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ABSTRACT : In this paper bearing capacity and safety margin of shallow foundation on weathered soil ground against shear failure
by using current design method of allowable stress design (ASD), load resistance factor design (LRFD) based on reliability analysis
and partial safety factor design (PSFD) in Eurocode were estimated and compared to each other. Results of the plate loading test

used in construction and design were collected and analysis of probability statistics on soil parameters affecting the bearing capacity

of shallow foundation was performed to quantify the uncertainty of them and to investigate the resistance bias factor and covalence

of ultimate bearing capacity. For the typical sections of shallow foundation in domestic field as examples, reliability index was obtained

by reliability analysis (FORM) and the sensitivity analysis on soil parameters of probability variables was performed to investigate
the effect of probability variable on shear failure. From stability analysis for these sections by ASD, LRFD with the target reiability

index corresponding to the safety factor used in ASD and PSDF, safety margins were estimated respectively and compared.

Keywords : Weathered soil ground, Shallow foundation, Bearing capacity, Reliability analysis, Allowable stress design, Load resistance

factor design, Partial safety factor design
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Fig. 1. Comparison of regression analysis result

Table 1, Number of test cases conducted in each region

Section Gangwon Seoul

Num. of data 33 42 12 25

Gyeongbuk | Gyeonggi

Table 2, Ultimate bearing capacity predicted by theoretical equations
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Table 3. Resistance bias factors by theoretical equations for
ultimate bearing capacity on logP-logS method

Ultimate bearing capacity (kPa)
Proposer
Min. Max. Mean. St.dev. Ccov
Terzaghi 30.55 416.82 228.44 132.93 0.58
Meyerhof | 60.33 811.30 340.54 176.60 0.52
Hansen 25.62 413.18 204.00 136.83 0.67
Vesic 36.57 423.09 229.87 13235 0.57

Proposer | Range of resistance bias factor | Average Ccov
Terzaghi 0.43~2.40 1.087 0.424
Meyerhof 0.39~2.44 1.068 0.418
Hansen 0.42~3.64 1.312 0.472

Vesic 0.42~2.41 1.042 0.421
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Table 4. Results of Chi—square test

Chi-square test

Probability variable
Test statistic | Marginal value | p-value
Unit weight 168.30 179.58 0.15
Cohesion 27.86 37.65 0.31
Internal friction angle 73.23 74.47 0.07

Table 5. The statistic characteristics determination of probability
variable

Probability

Probability variable | COV
robability variable distribution

References

Kulhawy & Phoon

Unit weight 0.1 Normal (1996)
Natural Kulh: & Ph
atra Cohesion 0.4 | Lognormal uhawy oon
ground (1996)
Internal friction 02 Normal Direct shear test
angle result

Dead load 0.10 | Lognormal
Load AASHTO (2010)
Live load 0.25 | Lognormal

Table 6. Layout of illustrated shallow foundation section

Section Foundation data Embeded | Daed load | Live load

Width (m) |Length (m) | depth (m) (kN) (kN)

Fl 2.7 5.1 2.4 20,000

F2 33 5.7 24 28,000

F3 4.0 6.0 4.0 27,100

F4 2.4 2.4 2.0 5,305 200

F5 15.5 57.8 1.93 79,620

F6 6.8 9.2 2.13 6,209

Table 7. Relation between reliability index and factor of safety

Terzaghi Meyerhof Hansen Vesic
Fs 8 Fs 8 Fs 8 Fs B
F1 3.88 | 3.12 | 4.15 | 322 | 420 | 340 | 3.52 | 2.95

Section

F2 356 | 3.10 | 3.58 | 299 | 322 | 271 | 341 | 2.84

F3 4.03 | 322 | 423 | 331 | 423 | 3.50 | 3.59 | 2.99

F4 292 | 259 | 293 | 2.70 | 2.82 | 2.54 | 2.85 | 2.51

F5 293 | 262 | 295 | 2.72 | 291 | 251 | 2.81 | 2.50

Fo 311 | 272 | 3.11 | 290 | 2.84 | 2.52 | 3.03 | 2.65

229 QPSS Table 70] Lk 2-27%0] Ahulz)
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o] RIZE=(ap/0N, 0B/00) S =AIBFAT

Terzaghi ©]24)& Alg3}o] Fl, FAEAS tjaHo g2
A7gsto] ool thet AAE M Wt eiA ATE Table 834
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Fig. 6. Results of sensitivity analysis

Table 8. Sensitivity analysis of the probability variable on shear
failure (F1 section)

Desi int Sensitivity factor
Probability variable 651gn*p ot Y
(x*) a aB/ox | 8B/aC
Unit weight o' 16.10 | -0.133 | 1.101 | -0.316
Natural Cohesion c 1690 | -0.741 | 1.791 | -2.823
ground | {pternal fricti
fiemal Ietion | = 1 4120 | -0.601 | 6.104 | -8.110
angle

Dead load Qo | 128.0 | 0276 | -2.812 | -1.842
Live load Qu | 11.60 | 0.034 | -0.288 | -0.036

Load

Table 9. Sensitivity analysis of the probability variable on shear
failure (F4 section)

Desi int Sensitivity factor
Probability variable 651gn*p o il
(x*) a aB/ox | 8B/aC
Unit weight ol 15.30 | -0.121 | 1.040 | -0.224
Natural Cohesion c 16.30 | -0.766 | 1.770 | -2.642
ground | {pternal fricti
ntermnal HEon | | 3850 | 0594 | 5.880 | -7.860
angle
Load Dead load Qp | 122.00 | 0.242 | -2.640 | -1.500
0a
Live load Qu | 11.30 | 0.047 | -0.248 | -0.027
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Table 10, Statistic property values of resistance calculated for
resistance factor correction

Resitance bias Reliability level | Target reliability
COVr .
factor (/\R) (B) index (ﬂT)
1.04~1.31 0.42~0.47 1.84~3.55 29

Table 11. The result of resistance factor correction (8,= 2.9)

Theory Resitance bias | Coef. of variation Resistance
factor (/\R) (COVy) factor (o)
Terzaghi 1.09 0.42 0.34
Meyerhof 1.07 0.42 0.33
Hansen 1.31 0.47 0.36
Vesic 1.04 0.42 0.32
0363
Qo/Qu=67,6229
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Table 12, Results of coefficient of utilization with different methods

Section Method 1 Method 2 Method 3
Fl 96% 87.4% 128.5%
F4 104% 97.6% 138.5%

Table 13, The partial safety factor of design method2 (Eurocode 7)

Design method 2 Al Ml R2
Permanent Favor Yo 1.35
load (G) Unfavor V6, fav 1.0
Variable Favor To L5
load (Q) | Unfavor | 7 fae 0
Material property (X) Yur 1.0
Bearing capacity (/7)) Ve 1.4
Activity resistance (73,) | vz 1.1
Soil resistance against
retaining wall Tre 14
Slope Yy 1.0 1.4

*Al: Action combination, M1: Material properties combination,
R2: Resistance combination
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Table 14, Calculation of partial safety factor

Probability variable Literature value | Calculated value
Unit weight 1.0 1.03
Natural Cohesion 1.0 1.88

ground | [nternal friction

angle

1.0 1.34

Dead load 1.35 0.93
Live load 1.5 0.97
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Table 15, Comparison of equivalent safety factor

Design method ASD LRFD PSFD
Load factor 1 1.25 1.35
Resist:

esistance 0.33 0.35 0.39
factor
Equivalent |5 " 300 | Fyppp = 3.57 | Fogpp = 346
safety factor °

Table 16, Comparison of safety margin (F1 section)

Design method ASD LRFD PSFD
Resistance force (kPa) 1109.2 1187.8 2398.7
Load (kPa) 110.8 156.7 2096.3
Safety margin (kPa) 998.4 1031.1 302.4

=

Table 17. Comparison of safety margin (F4 section

Design method ASD LRFD PSFD
Resistance force (kPa) 627.6 665.1 1477.0
Load (kPa) 146.0 225.9 1441.1
Safety margin (kPa) 481.6 439.2 35.9
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