0.61 (2.03) 0.67 (1.95) 0.71 (1.92)
200m ~300m 5 0.66 (1.88) 0.72 (1.81) 0.76 (1.79) 0.59 (2.09) 0.65 (2.01) 0.68 (1.98)
10 0.64 (1.95) 0.69 (1.88) 0.73 (1.85) 0.57 (2.18) 0.62 (2.10) 0.66 (2.07)
1 0.68 (1.82) 0.75 (1.75) 0.79 (1.71) 0.61 (2.03) 0.67 (1.94) 0.71 (1.90)
300m~1500m 5 0.66 (1.88) 0.72 (1.80) 0.77 (1.77) 0.59 (2.09) 0.65 (2.00) 0.69 (1.97)
10 0.64 (1.95) 0.70 (1.87) 0.74 (1.83) 0.57 (2.18) 0.63 (2.09) 0.66 (2.05)

*Values in parentheses () are the equivalent factors of safety
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