creative
commons

C O M O N § D

Ol2XtE= otele =2E 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAYH OHE 0I8XA2 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

[UCI]1804: 24011- 200000263938

20134 87
B A7 5 3



Calculation of Target Reliability Index and

Resistance Factor for Steel Piles

20134¢ 8H 23H

HERXRER KERE
+ KT 2§

& X &



REHEE & K B

m e LEMEBM wmXo= R

20135 4A

HERXRER KERE
+ KT 2§

& X &



exFEe BLEMR XS RHET.

rﬁ

ZER BRER #&E 9 4 (ED)

(HI)

of

Z R EEXER &K A ¥

Zz REEXER &K A A4 F (Em)

Zz REEAER&E W A = (Em)

rﬁ

Z R EEXER &K A o (FD)

2013 6/

HERXRER KERE



ABSTRACT
ALE A B 1
19dmd 254 1
12 A48 3
1394y We 2y - 4
A2 wEO A2AA L AAAAL 7
21 5o B/F L J2AEA 7
22 HWEO ASFAI T 11
2.3 WEO A AAE 13
2.3.1 3 &&= A ¥ (Allowable Stress Design) 14
2.3.2 stsA &g A4 A (Load Resistance Factor Design) - 17
2321 WEA 2] FAFE 20
2322 WHEI)2o] WG AGAG() oo 21
233 Fr= 3 E=(Eurocode)®] A7l - 28
24 &84 (Uncertainty)& 183gh 7| 244 30
241 EZA T B U] 34
242 W57 2 AAY A AALZA 34
243 AstFH N2AA EAH - 36



31 A EATIH 37
I 37
3.1.2 FOSMS] ZAFA S wmremrmmmrmeoemsse s 40

3.1.2.1 MPOSME] ZAFE 8JAT e 40
3.1.2.2 AFOSMS] HFH wenemrmmrmrmmsms e 43
313 EH7leE Algdold 718 49

32 g A SFAAY AW - ol
321 BYTA A A Y FA] o 51
3.2.2 Meyerhof A A HEF2A 56

A4 ZFBEE 7129 AFAE 4 o R AAVIE AA - 58

41 AR 58

42 A A& BOA A 61

4.3 A RES] A HEG B 63

44 Astr ol ot SEFAA Y A 67

45 AAE FAlol o gk FEAA Y AP 83

46 AFHGFA T A 90

A7 AL ST7| 2 A 3 102
471 VA WA TR A oo 102
4.7.2 A=A A7 o A=EAE b 106
473 EHZIEE AlEHol Aol o A HIb 108
ATA FTEEI 2] BE AHYAG AH 116
475 AT AG AR -oormmmemmme e 116






B

B

23

2.6 1=2] LRFD Bridge Code®] A

-
it

3714 (7h+eke] Ontario Bridge Code) - 24

A

of o

ki3

7]zl tf

T
“:_l?“

27 %

-
it

g} 7 4= (Canadian Bridge Code) 24

A

ki3

=

]'7:" ivI:(FIOI‘IClEl Dot) e )

o 4

57 %
2.10 HE] A

29 #

B

A5~ (Austroad Code) ~— - D5

-
it

gl

=

s

et

=]

211 A

?;51_

% 9

2.13 R, 712t

-
it

31 TR A A H A oo 38

-
it

32 AHAQAS gk HYFE Pahe] FA o 5

-
it

33 WRBHRZH(P)T A B AF(N) TS P oo 52

-
it

B

_iv_



96

N=50 A A 8 o T

==

=
o

A
Q84

‘]

1

417 A7 A e N<G0 A A]
X

-
it

EAEHA 100

A2

wmo
B

e el 1)

-

X

I

BE

4.20

-
it

T 107

}

glo] Aol 9

R4

=

glo] el 9

=3
Z A

71 el €]

=

=

2 A
149

=

=

I

B 7}
2173

I
T

[ez]
S

FA

o
424 771 H3A ZH 7L

-
it

fvze)
~X

+
0
ie)

—_—

x

o
=y
=y

;OL

2 AlEdelAdel ¢

=
=

425 AA 27}

-
it



=< <SR ST - VI < I -

5

4.26
4.27
4.28
4.29
4.30
4.31
4.32

e N<BO B2 Hlal 112
A N<B0 Meyerhof 2] H] DL - 113
e N=50 A 8hg24] Blal 114
A N=>50 Meyerhof 2] H] Tl -----ommmmmmmmm e 115
FYAYG VA g AdAF A} 117
A71A BaA A A g Mg AgAs A} 118
AA A AA o] W QA A} 118

_Vi_



18 S (ASD) A GIH --orrrmsrmmromeremm s ]

I3

g 22

2% 23 LRFD A F 3 --oomemmemmmemmemms e 8

R L

A} 5 5}

!

Fd 20

541

Eoll M el A

3|
=

R4

AU A A ] A O] oo 08

19 26

30

of RABAME] HAH BH oo 46

19 35 MCSel <&t

19 3.6 MCSell 2g w}= g

a9 4.2 A7)

Y 43 AT W R G E oo 63

e 67

e

19 45 Davisson ®

1% 4.6 Shape of Curve "9

- vii -



d

S I
e oo g o g g g g o

I
jait)

48 A=254mm ol F BAAT 72
49 A=01B el ot ZAAL 72
410 S —log t FA AT 74
411 FFAS AN D (AetT) AR 75
412 FFA o] AT N<509] ZAA A7 AAAA Y W@ 93
413 FFA e AT N=500] ZAHAA G AAAA Y Hw - 93
414 A7) A AeR NS0 AAAHa AAAAZH BlaL - 98
415 21714 BuA AR N=509] GAAH} AAAAZ vjal - 99
416 FORM AT #4 ZZ I f o 102
417 FORM AZE #4 QIa]F oo 103
418 MCS A% #A Z2ag 104
419 MCS A3 % #4] dad]d 105

= viii -



ABSTRACT

Calculation of Target Reliability Index and

Resistance Factor for Steel Piles

Kim, HyeonTae
Advisor : Prof. Kim, Daehyeon, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

The necessity of developing the load and resistance factor design(LRFD) for
foundations has recently been increased, since the limit state design is requested
as international technical standard for the foundation of structures.

In this thesis, to implement LRFD for foundation structures in Korea, the
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 tests and soil property tests conducted in
Korea were collected along with available subsurface investigation results.

The static bearing capacity formula and the Meyerhof method using N values
were used to calculate the expected design bearing capacities of the piles. The
resistance bias factors were evaluated for the two static design methods by
comparing the representative measured bearing capacities with the expected
design values.

Reliability analyses were performed by two types of advanced methods: the

First Order Reliability Method(FORM) and the Monte Carlo Simulation(MCS)

_ix_



method using resistance bias factor.
Based on the analyses, the target reliability indices and resistant factors were
suggested for driven steel pipe piles under the LRFD framework, leading to

accelerating the implementation of LRFD in place of allowable stress design.
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I 2.6 0/=2 LRFD Bridge Codel| X &tH <%=

Method / Soil / Condition A g+ A 4=
End Bearing : Clay and Rock
Clay(Skempton,1951) 0.50
Rock(Canadian Geotech, Society, 1985) 0.55
Skin Friction and End Bearing : Sand
SPT-method 0.70
CPT-method 0.50
. . . 0.45
) ) Wave equation analysis with assumed
Ultimate Bearing o . 0.55
] ] driving resistance
Resistance of single 0.65
piles Load Test 0.80
Skin Friction : Clay
a—method(Tomlinson, 1987)
B-method(Esring & Kirby, 1979 and 0.70
Nordlund method applied to cohesive soils)
A-method(Vijayvergiva & Focht, 1972)
Clay 0.65
a—~method 0.60
Block Failure f-method 0.40
Uplift Resisance of A-method 0.45
Single Piles SPT-method 0.35
CPT-method 0.45
Load Test 0.80
Group Uplift Sand 0.56
Resistance Clay 056
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T 2.7 Y=J|1x=0 Oist MEH = (HLICIS Ontario Bridge Code)

% 3 z A5 A%
Static analysis, compression 04
Static analysis, tension 0.3
Static test, compression 0.6
Static test, tension 04
Dynamic analysis, compression 0.4
Dynamic test, compression field smeasurements and 05
analysis
H 2.8 L=£I|/x° M=ol CHet MEHZ=(Canadian Bridge Code)
iy 5 % 2 A g A
Precast reinforced concrete 0.4
Cast-in—place concrete 04
Expanded-base concrete 04
Prestressed concrete 04
Steel H-section 0.5
Unfilled steel pile 05
0.4

Concrete-filled steel pipe

- 24 -




2.9 ¥=J|x9 M&HZ=(Florida Dot)

7129 H AAxA A A Y A A
SPT 97 0.65
PDA (EOD) 0.65
DEs
Wave equation analysis 0.35
5 Static load testing 0.75
SPT 97 0.56
Qe
Static load testing 0.65
T3 Structure stability consideration 1.00
H 2.10 259 XN &H==(Austroad Code)
Methods A &A=
Routine proof load tested. 0.8
Load tested to failure. 0.9
Piles analyzed by dynamic formulae or wave equation method 0.4-05
based on assumed driving system energy and soil parameters. o
Piles subjected to closed-form dynamic solutions, e.q., Case 05
method. '
Piles subjected to closed-from dynamic solutions correlated
against static load tests or dynamic load tests using measured 0.6
field parameters in a wave equation analysis(e.g., CAPWAP).
Piles subjected to dynamic load tests using measured field 08

parameters in a wave equation analysis(e.g., CAPWAP).

A value of 04 should be used for cohesive soils and structures where

permanent loads dominate. In noncohesive soils and for structure where

transient loads dominate, values up to 0.5 may be used.
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AV AAA ] N 2de T" 263 ol AWdEn. ¥ 260014 Hol= AA

Y 7] 23 8to A obd & (Safety Margin)S F&2 S Agt BAX AA 2d
IS A A S sk ol 2AME, 2Ea A8H fRsts 2 W
std SOl &gt 1HEE v o= sty tddt dEI AFE Aol E S AL
stAY, ESAAES AEFstE Fuk dud Hu) e[ Hoela i AAHLL 7]

Ultimate Limit State

Load

Allowable Deformation
/ P
Deformation

8 2.6 stHAEIEAH - o

\
\
\
\
|
| Serviceability Limit State
|
|
|
|
I
1

2.3.3 Eurocode®] A7l

19703 ol 34 E9 93] (Commission of European Communities)s A4 % &
5 Fete] AdAd oA FxEE P AubFshiord] A FdE 7lEd AN
:‘

s)
A}, olE EUZ slo] &AgH A o] Structural Eurocode®]t.

qel Bage
AEAow fdARe AUAFE] ArlEel FAH] A= 6719 AEade 3
ol st ulgs el tlgshe A BAH Aew ANHm ATk §

=
Aol AdMdA xF3 993 = EurocodeE A AT a4 1990 59 7]& 9]
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3] 2509 Structural EurocodeZ A %] 3]t}

Eurocode= 1914 97tA] AAEFHAo™ A = Zoly ARI} S 77
o ZA et AldS AHA ol T4 o] =t} Eurocodedl
Aol e AWAYE 2 ARAIEHI B Add & AntxA dE A
S zta oy, 7N = FRE 71Ex AAFE Eurocode?l 7HA, Part 1o ¥
A YeEp ek 1980l = A E A 383 (ISSMFE)9F f+H <82 Eurocode 7
of gk AR FoE dto] FAEAFTI|Q SWHLAIE THEsHAT o
23 LS FafA] AAI Augste] fFra=o FALS S 2t} Eurocode?
24 F oty FEIEY AR uE AA Veo R i HAste AHS F=
7] 9lgelth. Eurocode #42 1976W Al 2}E] o™ Eurocode 72 19819 24
o] AZE At 1990 d ol o] ZFdo] Technical Committee TC2502] #] =&}l
European Commission®|A] CENS.Z &AM, A 23 v 2o] 9719
FEo 2 yxofA 3l

EN 1991 Eurocode 1(EC1
EN 1992 Eurocode 2(EC2
EN 1993 Eurocode 3(EC3
EN 1994 Eurocode 4(EC4) Design of composite and steel and concrete structures

) Basis of design and actions on structures
)
)
)
EN 1995 Eurocode 5(EC5) Design of timber structures
)
)
)
)

Design of concrete structures

Design of steel structures

EN 1996 Eurocode 6(EC6
EN 1997 Eurocode 7(EC7
EN 1998 Eurocode 8(EC8
EN 1999 Eurocode 9(EC9

Design of masonry structures
Geotechnical design
Design of structures for earthquake resistance

Design of aluminium alloy structures

Eurocode 72 HF®Eotd&S 7|22 g A H A FJeHZ 2o Hoy R
A& AukFsrAd Aol wg AFHolng AT Hreo] FESA A
ol AAH7HA = B BAo]l ARt FRA= 72 AWEAL A4 Aled
gkl o] 3t Aol gk HATe e AYstr] Sl Al 7FA A §ke st o
2 Ao Ho] gt} AwkEd R F(Geotechnical category)s X2 A&FH 0
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H 2.11 Xgete

Gotechnical Categories

Factors to be
Considered GCl GC2 GC3
Geotechnical .
haicar dsC Low Moderate High
Know from comparable Ground conditions Unusual or
experience to be and properties can exceptionally difficult
Ground straightforward. Not be determined from | ground conditions
Condiions involving_soft, loose or routine investigaions | requiring non routine
compressible soil, loose fill | and tests. investigations and
or sloping ground. tests
No risk of damage ]
without prior High groundgvater
warning to pressures an
No excavations below structures due to exceptional
Groundwater | water table, except where | groundwater groundwater
situation experience indicates this lowering or donditions,e.g,
will not cause problems dNramage. _— mulﬁllayerfﬁ strata
0 exception; with variable
water tightness permeabiltiy
equirements
Regional Areas with no or very low %/[a(;(él;eéat\gh%e;gthquake Areas of high
seismicity earthquake hazard seismic design code | earthquake hazard
(EC8) may be used
Influence of Negligible risk of problems | Environmental Comples of difficult
the due to surface water, factors covered by | environmental factors
environment subsidence, ] routine design code | requiring sepcial
hanzardous chemicals, etc. | (EC8) may be used | design methods
Vulnerabhility Low Moderate High
Very large or unusual
Nature and .
Small and relatively . structures and
stsr}ggtl?rfetggd simple structlires or OCfon\g({::nmtlcotr&arleS t%]vlﬁﬁ s]taructur;els im}iolvi\r]lg .
- construction. Insensitive . abnormal risks, Verly
elerlrtlznts structures in seismic areas | '© abnormal risks sensmve structures in
seismic areas
Possible risk of
Negligible risk of d dam}a]etq
egligible risk of damae to | neighbouning . .
Surroundines | ©F form neighbouring structures or tP(I)lgrgei Iil]%;ugfn damage
ng structures or services and | services due, for StI‘uCtl%reS or §ervices
negligible risk for life example, to
excavations or
piling
Geotg(élﬁnlcal Low Moderate High
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H2.12 NEERY FEANE

Parameter Factor | CaseA | CaseB | CaseC | CaseC2 | CaseC3
Partial load factors (Y)
Permanent unfavouralbe action Y. 1.00 1.35 1.00 1.35 1.00
Variable unfavouable action Y. 1.50 150 1.30 1.50 1.20
Permanent favourable action Yo (8:?93) L0 L0 L0 L0
Variable favourable action Yo 0 0 0 0 0
Accidental action Y, 1.00 1.00 1.00 1.00 1.00
Partial material factors (Y,,)
tan ¢’ Yiang 1.10 1.00 1.25 1.00 1.20
Effective cohesion C’ Yo 1.30 100 &:gg) 100 1.20
Undrained shear strength C, Y. 1.20 1.00 1.40 1.00 1.40
Compressive strength g, Y, 1.20 1.00 1.40 1.00 1.40
Pressuremeter limit pressure Py, Y yiim 1.40 1.00 1.40 1.00 1.40
CPT resistance Yepr 1.40 1.00 1.40 1.00 1.40
Unit weight of ground Y Y, 1.00 1.00 1.00 1.00 1.00
Partial resistance factors (Y})
Bearing resistance Yr, - 1.00 1.00 1.40 1.00
Sliding resistance Yrs - 1.00 1.00 1.10 1.00
Earth resistance Yr. - 1.00 1.00 1,40 1.00
Pile base resistance Y, - 1.00 1.30 1.30 1.00
Pile shaft resistance Y, - 1.00 1.30 1.30 1.00
Total pile resistance Y, - 1.00 1.30 1,30 1.00
Pile tensile resistance Y., 1.40 1.00 1.60 1.40 1.00
Anchor pull-out resistance Y, 1.30 1.00 150 1.20 1.00
Parial action effect and resistance model factors (Y, Y,,,Y,,)
Action effects and resistances Y., Yo 1.00 1.00 1.00 1.00 1.40
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(1) Data Scatter
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. Random testing error
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(2) Systematic error; oZ%]9} A% Alo]e] o]

7}. Statistical error in mean

A E dolg el ol ZQlgnt
ofeg] ol 54 AAM FAHF Holy = Add.
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1}, Bias in measurement procedure
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241 EZAARTY EFHAFY 9
(1) Soil variability

EAARE WAH BALE A 9o

M
>
14
rir

olE EAF 4YF
g3t GERAE AT AE Bo] UAFFE 54 AFAA BE 18~2.0t/m’9]
&g M,

(2) Measurement bias

AN AED & e AAFTE Ao dar, = AFAFE R AAE %
2] Apol 2 Qlete] o] = HH Tzl HolH = B oW A= AL S
ZEA E T

(3) Modeling error
ARk E 9] S AA] AFERDo] AA A4S RS = dole AT o] o=
FE A7 dAy s,

242 TEIx A

DE A A F Sl =

N
N

AAZol & whel WG ukH o
2 A B Hgs) zo AA 9]‘!‘0]"6‘01] Hplgee] T oz
Al

)
HE gtur Aok @ wi e @

i
L
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54

A A
25 Wk stojof gt "V\?‘a 3E 2139 (a9 b)o] F =3 BFE wSstofol &
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ult Rmax/':m‘ (211)
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U = (3.11)
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Al F &2 A (E9im)

Bore St
Hole %;iﬁé /\E];g ES %;‘EE]? /\E];g ES E’;?if =35 A 7l 0]
BH-1 13.1 3.0 6.3 3.8 7.4 1.4 39.5 34.0
BH-2 13.1 3.0 6.3 3.8 7.4 1.4 39.5 34.8

A BH-3 13.8 10.6 05 - 10.3 0.3 39.5 35.2
BH-4 13.8 10.6 05 - 10.3 0.3 39.5 35.0
BH-5 23.1 20.1 - - 5.8 - 49 46.6

B | BH-6 24.2 19.0 - - 5.2 1.9 49.6 50.4
BH-7 19.8 23.3 - - 5.4 - 48.5 51.2
BH-8 23.0 24.3 - - 2.2 - 49.5 52.5

¢ BH-9 23.0 24.3 - - 2.2 - 49.5 49.0
D | BH-10 | 03.0 - 03.5 - 14.5 0.20 21.2 21.9
BH-11 | 10.2 09.0 14.7 21.3 1.4 - 48.5 47.4

. BH-12 | 10.2 09.0 14.7 21.3 1.4 - 48.5 47.4
BH-13 | 15.0 11.0 09.5 01.5 3.0 - 45.0 40.4
BH-14 | 06.0 - 28.0 - 02.0 - 39.0 39.3

) BH-15| 15.0 11.0 09.5 01.5 3.0 - 45.0 38.9
BH-16 | 06.0 - 28.0 - 02.0 - 39.0 41.5
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Al F = AP NA A3

Bore St
Hole e;]@ /‘E;ff izf /‘E;ff E;llf IV
BH-1 9 3 6 7 64 100 34.0
BH-2 9 3 6 7 64 100 34.8

A BH-3 2 1 29 - 50 50 35.2
BH-4 2 1 29 - 50 50 35.0
BH-5 13 3 - - 50 - 46.6

B | BH-6 9 2 - - 24 50 50.4
BH-7 7 2 - - 45 - 51.2
BH-8 3 3 - - 60 - 52.5

¢ BH-9 3 3 - - 60 - 49.0
D | BH-10 7 7 - 12 50 21.9
BH-11 14 1 20 11 48 - 474

. BH-12 14 1 20 11 48 - 474
BH-13 10 3 30 12 50 - 40.4
BH-14 27 - 19 - 50 - 39.3

8 BH-15 10 3 30 12 50 - 38.9
BH-16 27 - 19 - 50 - 41.5
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H 45 2 J|=0 OE FA=8 2 KA
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Davisson 7]&

Davisson(1972)

Shape of Curve

NCHRP &5 314

DeBeer 7] DeBeer(1970)
A=254mm 7|5 Terzaghi(1942)
A stEF7 &=
A=0.1B 7] Terzaghi(1942)

s-lot(t) TREI 2 AA 7=

AT oS3 9D A
Fat= oA 7HA WHEE A &St
-wsky, 2004), DeBeer 7<=, AHsIF 7]E(A=254mm 7]F, A=0.1B 7]%), S-log
t. oA 7HA Bl ok FuEd P AQkA= i 459 Zrh
2 At AaERy wsRRe Pt
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H 46 & ESEIE (S35 2002)
% wE Aok vEE I aas I
A EA -] 0.1D - A 2 AT
R el 0.1D -
G Tomlinson 0.1D -
6~9 - A A &5
o Singapore #|3}3d 7|5 920 - ’éﬁlz}%-‘;—é—lfﬂﬂ
A A & 2§33 2% -
5 2] Alo} 40~ 80 -
0.1D - A5
De Beer 0.3D - ﬁjs}g;-
5, Ly W7o 20 - e
A Z <& 2 ap7] o} 15~20 2.0
S xEgo} 25 -
Hgs=, w84 7|E 254 -
ol IS:2911 71+ 12 15
. Muns(1959) 20 -
= Terzaghi/Peck(1961) 50.8 2.0
Terzaghi/Peck(1967) 25.4 15
o Woodward(1972) 12.7~25.4 15~20
Touma/Reese(1974) 254 2.0
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T A EEASA 60 - 7 A e s
ZF3 E2A7Y 40 - 07 A e s
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1

4.7 BSXS I8N =83
EEAR | 4 AskA el &gk =g A = (kN)
g | 2| P owisson | P | pepeer | Do | Dot | s |
- (mm) °l N Criterion of Criterion | mm B Log(t) A
(m) | A Curve
4064 | 95| 64| 46206 | 43316| 4116.0 | 30282 | 41258 | 4312 | 40899
2 | 5080 | 127 | 64| 58800 | 50274 | 5096.0 | 40474 | 54684 | 5390 | 51515
314064 | 90| 50| 40180 | 3341.8| 28420 | 23814 | 31458 | 4018 | 3291.2
4 4064 | 120 | 50| 49000 | 41062 | 41160 | 28126 | 41062 | 4287 | 4048
519144 | 160 | 50| 52920 | 52920 | 52920 - - 5292 | 5292.0
6 | 711.2 | 120 | 50| 11760.0 | 11760.0 | 11760.0 | 4312.0 | 88494 | 11760 | 10033.6
717110 | 160 | 45| 36946 | 36946 | 36946 - - 2165 | 33124
8 | 5080 | 120 | 60| 26460 | 2646.0 | 2646.0 - - 2646 | 2646.0
9 | 4060 | 120 | 60| 1960.0| 190.0 | 1960.0 - - 1960 | 1960.0
10| 711.2 | 120| 20| 99176| 99176| 99176 | 77675 - P17 | 94876
11| 4064 | 120 | 48| 64876 | 54439 | 54125 | 2940.0 | 3910.2 - 4838.8
12| 5080 | 120 | 48| 74578 | 6316.1 | 5833.9 | 3430.0 | 5292.0 - 5666.0
13| 4064 | 90| 50| 46922 | 3920.0| 4018.0 | 1666.0 | 2940.0 - 3447.2
14| 4064 | 120| 50| 6517.0| 61740 | 5096.8 | 2744.0 | 4410.0 - 4980.4
15| 5080 | 90| 50| 6166.1 | 47040 | 5292.0 | 2744.0 | 5096.0 - 4800.4
16 | 508.0 | 120 | 50 | 63112 | 5830.0 | 5341.0 | 2940.0 | 5488.0 - 5192.0
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7% FEARS | kBT |k, ETHEA| v
Davisson 7] 16 0.857434645 | 0.092730811
Shape of Curve 16 0.942671579 | 0.067737478
DeBeer 7|5 16 0.964617802 | 0.076444105
A= sbe | A=254mm 7] 12 1641062056 | 0.332254506
7% A=0.1B 7]+ 11 0.979433133 | 0.049403966
S-Log(t) 10 1.006647165 | 0.206439499

k,, =8d 58 S3AAH/ 2ol o SA F3A A H

Davisson W (1972)2] 2143} 33X
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1

2018 BN SeXXE SHat (e T-AubALeb )i i, R-ASA @R A,J- & Tt
EAE | 4 AstA g el o g 534 A = (kN)
LR 3 E Davisson | 2™ | DeBeer | D54 | D= | S | Lo
(o) || | Criterion || Criterion | mm | 01B | Log®) | 7
T-1 | 508 | 188 |55| 5292 | 5125 | 4537 | 5202| - - -
T-2 | 508 340 (27| 1529 | 1666 813 | 1530 1931 | - 1483
T-3-1| 609 |11.7 | 26| 2254 | 2234 | 2176 | 2499| 2744 | - 2342
T-3-2 | 508 | 86 | 26| 2254 | 2234 | 2176 | 2499| 2744 | - 1597
T-3-3 | 609 | 74 | 43| 2352 | 2087 | 2558 | 2450| 2646 | - 2215
T-4 | 508 | 73 | 31| 2352 | 2205 | 2146 -1 - - 2381
T-5 | 508 | 65 [ 52| 960 | 960 882 | 1568| - - 1058
T-6-1| 609 [229| 10| 1991 | 1823 | 1666 | 2019 | 2519 | - 2078
T-6-2 | 609 | 258 | 65| 3332 | 3332 | 2793 | 2881| 3900 | - 3489
T-7 | 508 | 7.3 | 32| 220 | 2136 | 2087 | 2666| - - 2303
T-8-1 | 508 413 |Na| - 3489 - 4116 | - - -
T-8-2 | 7111 [ 222 | va| 2646 | 2205 - - - - 3058
T-8-3 | 508 [19.1 [ wva| 4998 | 5547 - 5182 - - 5459
T-8-4 | 406 | 95 | va| 2597 - - -1 - 2862
T-9 | 609 | 7.7 | ~va| 1264 | 2258 | 2744 | 2156| 3038 | - 1539
T-10-1 | 813 [546| 4 | 6086 - - | 5243| - - 6625
T-10-2 | 16092 | 33.0 | 63 | 16092 | 16092 | 16092 | 15494 | - 16092
T-11 | 406 |21.2| 60| - 1568 - - - - -
T-12 | 508 | 280 | ~a| 2528 | 2254 | 1695 | 2450 | - - 26683
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TEARE | 4 Astrl el o gk =A] =2 (kN)
LR 3 E Davisson | " | Deeer | D254 | D01 | S- | L

(o) | ) | Criterion | | Griterion | mm B |Log® | °°
R-1" | 508 330 | 64| 4018 | 3724 | 2940 | 3263 | 2920 | - | 4067
R-2" | 508 | 240 | 11| 6341 | 6439 | 6003 | 5243 | 6419 | - | 6488
R-3-1"| 609 |365| 13| 5145 | 5655 | 4018 | 3871 | 5998 | - | 559
R-3-2" | 508 |240 (60| 3038 | 3381 | - | 3033 | 3920 | - | 3410
R-3-3"| 609 |30.0| 60| 6664 | 6292 | - | 4900 | 7281 | - | 6889
R-4-1 | 609 |13.1|52| 7311 | 7644 | 8095 | 7448 | - | - | 7840
R-4-2 | 609 | 198 | 53| 7203 | 6997 | 6272 | 6566 | - | - | 7678
R-4-3 | 609 |303|56| 7399 | 7605 | 6047 | 5321 | 8291 | - | 7948
R-5-1"| 609 |424 (27| 7056 | 6723 | 6125 | 4116 | 7507 | - | 7869
R-5-2"| 609 |574 (54| 4802 | 6272 | 5934 | 3136 | 4998 | - | 6448
R-6-1"| 609 |245| 46| 6860 | 6135 | 6321 | 5135 | 8232 | - | 7219
R-6-2" | 609 |233 (37| 4929 | 4959 | 4900 | 4332 | 6938 | - | 5488
R-7 | 508 |314|25| 1323 | 1240 | 1225 | 1352 | 1470 | - | 1343
R-8" | 609 |580| 32| 3538 | 3994 | 3984 | 2254 | 312 | - | 3704
R-9" | 508 |17.0| 5| 4830 | 4696 | 4508 | 4508 | - | - | 4802
R-10" | 508 | 95 | 44| 2060 | 3018 | 2646 | 3283 | - | - | 2607
R-117 | 406 | 95 | 47| 3156 | 3018 | 2646 | 3283 | - | - | 3028
R-127 | 609 |57.1| 17| 758 | 3185 | 2842 | 3234 | - | - | 7703
R-13-1| 508 | 70 | 72| 1558 | 1851 | - - - | - |
R-13-2 | 508 | 78 | 72| 1999 | 1777 | - - o
R-14-1| 406 | 80 | 71| 1377 | - | 1211 | - - | - | 483
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TEAAR | A Astr] el o gk = ghA] A = (kN)
WE | Ay | o D Davisson | ST | pepeer | D254 | D01 | s- | .

wm | | D Grterion | % | Griterion | mm | B |Legtv| 2%

(m) | A Curve

R-14-2| 508 | 6.8 | 71| 1397 | 1427 - - - - 1515
R-15 | 508|119 65| 1264 | 1132 758 | - - - 1362
R-16 | 508| 69 | 12| 1294 | 825 - - - - 1440
R-17-1| 508 | 6.0 | 80| 1166 | 1063 - - - - 1274
R-17-2 | 1548 | 64 | 47| 1184 - - - - - 1651
R-17-3| 508 | 50 | 44| 2332 | 1989 - - - - | 2512
R-18 | 508| 57 | 70| 1303 | 1367 | 1128 | - - - 1385
R-19" | 508|13.0 (60| 3009 | 3117 | 1977 | 3291 - - | 3136
R-20" | 508|33.0| 79| 5586 | 4697 | 4504 | - - - -
R-21" | 508|470 | 64| 4145 | 3820 | 3352 | 3432 | 3432 | - | 4240
R-22" | 508|355 66| 6370 | 3538 - - - - -
R-23" | 813|460 | 50| 5439 | 4645 | 4606 | 4606 | - - | 5635
R-24" | 406|300 | 4 750 | 747 744 | 766 | 786 | - 753
R-25" | 406|300|69| 630 | 994 928 | 1083 | 1229 | - 785
R-26" | 406|120| 5| 1325 | 1292 | 1261 | 1335 | - - 1325
R-27" | 508|120 15| 805 | 848 801 | 875 | 916 | - 813
J-1-1 | 508|120 52| 2323 | 2254 | 2156 | 2499 | 2862 | - | 2412
J-1-2 | 508(39.0|56| 2038 | 1960 | 1744 | 2205 | 2614 | - | 2107
J-1-3 | 508[39.0| 60| 218 | 2313 | 1852 | 2577 | - - | 2450
J2-1 | 508[39.0| 60| 4243 | 3920 - 3744 | - - | 4371
J2-2 | 508[39.0| 60| 4900 | 4459 - 3949 | - - | 4920
J2-3 | 508|385 |~a| - 3557 | 2597 | 3920 | - - -
J3 | 406| 95 [ 33| 2891 | 2254 - - - - -
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4719 naAd wed AAsAEe ol e aF-de FHowNE WG
g 24 FAANALL 7 JEud gold A¥E JEngen 48 A FE
g, oo wE E4 sz:s}xlxlea-g— &7‘3‘3}{— s NEs 3 gEden A

@b 7t A ARl o% ANE wasa FARANS FAsA. A7)
WA 63 Amol tF 72 AXAe) Agwel Fwy A, 487Hs A
Re) #2717t ¥ 41090 el

2

=

I saAns | kWi |k, EFAA| W
Davisson 7] 60 1.012 0.130
Shape of Curve 60 1.025 0.110
DeBeer 7| 44 1.103 0.138
A | A=254mm J1E | 46 1.064 0.209
7| A=0.1B 71+ 25 0.872 0.088 o 5 7}
S-Log(t) - - -
k,, =8d 54 S3AAH/ 2ol o d SA F3A A H

Davisson WH(1972)2] #4431 & 637019 A5 F 6071 A2 tisir F3HA] %

g5 AT F Ao, k (Fir FHAAH/Davisson WH o g FgA] A=)
o] HyS 1012 Z=HAE 013022 YER e Hargho] 1.00] +x3st7] wfitol
& WHEdd HEiA dAdoz FdAd s vEdE 3AE & T Uk

k., (B#ZH A28 /Shape of Curve W¥)el HFL 1025, EEAXE 0.1100]

t}. Davisson W3 wpg7bA & g Wil vlajA HiEF =4 FeAA G 2H3
Aol w7F @okth DeBeer W (1970)2 F 6370 o AR T 447 AmTF AE7F
T stRer k,(FHFAAAE/DeBeer WH)S] Hit2 1103, & HA= 0.1389]
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411 BYNS XHSHX S8
raaeEd | ez
W5 ol 1’?} hian (kN/m?) (Degree) AAE | AsEs
NN T we | 2w | ae | W0
e | e [ 19971 00 |89 s | ST |15y
A | e | 10071 200 [ 18971 5 oL | -Lsel
1 Aaw | s | 13951 200 | 13951 a0 29 | -150
Aaw | os0 | 1891 200 | 18951 a0 29 | -150
2 | aaE | s [ 1897 180 | 1907 3 64 | -150
3 | AaE | s [ 1797 200 | 10| 33 478 | -1.5011H
4 | aE | 4 | 1BIT | 90 | B9 36 478 | -1.50]1H
5 | AaE | e | 79| 190 | 1195 33 64 | -L50u
6 | AaE | e [ 1T 200 | 1T 3 65 | -150
7 | RE | s [ 1897 200 | 1897 3 N/A | -1.50] W)
B I R N - LR e 25| 1o
’ Aae | oa | 1920 | 2o | 1920 x4 25| 1o
e | s [ 18971 00 | 189 e | 957 150y
e | s | 100 75 [ 18021 g N/A | -1500)
’ Aae |50 | 10951 190 | 10951 a5 | 15 1 50pu
Aae | s | 19971 s | 1001 g N/A | -1.50] W)
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HsE A AAA A 2 (N
SR (kN)
NZ
Davisson | NA7d @4 | A9z
64 4626 4182 3773
64 5830 5823 5283
50 4018 2893 5677
50 4900 3303 6324
50 5202 13811 19228
50 11760 8013 10213
45 3694 7428 14776
60 2646 4541 6452
60 1960 3141 4721
50 9918 6840 7120
48 6438 4251 7060
48 7458 5885 9459
50 4692 4436 6007
50 6517 4254 6081
50 6166 6162 8314
50 6311 5935 9102




#S A9 = 63719 A E 5 Davisson WH(1972) 0.2 F3A A HS el
T sl A5 7N(T-8-1, T-11, J-2-3)¢} ZTHAAAH NAE H|Eg A9z A}
27F B8t AAXNAES gl & dE AR /MT-8-2, T-8-3. T-8-4)&
A €] 3} A
H 4.13 40| 20N XNESEX &  T-4uaeelew, R-AFNDLIA J-shd Tt
I3 o] = =
s | 2 [rer | TONIST | e | 2 A | A
AN Ty T e | aw | e m
T-1 obdl | 50/5 | 181~200| 23.0 44 N/A | -15molh
T-2 |®¥4% | 27 |181~201| 201 38 N/A | -15moh
T-3-1 [ AHEE | 26 181 18.1 38 N/A | -1.5melu
T-3-2 | #3tE | 26 20.1 20.1 38 N/A -64m
T-3-3 | AHHAE | 43 181 18.1 40 N/A | -15mo]h
T-4 | #3E| 31 181 20.1 39 N/A -22m
T-5 okik | 50/2 181 20.0 44 N/A | -15moh
T-6-1 | #E 10 | 181~221| 186 N/A 1467 | -1.5me]
T-6-2 | AVEE | 50/2 181 20.0 44 N/A | -15moh
T-7 |AHEE | 32 |194~21]| 20.1 44 163.0 | -1.5me]
T-9 |A2E | 37 186 21.1 41 163.0 | -1.5me]
T-10-1 | HE 4 167~186 | 186 N/A 787~924 | ~1.5me|
T-10-2 | &9k | 50/13 | 181~20 | 20.0 44 N/A | -15molh
T-12 | AHAE | 50/10+ 221 22.1 44 N/A | -15mo]u
R-1"" | A2 E | 50/14 | 181~20.1 | 20.1 44 924 | -32me]u
R-2" |AHHE | 11 |181~201| 20.1 31 29.0 | -15me]
R-3-1"| #E 13 | 181~186| 181 N/A 29.0 -30m
R-3-2" | <kdb | 50/10 | 181~20.1 | 245 44 787 -41m
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H 413 A%

I 3l Uho] = 5
wp | HE | Hew I AR I E
- N T o Taa | aw | Wed | @
R-3-3"| < 50/10 181~221 | 245 44 78.7
R-4-1 ¢t 50/2 181~221 | 20.0 44 715
R-4-2 ¢t 50/3 181~221 | 20.0 44 71.5 -1.5meld
R-4-3 ¢t 50/6 181~221 | 20.0 44 105.4 -1./m
R-5-1" | AFEE | 181~21 | 181~186 | 18.1 38 47.8~78.7 -1./m
R-5-2" | A2 E 50/4 181~221 | 22.1 44 60.0 -1./m
R-6-1" | AHE E 46 181~23 | 22.1 43 N/A -1.5meld
R-6-2" | AHA E 37 181~221 | 22.1 41 64.0 -1.5meld
R-7 HE 25 181~201 | 186 N/A 141.1~294 | -1.5me]
R-8" | A E 32 181~221 | 20.1 40 29.0 -4.0m
R-9” HE 5 181~186 | 186 N/A 88.2 -4.5m
R-10" | & 44 20.1 20.1 39 N/A -1.9m
R-11" | & 47 181~186 | 20.1 39 N/A -1.5melu
R-12" | AHEE 17 181~186 | 18.1 34 78.7~223.0 -2.8m
R-13-1| & 50/22 20.1 20.1 44 N/A -5.2m
R-13-2 | & 50/22 181~20.1 | 20.1 44 N/A -5.2m
R-14-1| & 50/22 181~20.1 | 20.1 44 N/A -5.8m
R-14-2 | & 50/21 181~20.1 | 20.1 44 N/A -1.5meld
R-15 | & 50/15 181~221 | 22.1 44 N/A -1.5meld
R-16 | A E 12 181~16 | 181 32 85.7 -5.5m
R-17-1 | T3 & 50/30 181~221 | 22.1 44 N/A -6.1m
R-17-2 | & 47 181~20.1 | 20.1 44 N/A -4.5m
R-17-3 | & 44 181~20.1 | 20.1 43 N/A -4.5m
R-18 A 50/20 181~20.1 | 25.0 44 N/A -5.0m
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H 4.13 HH
VAT o] = H =
g | AR | A IO e snlsal I T R
A ZF NZ| = qo qo (kN/m?) (m)
R-19" | ¥3% | 50/10+ | 181~201 | 20.1 44 N/A -1.5me|
R-20" | AHRE | 50/29 |181~194 | 221 44 2407~3881 | —1.5mo]u]
R-21" | AHAE | 50/14 |181~221| 221 44 349.0 -1.5me|
R-22" | AFHE | 50/16 | 181~21.1 | 20.1 44 1939~442.3 -3.0m
R-23" | AHAE 50 167~181 | 20.1 41 N/A -1.5me|
R-24" | AE 4 167~194 | 167 N/A 478~787 |  -37m
R-25" | 8% | 50/19 | 167~181| 20.1 36 N/A -6.0m
R-26" HE 5 181 18.1 N/A 245~49.0 -3.8m
R-27" | AHAE 15 167 18.1 32 186~1137 | ~1.5me]}
J-1-1 | <t 50/2 | 181~20.0| 20.0 44 N/A -1.5me|
J-1-2 | o 50/6 | 20.0~20.1 | 20.0 44 N/A -32m
J-1-3 &t 50/10- | 200~20.1 | 20.0 44 N/A -9.5m
J-2-1 qE 50/10+ | 181~186| 186 44 141.1~4849 | -1.5me]u
J-2-2 qE 50/10+ | 181~186| 186 44 141.1~4849 | —1.5me]u
J-3 AHdE 33 20.1 20.1 40 N/A -1.5meld
2A74E A=At dEALE o5t A9 AAHFA A} NAE o] &3
BEAE ALt AA FFAAEE AT F 6379 Am F YA AdF
g 6o AEE A 57 AuE Ao R stglen, 57 BE AR o
A AEAgol mau ARA, AP 71ES AT F Jde A NX2H A5E
ATt EEAPAP ] NX 50 AWrEAF 2 BE HA Al AFolA HA
] uto] AT ormz NA 508 7|F2o2 A5E F 7=
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2 501 THIN<50) A5 = 2770, 500 4 (N>50) =}



Bl A% FAw Bl 167 Ameh A4l Ba, AwA, ALA
NES AN G F A AND BN 577 ARE Foke] AuR NAE ARF
Stk EEBYAD NA 508 AMEAL L BEAA AF AN FD A

ar
sttt FUA S A AEF N2 507 RHIN<G0)AFE = 371, 50013 (N>50) A5
137, A7 Rad AaE AR N 500 H(N<G0) AR E 2670, 500148 (N>

Atg= 3UKE BAEJT B3, FEAG Y SRAHAAAT 2 AGAF7E A
719 BaAe 57/) AE NS vlwstr) ol BEsvha dvkso], BoFx el z7 9}
7190 A5 E Hdste] EAsH U

FEAG AR 16709 1714 HaM A8 SR e 54 AAEd AA A

Aee ol gote]l FEARAF) U AGAFAFE AU, APAGAFE
ZAAAGT AAAAL W(ZA AAH/AAAAD R GelH, Aue] 1A
w34, 2A AT @A, AA 9 Aude) BRa4 5 AR 2IAYES A4
sl Ylwats gholthGoble, 1999). ARAYAFe] Bt AX ol vhat HAFA
o BAFAA WA HFHS FAT £ A gholw, 1 geol AXW A w
Godel rhste] AHAAST} Folt AR et ARAGA 5 WEA S

A} (Paikowsky, 2004).

& 414, 1 4156% FFAY 1670 A5, & 417, £ 4182 A7AA A H
aAe] 57 AAREA F 414, F 4172 NA 507 THN<S0) A A HejH, % 415,
4182 N 500]%(N>50) A A Heoz FMH 4 AAH dA AAg L A
AEgA T A8 Aoty A8 FAHAAYH AL GEA o A&H = AT
o A v AREES flste WA AFHIAST He [HiE+@xE
ZH]E "Hojd e SAs oA AYst= Aol ] A ol 2 & (Paikowsky, 2004), ©

£ aste] AdAFA T A SHAE AT

N
/R C R

N
&l

=2
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o) B3UHY 5 A

T 414 22X S S22 NX| 500]2HN<50) XX
A2 AAAAH A g g A A
SAAAE ok
HE CRED (Davisson) 7‘{@% gt Mey_erhof 4 A8t | Meyerhot 5
IHIH) (m) (kN) —5—&1 73] 6_1:41 é} =) 2 5] Al N
(kN) (kN) o e B
7 711.0 | 16.0 4625.6 14776 7428 0.31 0.62 45
11 | 4064 | 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
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H 4.15 Z22XS S NX| 5001 &4(N=50) XX

oI A 9 A A A A A g kA A
SAAAE o

HE CRED (Davisson) 7‘{9‘% gt Mey_erhof A4el5 | Meyerhof 5
() | (m) (kN) 4] 44 24 7% A N

(kN) (kN) B

1 |4064| 95 4625.6 3773 4182 1.23 1.11 64
2 | 508.0 | 12.7 5880.0 5283 5823 1.11 1.01 64
3 14064 | 9.0 4018.0 6545 2949 0.61 1.36 50
4 14064 | 12.0 4900.0 6540 3041 0.75 1.61 50
5 |9144 | 16.0 5292.0 19228 13811 0.28 0.38 50
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
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 | 4064 | 12.0 6517.0 6081 4254 1.07 1.53 50
15 [ 508.0 | 9.0 6166.1 38314 6162 0.74 1.00 50
16 | 508.0 | 12.0 6311.2 9102 5935 0.69 1.06 50

29 4129 19 4132 B ATl A AAIE BFe ARE B9EH AAH
T2 NAE o]&3 APAS A&ste] AT dE HA FIEAAHY
Davisson WH(1972) 2.2 A Z4 A H ] Fxojnt, AlAPdor dojzl
A FEAAHe| diste] 50% T AAHS YEl = AAAT 50% 2 AAH S
Hetll= AANS 34 Z=Aste]l et A A9 3243 Meyerhof 4@ 2ol g

%

WA FEAAS AP vass,
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16000 18000
16000 15000 LR
14000 S0/ 14000 Conservatiee /
Conservative
5 1200 / P £ 12000 measured=predicted
g 10000 measured<predicted g 0w v
5 $000 0% 5 300 ssﬂa
T 6000 ‘ Jynmme”am v - J‘BDCDHSEWEII\‘E
4000 4 ) ’ 4000 L B
2000 wm{ / |
o II:J'.l T T T T L} T T L} T L} T T T T T T n .."--I. T T T T 1 T T T L T 0 L] T T T Ly
0 3000 6000 9000 12000 15000 18000 0 3000 6000 00 12000 15000 18000
AT TN AT
(a) AAEA 2= €72 (b) Meyerhof & 2]
d8 412 Z2 XS NS0l SEXA S A XX Hlw
180000 180000
160000 - 50% 160000 1
140000 Conseryative 140000 - ¥ W
] / ; Conservative P
g B ¥ measured=predicted 7 120000 ' ¥
2 2 ] d=predicted
o 100000 4 [ ] & 100000 4 mESEHl! =pre
E 1 ’_.-' I3 1 ‘/"’
;’ 8000.0 - 50% - K 80000 50% _
I o000 4 /n )—  Uncorisenvative T gon00 o e0  Unconsenvative
LUIE 4.
20000 'l P
R e S 00 Fr—r— T
0 000 6000 9000 12000 15000 18000 0 3000 6000 9000 12000 15000 18000
A TR (KN A R
(a) AAsHA 2= & F2 (b) Meyerhof & 2]
O3 4.13 Z2 XS N=502 SEXXNZY AKX H W



H 4.16 XS L2 NX|0 28 MSESH = SHSLX

A N#| 50 W)t e NA| 50 ol
T T
desta2 | Meyerhof2 | A93&E2 | Meyerhof?]
3 iy 0.8290 1.066 0.7600 1.0050
A
N B 0.3268 0.3483 0.3716 0.4343
Al

WA 5 0.3943 0.3265 0.4889 0.4322

ol
)

A

A

Ao = 16719 A& sk s A HF A
& BABYA BAADE E

woATel AR FaAw
9 J
AR

7} Meyerhof 73212 A3t
NA| 501 ¥H(N<50)Q1 H-9 A E
<R #HE B Meyerhof BEAE 108 AAM AAAA
7tsh= A T

S AFgAGFATY] Airgkol 1.08T A dEhY SH A H| HEfA tha
AAE = st Aes detdlo] AT BA BorE Ae 98
ATh Meyerhof 7322 Aeti N7} 500]H(N=50)Q1 ZFoAME S AHd
vl A AAES ByEHoz Hrists 43S YeElU Atk Meyerhof 74 32 9]
B AEAA G FvpEe gig 7o) Ak gho] Jdoermw wE A
AAAHo] A FF olstE AgE7] Wil

4l =
N# 50 7Is& F 7FA 4% 2% Meyerhof dd4 Bt HJ et A~

8
oft
rlo HE

Al O
&

]

S
S

12
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A A

ol
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bl b
G o 4 v AwR NAZ 50 o] AHN=5009 45 At 4

27 vEbg Aol WAlE Bl s AERAPASs SUrE & s 29 w2
il T A= 8%l FE

o Al AA Aol V|FE O ZA A2 owmg Nx 508 7|Fo=2 AunEs
TR 2 EFEnh AdE Nx 500 THN<S0) A& 774, 500]% 50) A=
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xa]
DS
=
Y
N
e
H
J
x
x
r

FE NX| 50012 KIKIS ¢ m-auppsisher R @umA J-sHaTes)

A 9] =4 AAAAY A gAY A 5
2] A 4 M
_ B = eyer ek
MOE x4y | e | (Davis xé’fi? hof | e | Mever N
) |y | oW | FE e | gy | N
(kN) (kN) R

(kN)

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 4.6 6086 6129 2181 0.99 2.719 4

R-2"" | 508.0 24.0 6341 1317 o87 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 1.12 148 27

R-6-1" | 609.0 24.5 6860 5266 5797 1.30 1.18 46

R-6-2" | 609.0 23.3 4929 o579 1364 0.85 3.61 37

R-7 508.0 314 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 4.75 797 5)

R-10" | 508.0 9.5 2960 3565 2140 0.83 1.38 44

R-11" | 406.0 9.5 3165 1698 635 1.86 498 47

R-12" | 609.0 o571 7585 5416 3467 1.40 2.19 17

R-16 | 508.0 6.9 1294 966 274 1.34 472 12
R-17-2 | 1548.0 6.4 1548 3186 1607 0.49 0.96 47
R-24" | 406.0 30.0 750 1299 041 0.58 1.39 4
R-26" | 406.0 30.0 1325 1456 5925 0.91 2.92 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
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H 418 20| BN SR NX| 5004 KK 1 aumpsiones, Rl dm ] |- et
dEA =4 A A A A = A & g A
R = M B
= eyer Ak
- . =) o &) | Meyer | =
W3 27 71 0] (Davis C:T’:’N"' hof = o 8} hgf N
) | ) | som) | Sl Ay | g |

T-1 508 155 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 | 609.0 131 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" | 609.0 574 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-15 508.0 119 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 71546 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 36338 0.40 0.54 56
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H 4.20 38X LS NXIO 28 NEBEESH =2 SHSEX

AekF NA 50 H1] vk AR NA 50 o]

T T

gesta4 | Meyerhof? | B38ta24 | Meyerhof?]
3 iy 0.9192 1.6032 0.7597 1.2562
A
N EEAA 0.5193 1.2631 0.3083 0.8253
Al

W5 Al 0.5650 0.7879 0.4059 0.6570
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47 L5712 A= Hr}
471 A=A A4 =209 g
Form wWwel 7]E 7ld3t &)4% Ax+= Ditlevsen(1973), Hasofer ¢ Lind(1974),

Rackwitz ¢} Fiessler(1978), 12]aL Ellingwood %5(1980)° ]3] MVFOSM H'H-S- 7§413}7]

el ALERoH 1 7] EAHQ] o] &L ok Arek ukel Atk Form siAel M= AR EIS

F7b 33 3] g HolA st wheF AT Aol Ll

7F A5 H9olr Ayt BEE o|FH Form WY MVFOSM 33 U3 244

TE
Frh gy dirEd Aol BAEAS Belth B A BEEA WSl UA
TEEE 23 A ES7F nagolgls AS 1859 al Rackwitz9} Fiessler(1978)7}
Ak SR EFS Form® 3§14 7IMS AHsiqitt o] dae]Fe] vEAMN F3S o
gatA st7] 98] MATLABOIA A& 7hsgt =4 &4 22 sidesint. A=A
TE5 AAtetr] fsiA Z2astE Form s§A9 wAd dxe 2 Z2 a2 9 416,

[
o i

4173 2t

1 % RIEE WYFOSMH| 2IEH ME[ER|e ME T2

2 % Optimum Safety Indices based on Expected Total Cost Minimization

3 %

4 %function xx = bbetaoptd(xx0)

5 %lamdalll=1.023; lamdal2=1.088; ¥ piles in sand

g ¥orl=0.201; or2=0,287:

7 Y¥oR=sart({ landall."2+arl, "2+ landal2. “2+or2]) . /{ landall + | andall2) . ~2) ;

8 %ooR=sart((landalll . "2+or1, "2+ | andallz, “2+0r2) ). /(| andalll + | andallz) ;

g #RR=1andatll+ | amdallZ;

10 %ux0=2.0; om=cR; od=0.10; ol=0.208; »EDE TR SLHHIEH)

—o - -1 =2- = - R O E HZA

1:12 %lamdaR=FR; lamdagl=1.2: lamdagD=1.05; *ETEH X|AHZA P I‘TLABM
13 #function f = bhetaoptd{xu) gi“‘fﬁ“‘)””’
14 %eu0=2.0; on=0.18: 0d=0.10; ol=0.29;
15 Wew0=2.0; om=0,16; od=0.08; ol=0. 287;

16 Wwe0=2.0; om=0.177: od=0.10; ol=0.29;

17 - method=2; % nmethod=1 : H=Hl, nethod=2 : 2HEHE

18 - data=1;

19 - if data == 1
20 - %x0=2.0; om=0.515; od=0.10; ol=0,20; ¥EEE= T|X|SZ L (HH RS H<E0)
21 - lamdaR=1.01; lamdagl=1.15; lamdagD=1.05;
22— #»x010=2.0; om10=0.3943; od10=0.10; ol10=0.20; ¥EHET L[S & (2R Hh0)
23 - lamdaR10=0.323: lamdagl10=1.15: lamdagqDI0=1.05;
24 — elseif data ==

18 4.16 FORM &l21E oA T2
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— - — Define Limui State Funciion
=3 254,455 : e :
giQeQr, ARA0AL.FS) and Inputs
L]
Assume the Safety Index, 8
¥
Assume the Design Points. (i) n
- {mean valuas of the variablesz}
¥

M % z 4
Compute the Mean. # xiand Standard
Deviation, ¢ x at the DEsign Points,
w 0 of Equivalent Marmal Distribution

L

Calculate the :IErec:EQr: Coslnes @i
at the Design Point. Xi

L

Update the Design Points, Xi
(i = pxi=- a18oxd

[No ] — —
Update the Direction Cosines «i

at the Updated Design Points, xi

Max.[Updated ai—
Previpus «i]<0.005

Solve A using Limit State Function
at Updated Design Points, i

Max. [Updated 8 —

Previous 2]<0.001

Apply New #i in Limit State Punciion

g(Qo/QL, AR, AD, AL, 7D, yL, ¥}

ol

18 4.17 FORM &121& oA 202l
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Tl tgk HR AR dess A S fls e MCSel

A A dal 9 zeae a9 418 ¥ 4199 2t

— O W 00 =31 M N s L0 MY —
| I

12 -
13 -
14 —
15 -
16 -
17 -
18 -
19 -
el -
el -
prs

23 -
a4 —

% ASE WCsy| oJ3f AEIHR| S AF meOH
% Optimum Safety Indices based on Expected Total Cost Minimization
¥ EHIENE

#method=2; % method=1 : §H=H|, nethod=2 : PHHZE ‘
%FS=3.0; |0=0.58; MATLAB
¥FS=3.5; |o=0.58; s
%F5=4.0; lo=0.58; e uniw: 1

FS=4.5; |o=0.58;
%F5=5.0; lo=0.58;
data=2;
if data ==
wu0=2.0; on=0.515; od=0,10; al=0,20; ¥E==rE TR ZSL0CHH TD)
lamdaR=1.01; lamdagl=1.15; lamdagD=1,05; ¥EISEE TR L
wx010=2.0; om10=0.515; od10=0.10; ol10=0.20; $EHEE F|AZZ L (H=AH)
lamdaR10=1.01; lamdagl!0=1.15; lamdaqD10=1.05; ¥ESEA TR ZAl
elseif data ==
wx0=2.0; on=0.3943; od=0.10; ol=0.20; % EEEE Z|T|2 24 22T H<E0)
lamdaR=0,829; lamdagl=1.15; lamdagD=1.05; %
%x010=2,0; om10=0,3265; od!0=0,10; ol10=0,20; ¥ Meverhof ZEAI(Z2EE|S H<E0)
lamdaR10=1.066; lamdagli0=1.15; lamdaaDi10=1.05;
%lamdaR10=1.975; lamdagl10=1.156; lamdagDi0=1.05; %
elseif data ==
wx0=2.0; on=0.4889; od=0.10; ol=0.20; ¥ FHEE T|T|2 2L (B2 = H=E0)

J8 4.18 MCS M2 & ol ZT2O3
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e = Define Limut State Function
_|¢‘ — L 0.2 B, l.OI—'- g(Qo/Q, ARA0 AL.FS) and Inputs

¥
Assume the Safety Index, 5
¥
Assume the Design Pomnts. (3™
- {mean values of the variables}
¥

T H =
Compute the Mean, # @ and Standard
- B - ] > oL
Dewviation, ¢ =xi at the Design Points,

= 3 0of BEoguivalent Normal Distribution

¥

Calculate the Direction Cosines @i
at the Design Point. Xi

¥

Update the Design Points, Xi
o = ¢ xi — aifax)

[ No | :

Update the Direction Cosines i
at the Updated Design Pomnts, i

Max.[Updated ai—
Previous «il<0.0035

Solve & using Limit State Function
at Updated Design Points, Xi

Max [Updated 8 —
Previous £]1<0.001

End

¥

Apply New ¢ 1n Limit State Function
gQo/dL, AR, AD, AL, rD. 7L, 9]

J8 4.19 MCS M2 & oA 21elS
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H 4.21 32XG LA GoiSI1=0i 2

o

M EXe MY 2

T T AdE Nx| 50 ] wHIN<50) AE Nx| 50 ©] (N =>50)
oL & A g2 Meyerhof2] A o &g 2 Meyerhof2]
3.0 2.0253 3.2092 1.4222 2.2909
35 2.4183 3.6726 1.7481 2.6536
4.0 2. 71587 4.0740 2.0305 2.9678
45 3.0590 44281 2.2795 3.2449
5.0 3.3276 4.7449 2.5023 3.4929

AR NA| S0WRHIN<G0) o] AFgel ik Ageha AA=HE4 9 ANgA = 2025~
33275 YERRA AL Meyerhof 78418 28 7oA A#AAS 3209~4.7455 LFER QLT
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5 AAH g dlolgr7E s Hebd wiriAl= F 7HA AAEEA BF BdE 3.0~
354 wf AlE]gAa 257 A@sirial AbEE

AR N2 5001 (N=50)9] Akzoll Wik Ak A Agg2e] AFPAF= 1422~
5025 YEFHSIAL Meyerhof 74 @42 22 Z1ollA A4 2.
= AdF Nx| 50 W]RHN<B0) o] A= & w
© e F A AAHE 5 30~35% H7HE A ’d%u N=| 50 1]¥HN<50)
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413 ZEH 7SR A EH A A% AHA B}

AN Qe 471l A A&k dd stz dIAT B AGAFAT SR} Astl
e getsHl(L/D)IE AEste] EHZFER Algdoldd o3 A4 Hrke A8l
422 P& 30~50°0 thet ZHIIEE AlEd ol o3 syjstE 2 e A#AA
A Ao,

4 b

H 4.22 22X ZHIIIEZ AIS201480 218 nhu&E-Aed Xl Ad 20

T % Ak Nx| 50 | RHIN<S0) Ak Nx| 50 o] 4 (N=50)
g o8t 2] Meyerhof 2] gaete Meyerhof?]

a9

VAR g | wmy | s | amy | s | ama | s | am4
G800 | A% | BEeo| A% |HEo | A | SR | A%

3.0 0.875 | 23757 | 0162 | 29434 | 2945 | 1.8887 | 1.198 | 2.2575

3.5 0.285 | 2.7840 | 0.046 | 3.3131 | 1.080 | 2.2970 | 0.481 | 2.5887

4.0 0.071 | 31898 | 0.012 | 3.3617 | 0412 | 2.6416 | 0.189 | 2.8954

4.5 0.029 | 34399 | 00056 | 3.8895 | 0175 | 29194 | 0.082 | 3.1479

5.0 0.013 | 3.6512 | 0001 | 4.2635 | 0.071 | 3.1898 | 0.027 | 3.4592

Aey N 50WvHIN<B0)e] 49 Adghy AAFg32e 32 8ES 0.875~0.013%,
Meyerhof 7434 0.162~0.001%% AR A, Aok N2 5001 4H(N=>50)¢] 7§l o3t
Aoshd 2xEFae] 13 gHE-S 2945~0.071%, Meyerhof 73412 1.198~0.027%= AH4
HAh Aeki Nx| 50 o)A (N=50)°] ek Meyerhof A4 A$ ZHINSZ A& 0]
Ao ot st¥gE H dlg ARGt dAREAGNA 7l ok AlEdAFE HlaL
A3 F A=A M 7IE o A= oﬂfi}ﬁgi AR Selskith elan AdE N

“

=

2 o
4954 A3 A9 ABRPAES AEAS-0) B e WEARORE A
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T % Ay NA 50 HRHIN<G0) Aeki NA| 50 ©] H(IN=50)

o 8hF2 Meyerhof 2] 2 A 8l Meyerhof2]

B aee (0204 | gejes | 294 | e | 1894 | ghes | 224

%0 2] ) 2 4 0 2] 0 2] 4

3.0 0.0371 | 1.785 | 0.0232 | 1.992 | 0.0632 | 1528 | 0.0542 | 1.605
3.5 0.0181 | 2.094 | 00133 | 2.216 | 0.0286 | 1902 | 0.0334 | 1.833

4.0 0.0089 | 2368 | 0.0079 | 2416 | 0.0130 | 2226 | 0.0212 | 2.029
4.5 0.0045 | 2609 | 0.0048 | 2.592 | 0.0060 | 2514 | 0.0138 | 2.204
5.0 0.0024 | 2817 | 0.0030 | 2.743 | 0.0027 | 2777 | 0.0091 2.36

r>~
L
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Z
<
A
E—E‘
Z,
/\
Ul
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o,
o
o
ol
18
Lot
2
X
X
L)
o
>,
o,
o
&
Jot
T
lo

< 0.037~0.002%,

AeE N2 5001%H(N=50)¢] 7ol g

A AAEEA e 33852 0.063~0.003%, Meyerhof 7342 0.054~0.009%%= A4
(e]
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E 425 & 30~509 Bd B AFAA A1 £ B 167) AR5} 4719004
B 5N ART ATE AAARE BIAGe] Ashsh MaR e LS A
Beolio] o3 HAE L v NAYAFE WA Avpolth

H 4.25 Xl SHIPIEZ AlZd0/40 2ist MUEHE-AZ X5 AZZ L
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%9 2] = (%9 =] 2= (%) 2] = (%9 P

3.0 0.0405 | 1.7445 | 0.1228 | 1.1609 | 0.0129 | 2.2283 | 0.0698 | 1.4771
3.5 0.0215 | 2.0229 | 0.0994 | 1.2848 | 0.0034 | 2.7031 | 0.0485 | 1.6597
4.0 0.0111 | 2.2866 | 0.0821 | 1.3911 | 0.0009 | 3.1240 | 0.0331 | 1.8363
4.5 0.0059 | 25159 | 0.0674 | 1.4954 | 0.0003 | 3.4799 | 0.0244 | 1.9694
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45 0.029 3.440 0.0045 2.609 0.0059 2.516
5.0 0.013 3.651 0.0024 2.817 0.0036 2.692
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St 2376~3651, A7D AR AHGAFE 17852817, FAA A Ame} A7)
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4.0 0.012 3.3617 0.0079 2.416 0.0821 1.3911
45 0.005 3.8895 0.0048 2.592 0.0674 1.4954
5.0 0.001 4.2635 0.0030 2.743 0.0587 1.5658

Mk N#| 500] 7HN<G0)ol A Meyerhot2) o] A 24 A4 2443} kel 2
AAGE 2943~4.264, 7171 AR AN AAFE 1.992~2743, AR AR A
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4.0 0412 2.642 0.0130 2.226 0.0009 3.124
45 0.175 2.919 0.0060 2.514 0.0003 3.480
5.0 0.071 3.190 0.0027 2777 0.0001 3.774
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