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ABSTRACT : Target reliability index in the limit state design indicated the safety margin and it is important to determine the partial
factor. To determine the target reliability index which is needed in the limit state design, the six design and construction case histories
of gravel compaction piles (GCP) were investigated. The limit state functions were defined by bulging failure for the major failure
mode of GCP. The reliability analysis were performed using the first order reliability method (FORM) and the reliability index was
calculated for each ultimate bearing capacity formulation. The reliability index of GCP tended to be penportional to the safety factor
of allowable stress design and average value was $=2.30. Reliability level that was assessed by reliability analysis and target reliability
index for existing structure foundations were compared and analyzed. As a result, The GCP was required a relatively low level of
safety compared with deep and shallow foundations and the currd t reliability level were similar to the target reliability in the
reinforced earth retaining-wall and soil-nailing. Therefore the target reliability index of GCP suggested as (3,=2.33 by various

literatures together with the computed reliability level in this study.
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Table 1. Definition of reliability classes and recommended minimum values for reliability index 3 (CEN, 2001)

o o Reliability index 3
Reliability L Examples of buildings and
Description .. . . 1 year 50 year
Class civil engineering works ) )
reference period | reference period
Low consequences for loss of human life,
RC1 social and environmental consequences Agricultural buildings, silos, greenhouses 52 43
small or negligible
Medium consequences for loss of human Residential and office building, public
RC2 life, economic, social or environmental buildings where consequences of failure are 4.7 3.8
consequences considerable medium
High Consequences for loss of human life, . .
£ 'qu . . ! Grandstands, public buildings where
RC3 or economic, social or environmental . . 4.2 33
consequences of failure are high
consequences very great
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Fig. 1. Target reliability levels for deep foundations
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Table 2. The examples of target reliability indices from various literatures
Type Reference Target reliability index ()6'7«) Remark
23 Offshore foundation (£;=1%)
Meyerhof (1970) 3.1 Earthwork (Pf=0.1%)
3.6 Retaining stuctures (£;=0.01%)
Wu et al. (1989) 2.0~3.0 Oftshore piles
Deep Tang et al. (1990) 1.4~3.0 Offshore piles
foundations 2.0~25 Group piles
Barker et al. (1991) - -
3.0 Single piles
Single pill
Zhang et al. (2001) 3.0 mele pries
System reliability analysis
Paikowsky et al. (2004) 23730 Group piles / Single piles
Barker et al. (1991) 35 Reliability analysis
arker et al. .
Sand (5=1.3~4.5), Clay (/5=2.7~5.7)
Shallow Becker (1996) 3.0~4.0 ASD calibration
foundations Phoon and Kulhawy (2002) 32 Uplift capacity
Kulicki et al. (2007) 3.0~4.0 Reliability analysis of 124 cases of bridge design
Paikowsky et al. (2010) 3.0 Considering the cost efficiency
D" Appolonia (1999) 25 Consideri;lghthe plu%l(;ut r?sifstance and the r'e;iundancy
Retaining of the multiple reinforcement materials
wall Allen et al. (2001) 2.33 Internal Stability
Huang (2010) 233 Target probability failure (;=1%)
Soil-nailing Lazarte (2011) 233 Target probability failure (P;=1%)
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Table 3. Estimation of ultimate bearing capacity of single gravel compaction pile for bulging failure

Reference Derived Formula Theory
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G4 = (Cu Fc + qlvg Fq ) 1— Sill¢s
Vesic ¢, ¢ Undrained shear strength of surrounding ground (kN/mz)
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Gyvg Average stress at the depth of failure (=(0, +0,+0,)/3) (KN/m’)
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Table 4, Design data used for reliability analysis

. . Diameter Spacing Replacement Length
Site Project Type of structures .
(m) (m) ratio (%) (m)
A Pohang - Housing area (E) Waste water box 0.76 1.50 20.16 4.60
B Pohang - Housing area (F) Waste water box 0.76 1.30 26.84 7.80
C Ansan - Connecting road Structural box 0.76 1.80 14.00 7.60
D Paju - Jugong apartment Rain water box 0.76 2.00 11.34 11.48
E Seoul - Neighborhood building Building 0.76 2.20 9.37 3.00
F FHWA-RD-83-027 Road 1.07 2.13 19.82 10.06
land fill - om . land fill =M 7.5m
,,,,,,,,, EL.(+)5.54 o EL()496
clay § clay §
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Fig. 5. Section of GCP constructions used for reliability analysis
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Reference Limit state function
) 1+sing,
Vesic (1972) g(X)=[(c, ) F oLy )W]A* (@t @)
1+sing,
Hughes and Withers (1974) g(X)= [(0’7,0 +4C“)m]A — (QD+ QL)
s
1+sing,
Brauns (1978) g(Xx) = [(am+1+1n cu)m]Af (Qp+ @)
Hansbo (1994) 9(X)=o0,, +c, [1+lnﬁ]A (Qp+@Q,)

Table 6. Mean values of random

variable parameters from interpretation data of GCP construction cases

In-situ clay GCP

Site Soil type SPT N-value B 5 5

v (KN/m") cu (KN/m) E. (kN/m’) ¢, (deg.)

A Clay 3/30~16/30 16.70 62.00 15,500 50.00
B Clay 1/30~4/30 16.70 32.00 8,000 50.00
C Silty Clay 2/30~4/30 17.52 42.00 10,500 50.00
D Clay 2/30~3/30 17.20 24.00 6,000 50.00
E Clayey Silt 2/30 15.70 14.70 3,675 50.00
F Clay - 15.71 21.55 5,388 42.00

Table 7. Statistical distribution model and random variable parameters form various literatures and interpretation data

Random variables Coefficient of variance Probability density function Reference
Unit weight 0.10 Normal
In-situ ; Phoon & Kulhawy (1996)
Und d sh trength 0.40 Li 1
clay netamed shear sieng Ognorma Lacasse & Nadim (1996)
Elastic modulus 0.20 Lognormal
WYY HEA Y (TEL, 2008)
GCP Internal friction angle 0.10 Normal Bergado et al. (1987)
Duncan et al. (2007)
Dead load 0.10 Lognormal
Loads AASHTO (2010)
Live load 0.25 Lognormal
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Table 8. Reliability indices versus safety factors for external safety

Secti Vesic (1972) Hughes & Withers (1974) Brauns (1978) Hansbo (1994)
ection
1 , s A s R 5 A, 5
A 3.857 3.144 2914 2.493 3.813 3.504 3.545 2.951
B 2.988 2.692 2.322 2.082 2.955 2.965 2.767 2.509
C 3.907 3.391 3.004 2.768 3.865 3.747 3.612 3.205
D 1.890 1.520 1.503 0.933 1.880 1.661 1.769 1.342
E 1.860 1.570 1.521 1.035 1.854 1.701 1.756 1.411
F 2.144 2.267 1.749 1.677 2.144 2.485 2.025 2.090
AEdglon, W PSS 257, HE AHEASE 230 4, MMOIEIRES SRMBTAE BAM
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1 Allowable Factor of Safety (Fs = 2.0) = = =]
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e él E=EEHHA 27| ARt FREAIF =R 4 o] o]F
Z i A
E | I oA i,
= 0T : O @ 2 - - - . N
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= 1 O 3 = - - -
: FE]S ; © ac 3t SlEmT F2E 72 HA ALES B3)A7]7] aiA
2 r D - =
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o oF o= A== o-8-/d(redundancy)> JH UFOR A
') . . - T — —
b 2' . ) ; AE 7| 2AI AR BRAIF AT} 4:=3.0(2=0.1%) ]
Factor of Safty (Fs) A ﬁT=2.33(Pf=1.O%)_9_§ 51 ZAE = A7 EQich
Fig. 6. Relationship of reliability indices versus safety factors for TE3F dhte]l BT gk o] U A Bk el E #]
external stability
1.0E-1
Driven Group Piles (AASHTO, 2010)
Reinforced Earth Retaining Wall (Allen et al., 2001)
Soil Nailing (Lazarte, 2011)
® - T
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=)
z . Ny 3.00
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Fig. 7. Target reliability levels for gravel compaction pile
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