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Abstract  Recently, the necessity of developing the load and resistance factor design(LRFD) for soft ground

improvement method has been raised, since the limit state design is requested as international technical standard for
the foundation of structures. In this study, to develop LRFD codes for foundation structures in Korea, target reliability
index and resistance factor for static bearing capacity of driven steel pipe piles were calibrated in the framework of
reliability theory. The 16 data(in Gwangyang) and the 57 data(Korea Institute of Construction Technology, 2008) sets
of static load test and soil property tests conducted in the whole domestic area were collected along with available
subsurface investigation results. The resistance bias factors were evaluated for the tow static design methods by
comparing the representative measured bearing capacities with the expected design values. Reliability analysis was
the First Order Reliability Method (FORM), and the Monte Carlo
Simulation (MCS) method using resistance bias factor statistics. As a result, when target reliability indices of the

performed by two types of advanced methods :

driven pipe pile were selected as 2.0, 2.33, 2.5, resistance factor of two design methods for SPT N at pile tip less
than 50 were evaluated as 0.611~0.684, 0.537~0.821 respectively, and STP N at pile tip more than 50 were
evaluated as 0.545~0.608, 0.643~0.749 respectively. The result from this research will be useful for developing
various foundations and soil structures under LRFD.
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Table 1. The number of piles according to diameter
Davisson's Method .
. oL o and length of piles
) T Diameter Piles Length Piles
i 406mm 7 30m less 1
B e R Ny G 508mm 5 30~40m 6
N, T NAEYANE T Imm 3 40~ 50m 6
E ™ _'t\‘\"\‘-\ 914mm 1 50m more 3
g 3 Total 16 Total 16
R Diameter Piles Length Piles
. 406mm less 8 10m less 20
508mm 36 10~30m 23
KICT
711mm 16 30m more 20
200 914mm more 3
Total 63 Total 63
(a)
Davisson's Method
o]
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Table 2. Analysis results of drilling test and N value in Gwangyang
Drilling test(m)
Bore Weatherin Depth
Hole SM | N | ML | N | sM | N| M| N|sWw| N g N | Total P
soil
BH-1 | 131 | 9 3.0 3 63 6 3.8 7 74 | 64 1.4 100 | 355 340
LBz o 3.0 3 63 6 3.8 7 74 | 64 14 100 | 355 34.8
BH3 | 138 | 2 | 106 | 1 05 | 29 - -] 103 ] 50 03 50 | 355 352
BH4 | 138 | 2 | 106 | 1 05 | 29 - - | 103 | s0 03 50 | 355 35.0
BH-5 | 231 | 13 | 201 | 3 - - - - 58 | 50 - - 49 46.6
B | BH6 | 242 | 9 | 190 | 2 - - - - 52 | 24 1.9 50 | 49.6 50.4
BH7 | 198 | 7 | 233 | 2 - - - - 54 | 45 - - | 485 512
. BH8 | 230 | 8 | 243 | 3 - - - - 22 | 60 - - | 495 525
BHO | 230 | 8 | 243 | 3 - - - - 22 | 60 - - | 495 49.0
D | BH-10 | 030 | 7 - - | 035 | 7 - -l as | o2 0.20 50 | 212 21.9
BH-11 | 102 | 14 | 090 | 1 | 147 | 20 | 213 | 11 | 14 | 48 - - | 485 474
E
BH-12 | 102 | 14 | 090 | 1 | 147 | 20 | 213 | 11 | 14 | 48 - - | 485 474
BH-13 | 150 | 10 | 110 | 8 | 095 | 30 | 015 | 12 | 80 | 50 - - | 450 404
p | B4 | 060 | 27 - - | 280 | 19 - - | 050 | s0 - - 39.0 393
BH-15 | 150 | 10 | 110 | 8 | 095 | 30 | o5 | 12 | 80 | 50 - - | 450 38.9
BH-16 | 060 | 27 - - | 280 | 19 - - | 050 | s0 - - 39.0 415
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Table 3. Bearing power of piles in Gwangyang

Data of piles Pile load test Bearing capacity in design Resistance bias factors i )
Number Diameter (Davisson) Static formula Meyerhof Static e Oflplle N
my  |Lenetham (kN) (kN) (N) formula Meyerhof vae
7 711.0 16.0 4625.6 14776* 7428 0.31 0.62 45
I;Ig 11 406.4 12.0 5880.0 7060* 4251 0.83 1.38 48
12 508.0 12.0 4018.0 9459%* 5885 0.42 0.68 48
1 406.4 9.5 4625.6 3773 4182 1.23 1.11 64
2 508.0 12.7 5880.0 5283 5823 1.11 1.01 64
3 406.4 9.0 4018.0 6545 2949 0.61 1.36 50
4 406.4 12.0 4900.0 6540 3041 0.75 1.61 50
5 914.4 16.0 5292.0 19228 13811 0.28 0.38 50
N 6 711.2 12.0 11760.0 10213 8013 1.15 1.47 50
> 8 508.0 12.0 2646.0 6452 4541 0.41 0.58 60
0 9 406.0 12.0 1960.0 4721 3141 0.42 0.62 60
10 711.2 12.0 9917.6 7120 6840 1.39 1.45 50
13 406.4 9.0 4692.2 6007 4436 0.78 1.06 50
14 406.4 12.0 6517.0 6081 4254 1.07 1.53 50
15 508.0 9.0 6166.1 8314 6162 0.74 1.00 50
16 508.0 12.0 6311.2 9102 5935 0.69 1.06 50

Table 4. Bearing capacity of tip of pile N value < 50 from K.I.C.T

Data of piles Pile load test Design bearing capacity Resistance bias factors
Number Diameter Length (Davisson) Static formula Meyerhof Static Meyerhof Tip of pile N value
(mm) (m) (kN) (kN) (KN) formula
T-2 508.0 30.0* 1529 3569* 3929* 0.43 0.39 27
T-3-1 609.0 11.7* 2254 3039* 2691* 0.74 0.84 26
T-3-2 508.0 9.6* 1470 3016* 1991* 0.49 0.74 26
T-3-3 609.0 7.4% 2087 2998* 4314* 0.70 0.48 43
T-4 508.0 7.3% 2352 2231* 1471* 1.05 1.60 31
T-6-1 609.0 22.9* 1911 1250* 2417* 1.53 0.79 10
T-7 508.0 7.3% 2205 2621* 2390* 0.84 0.92 32
T-9 609.0 7.7* 1264 5383* 1789* 0.23 0.71 37
T-10-1 813.0 54.6* 6086 6129* 2181* 0.99 2.79 4
R-2" 508.0 24.0* 6341 1317* 587* 4.81 10.8 11
R-3-1" 609.0 36.5% 5145 2267* 1575* 2.27 3.27 13
R-5-1" 609.0 42.4% 7056 6288* 4767* 1.12 1.48 27
R-6-1" 609.0 24.5% 6360 5266* 5797* 1.30 1.18 46
R-6-2" 609.0 23.3* 4929 5779* 1364* 0.85 3.61 37
R-7 508.0 31.4* 1323 1785* 1702* 0.74 0.78 25
R-8" 609.0 55.0% 3538 8613* 7072* 0.41 0.50 32
R-9" 508.0 17.0* 4880 1027* 612* 4.75 7.97 5
R-10" 508.0 9.5% 2960 3565* 2140* 0.83 1.38 44
R-11" 406.0 9.5% 3165 1698* 635* 1.86 4.98 47
R-12" 609.0 57.1%* 7585 5416* 3467* 1.40 2.19 17
R-16 508.0 6.9*% 1294 966* 274* 1.34 4.72 12
R-17-2 1548.0 6.4% 1548 3186* 1607* 0.49 0.96 47
R-24" 406.0 30.0* 750 1299* 541%* 0.58 1.39 4
R-26" 406.0 30.0* 1325 1456* 525% 0.91 2.52 5
R-27" 508.0 30.0* 1325 1194* 1265* 0.00 0.00 15
J-3 406.0 9.5% 2891 1657* 1641* 1.74 1.76 33
Note T-Thesis, R-Report, J-Journal
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Table 5. Bearing capacity of tip of pile N value > 50 from K.I.C.T

Data of piles Pile load test Design bearing capacity Resistance bias factors . .
- . - - Tip of pile N
Number Diameter Length (Davisson) Static formula Meyerhof Static Meyerhof value
(mm) (m) (kKN) (kN) (kN) formula
T-1 508 15.5 5292 3693 1513 1.43 3.50 55
T-5 508.0 6.5 960 1896.8 608.2 0.51 1.58 52
T-6-2 609.0 25.8 3332 6683 4471 0.50 0.75 65
T-10-2 16092.0 33.0 16092 3153 5078 5.10 3.17 63
T-12 508.0 28.0 2528 4333 6541 0.58 0.39 60
R-1" 508.0 33.0 4018 5425 4158 0.74 0.97 64
R-3-2" 508.0 24.0 3038 4933 869 0.62 3.50 60
R-3-3" 609.0 30.0 6664 6106 2362 1.09 2.82 60
R-4-1 609.0 13.1 7311 5378 1600 1.36 4.57 52
R-4-2 609.0 19.8 7203 6401 6546 1.13 1.10 53
R-4-3 609.0 30.3 7399 6756 2478 1.10 2.99 56
R-5-2" 609.0 57.4 4802 8460 7893 0.57 0.61 54
R-13-1 508.0 7.0 1558 3665 2027 0.43 0.77 72
R-13-2 508.0 7.8 1999 3800 1875 0.53 1.07 72
R-14-1 406.0 8.0 1377 1438 2334 0.96 0.59 71
R-14-2 508.0 6.8 1397 1875 2129 0.75 0.66 71
R-15 508.0 11.9 1264 3355 4456 0.38 0.28 65
R-17-1 508.0 6.0 1166 3569 784 0.33 1.49 80
R-18 508.0 5.7 1303 3230 656 0.40 1.99 70
R-19" 508.0 13.0 3009 2900 4038 1.04 0.75 60
R-20" 508.0 33.0 5586 7019 2607 0.80 2.14 79
R-21" 508.0 47.0 4145 4923 6340 0.84 0.65 64
R-22" 508.0 35.5 6370 6776 5054 0.94 1.26 66
R-23" 813.0 46.0 5439 7546 5084 0.72 1.07 50
R-25" 406.0 9.0 630 1038 696 0.61 0.91 69
J-1-1 508.0 12.0 2823 3848 3791 0.73 0.74 52
J-2-2 508.0 39.0 2008 4987 3688 0.40 0.54 56
Note T-Thesis, R-Report, J-Journal
LE00 18200 ¢+ ]
16000 160000 0%
14200 0%, 14300 Consenyitive
i Consgrvative =
§ 12000 ‘azd__., 1008 B measured=predicted
E 10000 messured<predicted £ 1000 "
= 800 0% E’ 8000.0 0%
'E 5200 . Unconservative E 50000 ] » Unsonsenative
= . ! = o g
o0 20000 [ | »
ot a0 T
0 000 600 8000 120 15000 18000 " 00 B0 G000 130 15000 1B60
Design bearing capacity(KN) Design bearing capacity(KN)
() (a)
T 180000
R Bl 160000
- Ry 140000 S
% messuned=predicted E S b .
§ 100 E Lo o Messedsprediied
= o S0%. o
- - UpeBnservative e 50%
= " D gonn o s % Unomenatve
00 * = P
00 :
»
000 BN0 900 100 100 18000 FE e B e o e e Y
Design bearing capacity(KN) 0 W0 600 000 1000 15000 18000
Design bearing capacity(KN)
) (b)
Fig. 3. Comparison of loading test and design bearing Fig. 4. Comparison of loading test and design bearing

capacity of N value < 50 in Gwangyang
(a) Static formula (b) Meyerhof formula

capacity of N value > 50 in Gwangyang
(a) Static formula (b) Meyerhof formula
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Table 6. Statistics characteristic value of Resistance
bias factors according to total tip of pile N
value

Tip of pile N value <|Tip of pile N value >
50 50
Static Meyerhof Static Meyerhof
formula | formula formula formula

Classification

Average 0.9192 1.6032 0.7597 1.2562
Resist | 09105103 | 10631 | 03083 | 0.8253
deviation
ance -
Coefficient
fators
of 0.5650 0.7879 0.4059 0.6570
variation
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Table 7. MCS-based reliability analysis of static and Meyerhof bearing capacity formula according to total tip of pile

N value < 50
ClaS(S)lnﬁCfitl N < 50 / Static formula Clas(s)lnﬁcatl N < 50 / Meyerhof formula
Gwangyang KIC.T Total Gwangyang KIC.T Total
Safety Probal':nhty Resistance Probaplhty Resistance| Probal?lllty Resistance] Safety Proba?nhty Resistance Probaplhty Resistance| Probal?lllty Resistance
factor |of failure factor of failure factor of failure factor factor |of failure factor of failure factor of failure factor
(%) (%) (%) (%) (%) (%)
3.0 0.875 2.376 0.0371 1.785 0.0405 1.745 3.0 0.162 2.943 0.0232 1.992 0.1228 | 1.1609
35 0.285 2.784 0.0181 2.094 0.0215 2.023 35 0.046 3.313 0.0133 2216 0.0994 | 1.2848
4.0 0.071 3.190 0.0089 2.368 0.0111 2.287 4.0 0.012 3.361 0.0079 2.416 0.0821 1.3911
4.5 0.029 3.440 0.0045 2.609 0.0059 2.516 4.5 0.005 3.889 0.0048 2.592 0.0674 | 1.4954
5.0 0.013 3.651 0.0024 2.817 0.0036 2.692 5.0 0.001 4.263 0.0030 2.743 0.0587 | 1.5658
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Table 8. MCS-based reliability analysis of static and Meyerhof bearing capacity formula according to total tip of

pile N value > 50

Claszinﬁcat N > 50 / Static formula Clasz;ﬁcat' N > 50 / Meyerhof formula
Gwangyang K.ILC.T Total Gwangyang K.ICT Total
Safety Probablhty Resistance Proba!)lhty Resistance Probaplhty Resistance Safety Proba!)lhty Resistance Probaplhty Resistance Pmbat.)lhty Resistance
factor | of failure fact of failure facto of failure fact factor | of failure facto of failure fact of failure fact
%) factor ©%) factor ) or ©%) factor ) or %) actor
3.0 2.945 1.889 0.0632 1.528 0.0129 2228 3.0 1.198 2.258 0.0542 1.605 0.0698 1.477
35 1.080 2.297 0.0286 1.902 0.0034 2.703 3.5 0.481 2.589 0.0334 1.833 0.0485 1.660
4.0 0.412 2.642 0.0130 2.226 0.0009 3.124 4.0 0.189 2.895 0.0212 2.029 0.0331 1.836
4.5 0.175 2.919 0.0060 2.514 0.0003 3.480 4.5 0.082 3.148 0.0138 2.204 0.0244 1.969
5.0 0.071 3.190 0.0027 2.777 0.0001 3.774 5.0 0.027 3.459 0.0091 2.360 0.0179 2.098
e oA AT vie} o] BAA0R ALEE o KICTOAA a3 57719 A=E H§e dAAR]
&9 H9lolA At AAHFA e A9 1.75~297,  AYAF AH A 7= Table 99F 2tk
Meyerhof 7d&21e] 74 2.99~4415 HEplon, HA A= gx]geol we AgdAS A , FHA
Meyerhof 44 ¢] A=A 47} 7] vebdS AR FAdAS 2.0, 2.33, 2.5 thafA XW?%] = AN
A WEAFY glol AASHA 44PN WE A 50uw) A9/ NA 500149 Ak He 3
A gk Bk 2] wigolth B & ATtellA sk AN A AEEHATE A NA s0u| el A=
el e A Aelstd AXAEAe) 2 Meyerhof4jol AU A AAHS o, Mg NA
FAA9(1.75~2.97)< Barker 5 % "= Z27]% 500]4Foll A= Meyerhof2]o] ZLA| 414 w9l o] &
o] sk LRFDY AgA523 SAeHA LERth % 24 U=1.15L+1.05D2 3 A3 gholw, A3k
e 7 uﬁﬁg Azpamel wal AAe  HPAS L AEAS gl Aolo] BE B J
2 Favst e 2B dgEd, F2 FYdse o] Ve Ao s

2 AFE7 “H—roﬂ Meyerhof 7 32] 2] A2 A x]4=H T}
Ad oz o Aaskd x)x)g Ao Al A R|4

259 ghe BENAGAFR Aokl Bsitin

A e =
u)%oi/ﬂ A1E]A

GF o] SR 1
ohet A ukzete] 4
R RESES
otz]o} 4 of &=t Barker
g AP AF=Z 2.5~35 xi]%}é}g’i
S FPAR, A71A0NA S AR, Y
2o} 7719 ARE FH3s A Amod| ] 41244
2, 2.33, 2.50] W& AIAFZ ALt 1 A¥E
g5 #2234 7} Meyerhofﬁfa 15 o] §3}]
319

Al

L.

o
o ™SSR S =P o}

>

7(1 x4

Y

Al

w

o

o> mm

o

AgelA AH BEAY 167] A s}

Table 9. Calculation of resistance factor according to
total reliability index

Classification N < 50 N > 50
Resistance factor Resistance factor
Reliability
index Static Meyerhof Static Meyerhof
formula formula formula formula
2.0 0.611 0.821 0.608 0.749
233 0.741 0.552 0.570 0.671
2.5 0.684 0.537 0.545 0.643
4. 4E
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