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SUMMARY

I. TITLE

Determination of resistance factors for foundation structure design by LRFD

II. OBJECTIVES AND NECESSITIES

B Objectives

The final objectives of this research are to determine resistance factors for
various foundation structures(driven steel pipe piles, drilled shafts, and shallow
foundations) considering domestic geological characteristics and to develop the
LRFD(Load and resistance factor design) codes for foundation structures.

Details are as follows:

O Establishment of geotechnical database for field surveys, laboratory tests,
and static load tests.

O Development of reliability analysis method and program.

O Determination and recommendation of resistance factors for various types of
foundations

O Development of LRFD(load and resistance factor design) codes consistent
with the global standard

O Verification of the developed LRFD(load and resistance factor design) codes

for foundation structures

B Necessities

During the last two decades, structural and geotechnical engineering design
in a number of countries including United States, Canada, and European Union
has shifted from Allowable Strength Design(ASD) to Load and Resistance
Factor Design(LRFD). The advanced codes around the world such as ISO 2394
of International Organization for Standardization(ISO), AASHTO LRFD Bridge

— viii -



Design Specification, and FEurocode include the concept of Limit State
Design(LRFD) or Reliability Based Design. Especially, AASHTO has mandated
the implementation of LRFD for all bridge structures including foundations
beginning year 2007.

LRFD is based on the concept of reliability, and the uncertainties related to
the design parameters are quantified in a rational framework of reliability
theory. In addition, consistent level of safety of structures can be assured in
LRFD through evaluation reliability or probability of failure using consistent
standards. The rational determination of load and resistance factors considering
uncertainties must precede to develop the LRFD codes for foundation structures.
Especially, it is essential to estimate the resistance factors which incorporate
local experience and practice since the resistance factors are unique for local
geology, design and construction practice, and local experiences. It is time to
prepare for the world-wide technical change through research and development
for resistance factors in Korea, and to turn to the LRFD considering global

technical trend and standardization.

. CONTENTS AND SCOPE

B Final objectives
O Development of reliability analysis methods and programs
O Determination of resistance factors for various types of foundation
structures(driven steel pipe piles, drilled shafts, and shallow foundations)
O  Development of LRFD codes for wvarious types of foundation

structures(driven steel pipe piles, drilled shafts, and shallow foundations)

B Research Contents

O Establishment of database for field surveys, laboratory tests, and static

load tests.
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O Development of reliability analysis methods and programs.

O Determination and recommendation of resistance factors for 3 types of
foundations
(driven steel pipe piles, drilled shafts, and shallow foundations)

O Development of LRFD codes for 3 types of foundations

O Verification of LRFD codes developed

B Annual Research Contents in Details

o Collection of data, and Review of design standards

1*" year |o Establishment of geotechnical database (1% step)
0 Development of reliability analysis methods

Establishment of geotechnical database (2™ step)

ond Evaluation of resistance bias factors
year . ) .
Development of resistance factor estimation system

o O O O

Evaluation of resistance factors

o Establishment of geotechnical database (3™ step)

o Verification and calibration of resistance factors

39 year 0 Determination of resistance factors for 3 foundation
structures (driven steel pipe piles, drilled shafts, and shallow
foundations)

o Development and verification of LRFD codes




IV. RESULTS

1* year

0 Review of international and domestic
technical trend

0 Review and analysis of international
and domestic design standard
- analysis based on various types of

foundations(driven  steel pipe piles,
drilled shafts, shallow foundation)
0  Survey and literature search of

international LRFD manuals

- Reliability based design (RBD)

- North america: LRFD

- Eurocode! partial safety factor design

0 Analysis of domestic and international
design method and standard

- Allowable stress design

- Limit state design

o Determination of a design method to
compute ultimate capacity(resistance) of
foundation elements

o Collect and compile all load test data
and laboratory test data
—~ Classify data based on foundation
types, design and construction methods
, and geologic conditions.
load and

o  Perform static tests

SPT/in-situ test

o Perform capacity(resistance)analysis of
Geo-structure elements
of

o Perform statistical analysis

resistance bias factors

o Establishment of geotechnical database
of design parameters

- design parameters

~ data of static load test and laboratory
test.

o Determination of probability parameters
based on database

standard
density

~  determination of
probability
function, and resistance bias factors

mean,
deviation,

0  Development of reliability analysis
system

~ Analysis of probability parameters
~ Development of reliability analysis
method with MCS and FORM

o  Development of algorithm of reliability
analysis and program based on MCS
(program registration: MCSRA)

o Development of algorithm of reliability
analysis and program based on FORM
(program registration: KRGREL)




o Review of international and domestic
technical trends of reliability design
methods/specifications 0 Analysis of domestic and international

reliability-based design methods and limit

o Collection and analysis of all load test| state design methods

data and field investigation data
- About 320 road construction sites of| © Establishment of geotechnical database

whole domestic area (ID

- Classification of data based on| - design parameters of foundation
foundation types, design and| structures

construction methods, and geologic| - static load test data and field
conditions. investigation data

o Conduct of static load tests, load| © Determination of database statistics for
transfer tests, and site investigation foundation structures

~ resistance bias factor statistics(mean,
o  Evaluation of design modelling| COV, probabilistic distribution)
uncertainties through static bearing
capacity analyses and statistic analyses

2" vear

¢  Development of reliability analysis A . .
. o Reliability  analysis of = resistance
method and program for foundation L. L
statistics and load statistics based on

FORM and MCS

structures

- Analysis and development of
reliability analysis methods based on
FORM and MCS

- Development and verification of

o Reliability analysis for foundation
structures and determination of

- . reliability/uncertainty of domestic
reliability analysis programs based on

FORM and MCS conventional static design methods

0 Development of resistance factor

estimation programs o Development of resistance factor

estimation programs based on FORM and

0 Determination of target reliability MCS
indices for 3 foundation structures| KRGREL
- MCS-CAL

(driven steel pipe pile, drilled shaft,

spread footing)

~  considering reliability level of o Determination of target reliability indices

domestic present construction - design = B772.0~25 for driven steel pipe pile
- considering internationally requested| - [,=25~3.0 for drilled shaft
reliability level - B7r=25~3.0 for spread footing

©Estimation of resistance factors for 3/, Estimation of resistance factors based on

foundation ‘structures(driven steel pipe FORM and MCS

pile, drilled shaft, spread footing)

- xii —



- year |

Contents ‘Results

o Performing static load tests, load| © Establishment of geotechnical database

transfer tests, and site investigation for| (I

evaluation of resistance factors - . design parameters of foundation
structures
- static load test data and field
investigation data

o  Evaluation of design modelling| © Determination of database statistics for

uncertainties through static bearing| foundation structures

capacity analyses and statistic analyses - resistance bias factor statistics(mean,
CQV, probabilistic distribution)

©  Determination of target reliability ]

indices  for 3 foundation structures 0 Determination of target reliability indlce§

(driven steel pipe pile, drilled shaft,| B7=2.0~25 for driven steel pipe pile -

spread footing) = [7=3.0~35 for drilled shaft

- considering reliability level of| - (3,25~3.0 for spread footing

domestic present construction - design

- considering internationally requested

reliability level

3% year | oEstimation of resistance factors for 3{ o Calibration of resistance factors based on

foundation structures(driven steel pipe
pile, drilled shaft, spread footing)

FORM/MCS and determination of
resistance factors by performing static
load tests, load transfer tests, and site

investigation

- ¢=0.27~0.48 for driven steel pipe pile
- ¢=0.16~0.70 for drilled shaft

- ¢=045~0.80 for spread footing

o Development of LRFD codes for 3
foundation structures{driven steel pipe
pile, drilled shaft, spread footing)

- determination of load factors for
LRFD foundation design

-~ development of reliability design
charts of
foundation structures

for design parameters

0 Verification and implementation of

LREFD codes

o Development of LRFD codes
of load

considering domestic

-~ determination statistics:
Strength

load/construction practice

case |

- determination of resistace factors for
various target reliability indices

inclusion of developed LRFD
the ‘Design
standards for structure foundations’ and
the ‘Bridge design standards’ ~~

- newly

resistance  factors in

o Verification of LRFD codes by
comparison with ASD through real bridge

case studies
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V. APPLICATION PLAN

B LRFD system can be applied to other components of the civil engineering
system through development and wide implementation of LRFD codes in

practice.

B The reliability analysis systems and resistance factor estimation system
developed in this research can be effectively used in developing LRFD codes

for other foundation structures.

B Through the implementation of the developed LRFD codes for foundation

structures, which makes it possible to predict probability of failure, safer and

more economic design of foundation structures can be assured.
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ATdARE MEadon, o vx AWEEF AP MHAVF(AASHTO,
1994; 2004; 2007)%, LR F2E N vls FHESHAZIE(ANSDA E3F
HATHE 22.2). e v39 TRB(Transportation Research Board) &7 =
223 NCHRP 507 “Load and Resistance Factor Design for Deep

Foundations”-& &3 22 7%l g AIAFE 2AAsEe] Aks v ok

Driving criteria established by static load test(s): quality control by dynamic testing and/or calibrated
wave equation, or minimum driving resistance combined with minimum delivered hammer energy from| Values in Table
the load test{s). For the last case, the hammer used for the test pile(s) shall be used for the 2
. R production piles.
Nominal Resistance of n — - - - - - - - —
Single Pile in Axial Driving criteria established by dynamic test with signal matching at beginning of redrive conditions only
Compression- of at least one production pile per pier, but no less than the number of tests per site provided in 0.65
Dynamic Analysis and Table 3. Quality control of remaining piles by caiibrated wave equation and/or dynamic testing.
Static Load Test Wave equation analysis, without pile dynamic measurements or load test. at end of drive conditions 0.40
Methods, only )
FHWA-modified Gates dynamic pite formula (End of Drive condition only) 0.40
Engineering News Record (as defined in Article 10.7.3.8.5) dynamic pile formula (End of Drive 0.40
condition only) )
Skin Friction and End Bearing: Clay and Mixed Soils 0.3
Naminal a-method (Tomnilson, 1987;Skemptonig51) 35
Rosistance of B-method (Esrg & Kirby 1979:Skempton1951) 0.25
Single Pile in Axial A~method (Vijavergiva & Focht, 1972:Skempton1951} 0.40
Corgn ression- Skin Friction and End Bearing: Sand
o . Nordtund/Thurman Method (Hannigan et al., 2005} 0.45
Static Analysis E
Method SPT-method {(Meyerhof) 0.30
: CPT-method (Schmertmann) 0.50
End bearing in rock {Canadian Geotech. Sosiety, 1985) 0'45
Skin friction : Clay
a~method (Tomnilson 1987) 0.70h,
B-method (Esrg and Kirby 1979 and Nordlund method applied to cohesive soils) 0.50A,
A-method (Vija/vergiya and Focht 1972) 0.55h,
€nd Bearing : Clay and Rock
Uitimate Bearing Clay (Skempton 1951) 0.70A,
Resistance of Single Piles Rock (Canadian Geotechnical Society 1985) 0.50A0
Skin friction and End Bearing : Sand
SPT-method 0.45X,
CPT-method 0,550,
Wave equation analysis with assumed driving resistance 0.65h0
Load Test 0.80),
Block Failure Clay 0.650,
a-method 0.60
B-method 0.40
Uplift Resistance of Single A-method 0.45
Piles SPT-methed 0.35
CPT-method 0.45
Load Test 0.80
Sand 0.55
Group Uplift Resistance C?:y 0.55
Method of controlling instaliation of piles and verifying their capacity during or after driving to be specified in the contract documents Value of Ao
Pile Driving Formulas, e.g., ENR, equation without stress wave measurements during driving 0.80
Bearing graph from wave equation analysis without stress wave measurements during driving 0.85
Stress wave measurements on 2% to 5% of piles, capacity veritied by simplified methods, e.g., the pile driving analyzer 0.90
Stress wave measurements on 2% to 5% of piles, capacity verified by simplified methods, e.g., the pile dirving analyzer and static load 1.00
test to verify capacity !
Stress wave measurements on 2% to 5% of piles, capacity verified by simplified methods, e.g., the pile dirving analyzer and CAPWAP 1.00
analyses to verify capacity .
Stress wave measurements on 10% to 70% of piles, capacity verified by simplified methods, e.g., the pile dirving analyzer 1.00




AYddeldes L8 I&£EEZ wHFAHA7|FS(Ontario Highway Bridge
Design Code) (MOT, 1992) ¥ vt} 71%3F 38 o7 L(Canadian Foundation
Engineering Manual) (Canadian Geotechnical Society, 1992) 59 AA7|&<& wf
ot 7272 A A7 HAESE A5 ALsn Jon(FE 223,
F 224), AANHEA &5 E(HE, D), 7IE A2Y FF S we dolg

A+E A4HES ARSAT

¥ 223 203 5o o3 ZLe7%9 AsAL(MOT, 1992)

Static analysis, compression 0.4

Static analysis, tension 0.3
Static test, compression 0.6
Static test, tension 0.4
Dynamic analysis, compression 04

Dynamic analysis, compression fleld measurements and

. 05
analysis

Precast reinforced concrete 0.4 |
Cast-in—place concrete 04
Expanded-base concrete 0.4

Prestressed concrete 0.4
Steel H-section 0.5
Unfilled steel pipe pile 05
Concrete-filled steel pipe pile 0.4
Wood 0.4

o] gl SF¢ AUSTROADS u#HAA7|E(AUSTROADS, 1992)2 #H&71%

o

3
o] AlFd #I AFAFE AATZ Jom(F 225), TF FF(Australian



Standard 2159) (Standard Association of Australia, 1995)d 4= A ule] EA 2@
Adad, Bz T #F A3 HIAAS AA MRS AAEIL YTHE 2.26).

AUSTROADS Bridge Design Codeoll Al AAlste= A&AST 2 A2 o8 v
Ax " EAZES AZAF FRU A AANHALH, 53 AAFA G

e g2 oS A AAHASG

% 225 “”E7L_-4 ZHE Ziﬂﬁ]'r(AUSTROADS 1992)

Load tested to failure 0.9
Routine proof load tested 0.8
Piles analyzed by dyngrpic formulae or wave equation methods based on 04-05
assumed driving system energy and soil parameters
Piles subjected to closed-form dynamic solutions, e.g., Case method 05
Piles subjected to closed—form dynamic solutions correlated against static
load test or dynamic load tests using measured field parameters in a wave 0.6
equation analysis (e.g., CAPWAP)
Piles subjected to dynamic load tests using measured field parameters in a 08
wave equation (e.g., CAPWAP) '

¥ 226 9571 x st AEgASF W2 (Standard Association of Australia, 1995)

Static load testing to failure 0.70-0.90
Static proof (not to failure) load testing' 0.70-0.90
Dynamic load testing to failure supported by signal matching2 0.65-0.85
Dynamic load testing to failure not supported by signal matching 0.50-0.70
Dynamic proof (not to failure) load testing supported by signal 0.65-0.85
matching ' '
Dynamic proof (not to failure) load testing not supported by signal
. 0.50-0.70
matching
Static analysis using CPT data - 0.45-0.65
Static analysis using SPT data in cohesionless soils 0.40-0.55
Static analysis using laboratory data for cohesive soils 0.45-0.55
Dynamic analysis using wave equation method 0.45~0.55
Dynamic analysis using driving formulae for piles in rock 0.50-0.65
Dynamic analysis using driving formulae for piles in sand 0.45-0.55
Measurement during installation of proprietary displacement piles, using
. . 0.50-0.65
well established in—house formulae
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a3 312

ZF(nominal value)©o]t}.

foll Mol LRFD MAY &g
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AN LA Anta Ay
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M (Hansen, 1953; 1966), 3
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EH o2 FeldE(driven pile)dl WA AASHTO LRFD R ZHA A7 &L A3A
F(PE FF FIAAY, B2 stsAF(v) BA#RM)E H3 359 QR
o Z2AY Aokttt a Acte At & AxR(AE)e A 2AL 4 (3.1.3)7F 7

R=¢R, = Y 7@, (3.1.3)

7,= Npngn; > 0.95 (3.1.4)

AZ7IM, n= A8, A&y 2P Ve FREMPE LHE] AT
=

BAZkelth. AASHTO LRFD w @A A7) Ee] TER R

R = ¢ R, = o5+ ¢, R, (3.15)
= qub(rbAb) + ¢, (TSAS)

A71A, =g FHAES FHEIA e PHAA AXHA A3
A%, Ry=2%e AXNH(AFY), R=2%¢ Avxxg, R=U%¢
re=EEe] wel AeAAY, r-g%e) vy FAAYY
g=e F9 91 281, ¢9 év F4 AdIFd FHAY g A ATl
A9l 2 (315 AEHE AATeE 4T AL E dAUH
Hete] AFEHAT AU 2EEe F ISEE ZFAATESMOT, 1992)
ZAxo g FAMEHE AL Setes e EEV|ER W AFATE A
AR e AFgASFE w=F9 AASHTO LRFD u#HAA7|EH vHad o

rolth, ®3F My} w#A A7) 2 (Canadian Bridge Design)oll A s 4k 314
BHE Al 7HAE EREA AFe Atk At AsA gl s AZAT 05
g At glow FEI 23 FLF AFAAG AT 06¢ ALAEE

X
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(3.1.7)

}(standard deviation,
Al <= (coefficient of

35

Ay
LA

e
LLN

R
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a,
COoV. = M—g” (3.1.8)

o+ Z(probability distribution)2 8% <+ ot 23y £339 A9
2 U8 A= FEEEY TH/ €EF FEHSE ol AAX 29 B
A &2 AAolt wEtA FEgnwsey B84 - o
R MEAY HEE FEHY HFY AJYS BN A HFE
2

A
HolElE ol &3ty 1 FAH REIEAHES /MY Z B9 F Jde FEEXE Z
Aste WL g 2o

(D Least squares analysis(smallest ¢ on a probability plot)

@ Wirsching-Carlson method(W and S statistic)

@ Kolmogorov-Smirnov statistic

@ x*-statistic

WA, &5 X (probability paper; Ang et al, 1974)& o]&3= A x5 (least
squares analysis)< Z FEEXErit} HAG HF o2 ZAAE 2= 1€ 4
olHEZRH d& AdZ(empirical) FHEFEE X (cumulative density function:
CDF)9 #< A3zl &4& A&t 7|5 & AFA4S vusty 7 448
SR T FFE2 AAsE Wyoltl. Wirsching-Carlson ¥ (Wirsching et al,

1977) % S—statistic

r{o

29 313% 2ol 7 A4 YA FARBEEG A

(hypothesized) F2 &L ZAol9] A5 4 (3192 ¢ F, AAF o] 7}
T Ze FEELE Z2AsE WY
. 1 n A
S=—24 (3.1.9)
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AqI

G;(xi;0) AN
(Hypothesized cdf) F(x)= 0
(Empirical cdf)

Xp Xq

1% 3.1.3 S-statistic R4 %=

W-statistic 7N'gHd S =2 S-statistic} A2 A ©@x] A F A (empirical)
FAHEEEEY 7Hd 4 (hypothesized) THEERE AlololA AL AFE Fst
A(W;) 1 gol Havt He FEREE 1+ Woth(y (3.1.10), 19 3.14).

Kolmogorov-Smirnov statistic¥ x’-statistice ¥u8r4¢l &g - 54 £d&

ug ¢ eEE AAF AR o7 A,

— 1 2
W=—3A (3.1.10)

G (xi;9) i+
(Hypothesized cdf) Fx)=—4
(Empirical cdf)
g

¥ 3.1.4 W-statistic 24 %
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43 GEEEXIHE HHESA 2B E F de TEY 23S fEEid. o
A AgE 223 AFS HA, AFETAD At AEZH AFA

o
s

r {

16.100

20.300 | 20.360 | 20.587
21.817 | 21.895 | 22.105 | 22.150 | 22.690 | 22.750 | 23.653 | 23.713 | 23.845 | 23.980
24.043 | 24.077 | 24.370 | 24.417 | 24477 | 24690 | 24.695 | 25303 | 25.433 | 25.653
25.810 | 25.817 | 25.933 | 26.263 | 26.273 | 26,883 | 27.137 | 27.537 | 27.997 | 28.233
28.237 | 28.770 | 28.940 | 29.023 | 29.047 | 29.193 | 29.233 | 29.470 | 29.640 | 29.733
29.810 | 30.010 | 30.130 | 30.330 | 30.455 | 30.477 | 30.637 | 30.700 | 30.717 | 30.787
30.947 | 30.973 | 31.067 | 31.273 | 31.777 | 31.800 | 31.893 | 31.950 | 31.953 | 31.970
32.490 | 32.560 | 32.823 | 32.823 | 32.827 | 33510 | 33.740 | 33.867 | 33.997 | 34.113
34.380 | 34.753 | 35.035 | 35.097 | 35.177 | 35.463 | 35.620 | 35.630 | 35.723 | 35.960
36.063 | 36.253 | 36.343 | 36.397 | 36.500 | 36.773 | 36.893 | 37.093 | 37.263 | 37.687
38.893 | 39.260 | 39.693 | 39.747 | 39.767 | 40.153 | 40.570 | 40.607 | 40.960 | 41.273
41437 | 41.710 | 41.783 | 43753 | 43.800 | 44.387 | 44.803 | 45.453 | 45.477 | 46.500
46.550 | 47.477 | 48.767 | 48.880 | 49.590 | 50.077 | 51.003 | 51.147 | 51.280 | 51.467
57437 | 58.323 | 61.043 | 63.645 | 65.313

Agd XED Zeade a9 43 AFPE4EY FEFELTE oA 3
U

¥z dy | WAy 2% 3 A AT
EVD 3.84850 EVD 0.02877

lognormal 3.95762 lognormal 0.03041
normal 3.98075 normal 0.03064
Weibull 450373 Weibull 0.03347
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Wirsching—Carlson ## o] i3 vlw H=E 98, &4 2HZE E51o oj

f

el HEEIY AFEIZNormal distribution), WHEFA TR Z(Lognormal
distribution), =S 3¥X| ¥ ¥ (extreme value distribution), <}o]EE ¥ (Weibull
distribution)el] the HI=& Hrlste 17 3.1.5~31.8° Hetiith S A74E
e 29 315~3188 RY, SIXNEE(EVD)Y FAAF(R*=09841)7F 7
T =A AFA =] Wirsching-Carlson W3 Fd3 A7 A& welkA
2 AT A Wirsching-Carlson ¥#d 71238t 723 volge FASAHAA

gEPIe A4 Z=age) 44% 492 dFsHa

4 Normal Distribution . LogNormal Distribution
r | y=0.0923x-2.9834 | y=2.8429x-9.7182 o
) R-squared=0.8774 R-squared=0.9813 o
—
m L
~
| 0F
(S
.
N
2
L
*
_4 1 I} 1 1 1 1 1 _4 i 1 1 1 1 L 1 1 1 1 1
0 20 40 60 80 2.0 2.4 2.8 3 3.6 4.0 4.4

2
X In X
a9 315 A2 gk A= ™ 316 AR E gtk J3 e

6 Extreme Value Distribution(EVD) 9 Weibull Distribution
. ' .
”
- | y=0.1182x-3.2423 - | y=3.6263x-12.9714]
R-squared=0.9841 p R-squared=0.9819

In[-In(F;)]

Y=.
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2 d=dE7t ol&E

At o g FAZUT FRECIY FALAV AAE BHE o oY F

| [e]

717 %St AH &, FA2M fAHE 71E FHE =90 X=X, X, X))

A

Al

E dgds AAdSe dHEgE Zodgd, B E Uehyes 7R AARESEY
A Al &= (limit  state function) HE¥ 33 3 (failure function), ¢(X)&

gX) <0 (3.1.11)

SHAIG Y] = 93 39 (failure surface)e A AWM F7ho A etd I 33 9

AAF, ¢gX)=0% Adsr, FI&EL 4 (31.12)F o] vy HEAHo=Z
A ol d Y (Haldar and Mahadevan, 2000).

Pr=Dyx) <0 (3.1.12)

_/ f 1’1 Lo, * "xn>d¢1.d$2 -, dz,,
0<o -

047]]\1} fX(xl,wQ,."7w7z)_E_ 7]:1!2‘ %H]:t—]l%%:% *leﬁ)(_,f”?)(n‘o’] QQQ%UE]E%ZF
(joint probability density function)o]™, FIFH (&, g(X) =09 hstd JES
s AEF olslE v ALY HEAE dste F oJle] dAY HAAHS A
3 Ry} 32 QF VA E 79d R EAE nEsiEx. FREY A4 A=

g FASE ARG B 44313 B8 AANT Q8 TAY W I =
A 9 aAREREE 27 4 (3.113), 431149 o] yehd & gt

Strength ( ) < Stress ( @) (3.1.13)

g X)=R-Q (3.1.14)
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< o 4 (31153 Z

B

"

(3.1.15)

Pisy<o=PR=< Q) =PR-Q<0)

Py

2 (3.1.15)= AdEAHoz te 2

1.
L

g e vep]

. o

o

—

A+

L

(3.1.16)3% Zo| FA|

(3.1.16)
(3.1.17)
(3.1.18)

od,

0]
XA

SHEA

o

EU X34 (joint probability
=

Fr(q)fo(q)dg
(CDF, cumulative distribution

j el

w

=]
o0

fRQ (r, q)drdgq

2
Q7 A

J

=
-3

/
R3 Q9

]_
fro(ra) =Fr(r)fo(e)d o, 2 (3.1.16)2 Btk 2+9d ofg 2] (3.1.17)3% o]

fr (r)dr

Q

<r>drjdq= /

R
fx

-

Q

<

Fa(q) = [

P,=P(R-Q<0)

F7 99, fro
/Oon(Q)( _

density function)o]t}. wek A

T

o714, D=
d ¥ H(Haldar and Mahadevan, 2000).
Py
function)°] .

3T
Rid

——
o

4
;OU
I
il

]

@7l w4

&= A

ATA
3t

+7b %3 (explicit form) P H 2

(3.1.16) =¥ 4 (31179 AHA

o
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2 LN
ohg HAE A

A o3

T ppdt pe, £

3

15 Q7 27t 3

Cl

& R}

F2E9 A

of
i
0

—_—

0

A

T
=

)

il
o

2 (31.19)¢F Zo] ¥

o
T

Zr=t}, wElA 2] (3.1.16)8 #3EE

P(Z<0)

P;=P(R—Q<0)

(3.1.19)

o714, &( -
2 B = 2 $(reliability index) =¥ A XX 4 (safety index)E}

)

o
ol

o
7

o}
M

o
h
o
ey
w

o)
K

)

oz} 4 (312002 Aejdth

T
1

o} wekn AHHAF B

(3.1.20)

Hr— HQ
O'R+0'Q

Kz
Oz

f=0""(1-Pf)=

o
X

= MELeEA,

bef 2kol

&

o
=y

=

shaint.

Gl

22

=3 Ho =

1&

olu

9 3199 2 AdA<d
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(3.1.21)

Hy A"’/g(/"leaﬂXza' " Xn)

(3.1.22)

o] FAIHLE =7 o]HA(statistical independence) T

Ul

"
T
=

—

7]

(3.1.23)

SE Pe 717 4 (3.1.24)9 (3.125)% AHt)

5.7)

b, AF =A< G}

(3.1.24)

(3.1.25)

o(—0)

invariance) 9]

£ A (formulation

Hlo

o] W

’

==
=

(Ditlevsen, 1973; Veneziano, 1974).
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(+-) Hasofer-Lind¢]
Hasofer®} Lind(1974)
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X, == (3.1.26)

A7, w ok o2 A APEFY AEH xEAZ|IT mE X'e AT
ol A(Foln G EFHAXEFHA=DE 71X = dg@ ot}

b. 4 SALH, ¢(X)=08 EFATAFY FANEE WA

c. Autst®l oA X 4 (generalized safety index) (¢ QAAMEEH g(X') 7R

o,
B
F
X
i)
il
1
ok
£
o
(o3
rio
ek
o
et
.
i)
1=
=
3
)
=
I
<
X
A
)
i)
rlr
<

d=p= X" %7 X7 =(X"X)

!

i

oz7RYH HeALd FAE 99 F(X X, X)L FEEA g(X)
=0& ®Estw 2 (3.1.28)9 ¢ 4B FHAsste] 7E F ) olFd e durH o
Z 27 H(design point) F=+= FZ%(checking point)o]Et 3t} Lagrange <
(Shinozuka, 1983) 71 & ol&3lo] HaAg e g Zo] BEHE AFsto +

= A
& = Ay

M)

)

3[4

i ) X

8=

121)(1 (BX'I )X*
- (3.1.29)

A, Eaa (—83—) = AAA (XX XA A
3
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T3 HEA NN BAHE AAHEL e 4 GLl30F 2o

O

X

N
B

(3.1.30)
(3.1.31)
Al A A
(3.1.32)

3T
it

&k o] & (direction cosines)e]™, ¥ =
O'Xiﬁ

Xz'*_,ux;“ai

AL 4 (3.1.32)% 2t

i
o

i

Hasofer-Lind 418 = X]

(3.1.33)

X =07 [F(X)]

) AT+

.

1

o} By &-E Aol o] #A
() HAE dAo)xRUEY (advanced first order second moment method:

AFOSM)

PN
T

13 E %]

Rosenblatt(1952)

A

[e]

-+

o}
e
g

B
g

rvee]

B3
N
22|

(CDF)olH, =

olth. 2% 9 Aol AGUUAE olgs} ol

(3.1.34)
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8 75
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(2) o]xA1 8 =¥ (second order reliability method: SORM)
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=

[e]

b.



&
dlo
S

o
-1
A,
a!
fru
ne
_}3_:
2
A
b
ol

=y

@ Level Il ¥ (HAFE] 7] =3 WH)

AEEAFE AMESA g1 HAPAer HAIAGE FE AMNSE PHde
Distribution-fitting, Monte Carlo simulation (MCS), Z#]3 Simulation with
importance sampling 5°] o™ =AE A & do <3ty
(W) =& FAGEHEel qd A=A A

FAGHTT7E QEEFES] For WA xdHE T FHE Fo

A A5e AAHJA F2AZA A FAdA ofF

iy

a‘ﬂ
r

Al

[e]
g ot we AuA
34

o
ol disiA AFE THEE AIEA A VIHe
2A 7MA 9 HEE FEEHT. & (1) Monte Carlo Simulation, (2) A&7 ¢ &

#3242~ (probabilistic finite element method: PFEM; Haldar and Mahadevan,

ok
ko
B
o
2
=)
i
flo
4
o |
)
=)
lo,
ottt
=
)
b
rir
dlo
%
lo
pru
ok
X,
o

2000), ¥l (3) W7 7% FAESF F324Y (stochastic finite

element method: SFEM)o] t}.
o}. LRFD Calibration
LEE L F ZEEE WFHAZIEMOT, 1992), AUt 2522 o A7 7

F(CSA, 2000) 28l AASHTO LRFD R =#HAA7IE(AASHTO, 2004) 59 %
B
B

n] AAAEAM O FAGEHEAEl EAdHALH, o]E] =3
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o} (Zhang 5, 2002).
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AT7F T3 A HElingwood, 1980; Wirsching, 1984; Madsen et al, 1986;

Melchers, 1987, Moses and Verma, 1987; Mansour, 1994).

- EE FE2EY AAd SlojA T+

ToFlME At 3094 o] HAd

B EAg7E AdE AT

(Meyerhof, 1970; Bea, 1983; Wu et al, 1989; Tang et al., 1990; Barker et al,

<
24|

ol

i

1991; Bea et al., 1999; Eloseily et al., 2002; Paikowsky, 2004, McCabe et al.,

2006; Rollins et al., 2006).
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2} Hlojt}. Nowak(1999) &

Y

No
fea!

R
1+
o}
X

o

N

I =

o

o 1A A

o~
fite)

o B4 54X (Nowak, 1999)

RSy

=
5

—_
o

AL

3.14

B

B

0.08
0.10

0.25

0.18

;OO

ﬂ:ﬂg

e

e

1.03
1.05

1.00

1.10 - 1.20

Factory Made

Cast-In-Place

Asphalt Wearing

Surface

Saziacy

Njo
file)

w

(Agp)T REAZE(COV,)
FO) T BEAS(COV,,)

5(1998)l ¢

Withiam

3

i

orsreh,

1.15 ¢ 018 & A

A
1.

(3.1.38)

5

= 1.03 x 1.0

Ao

(3.1.39)

0.13

o=

(0.082 + 0.102)x0.

COVyp

N+t EEE AASHTO LRFD

A A 71 (1994, 2004)°0 =

= 9t} (Barker et al,

o A A<k

1991). 1
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# 315 =9 AAVES stEAT A=

035 (2004) | (1999) | (1994) | (1993) | (1992) | (1995) | (1985) | (1994)
Dead |1.25~1.95

Live |135~175| 17 16 | 11-15|115-14] 15 13 | 1315
Wind | 14 13 13 |12-1.35] 13 15 13 | 1315
Seismic| 1.0 14 1.0 0.9 13 1.0 1.0 1.0

F 315904 Yetdixel wxg AAI7]Ed MOT(1992)9F AASHTO LRFD 2 A
715(2004), 3% 712TF2E A 7]E20 API(American Petroleum Institute)(1993)
o sFAS e MHAvF AGr|2 AANEY ssAS e HHel vEA "o
o oy FEHE dtFd Ui EEAAHF ¥EAHel ¥ F& Rt =23
AASHTO LRFD 2 A715(2004)3 MOT(1992)& A% oY= 95 5 (ota"
gt dge Atetee 18stEE st vk & 3.1.59

gl Al = (live load factor):= Z&£3 XA s5S 37

E EY )&

y

H

L)
~
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N
-
L
X
fi
v
il
1
N
X
p‘l-‘
ofN
L
1o,
rE
£
oo X
t:olf
_E‘
it
o
r o
o
M.
£
kN
g
o
2

AVERS Yol F R olAke] tE:=
LRFD 71, MOT 715)& A% B 7|EEL SF2TAFE 1020 2 J8
(3.1.40) (NRC, 1995)& &st=3 Fa2s ¥

Aol nEstE Afoln a5 AAE flA EotTH Fekeols 079 s ES



(gravity load combination: AFstF+&3tF)e] six 2 FHES vHsE & 316

3 2,

AASHTO LRFD =4 A 7]5(2004) 1.25D + 1.7/5L
ACI (1999) 14D + 1.7L
AISC(1994) 12D + 16L
MOT(1992) 1.2D + 14L
NRC(1995) 1.25D + 15L
ECN (1994) 1.35D + 1.5L
DGI(1985) 1.0D + 1.3L
API(1993) 1.3D + 1.5L
Australian Standard(SAA, 1995) 1.25D + 15L

gats g daiA Hud A3 Apstwel e shEAeE 1.0~14,

=
o thet sEATE 1.3~17BEAH E 3158Y F& HYY L Yegux
Z':

A
ol

pocs
dlo
tlo
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10 HP 12 X 53 87 76 1.14 62 7 0.83 25 1
106 | HP 12 X 53 | 110 77 1.43 89 71 125 21 6 3.50
49 HP 12 X 53 | 107 150 0.71 85 142 0.60 22 8 2.5
100 |HP 14 X 73 63 168 0.38 50 154 0.32 13 14 0.93
50 HP 12 X 53 | 102 75 1.36 99 67 148 3 8 0.38
102 | HP 12 X 53 9% 212 0.45 83 204 043 8 8 1.00
104 | HP 12 X 53 93 47 2.09 12 5 2.40 86 42 2.05
16 HP 12 X 53 94 115 0.82 80 104 0.77 14 11 1.27
110 |HP 12 X 53 | 192 112 1.7 158 99 1.60 34 13 2.62
103 | HP 12 X 53 72 89 0.81 45 32 0.55 27 7 3.86
121 |HP 14X 73 | 202 107 1.89 180 92 1.96 22 15 1.47
43 HP 14 X 73| 111 176 0.63 9 157 0.58 20 19 1.05
44 HP 14 X 73 | 151 213 071 139 184 0.76 12 29 0.41
57 HP 12 X 53 68 126 0.54 44 86 0.51 24 40 0.60
111 | HP 12 X 53 | 103 160 0.64 36 119 0.30 67 41 1.63
112 | HP 12 X 53 | 165 158 1.07 91 117 0.78 78 41 1.90
113 |HP 12 X 53 | 159 155 1.03 150 115 1.30 9 40 0.23
Mean 1.02 ‘ Mean 0.97 Mean 1.60
Stdev. 0.51 Stdev. 0.60 Stdev. 1.11
Ccov 0.50 Cov 0.63 cov 0.69
F 317904 AEAG A SR A H

s PDA (Pile Drivin

g
294, BFD

nalyzer) 282 =44

AT A E Vesicd] HHoz d=3H
e A
b}

YA F(SPT) AR 23, A

% E4He FUA

.

N
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700
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94

171

H

g, ol

she

(Bayesian updating) & & &

i

B
H

o
oo

"

]

£ A7l of

A 71 ¥ o] tH(Noortwijk et al.,, 2003).
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AR)E TRE

A kA &

BEAS 2H&3tH(Ang and Tang, 1975).

=}

(3.1.41)

o

p
2
o

2

:up gy + Hy

2
)

ljl'll/:

(3.1.42)
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(3.1.43)

2)
U

exply, +0.5 X

Hy =

(3.1.44)

Ty = Iy (eXp(Ui)_l)
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(5) MeAH S AH (MVFOSME Z4lo =)

oo

vl AASHTO LRFD AA71F2(2004)9] A @A TE HFdAoAEdAEY
olgf AR Ao F3 Aoz TIFHE FANENTS, g(X)o sk WA

Al AMH|E D& T AT FAGEHETY F FEHUSFA FFH Ao BAA

S 2 HFHoly EF UFATEELE wEux 7FY3Fa(Whitiam et al, 1998), &}

TS ABEE(Q )T EaE(Q e 2¥ez mysd, FANHTSE, ¢XE 4

(3.145)¢F Zo] mdHY, HudAo|ARAE 93t A=A F(8)E 4 (3.1.46)
3 o] BAHow VEMNE 4 9t

B B _ R
R Q= 10(R)~1n(Qp+ @)= In| 2] (3.1.45)
. ( AzR, ) 1+ COVoy+ COVYy
5= Hy " Aop@p T Aor@r 1+C’0V1§ (3.1.46)
a4 Vinl(1+ COVE)1+ COVEp+ COVE,)] o

AN, A Agp A® AZ A, ASE, BeE WFASIH, OV,
COVop, COVr e 217 A%, A5t%, a3 el MEASltt 4 (31460 FHA
Gl A Aese] 4§ (31450 BT BEs} EAE Q2 v A
A5 e 2ol ey 4 gt

Qp )\/1+ COVip+ COVY,
L

/\H(TDM—F
Q@ 1+ COVZ2
6=~ £ r (3.1.47)

(oo g+ Aarexp(By ynl(L+ COVRI+COVGy + COVa,))

AT, rp, e 22 ALSIE T EstFY stEAlTelH, S B AFHEAS
ok A (147 tekd Hst 2ol ARASE HEF AFe] BAH H3A
')I:(TD, T'L)Q’}' 3:_:16::}:7:"—/!'\'()\}?, >‘QD; )‘QL) lﬂ‘?‘(GOVR, COVQD, COVQL) -E-:‘.{‘Tx. /dﬂ

SRS (BPRA AET 374, dFe] BY AFEL AW T2 glo] /=

|

Agte e EE3te] AT F ov, BE AARAFE M AR ush 2
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A=l o
FA 8} kol 0.8

1
©

R

3,

13

Ak
L8

§l~

Q)
=

of uwgt gl A2AH
Fo] MEAL(COVE)S T2 M

(3.148)3 #o

A
2

1.
L

(CoVvy)

=
T

o] HEA

A
2

.
Ao e ZolAtl, Paikowsky(2004) = &

A HEAF(COVES Fkel 094 0474A] S7Veti e AS A

&

<,

. wa, A
g A

)

%

o

Bl
cl

A}

<

N

T

ol A 0.44=

(3.1.48)

Ipr

Hpr

COV,=

nr
ﬂo

03

22

NEE T8 49 o

(3.1.49)9} o] s

FAFAFOE A

A

(3.1.49)

SESE

-

0.4490 4 0672 Z7+8

| Eo
td PDA BOR(begin of

R,

Hp

A
<

A

—_L

A wet 275

=

Zrgo Wl (A > 1.0 or A\ <1.0) A&
S|

(3.1.47)9)

Al
A
...44_

R

predicted design resistance
Q)

A

measured representative resistance

A
QpH "B (covy el 771

}
Ar

sheich

A A1) gholl o
1

By WdEAse e A

1

1.0¢]]

o] Al "t} Paikowsky(2004)
B

LA



restrike) 34 I HE A7 DES hAoR X H(span)F FFH(Q,/ Q) H
stol thal A&dAT 68 B 3183 o] AAIFATE VA BF AN EAF(6)
£ 3.0(FP; =0.001)& AAHA o AtstEAlget E3tFAsE 247 1.259 1758
RS

# 318 PDA A& Y 2a2E AL ””’“-4 735‘74]-1- (MVFOSM &)

30 05 | 1.26 | 1.75 | 1.08 | 1.15 | 013 018 | 094 | 029 | 2.00 | 0.634

60 10 | 125 | 175 | 1.08 | 1.15 | 0.13 018 | 094 | 029 | 2.00 | 0.607
90 15 | 125 175 ) 1.08 | 1.15 | 0.13 018 | 094 | 029 | 2.00 | 0.590
120 20 | 125 | 175 | 1.08 | 1.15 | 0.13 018 | 094 | 029 | 2.00 | 0.579
150 2b | 125175 | 108 | 1,15 | 0.13 018 | 094 | 029 | 2.00 | 0571
200 35 | 125 | 1.75 | 1.08 | 1.15 | 0.13 018 | 094 | 029 | 2.00 | 0.560
250 43 | 125 | 1.75 | 1.08 | 1.15 | 0.13 018 | 094 | 029 | 2.00 | 0.555

2. FORM 7|8t M2|d iAo o MEAT 43 71 N

i

go V)zstel F2E AN HNL ANFEE, T PES Ao Hgetn 1
G5d BS54 AFYOERA B ATE Fal o|RoAL A4 A4 L A
Aol ga Aol AANL FRE £ dk B FEL AL & Yo

7F. FORM Z]gh M2l siA 219 e

(1) FORM 2|8 &2ld o4 7|

TEETG 2okl 7] LRFD AW JHdd HEHAD HFLdA )22
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1999, Ayyub and

Paikowsky(2004)7F NCHRP 507 7-3}A)

1982; Nowak,

1

}1 9127 (Galambas and Ravindra, 1978; Ellingwood et

s

[]
Christensen and Baker,

7}

Thoft-

1980;
Assakkaf, 1999), X838t F-ofd A

EY(MVFOSM) w4l

al.,

—

™

s
Ho

2elhl

TEFS NG Ao

ol

0
A.

i
+

ﬂv.o

Tor

wA
o

s,

&

1He g

AU AAE gozAM 7ixy I FEY Auho]

BN

o}

Aure] Hol o3

A= Fd

(1993)

il

]

=
3

s

S

Iy 3.1.103 2o

1T
T

Ay gz YeER) At (Nadim et al., 1989).

‘04

| A4

‘:L‘l'

B

A

] o
T

Hl, °l

T
.

to o obeleh
— 46 —

(Thoft-Christensen and Baker, 1982).

7t Mg 2 AAAY A AT H

j oy
=

th o71A, A=A F(6)
)

o5

1

ko)
gl

SRk
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H(design point)elztr HEV|®
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T
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fR.Q( r,4=b)

4=b

folb)= Area

fde rzg,q)

a3 3.1.10

3 2.
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il

bl A E=AS(8)

Hgs

FORM &

HEANAH of
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o
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Bl

e
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g

g 73

*

T;

@ A A Zk(design point),

A1
K

ojy

o
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(3.1.50)
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il

grol i, ox, = 7]

b

‘m_..w_wo
of
¢
7
e
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A7NA, uy = 7l

Nr
-

7]

=

A A g9

No
Mo
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o2 o

sk,

Ao AAgE

@ 71&

N
o
il
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A
il
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il
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(3.1.51)

N
Ox

¢ H(Fyla))

N_ *
Hx= 2 —
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¢~ (Fy(z))) (3.152)

@ z,; = ajpolm, W3 A (a))E AXEFH o, i=1,2,...0).

99
% 6$,i *
Tl i=1,2,.,n (3.153)
og
i;(ax’i)*
B9\ _ (99 N
(aaz’i)* (axi )*UX, (3.1.54)

@ o, uy, , o} F TRLEE, OF Ho2 g5 T

gl(u¥, — o X By (py, —ax 0k B)] = 0 (3.1.55)

® 4uAI 48 T A2e AARS Be Ao Tu
o=l —alols (3.1.56)
; cegke e o WAEATE Po¥ HE

(2) FORM 7|gt A ZN M =233 g

Ditlevsen(1973), Hasofer <

Lind(1974), (1980 o=
MVFOSM #3& A7) 8] AgEgen o 71B4Y o8 44 49

FORM HHel 712 7/Agst sy dAe=
Rackwitz ¢} Fiessler(1978), 8|3 Ellingwood

rob
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i

)

N

3}

(3.1.57)

MATLAB' & A&

20
1=

S
)

AL

3t A Rackwitz®} Fiessler(1978)7}
%

S

< 19

i

3
Aop XOD/ QL+ A,

FSXxA,x(QOD/QL+1)_

A8 48 AFE

In(

g

3]

239 ‘KRGREL'& 7

S

hyA

st

S

14

s

k3

1

¢

I

[e]

Z%3tE FORM sj4 e @A

B

FORM A %=

N
T

i

J

A
pui

]

3 A

A

o

A 2. AF =R

=

kel
il

73

o)
=

71#E

=

@A 3. BAFHES

BIN

il
ol

k<]
il

e,

dp*(1-In(dp) + A)

In(1l+ COV?)
In(u) - 0.5% &2

N
X
- 49 -

e HomA T
n

=
ot

] T A
T‘0

B

i}

F0 4



aAg*o-:V
0x

3

i

2
a_g * O';V)
ox i

A 7. 2T Zol AR AAR & AL

dp = —axpxo;

WEE FARN () ol BAIE F&A 00062 FHY WrhA] dA 494
THA REERT.

GAl 8. agke] S M2 HAHES AHAE A5 & UAFE e 4
o2 AT g Y oI ARE AAHES FALHTFE@E T
FAAE . FAGHFT E5H HFES o] AR AR
HAsta o] e g oo il F

A 9. ggke)l HEA0.00DE +EE W7hA] 9 355 874AE HHEF

ojdell A 4w FORM Ak i Aol djdt dndEx Mdd Z233

[e]

Ztzk 29 3111, 29 3.1.129 2t}

D efine Lim it State Function,
g (Qo/Qu Ak, Ap, AL,FS) and Input

— Fsi-1.15.2.258&3 I—hl . I

| Assume the Safety Index, B (3.0) ]
v

Assume the Design Points, x;¥ {mean
values of the variables)

-

v
Compute the Mean, Hin and Standard
Deviation, 6 ¥x; at the Design Points, x*
of Equivatent Normat D istribution

v

v

Update the Design Points, x;*
(i = pNyi-aiB ooy

v
U.pdate the Direction Cosines o;at the
Updated Design Points, x;*

Max.[Updated a;—
Previouws ;] < 0.005

Sotve B using Limit State Function at
Updated Design Points, x;*

M ax.[Updated B -
Previous $ 1< 0.001

I End

v
Apply New FS;in Limit State Function,
g (Qp/QuL.Ar, 20, A, F8)

Calculate the D irection Cosines a;at the
Design Point, x;* :

1% 3.1.11 FORM A= )4 dagsE
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R R R L R R R R R R R E R R R R R LR LR R R R LR L L E AR R PR R R R L A TRt b R B L L R
lambdaR=mean (D) ;

stdevI=std(D) ;

CoefvarR=stdevI/lambdaR;

stdev (1)=std(D)
stdev (2)=lambdaQd*CoefVarQd;
stdev(3)=1lambdaQl*CoefVarQl;

CoefVars=[CoefVarR, CoefvarQd, CoefvarQl];

means (1) =lambdaR;
neans (2) =lambdaQd;
means (3)=lambdaQl;

R R R Rt P R R R L R R R PR SRR A R RS PR R R L S R R R B L T LRttt L
Distribution Type : 0 for normal distribution, £ tribution

% 1 b¢ is
EX RS R RS R R R St R b R R R AR Rt Rt R LR PR L R At Rt b P Lt e R AR R L ettt

n=length(means (1, :));

Y{l:n)=1;

Y(1l)=kstest (D) ;

EER R PR LRI R R AR P AL LR R R R P LR R E R L A E R R L E R R R R R R AR L R R AT LR LT

29 3.1.12 FORM Al#x s4 =239

L}, FORM 218t MatAlT &3 o198 714

(1) FORM 28 MetA s od 7™

4% £ 54A A% 54 EHXE olgste] A=Y Mo £ of
2 vgor ARH

EE AHEAFA g ABAF FAo] o] FojXth B AT
oMl &FASE vl5 AASHTO LRFD R #ZFAAYIE (200404 AA e 35
ZY Case I A&FHE At 8559 5AFES A5t APAFE A
AAES Sk B A7 Fohux gk dFASE NxTREY 44 3y

4
Ao B ACIER, FEEF Case 10 RE 3% 2% % 943 2% 3

=
[0
-

_5‘]_



g=mR—1n(};Q)=In 30 (3.158)
Fze ASEQD)T FHEQL)VE mHFE FANETEE 52T i
AGASEL Hestd oL 2ol Yed 5 gk

- ApR
Aop@D+ 3, QL

(3.1.59)

SEATAS AR ANE BAAL AFES FFUes YehiE e
)
SR =7opQD+v, QL (3.1.60)

2 (316009 A, RE 4 (3159 dysid t&3 & IALH TSI 2
o

_ Ap (’YQDQD+ 'YQLQL)
g=1In ¢(>\QDQD+)\QLQL) (3.161)
245 228 QLE HrE 4 GLEDE e 2ol dehd & At
_ AR(VQDQD/QL‘*‘WQL)
g=In QS()\QDQD/QL_'_)‘QL) (3.1.62)

2] (3.1.62)& FORM el o8 AdAsE AAster] AL&HAE SALHT
Folm ol HEoE vy duHFE FIHA HHY AYAFE AASA B

FORM 7]ute] A&A S 24 dug&S 19 3.1.137% 2.
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Define Inputs and Limit State Function,
;=0.1,0.2,..09,1.0
¢ ) 2 (Qo/Qu Ar, Ap, AL.Yp, YL.0)

v

Assume the Safety Index, 8 (3.0)
L 2

Assume the Design Points, x;* (mean
—P values of the variables)

v

Compute the Mean, MNXi and Standard
— ! Deviation, 6"y at the Design Points, x;*
of Equivalent Normal Distribution

v

Calculate the Direction Cosines ¢ at the
Design Point, x;*

v

No Update the Design Points, x;*
(x* = Wi 0 B 0™ )
2

Update the Direction Cosines o at the
Updated Design Points, x;*

Max.[Updated oy —
Previous ¢ ] < 0.005

Solve P using Limit State Function at
Updated Design Points, x*

Max.[Updated -
Previous 3 ] < 0.001

End
4

Apply New 0 in Limit State Function,

g (QD/QL 77\‘R? }\’D’ }\'La YD, YLaq))

29 31.13 FORM 719t A3A s 444 dae

N
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EE

14 MATLAB

K

9
o
=

o

o

o
X

5

ik-ly

2719 ‘KRGCAL

% 17 =

A

el A

Z\Hto &2

1Rs

A

B

—

0
o

H

i

~
1o

wr
b

R

AA WL

3o MVFOSM A#¢ FORM Z#Z

18 MVFOSM

ey
ol

FORM Z3}ot &7 el
219 3.1.14¢9 Z4.

=5
=

A A3

G4

of og A

%%

)=
T

)

[e}

249

H]

{mean values)

int

v index and design po

[

3

iabilit

initial rel

3
L

Assume

=1 ;
means;

beta
dp

=0.5;
0;
while

dbeta
iterl

dbeta>0.001;

=iterl+l;

iterl

=1:n;

for i

3¢

on of eguivalent normal varialbes

aluati

V

w
Eall

oo

Y(i)==1,

if

sart (log (1+CoefVars(i)"~2));

xsi (1)

lamda (i) =log(means (i))-0.5*xsi(1i)"2;

1/ (sgrt(2*%3.1416) *xsi(1i)*dp(i)) *exp(-0.5* ((log{(dp(i))-lamda (i)

) /xsi(i))"2);

f1(i)

(log(dp{(i))-lamda (i) ) /xsi (i) ;
1/sgrt(2*3.1416) *exp(-0.5*invphi~2) ;

stdevXN (i)

invphi

phi=

7

phi/£1(i)

dp(i)*{I-log(dp(i))+lamda{i));

dp(i)-invphi*stdevXN (i)

meansXN (i)

) =

2

smeansXN {

L) *dp (1) ;

=xai {

dev (1)

%58

1¥ 3.1.14 FORM 7]4F A
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3. MCS(Monte Carlo Simulation) 7|8t M2l {4 U XA T M- I

o0
7k. MCS 218 M=21d s M 2|8 Jfd
(1) MCS Zlgt d=ld sfA JE

Qudo MCSE a8 454 A87185 FA4 Ad9es golsn 2

£0] Hojun d#dE ZAFE AFse AR dHA Urh o|EHoE AAH
2

= ff(‘)ﬁ; *X—Q;"'7—X;L)dx1;dx2:"';d$71,:
D

b\

F(X)dz (3163
MCSel 9 A4S sl 4 (3.1.63)% 71 thf Zde] AHgETh
P;=E[I(z)) / Iz (3.1.64)

o714, Ilz]e o3 A A &<F(indicator function) A ofgjel 2 oj93d AFL
=t

A

I[x]z[[g(:n)]Z{(l) if g((f:%ig Zé‘;iflgm (3.1.65)

dutgoz le]=19 A% sadelel AAE mgo] e gFFsing A
(31649 AERAL Ao FaE AL AY Brsst "IN FAFEe
AggojAoltt ZAts] W og Fake Aol HiEAsig. B dFdAE vixT
3.1.159F o] MCSl| 712§ A 34

£ gsidich gE Z2aRE T, &S HAAHASD)A wet

NzFaE e NHYBHE ANl BEAASAR(EE FEAFYFE)E

il rug
a0
1 A C A Y

(0
ol
Ak,
4
%0,
lo
2
i
o
)
o
P
9
9,
=
PO
K
[
>,
a
Q
Q.
(¢}
(¢}
D,
8
=
&
@]
2
o3
b
i)
o]
<
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AgAT ool HE FAFES ALY £ At 281 HFHoE AHE F&

A=A tedHe AZAF] AHe] 7Hssi.

Define : Limit State Function(L.SF)
Response Variable(RS)

|

Define : Random Variables
Statistical Properties

: Z‘i=1,NOS;
Generate pseudo Random Number IMSL
(W) RAN3
! _/ NORM
Inverse Transformation /  /GASDEY,
I
¥

l N T
Estimate LSF | Estimate RS ‘_.

:

l - J /ERECHET
1 /  /camMma
Evaluate Pr fl::;lu:g; .
AP 8 — .

I 3115 MCSH| 712¢ 254 s dads

T.

MCSe| 71%3% AFA A4 dugES Yveldls ¥ 31158 Y, 14 3

T

“

AT E == S F(response variable, RS)E A3t Z+ AN
il

PN
e
Fo] £3E APHF] BASHXE A3 094 1rbol) LT I



formation technique)©]g} & 29 311622 YERL. o714
AEEEE 248 9F ws 2OFy(;) =yl 9B z;E o 4

(3.1.66)3 o] F@EHAT

2
o
g
B
o
—r

;= Fx; (uy) (3.1.66)
Fy(w) Fx(x)
—~41.0 1.0

-1 0.8 0.8

- 0.6——0.6

i 104 04
’t\ -102 02

- | 0.0 00 -
| fiyea) fx(x)

S~

X; Random variable , X

0
28 3.1.16 983 (inverse transformation technique)
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ER(d<) 443

A

RANDOM

I (Type I of Max.)?) Frechet #o 2 W3
229 A¥ (CDF PLOTTING)

2 ZXEFE(Type O of Min.)?l Weibull ¥&o 2 W3
WEE o] 7re) Uniform WHo s Wl

A { AT
L

ol J

NORM

LOGNR

EVD

POFFAIL

UNIFORM

OUTPUT

INPUT

b
ud

B
T
B

=
=

g

o
N
ol

s A

)
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O &&= (random variables)&] 7}
® A A EH 3 (limit state function)®] Y=

@ seed numberd] 4=



MpiMH gy iyl CCCCCCCC

MMM MMM GO (HEH

M MM MM MM CC

MM MM MM NN oC S8B55888
MM MMM MM oG : L4
MM M MM GG GCG 58 85
MMM MpMe CCCLCCGT | §85558588

HMOMTE ‘ CARLO EIMULATION
- OCEAM STRUCTURAL ENGIMEERING LAB., COPRIGHT 28866

ST R 3 3 = i E oy 3 F: S - . EE R S B 3 e R R R B
e PROGRAM OF HMOMTE CARLO STHULATION e
s UITH A CLOSED PORM OF LIHIT STOTE FUNCTION sewmwm
MR Beveloped by Junguwon Huh (UERSIOM 1.03

26 3 36 S B SN . £ 5B 36 3B 6B BRI S HEREBEHEBE

Program HOWTE generates the sample of ¥ and eztimates the

probahility of failuve,pl¥<Z81.by Monte Carlo simulation.

Specify Method of Progran Excution
*> Terminal or File. Enter TV or "F¥ :

a9 3117 MCS 24 4 Z2a

Resistance , 2 30 3.0 Normal
Dead Load , @p 15 15 Normal
Live Load , @, 10 1.0 Normal

_59._



2] (3.1.68)€ ol&ste] NH=AF [E ToHH, §=1.42857°]H,

- _|_ _
g=LE (Lo the) _ _30-(15+10) —1.42857  (3.1.68)

Jor+og+o,  v/3.0°+1.5°+1.0°

wetd, HFH o2 RIAFEE P 0.0765601
P=1-®(8)=1—®(1.42857) =0.07656 (3.1.69)

£o2 1,000,000 BALZFE o1& MCSel 71x3te] A4 4 4
Al g ZRE 2¥ 3118 JElen o2 st vm AAE E 31114 4
gt MCS A4 14 23, 3288 Prl 00766322 BriEgoew o)
ol2 algt 01% ol e S AE mof W$ HIH AWt AEH Ao A
Foh, A B APl AR MCS A4 &4 Z2ads F

Al ool di FAZEY HEo] e Aoz Alndh

X 3111 o] & ek MCS A=A 4 o nvlm

A=A [ 1.42857 1.42813

3928 P 0.07656 007663
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MONTE CARLO SOLUTION

3AMPLE SIZE, K=1000000

NUHNBER OF RAWNDOM VARIABLE3, N= 3

Value of Z0 = .0ooa

RANDOM VARIAEBLES

VARIAELE DISTRIBUTION HEAN (MED IAN) 3TD DEV(C.0O.V.}
X( 1)=R NORMAL . 30000E+02 .3000CE+01
X[ 21=0D HORMAL . 15000E+02 .15000E+01
Z[ 3)1=QL NORMAL . 10000E+0Z . 10000E+01

#F G-FUNCTICN USED IN MCS AWALYSIZ %%
GE = Z(1)—-(X(2)+£{3)}
# - Z0

STATISTICE OF ¥ :

ME LN = . S0042E+01
3TD DEV = .35047E+01
HELTAN = .40989E+01
Cov = . TO035E+D0

Hutber of Nggative T Values =76631
?erceﬁt of Trials (Probebhility of Failure] = 076831

Elapsed CPU Time (SEConds) = .32031E+01

a9 3.1.18 MCS AlgA a4 23
L}, MCS 7|t H&tAls AHE 1 Jidat
(1) MCS 7|8t Mt MH 71"
B Hol = MCS A3A siadde] 7] 2% X4 (calibration) - H S A A A
T ¢0E AMAsE W gt Vesdh 25 T/ FAAEH et o
) &

e FF AHAEE FHe) HsME A HALFE wEtok g I AR

+ AAFAE g7 AsiMe 7€ AAVIEELS hed AdEta AREAtel A



AEgA ) e T3 FE (AL
2 A@AF BAo] T3

B AToME AASHTO LRFD I #A A 7120044 133 st52% Case
I gk Alste QD) Eats(QL)S] =do s BAHE Z=dAZEd st

BAE L ARAFTE ARG 2HBR A R, AsE @) EIF
B

et

el me g & 97 WEd] REhHAS

g FAGEE T A B1L700F 2ol BET & it

—(Qp+ Q1) (3.1.70)

il

7 Iz _
AN, Ap=h, Ao, =gl Ao = g-oE ERE 5 ) wEel 4
T Dn In

(31700 T 4 (3.1.71)% 2.
9=AeR,— (Ag,@pn+ A0, @) (3.1.71)
A7, R, AZATE o] &sted 4 (3.1.72)9F Zo] TdHAL

A A
R = 0, @+ Ao G

(3.1.72)

wetA, HFEH o R MCSol 71x23 AdASF AR HEHE dANHETE
Al (3173)0.8 wHAT),

— 4+ )\QLj (3.1.73)
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)

A= Aol AutAo|tH(AASHTO, 2004). B |Fd A= sHAAE
‘/'F‘

3.173)0l A FERFE IE3E AANMSsE HEA

—~

#th 4 G179 BALHTFE AL AFAFE ARE7] dAAE ol
£ 30129 e 2AwEel meh RS ge o gdtd @e 2ASUA

.
2% FAFE(EE BE AHEA5)0] BEHE AGAST Qo2 AR w2
Mol NHFRY HPe Fhsts Aol Washh

_63_



Calibration of Resistance Factors

BOUMEIE S0l MOSE MBS0 [iso
PR Nines Hy

G Spanf 3088
oot SpiBiife 1R
R

ance Factors

tnee Fagtor

BH MRS Daale BBl Aoy

-—8— Span{3bi
-~ Span(gofy |3
— -4~ - Span{l50R)

i PDA BOR coastal concrete square pile
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el
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=
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o
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hutniciol iluiing ccccecoce SZggzsss CCCCccoce A LL

o MMM cc ccc  ss 83 cC ccc AR LL

M MM MM MM CC 55 cc Ad AR LL

MM MM MM MM CC 55553853 *** CC F.V% Ad LL

M M M cC a8 cc ALAAADADA LL

M n m cC CCoCc 88 &8 cc CCC  &ad AA LL
MMM Mo CCccccee SSSggEss CCCcCccoc AAR AdLk LLLLLLLL

Registance Factor Calibration Program Using Monte Carlo Simulation

CHONNMAM NATL. UNIVERSITY, DEPT. OF OCEAN CIVIL ENGINEERING
STRUCTURAL RELIABILITY AND SAFETY ENGINEERING LAB. COPRIGHT 2007

L e L L e L L L b s s R L]

FEE RESTISTANCE FACTOR CALIBRATION PROGRAM FEE
EEE BASED ON THE MONTE CARLO SIMULATION T
**# WITH A CLOSED FOPM OF LIMIT STATE FUNCTION ***
FEE Dewveloped by Jungwon Huh (VERSION 1.0) wEE

E e L e A o Ao L

RESISTANCE FACTOR CALIERATION USING MOHNTE CARLO SINULATION

SAMPLE SIEZEE, K= 1000000
NUMEER OF PANDOM VADIABLES, N= 2
Target Probability of Failure = | 0ZETL500

*** G-FUMCTION TTSED IN MCS ANALYSIS *+*
G = W{L)* (1. 2E*1 7241 78 /RF-({Mi{2)*1 T24H(3)}

RANDOM VARIABLES

WARIABLE DISTRIBUTION MELN {HEDIAM) STD DEW(C.CO.V. )

®i Li=R LOG - 10530E+01 . 88000E+00
i Z)y=0D LoaG .10448E+01 . 10000E+00
X{ 2)y=0L LoG .l11Z277E+01 LEZ0000E+00

j=============s======s=SSSS=SS=SSsSsss=sssSs==ssssssssssi

| Resistance | Probability of | Difference | Conment |

| FACTOR (BF} | Failure (POF) | TPOF-POF |

+

| .QO00E840 I -QEE4660 | |

| .00511z0 I _01763g0 | |

| .QZ0&550 [ .Q0z0L540 | |

| . 0487730 [ -_0z&0zz0a | |

| .0E&4300 | —-.0&37300 | |

| 1300300 I -.107&Zg00 | |

| L 1l7TEe0L0 | —-.1581510 | |

| JEZ2R9800 I ~-_Z04Z100 | |

| . 2758400 [ =-.2&203%00 | |

| _ZZ41460 I -_3013960 | |

| .3704440 I -.32475940 | |

| -4133710 ] —-_.3911z10 | |

+

I .0234550 | -.0007050 | I

| .DEESS40 | -.00Z8140 | |

| .0z78s70 | -.Qa05117?0 | |

| .030750Q0 | —-.0030100 | |

{ _0332320 | —.0105220 | |

i -0351720 | —-.0134230 | |

i 1390030 | -. 0162530 | {

{ Ladzzesn | ~.013E380 | |

i . 0455300, | -.0zzg400 | |

+

i JOEZ11e50 | .oolesso | i

i .NEL3Z30 | _ool4az70 | t

i -0Z15010 i .oolz490 | |

1 .0E1E7z0 | _O0L1ITED | 1

1 .0Z13540 | 0007280 | i

I .DZZz200 | . 0oo4s00 | |

I .DZE4700 { LQ00z300 | |

| COZE28130 | -.0000&830 | BF |

| . QZz88s0 {  -.0001380 | |

+

Elapsed CPU Time (SEConds) FEXEEEXEEL

ol Abat zro] sidt®El MCS 71¥r A@AF A AE3t z2ade AF5S 93
A PDA AEE A Za8E AMzE ZEY tiste] MCS 718 A& A A
Z2IWE ol gt AIAFE AAFHOH o]E MVFOSM WHe

e}
A& AS(E 3.1.8 Fa)et vl sty th(E 3.1.13). A" MCS 7]¥F A A 2F

24 A
kL

O R

ox



Zeage e AT tdatel 1,000,000 9 RAFEISE HEske]

~ Span(ft)

30 .

60 1.0 2.00 0.607 0.662 9.10%
90 1.5 2.00 0.590 0.646 0.449%
120 2.0 2.00 0.579 0.634 9.47%
150 2.5 2.00 0.571 0.626 9.61%
200 35 2.00 0.560 0.613 9.39%
250 4.3 2.00 0.555 0.606 9.25%

AZA7 E 31138 EY, MCS Az5A oz #Hiad AgAS: ol
MVFOSMe. 2 3|43t A&As groh o 8~10%A=E ZA AAHd RS o +
ATh BFF 7F TEFZEN PI ASFA TS Edlo] AdHEAr] EXFHE

@

T3 EASAAE 429 B olg wded u

vl
ol
i)
rot,
2L
o
=)
¥

2R F Sl& AoE Ars®Eth a2a MCS A3 el 7xste, & 3113
of AAE wE Aol 30, 90, 120%] Aol thEjA, EE ANHAEAF BrE

L5 A 3.07kA1¢] Wt mE AZdAT ¢& AAstel 17 31.21°0 HEFHAT

1.0 10
—8— Span(30ft)
M - - @~ - Span(90ft)
& — -0 - Span(150f¢) | 108
T o8
g0
B [
4
2
8
~—
w
‘% 06
G
27
04 L :
15 20 25 30

Targ.et Reliability Index
29 3121 B ANHEAFY Hgd mE ARAF (fr-9d%E)
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Aol HHste Avu A, 2488 2 A7ledE o dE A& AT A
25 TG e EFAFALAE(CERIO)S d55t%
BAUIARISS) & 3 6000 ©e =33 AFAEE AEI S A E 25

Lok
0
2
=
o
wn
<
L
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of

OMN—1.25MN—2.50MN—1.25MN—0MN

AAEZF 2 50%

OMN—2.50MN—3.75MN—5.000MN—3.75MN—
250MN—0OMN—Next Cycle

A A k52l 100%

OMN—2.50MN—5.00MN—6.256MN—7.50MN—6.25MN
—5.00MN—2.50MN—0MN—Next Cycle

A A EF2 150%

OMN—2.50MN—=5.00MN—7.50MN—8.75MN—
10.00MN—8.75MN—7 50MN-—->5.00MN—2.50MN—
OMN—Next Cycle

AABE 2 200%

OMN—2.50MN—5.00MN—7.50MN—10.00MN—
11.25MN—12 50MN—11.25MN—10.00MN—7 50MN—
5.00MN—2.50MN—0MN—Next Cycle

A 8tF2 250%

OMN—2.50MN—5.00MN—7.50MN—10.00MN—
12.50MN—13.75MN—15.00MN—13.70MN—12.50MN
—10.00MN—7.50MN—5.00MN—2.50MN—0MN—End

A A &5 300%

OMN—2.50MN—5.00MN—7.50MN—10.00MN—
12.50MN—15.00MN->16.25MN—17.50MN—15.00MN
—12.50MN—10.00MN—7.50MN—5.00MN—2.50MN—
OMN—Next Cycle

A A &2 350%

OMN—2.50MN—5.00MN—7.50MN—10.00MN—
12.50MN—15.00MN-—17.50MN—18.75MN—20.00MN
~18.75MN—17.50MN—15.00MN—12.50MN—
10.00MN—7.50MN—5.00MN—2.50MN—0MN—End

227

Y

AABE 2 400%
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Zol(m)
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7:12:00 9:35:00  12:00:00  M4:ZAG0 1B4BI00 1912300 20:35:00  ©°00°00 22500 44800
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SFAED N M
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95 el
MR A=
A &E(m) A5 AE= |SPTNA| A% |SPT N
0.0-05 FE2 15 50 9.0 35/30
- (EHAHE)
e 3.0 50 105 50
05-7.4 °
HEARY, 3A4) 45 25/30
74-16.5 3 6.0 25/30
75 25/30
615 (tont) = (tonf)
o 50 100 150 200 250 300 350 400 0.0 v 50 100 150 200 250 300 350 409
0 - 7 — -
**:*::;\g\ " . /{/ /,/_/
’ e I NS4 yard
o S \'\ 2.5 ,I/ f/i/ el
s ~— e I AN
f. S e, el II / [/
© W45 |-
a I / f on
2 t\ 7 :g o / Vi —r:zltto:f
\"_\ \ 6.0 1 lrl /////f e 150 tonf
. —i A o
75 |44 LLL 338 tonf
30 8.0
2Emy ss-MsF T4 stEdAE BE F3FHo FEXE
400 EY
50 - st
- {1
o Al . &
§ 200 rl & g 15 7 [
: S
R . ‘ =
100 as JJ
AT I R s 1
50
L L/ RIS e *al
2006-03-08  206-03-09 20060303 2060803 20060309 2006-G3-10  2006-03-10 2006-03-09  2006-03-09  2006-03-03  2006-03-09  2006-03-09  200603-10  2006-03-10
12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 0:00:00 2:24:00 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 0:00.00 2:24:00
A ZHmin) Al 2(min}
dEmy dF-At B4 SEve AeHF-A #A
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% 3210 495 AASAE 2 FaFA0] A A%
T2 ALAD L OFA AF
L P LA XY,
2 & AL S
)13;7;(,,2;:;“ %
g b N \ B(ATE "Qﬁf gyef"x
. S !nx:
i ] N
3 &
2] 78 (um) 406 A & A & &% (tonf) 600
2 o) (m) s kisn 8
5 A () AeEAS
A =(m) A& A SPT N A SPT NX|
0.0-1.2 xE 15 1/30 105 37/30
1.2-84 FE 6.0 9/30
8.4-26.8 SE 75 8/30
9.0 42/30
St Ctond) St&E{tonf)

s W 1 50 200 0 0 50 » ] 50 100 150 200 250 300 350 400
i A D aP s o)
i e R &7 A L (A at V
[ - ——— : 7 ' _[/ / /w

- ‘Z 77777777 & /_\/ ;’sz / / 37,5 tonf

5 = 5 o7 & J/ & ~—4—75 tonf

B o, %‘IJ //F ~—2 - 150 tonf
0 fo 6 I ; ihae 225 toONE

P —— ] Z 7 LS B1 tonf
»® g on
; s - * YT I e

\ ° " (5 4 "4 ~ & ~348 tonf
5 10 H
25my st5-AeEF A StEUAE BE FeFxo] EX L
400 A2
™ T aww hom vme sww  Cleew wew omer
é?ﬂﬂ 15
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e
A 72 (mm) 609 Al 8 A 8 515 (tonf) 1000
Zol(m) 57.1 Ele e 8E
] SPT SPT
A E(m) 2] &g A= N A& N
‘ 210 | 1/30 | 420 | 33/30
0.0-45 WS (2H2) 225 | 3/30 | 435 | 18/30
- 250 | 3/30 | 450 | 12/30
45-16.0 HH(ZH) 265 | 4/30 | 465 | 12/30
- 280 | 5/30 | 480 | 35/30
16.0-34.0 HAZS(HEZAAE) 285 | 7/30 | 495 | 50/30
31.0 | 7/30 | 51.0 | 50/20
34.0-40.0 A=) 325 | 7/30 | 525 | 36/30
330 | 6/30 | 540 | 14/30
40.0-42.0 HA2(HE) 34.0 50/25 55.5 15/30
370 | 25/30 | 57.0 | 17/30
. 385 | 23/30
_ A= =
42.0-576 HAZ(EY) 100 1T14/30
BtE(tont) 4B:r§5$;l;°"fs)nn 7em aon Q00 oo
o 00 200 300 200 500 600 700 800 900 1000 e L 4
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= ? e 5 i / 7/” N N I
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G g -3 @ 45 23Rl F¥IE
800 o ?J zo P{
- ol e
E 500 "‘Taﬁd ']' . © &1_% TJ T
m 400 ‘:‘ 80
.- iy LT e
. ol ” b g o
- o - o L
. u 100
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Gy s5-A17 A vy AstEE-A|7F B
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#3212 604 AAAE 2 2T Aol AE 2

Ard-399 &=

A % (m) A% A% | SPT N A= | SPT NX
0-0.8 AGE 15 5/30 9.0 50/21
0.8-5.6 FHAE 3.0 4/30 105 50/19
5.6-13.0 FHRAFRE 45 7/30 12.0 50/17
13.0-20.0 R 6.0 30/30 135 50/7
75 48/30
55ttonf . 0 wo o 20 ﬁ'i;o"” oo o w0 o w0

== (17/7 7
ol = e j ////{z/ ‘ ’7‘{/
N (1777 =

~ 6 5
£® ’ £ 5 —-94.0
% b \ g If? ff /{ // / —--125.0
05-‘ 5 S T g o 1560

]
~#~168.0
i‘( /d/ // ~-219.0
7 7 ——250.0
;1;/’// ~%-281.0
’ = ”/ ~~313.0

L7

20 2 YN S ed ~0-344.0
——375.0
45 14
T = 2] =] =] == ICc e e =Ry
HEwE 3tF - H3F EA sEaAE TR FiFdo £EEXE
400 AlZtime)
2006-11-07 2006-11-07 2006-11-08 2006-11-08 2006-11-08 2006-11-08
350 } 7 14:24:00 19:12:00 0:00:00 4:48:00 9:36:00 14:24:00
ook 0 :
300 ;
r | : % Y
250
T . LAk
= 0
% 20 2 AT o -
150 E g
r; E 20
100 fﬁ L? vl . l {
50 Yoy “[
A .
: Loy
2006-11-07  2006-11-07  2006-11-08  2006-11-08  2006-11-08  2008-11-08 35
14:24:00 18:12:00 0:00:00 4:48:00 9:36:00 14:24:00 ‘%;gf
A ZHttime) a0
=4 s = e 1 =
gEmE stF - AT #A gEuy JaF - AT #A
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#3213 A AASAE R ST A AF A

500
8%

zejd A

A = (m) A3 A= SPT NX|
0-7.25 LS 55 14/30
7.25-14.4 HAF(HEARY) 11.0 19/30
14.4-24.25 HH=(EYgHdHAE) 19.0 19/30
24.25-26.4 HAS(EIEAFEE) 25.0 31/30
26.4-32.25 HAZ(RYPAAHE) 29.0 37/30
32.25~-33.0 EAS(EYAAE) 30.0 50
5HE(tonf) \ . o %%3((:"” - w o
0 100 200 300 400 500 600 0 :
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peCt 1 i o 2
T [ %"‘A"L s {//?5’{ ;// e /;/ ;
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P
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200
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&

100 |-
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14:24:00 19:12:00 0:00:00 4:48:00 9:36:00 14:24:00
AlZt(tine) 25
g5 sF - At B Ty HskE - AL #A

__87__



21 73 (mm) 508 A1 8 A 8 315 (tonf)

4 o] (m)
A7) () | ___
NEm) | AR || AF9 | Ax | T | A= | UL |22 | U,
_ TEE _ EEE

0010 | (599541751804 148 )| 15 |11/50] 180 |30/30 | 345 | 26/50
1060 | o338 4 [150-230] 4 0 B g | 220 |16/ | 105 [4080] 360 | 4050
o E Sas | 265 | 5/30 | 210 | 46/30 | 375 | 26/30
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T-1 508 5292 5125 4537 5292 - - 5062
T-2 508 1529 1666 1813 1530 1931 1480 1658
T-3-1 609 2254 2234 2176 2499 2744 2342 2375
T-3-2 508 1470 1578 1323 1764 2058 1597 1632
T-3-3 609 2087 2558 2450 2646 - 2215 2391
T-4 508 2352 2205 2146 - - 2381 2271
T-5 508 960 960 882 1568 - 1058 1086
T-6-1 609 1911 1823 1666 2019 2519 2078 2003
T-6-2 609 3332 3332 2793 2881 3900 3489 3288
T-7 508 2205 2136 2087 2666 - 2303 2280
T-8-1 508 - 3489 - 4116 - - 3802
T-8-2 711 2646 2205 - - - 3058 2636
T-8-3 508 4998 5547 - 5782 - 5459 5446
T-8-4 406 2597 - - - - 2862 2729
T-9 609 1264 2058 2744 2156 3038 1539 2133
T-10-1 813 6086 - - 5243 - 6625 5985
T-10-2 508 16092 16092 16092 | 15494 - 16092 15972
T-11 406 - 1568 - - - ~ 1568
T-12 508 2528 2254 1695 2450 - 2568 2299
R-1" 508 4018 3724 2940 3263 3920 4067 3655
R-2" 508 6341 6439 6003 5243 6419 6488 6155
R-3-1" 609 5145 5655 4018 3871 5098 5596 5047
R-3-2" 508 3038 3381 - 3038 3920 3410 3357
R-3-3" 609 6664 6292 - 4900 7281 6839 6405
R-4-1 609 7311 7644 8095 7448 - 7840 7668
R-4-2 609 7203 6997 6272 6566 - 7678 6943
R-4-3 609 7399 7605 6047 5321 8291 7948 7102
R-5-1" 609 7056 6723 6125 4116 7507 7869 6566
R-5-2" 609 4802 6272 5934 3136 4998 6448 5265
R-6-1" 609 6860 6135 6321 5135 8232 7291 6662
R-6-2" 609 4929 4959 4900 4332 6938 5488 5258
R-7 508 1323 1240 1225 1352 1470 1343 1326
R-8" 609 3538 3994 3984 2254 3812 3704 3548
R-9” 508 4880 4969 4508 4508 - 4802 4733

WA B R, R-ASA R TA, J-HEDTEE

A
4
" GRS B sel 29T 4G4 Be AR

- 107 -



R-10" 508 2960 3018 2646 3283 - 2607 2903
R-11" 406 3156 3185 2842 3234 - 3028 3089
R-12" 609 7585 7389 6272 5517 7771 7703 6987
R-13-1 508 1558 1851 - - - 1725 1711
R-13-2 508 1999 1777 - - - - 1888
R-14-1 406 1377 - 1211 - - 1453 1347
R-14-2 508 1397 1427 - - - 1515 1446
R-15 508 1264 1132 758 - - 1362 1129
R-16 508 1294 825 - - - 1440 1186
R-17-1 508 1166 1063 - - - 1274 1167
R-17-2 508 1548 1184 - - - 1651 1461
R-17-3 508 2332 1989 - - - 2512 2278
R-18 508 1303 1367 1128 - - 1385 1296
R-197 508 3009 3117 1977 3291 - 3136 2906
R-20" 508 5586 4697 4594 - - - 4959
R-21" 508 4145 3820 3352 3432 3432 4240 3754
R-22" 508 6370 - 3538 - - - - 4954
R-23" 813 5439 4645 4606 4606 - 5635 4986
R-24" 406 750 747 744 766 786 753 758
R-25"" 406 630 994 928 1083 1229 785 941
R-26" 406 1325 1292 1261 1335 - 1325 1308
R-27" 508 805 848 801 875 916 813 343
J-1-1 508 2323 2254 2156 2499 2862 2421 2419
J-1-2 508 2038 1960 1744 2205 2614 2107 2111
J-1-3 508 2185 2313 1852 2577 - 2450 2276
J-2-1 508 4243 3920 - 3744 - 4371 4070
J-2-2 508 49500 4459 - 3949 - 4920 4557
J-2-3 508 - 3557 2597 3920 - - 2519

J-3 406 2891 2254 - - - - 2573
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HAE O HHS ¢, = KN Stroud(1974)

A= (c,)

¢, = 29N°7 Hara $(1971)

K = 442(35~65kPa : BT 4.4kPa)

T-1 Sials 50/5 | 18.1-20.0 | 23.0 44 N/A -1.5mo]

T-2 HAE 27 181-20.1 | 201 38 N/A -1.5mo]
T-3-1 ([ AHEE | 26 181 181 38 N/A ~1.5me]
T-3-2 | ¥3& 26 20.1 20.1 38 N/A -6.4m
T-3-3 | AHEE | 43 181 18.1 40 N/A -1.5mo]

T-4 FIE 31 181 20.1 39 N/A -2.2m

T-5 Sy 50/2 181 20.0 44 N/A -1.5mo]
T-6-1 HAE 10 181-22.1 | 186 N/A 146.7 ~1.5mol
T-6-2 | AFHE | 50/15 | 181-22.1 | 201 44 163.0 -1.5me]

T-7 A E 32 194-22.1 } 221 40 N/A ~1.5mo})

T-9 A E 37 186 20.1 41 259.7 -3.4m
T-10-1 | A E 4 16.7-186 | 186 N/A 78.7-924 | -1.5mo]y
T-10-2 | <%k 1 50/13 | 181-20 | 20.0 44 N/A -1.5me]

T-12 | AHEE | 50/10+ 22.1 22.1 44 N/A -1.5me]

fAdAG g stel £dE A¥Agol 2L AR
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i# 3.2.37

A9

3
:
| ox

21 (A 4)

R-1" | A2 E | 50/14 | 18.1-20.1 | 20.1 44 92.4 -3.2m
R-2° | AZE | 11 |181-186 | 181 31 29.0 -1.5mo]
R-3-1" | A= 13 | 181-186 | 186 N/A 29.0-183.8 -3.0m
R-3-2° | &b | 50/10- | 181-20.1 | 245 44 787 -4.1m
R-3-3" | <&uF | 50/10- | 181-22.1 | 245 44 78.7
R-4-1 | &9 | 50/2 | 18.1-221 | 200 44 715 -1.5mo]
R-4-2 | ot | 50/3 | 181-22.1 | 20.0 44 N/A -1.5me]j
R-4-3 | it | 50/6 | 18.1-22.1 | 20.0 44 1054 -1.7m
R-5-1" | Al E | 27 | 181-186 | 181 38 47.8-78.7 -1.7m
R-5-2" | AFAE | 50/4 | 181-22.1 | 221 44 64.0 -1.7m
R-6-1" | AHHE | 46 181-23 | 221 43 N/A -1.5me] i
R-6-2" | AF2E | 37 |181-221 | 221 41 64.0 -1.5me]
R-7 HE 25 | 18.1-20.1 | 186 N/A 141.1-294.4 | -15mo]W
R-8° | AMEE | 32 |181-221 | 201 40 29.0 -4.0m
R-9" HE 5 | 181-186 | 186 N/A 88.2 -45m
R-10" | $8E | 44 20.1 20.1 39 N/A -19m
R-11" | 385 | 47 |181-186| 20.1 42 21.6 -1.5mo] ]
R-12° | AH2E | 17 |181-186 | 181 34 78.7-223.0 -2.8m
R-13-1 | & | 50/22 20.1 20.1 44 N/A -5.2m
R-13-2 | F3& | 50/22 | 18.1-20.1 | 20.1 44 N/A -5.8m
R-14-1 | F8E& | 50/21 | 181-20.1 | 20.1 44 N/A -1.5me]
R-14-2 | ¥3& | 50/21 | 181-20.1 | 20.1 44 N/A -1.5mo] i
R-15 | F8%& | 50/15 | 181-22.1 | 221 44 N/A -1.5me]j
R-16 |AHdE | 12 |181-186 | 181 32 85.7 ~5.5m
R-17-1 | 35 | 50/30 | 18.1-22.1 | 22.1 44 N/A -6.1m
R-17-2 | E8E | 47 |181-201 | 20.1 44 N/A -4.5m
R-17-3 | T8 & | 44 |181-196 | 20.1 43 N/A -45m
R-18 ehak | 50/20 | 181-20.1 | 25.0 44 N/A -5.0m
A7 B ol 48 A=Y B Az
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E 3237 At EAX(AE)

R-19° | F3E | 50/10+ | 18.1-20.1 | 20.1 44 N/A -1.5mo|
R-20" | AMAE | 50/29 | 181-19.4 | 221 44 240.7-388.1 | -1.5mo]H
R-21" | AFEE | 50/14 | 181-22.1 | 221 44 349.0 -1.5mo]
R-22° | AMHE | 50/16 | 181-21.1 | 20.1 44 193.9-442.3 -3.0m
R-23 |A4E | 50 |167-181 ] 20.1 41 N/A -1.5me) i
R-24" | AE 4 |16.7-194 | 167 N/A 47.8-78.7 -3.7m
R-25" | F3E | 50/19 | 16.7-18.1 | 20.1 36 N/A -6.0m
R-26" | FE 5 18.1 181 N/A 245-49.0 -3.8m
R-27" | AHEE | 15 16.7 18.1 32 186-113.7 | -1.5mo]
J-1-1 ket | 50/2 | 18.1-20.0 | 20.0 44 N/A -1.5me]
J-1-2 | g | 50/6 | 20.0-20.1 | 20.0 44 N/A -3.2m
J-1-3 | & | 50/10- | 20.0-20.1 | 20.0 44 N/A -9.5m
J-2-1 | HE |50/10+ | 181-186 | 186 44 141.1-4849 | -1.5mo) ]
J2-2 | BE |50/10+| 18.1-186 | 186 44 141.1-484.9 | -1.5meolu)
J-3 | AHHEE | 33 20.1 20.1 40 N/A ~1.5mo]

T 4AE B S s4E AP 2L AR

4
& A¥Ae Agsed 44 FeAAhe WAAADt. F 6349 A= F
3t

Davisson W (1972)2.2 FS3AAES &eldd = gle & 3379 FFHUAAF

NeE AT 577 A2E WGz aid.
57718 BE gl deld HE4dol =
= ddR NAEA A5E AT st

D a7 AT QRN A A )

N
kN
o
o
fl
o
¢ o
)
L)
=
o
lo
iat
it
%

50 71FEoZ A8E F /AR £/ ADF NA 507 HN<E)AEE 27
A, 50014 (N=50) Atg & 307HA T ol AollA A e AdH NX| 5071 + &F/F

(N<B0, N=50)9] dA S&AAH 444 23= & 3238 F 32399 2
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3 3238 AAH A IHN<E0)

T-2 27 1529 3569 3929
T-3-1 26 2204 3039 2691
T-3-2 26 1470 3016 1991
T-3-3 43 2087 2998 4314

T-4 31 2352 2231 1471
T-6-1 10 1911 1250 2417

T-7 32 2205 2621 2390

T-9 37 1264 5383 1789

T-10-1 4 6086 6129 2181

R-2 11 6341 1317 587
R-3-1 13 5145 2267 1575
R-5-1 27 7056 6288 4767
R-6-1 46 6360 0266 5797
R-6-2 37 4929 5779 1364

R-7 25 1323 1785 1702

R-8 32 3538 8613 7072

R-9 5 4850 1027 612
R-10 44 2960 3565 2140
R-11 47 3156 1693 635
R-12" 17 7585 0416 3467

R-16 12 1294 966 274
R-17-2 47 1548 3186 1607
R-17-3 44 2332 2740 748
R-24" 4 750 1299 541
R-26 5 1325 1456 525
R-27 15 805 1194 1265

J-3 33 2891 1657 1641

T AAR By gl +38 440 e A8
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3 3239 XA F A4 2dH(N=50)

T-1 50/5 5202 3693 1513

T-5 50/2 960 1897 608
T-6-2 50/15 3332 6683 4471
T-10-2 | 50/13 16092 3153 5078
T-12 50/10+ 2528 4333 6541

R-1 50/14 4018 5425 4158
R-3-2 | 50/10- 3038 4933 869
R-3-3 | 50/10- 6664 6106 2362
R-4-1 50/2 7311 5378 1600
R-4-2 50/3 7203 6401 6545
R-4-3 50/6 7399 6756 2478
R-5-2 50/4 4802 8160 7893
R-13-1 | 50/22 1558 3665 2027
R-13-2 | 50/22 1999 3800 1875
R-14-1 50/21 1377 1438 2334
R-14-2 | 50/21 1397 1875 2129
R-15 50/15 1264 3355 4459
R-17-1 | 50/30 1166 3569 784
R-18" 50/20 1303 3230 656
R-19" 50/10+ 3009 2900 4038
R-20° 50/29 5586 7019 2607
R-21" 50/14 4145 4923 6240
R-22° 50/16 6370 6776 5054
R-23° 50 5439 7546 5084
R-25" 50/19 630 1038 696
J-1-1 50/2 2323 3848 3791
J-1-2 50/6 2038 4987 3683
7-1-3 50/10- 2185 6221 4436
J-2-1 50/10+ 4243 6795 5920
J-2-2 50/10+ 4900 6795 5920
@A B o £38 4P4o] L A=

1Y 3215~29 3216 B AXFEHHL NAE o] &8 2348 A&
=

3o} A dEol A 3R A EFH Davisson HHE(1972)0.2 AAE =A
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#3247 BEAMRO] o9E @

A=k 1100-350
S1-1~2 | 22 | 23 TR 400 | 9-10 | EA
pressuremeter 0
pressuremeter,
S2 1& T3 400 7.6 440
| e i 1=
S3-1~3 3 3 N 500 5 Z 3 & | 510-900
2 x
S4 12 T3 - 1500 | 494 = ¥ 24000
=0
S5-1 1& g - 1500 25 i 10000
3o
S5-2 18 - - 1500 25 10000
Ao
S6 12 T3 - 1500 | 1292 | AN 8000
S7 1& - - 1500 | 105 13340
Ao
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pressuremeter

400

WR2

d5U4=,

pressuremeter

1500

WR3-1~56

(Q:'Z'T?:]L‘?ﬁ:y

pressuremeter

1000

13.5-1

WR4-1~6

pressuremeter,

ki

400

10-18

WR5-1

1500

27.8

WR5-2

1500

21.4

WR6

AW A E(UU)

1500

33

WR7

PEDE S5

pressuremeter

1000

32

WRS

1500

46

WR9

1500

64.3

WR10-1~

1650

39.26
30.5

WRI11-1~

1200

27-29

WRI12

Nx|,PMT A ¥

1500

44

WRI13

1500

182

WR14

o
oot

>~ >

1000

33.51

WRI15
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Sl

> of

£ =] 4
fm 2 |
% o

>

1500

26

WRI16

1000

34.79

WRI17

1500

22.08

WR18~21

200

1.75
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o 24, |
SR1-12 | 28 | 23 dEg&=ZT | 1000 i, Aok | 14000 x
SR2 12 | 23 - 1500 | 47.85 | <ok | 12249 x
SR3 12 | %3 - 1500 | 259 | 4% | 15600 x
30.35, 14050,
SR4-12 | 28 | 23 - 1500 oot x
28.14 13960
SR5 18 - - 1200 | 32.35 | A<k | 10400 x
SR6 12 - - 1500 | 2453 | <k | 13200 x
SR7 12 | 43 - 1800 | 14 | <9 | 26400 x
SRS 15 - - 1500 | 26.28 | <1eF | 12200 X
SR9 15 - - 1500 | 1157 | 4 | 12000 x
SR10 | 12 - - 1500 | 16.17 | €k | 12500 x
SR11 12 - - 1500 | 41 | 9% | 12500 x
SR12 | 1B - - 1500 | 1062 | A<k | 8000 x
2948 11000
SR13-1,2 | 2& - TCR, RQD 1500 Aok x
27.34 12000
SR14 | 1% | <3 - 1800 | 197 | 2k | 18600 o
SRI5 | 18 | %3 - 1500 | 197 |RE<H| 14000 Cx
SR16 | 1& - A A 1500 | 32.34 |7]19v<H| 10000 x
SR17 | 1& - - 1500 | 145 | 9 | 15000 x
SRI8 | 12 - - 1500 | 34 | <ok | 19600 x
SR19 | 1® | %3 - 1500 | 234 | <9k | 14000 x
SR20-1 | 12 | <3 - 1200 | 2797 | <4<+ | 6000 x
SR20-2 | 1% | +3 - 1200 | 2253 | 4 | 6000 x
SR20-3 | 12 | <3 - 1200 | 244 | <k | 6000 x
SR20-4 | 1E | %3 - 1200 | 366 | 9 | 6000 x
SR21 12| <=3 - 1200 | 1357 | A< | 12000 0
SR22 | 1= - - 1200 | 19.2 | <1¢F | 18000 x
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B FHWA 5% "% (O'Neill and Reese, 1999)

1= Z ¥ A (plunging) &

fite)
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1200

900
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3 3251 AsA A 3 FRAAH A 23

1 850 860 790
2 0.4 900 1500 1700 900 1250
WR-1 | 3 0.4 1200 1500 1750 1250 1425
4 0.4 2600 2900 3200 %650 | 2838
5 0.4 2440" 2530" 2600° 2460" 2508 -
WR-2 | 6 15 42930" 41610° 27580° | 36430° | 37138
7 1 24640" 24140° 16700 17310° | 20698
8 1 18800 19380° 12000 10600 | 15170
WR-3 | 9 1 16520° 17130° 13000 12500 | 14788
10 1 25900" 25390" 18500 19160° | 22238
11 1 37480" 33490° 21330° 95540 | 29460
12 0.4 2100 2300 9550 2100 2263
13 0.4 1650 2000 2150 1650 1863
Wi |24 0.4 600 950 1050 600 800
15 0.4 750 1000 1100 750 900
16 0.4 2200 2500 2950 9250 2475
17 0.4 3030° 2900 3100° 3070° 3025
18 0.4 540 900 980 570 748
wis L9 0.4 390 710 850 40 | 590
20 0.2 120 190 500 160 243
21 0.2 550 740 970 720 745
CASH g4 o ANE %

& onjo) 3, Keypdkol 10RT Fowm
= omjoln}.
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°ol, FHWA 5% (19993 A
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1™, Kox #te] 1.0Rth
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nE

b

o= A
Aol 2

etk F 7FA w9 Fo) A Davisson o] ASCE #Hgel B8] Ay 3t

©

PN
T

25.4mm

L 10XRT A B

1
%

o Kgx

H(1997)

H}

=
2N

AX

0]

ol __/r:
7 ASCE

(1972)

=2
1=}

3.2.52¢0 A
Kgy %ol 1.0RT

H

A
It

!

T

—ql_

o m%
(1967)
Dévisson

el

e

Aol = Davisson B (1972)&

H
Lo

2 8o

™

5}

I9)

Carter and Kulhawy &

0.49
0.78
0.99

gto] el de A8

2.02
1.33
1.28
1.52
o

0.29
0.24
0.11
0.16
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0.94
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21(1988), AASHTO &21(1996), FHWA =¥(1999)2] A 71x] F43 FEFHYA
Heo] N o] 83t Meyerhof B (1976)3 uldA IGM =¥ (1999)¢) F 714
F 239 A
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@ Carter and Kulhawy (1988)

1) FHekEE

Carter and Kulhawy(1983)+ Rowe and Armitage(1984)¢] 7o ZA3Fe] o}
e 24 (32.13)& Attt

q 0.5
fmax = ]-421) a( P “ ) (fc = qu) (32133)
=0.05 %, (f, < q,) (3.2.13b)
A71A, p,e 71, ¢ & Y dEYEAE, T ZAYE dEYSAE

Rowe and Armitage (1987)% 7 _ & AAA 454523 %=(¢,)8 H71G(p.)ol
A= Ad tis] LAo] w3 (smooth) 7 -$o= 063L, A (rough) 3%
o= 192 A¢rstgct. o] 2342 ulg o2 Carter and Kulhawy (1988)= &k

2 1428 AgsArh A4S FAF el AT HEo] stestw st AsA
S EAAY F3hE Gete] diste] AHEE AS-ole £ 32539 F 32540 A4
" BARAF(y, 1f)E AEstolor T

EH
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& 3253 RQDe A% g, /E B7F (Carter and Kulhawy, 1988)

100 1.00 0.60
70 0.70 0.10
50 0.15 0.10
20 0.05 0.05

1.0 1.0
0.5 0.8
0.3 0.7
0.1 0.55
0.05 0.45

E_.. mass modulus of elasticity of the IGM mass
E;: average Young's modulus of intact IGM cores

v) AR A H
Carter and Kulhawy(1988) Hoek(1983)¢] A+E ulg o2 Ayl dgd <&
AA FAetHTE] vy AAHE By-Hor FGrlstes 4 32148 2L W

e AtsAan.

0w =[5 05+ (s 05+8) 05]g (3.2.14)
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o2 |4 717 3mo| kel A Mgt 100 | 500 | " |38 4350 52|61
o dE7kE  09-3molw, Aol %
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T lzgme 9x e
A 74 09-3mels Aadol 75
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Geomechanics Rock Mass Rating System - Bieniawski(1989)

» Norwegian Geotechnical Institute Rock Mass Classification System, Barton(1974)

Rock Quality Designation
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EZulolE 700-6500 4800-45000
Z agy 234 o
A A% Ad Bt Skl 500-6000 3500-42000
o 2] 4 800-5000 5500-35000
TAHEY 600-3000 4200-21000
HESH 30-170 200-1200
o] 8] ¢t 1000-4000 7600-28000
B HEAS Zake ey 500-5000 3500-35000
m] A9t 200-2500 1400-17000
Aa” 150-740 1000-5100
qa 3000-4400 21000~30000
=y 700-4600 4800-32000
74 AAT ot o
A - _
C wols b A oA Fet 1400-3600 9700-25000
T 1300-8000 9000-55000
APAe Bt Hsaisls 2100-3800 14000-26000
D
2A3d 44 3 =9 450-12000 3100-83000
A 2500-5800 17000-40000
ElgE=Cly 2600-6500 18000~-45000
Hult 500-6500 3500-45000
zYA9 YT -
E AN 317t 300-7000 2100~-49000
A otel 2AA 44
M ES 200-2100 1400-14000
He 200-3000 1400~21000
A 3800-9000 26000-62000
U tpepal zAbe] o3 HuE A2GEPE ghe] W9
Pod Ade TIHA G

@ FHWA (1999)

) Fenze

FHWA((1999) el = At

and Kenney (1979)¢] #3¢

of ¢re) FHmEHE A

k)

Aohe

FHF 28 A= Adel WE Hovath
Aol v1Rbete} vhEel 4 (32.18)& AHE3)
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S e =O.65pd( “) £0.65pa( pc) -Hovath & Kenney (1979)- (3.2.18)
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shubell thste] Ab&=E H$ Carter and Kulhawy(1988)9 EdstA 7Ha
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w) AexA Y

FHWA(1999) ®¥delr= 2ol osf Hert ZAHIAAY dee grEo]
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q mex =3K 40q ,, —Canadian Foundation Engineering Manual- (3.2.19)
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Carter and Kulhawy #2]3 AASHTO ¥4d 23 AAHR & k& e

W, EEBYAE NS o] &3 FA A= Meyerhof T2 ¢ &5 xjxgo] ulH

gote] AZ2®E F8AAY ge FHWA 28e A
FAAE gol w8 HaBreE

=
—L
-
225% 0¥ 32262 77 dSUSAES FFBUANE N#tE o &%
(o3 ]

=

Aotk 2N AstAIE R dojW FEAAH et £25% AAHE e

AdE =AM 2-AA & 5 A%l AAFEY SIAANY S F

850 N.AY

1
2 900 1040
WR-1 3 1200 910
4 2440 1320
5 2600 1460
WR-2 6 42930 25480
7 24640 7090
8 16520 4380
WR-3 9 18300 4580
10 25900 6600
11 37480 6620
12 2100 N.A
13 1650 NA
14 600 N.A
WR-4
15 750 N.A
16 3030 N.A
17 2200 N.A

U grel 1 FHEAAY RQD #e) 0
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1 850 640
2 900 920
WR-1 3 1200 640
4 2440 710
5) 2600 690
WR-2 6 42930 14090
7 24640 4040
8 16520 3960
WR-3 9 18800 4000
10 25900 3930
11 37480 17850
12 2100 970
13 1650 750
WR-4 14 600 750
15 750 750
16 3030 1060
17 2200 900
18 120 180
WR-5 19 540 630
20 550 180
21 390 610
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1 850 N.AY
2 900 5160
WR-1 3 1200 3560
4 2440 3870
5 2600 4050
WR-2 6 42930 65330
7 24640 18300
8 16520 17910
WR-3 9 18800 18060
10 25900 17940
11 37480 17940
12 2100 N.A
13 1650 N.A
W 14 600 N.A
15 750 N.A
16 3030 N.A
17 2200 N.A
18 120 N.A
WES 19 540 N.A
20 550 N.A
21 390 N.A

U gto] ¢ FEHAAY RQD #ol 0
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¥ 3.2.62 Meyerhof(1976) &2 o2 AHA 3 A A

1 850 970
2 900 960
WR-1 3 1200 970
4 2440 1010
5 2600 990
WR-2 6 42930 14430
7 24640 6250
8 16520 6200
WR-3 9 18800 6220
10 25900 6190
11 37480 6160
12 2100 1320
13 1650 1130
WR 14 600 1130
15 750 1130
16 3030 1510
17 2200 1320
18 120 N.AY
W 19 540 N.A:
20 550 N.A
21 390 N.AY

Y ANEAL B3ATE gl
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. A48 3 &N
o AEHEE ©
| AASHTO | FHWA | A
1
2 900 1040 920 5160 960 390
WR-1| 3 1200 910 640 3560 970 490
4 2440 1320 710 3870 1010 730
5 2600 1460 690 4050 990 600
WR-2| 6 42930 25480 14090 65330 14430 12560
7 24640 7090 4040 18300 6250 4220
8 16520 4380 3960 17910 6200 3900
WR-3| 9 18800 4580 4000 18060 6220 4000
10 25900 6600 3930 17940 6190 3790
11 37480 6620 17850 17940 6160 3580
12 2100 N.A 970 N.A 1320 2630
13 1650 N.A 750 N.A 1130 1440
14 600 N.A 750 N.A 1130 1440
WR-4
15 750 N.A 750 N.A 1130 1440
16 3030 N.A 1060 N.A 1510 3870
17 2200 N.A 900 N.A 1320 2650
18 120 N.A 180 N.A N.AY N.AY
WR-E 19 540 N.A 630 N.A N.Az N.A:
20 550 N.A 180 N.A N.A N.A
21 390 N.A 610 N.A N.AY N.AY
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T-1

508

3693

155 5292 1513 3.50 50/5
T-2 508 34.0 1529 3569 3929 0.43 0.39 HAE 27
T-3-1 610 117 2254 3039 2691 0.74 0.84 At E 26
T-3-2 508 96 1470 3016 1991 0.49 0.74 FIHE 26
T-3-3 610 74 2087 2998 4314 0.70 0.48 AHAE 43
T-4 508 7.3 2352 2231 1471 1.05 1.60 ZRE 31
T-5 508 6.5 960 1896.8 608.2 0.51 1.58 il 50/2
T-6-1 610 229 1911 1250 2417 1.53 0.79 HE 10
T-6-2 610 25.8 3332 6683 4471 0.50 0.75 AEE 50/15
T-7 508 7.3 2205 2621 2390 0.84 092 AAE 32
T-9 610 7.7 1264 5383 1789 0.23 0.71 A E 37
T-10-1 813 54.6 6086 6129 2181 0.99 2.79 qE 4
T-10-2 508 33.0 16092 3153 5078 5.10 3.17 Ll 50/13
T-12 508 28.0 2528 4333 6041 0.58 0.39 AHEE | 50/10+
R-1 208 330 4018 5425 4158 0.74 0.97 AMEAE 50/14
R-2 508 24.0 6341 1317 587 481 10.80 AEE 11
R-3-1 609 36.5 5145 2267 1575 227 3.27 AE 13
R-3-2 508 24.0 3038 4933 869 0.62 3.50 Sl 50/10-
R-3-3 610 30.0 6664 6106 2362 1.09 2.82 Qber 50/10-
R-4-1 609 131 7311 5378 1600 1.36 457 s 50/2
R-4-2 609 19.8 7203 6401 6545 1.13 1.10 Sils 50/3
R-4-3 609 30.3 7399 6756 2478 1.10 2.99 Eancly 50/6
R-5-1 610 424 7056 6288 4767 1.12 148 AHAE 27
R-5-2 610 374 4802 8160 7893 059 0.61 MEE 50/4
R-6-1 610 24.5 6860 5266 5797 1.30 118 AEE 46
R-6-2 610 23.3 4929 5779 1364 0.85 361 AEE 37
R-7 308 314 1323 1785 1702 0.74 0.78 IE 25
R-8 609 0.0 3338 8613 7072 0.41 0.50 A E 32
R-9 208 17.0 4880 1027 612 475 7.97 AE 5
R-10 508 9.5 2960 3565 2140 0.83 1.38 FIE 44
R-11 406 95 3156 1698 635 1.86 497 TIE 47
R-12 609 a7.1 7585 2416 3467 140 2.19 AEE 17
R-13-1 508 7.0 1558 3665 2027 0.43 0.77 THE 50/22
R-13-2 508 7.8 1999 3800 1875 053 1.07 THE 50/22
R-14-1 406 8.0 1377 1438 2334 0.96 0.59 IHE 50/21
R-14-2 508 6.8 1397 1875 2129 0.74 0.66 THE 50/21
R-15 508 11.9 1264 3355 4459 0.38 0.28 TIHE 50/15
R-16 208 6.9 1294 966 274 1.34 4.73 MNEE 12
R-17-1 508 6.0 1166 3569 784 0.33 1.49 THE 50/30
R-17-2 208 6.4 1548 3186 1607 0.49 0.96 285 47
R-17-3 508 5.0 2332 2740 748 0.85 3.12 23 E 44
R-18 o08 2.7 1303 3230 656 0.40 1.99 Lials 50/20
R-19 508 13.0 3009 2900 4038 1.04 0.75 FTIE | 50/10+
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¥ 331 &

| Pile Dimension
Test pile. -
- \Dialmm) |Length(m)
508 33.0
R-21 508 47.0
R-22 508 355
R-23 813 46.0
R-24 406 30
R-25 406 9
R-26 406 30
R-27 508 30
J-1-1 508 12.0 2323 3848 3791 0.60 0.61 tials 50/2
J-1-2 508 12.0 2038 4987 3688 041 0.55 &t 50/6
J-1-3 508 12.0 2185 6221 4436 0.35 0.49 Sials 50/10-
J-2-1 508 39.0 4243 6795 5920 0.62 0.72 AE 50/10+
J-2-2 508 39.0 4900 6795 5920 0.72 0.83 HAE 50/10+
J-3 406 95 2891 1657 1641 1.74 1.76 AtEE 33

2Reed AYASE AASD o, nF
7 7]ze) the NCHRP 507 AFAE Rep2se) 49 2ade 95 2ad
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Asg ARt (Paikowsky &, 2004).

F 570 AsAE Agl A dEH NAE 7EL

£ AAT B st FAY AP 7T 2370 AB M= AFHLA

T EAE AT ol ARY AT A T AT AHAY 24 € A
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T-1 | 50/5 5292 3693 1.43 1513 3.50
T-5 | 50/2 960 1897 0.51 608 1.58
T-6-2 | 50/15 3332 6683 0.50 4471 0.75
T-10-2| 50/13 16092 3153 5.10* 5078 3.17
T-12 | 50/10+ 2528 4333 0.58 6541 0.39
R-1 | 50/14 4018 5425 0.74 4158 0.97
R-3-2 | 50/10- 3038 4933 0.62 869 3.50
R-3-3 | 50/10- 6664 6106 1.09 2362 2.82
R-4-1| 50/2 7311 5378 1.36 1600 4.57*
R-4-2| 50/3 7203 6401 1.13 6545 1.10
R-4-3| 50/6 7399 6756 1.10 2478 2.99
R-5-2 | 50/4 4802 8160 0.59 7893 0.61
R-13-1} 50/22 1558 3665 0.43 2027 0.77
R-13-2| 50/22 1999 3800 0.53 1875 1.07
R-14-1| 50/21 1377 1438 0.96 2334 0.59
R-14-2| 50/21 1397 1875 0.74 2129 0.66
R-15 | 50/15 1264 3355 0.36 4459 0.28
R-17-1| 50/30 1166 3569 0.33 784 1.49
R-18 | 50/20 1303 3230 0.40 656 1.99
R-19 |50/10+ 3009 2900 1.04 4038 0.75
R-20 | 50/29 0586 7019 0.80 2607 2.14
R-21 | 50/14 4145 4923 0.84 6240 0.66
R-22 | 50/16 6370 6776 0.94 o054 1.26
R-23 50 5439 7546 0.72 5084 1.07
R-25 | 50/19 630 1038 0.61 696 0.91
J-1-1 | 50/2 2323 3848 0.60 3791 0.61
J-1-2 | 50/6 2038 4987 0.41 3688 0.55
J-1-3 | 50/10~ 2185 6221 0.35 4436 0.49
J-2-1 | 50/10+ 4243 6795 0.62 5920 0.72
J-2-2 | 50/10+ 4900 6795 0.72 5920 0.83
B T 0.872 1.425
ZFH 2 o) 0.851 1.130
A& A 5 (COV) 0.976 0.793
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0.7

0.6

405

4 04

403

1 02

Number of Pile-Cases

Probability Density functic

4 01

3% 334 NAE o838 3349 AFHPAs FEL=TSF (N=H0)

Ll

@) xzel M2lde 1y

rok

3 E

flfo

B AN Ay s3I 1439 AAEE 2TF

e F 3363 2o =Y olE Amd dtiElH AdH NA 507 2(1370), A
NA| 500131071 ¢] AEE /sty AJATFAT 4 SHANE A8 2=

¥ 337, ¥ 3.3.8°|th

R-2 11 6341 1317 4.81 587 10.80
R-3-1 13 5145 2267 2.27 1575 3.27
R-3-2 | 50/10- 3038 4933 0.62 369 3.50
R-3-3 | 50/10- 6664 6106 1.09 2362 2.82
R-5-1 27 7056 6288 112 4767 1.48
R-5-2 | 50/4 4802 8160 0.59 7893 0.61
R-6-1 46 6860 5266 1.30 5797 1.18
R-6-2 37 4929 5779 0.85 1364 3.61
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E 336 A ¢ AFAEL] AFHIFAT (AS)

R-8 32 3538 8613 0.41 7072 0.50
R-9 5] 4830 1027 475 612 7.97
R-10 44 2960 3565 0.83 2140 1.38
R-11 47 3156 1698 1.86 635 497
R-12 17 7585 5416 1.40 3467 2.19
R-19 | 50/10+ 3009 2900 1.04 4038 0.75
R-20 | 50/29 5086 7019 0.80 2607 2.14
R-21 | 50/14 4145 4923 0.84 6240 0.66
R-22 | 50/16 6370 6776 0.94 5054 1.26
R-23 50 5439 7546 0.72 5084 1.07
R-24 4 750 1299 0.58 541 1.39
R-25 | 50/19 630 1038 0.61 696 0.91
R-26 3 1325 1456 0.91 525 2.52
R-27 14 805 1194 : 0.67 1265 0.64

A AA T2 WAH B g A=A 2A AAE AE 44T
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of disjAl JA AFATFASFE BAsPer I AFGE { 3397 Y. EE o
F1478), AdH NX| 500]42070)9] #AE2E &

Tt AFHFASF TA EAXNE AT 2= F 3310, E 33113 Zoh

e
_>i,
i
=2
=
g{:l“
=
r,
e
~z
Z
oyl
S
X
rﬂ

T-2 27 1529 3569 0.43 3929 0.39
T-3-1| 26 2254 3039 0.74 2691 0.84
T-3-2] 26 1470 3016 0.49 1991 0.74
T-3-3| 43 2087 2998 0.70 4314 0.48
T-4 31 2352 2231 1.05 1471 1.60
T-5 | 50/2 960 1897 0.51 608 1.58
T-6-1] 10 1911 1250 1.53 2417 0.79
T-6-2 | 50/15 3332 6633 0.50 4471 0.75
T-7 32 2205 2621 0.84 2390 0.92
T-9 37 1264 5383 0.23 1789 0.71
T-10-1] 4 6086 6129 0.99 2181 2.79
T-10-2| 50/13 16092 3153 5.10 5078 3.17
T-12 |50/10+ 2528 4333 0.58 6541 0.39
R-4-1| 50/2 7311 5378 1.36 1600 457
R-4-2 | 50/3 7203 6401 113 6545 1.10
R-4-3 | 50/6 7399 6756 1.10 2478 2.99
R-7 25 1323 1785 0.74 1702 0.78
R-13-1| 50/22 15538 3665 0.43 2027 0.77
R-13-2| 50/22 1999 3800 0.53 1875 1.07
R-14-1| 50/21 1377 1438 0.96 2334 0.59
R-14-2| 50/21 1397 1875 0.74 2129 0.66
R-15 | 50/15 1264 3355 0.38 4459 0.28
R-16 12 1294 966 1.34 274 4.73
R-17-1] 50/30 1166 3569 0.33 784 1.49
R-17-2| 47 1548 3186 0.49 1607 0.96
R-17-3| 4 2332 2740 0.85 748 312
R-18 | 50/20 1303 3230 0.40 656 1.99
J-1-1 | 50/2 2323 3848 0.60 3791 0.61
J-1-2 | 50/6 2038 4987 0.41 3688 0.55
J-1-3 | 50/10- 2185 6221 0.35 4436 0.49
J-2-1 | 50/10+ 4243 6795 0.62 5920 0.72
J-2-2 | 50/10+ 4900 6795 0.72 5920 0.83

J-3 33 2891 1657 1.74 1641 1.76
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7 07
p = = =Normal
2 emm—] 0 g-normal §
o3 &
1
& g
A4 |
Gt 5]
5] A
g B
g =
= 2 -%
Z =]
e
1 A
0

Bias Factor (L)

79 338 AHHe] S5 ARE AT A=) NA FY
AGAGAS GEAERS

2™ 3379 29 3382 Aol ¢ ARE ALY AEY AFAFASF

YEFrolch ALy AAYTYA N 484 5F AgAPA5e] ¥

AsAE Y SFAAE L BFAQd AAE AP FFo ZHIT AIES
UEldlE Davisson TH1972)E V|Eo2 Frstge. a2dm, 2k A g zA 3
UZ4E AEE ol&ste PHH ZEHYAYE NFE o &3= F 71X 73

L 3
AN AFAGAS BAL AAstgth A4 A2t HEHE AEA
%

¥ 33102 4o AdEUEAEE o] &3l AAT =X XH I Davisson WH
(1972)° 93 SAHAAHE vlwsted A HAFASFLE AN AAE ®HoFr,

0

£ 33109 YElG vled Zo] Carter and Kulhawy(1988) &4 A9 #3384
£ FAL 284 BEAX}E 155, AASHTO(19%) T A ANFHITAS

Lo
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PFe 222, EFHUAE 126, 281 FHWA ®'H(1999)9 2% AgHAGFA S
FE2 080, FEHAE 0438 YEHAT. wekA Carter and Kulhawy 343
AASHTO ¥4 FHWA #WH 7 vluste A Y& B4 oz PJrpsts HAL
2 Agde Rylo 29 339~74 33118 ASYEPEE o fatd I8 A
He A A9 Uit AFAIFASF 2EIRY FELETF BXE UE
S1=8 |

1.33

1 850 . N.A 640 N.A
2 900 1040 0.87 920 0.98 5160 0.17
WR-1 3 1200 910 . 132 640 1.88 3560 0.34
4 2440 1320 1.85 710 3.44 3870 0.63
5 2600 1460 1.78 690 3.77 4050 0.64
WR-2 6 42930 25480 1.68 14090 3.05 65330 0.66
7 24640 7090 3.48 4040 6.10# 18300 1.35
8 16520 4380 3.7 3960 417 17910 0.92
WR-3 9 18800 4580 4.10 4000 4.70 18060 1.04
10 25900 6600 3.92 3930 6.50# 17940 1.44
11 37480 6620 566 17850 2.10 17940 2.09%
12 2100 N.A N.A 970 2.16 N.A N.A
13 1650 N.A N.A 750 2.20 N.A N.A
WR-4 14 600 N.A NA 750 0.80 N.A NA
15 750 N.A N.A 750 1.00 N.A N.A
16 3030 N.A N.A 1060 2.86 N.A N.A
17 2200 N.A N.A 900 2.44 N.A N.A
18 120 N.A N.A 180 0.67 N.A N.A
WR-5 19 540 N.A N.A 630 0.86 N.A N.A
20 550 N.A N.A 180 3.06 N.A N.A
21 390 N.A N.A 610 0.64 N.A N.A
B 2.84 2.22 0.80
FFHA 1.55 1.26 0.43
HEA T 0.55 057 0.54

Vogtel ¢ FHHAAY RQD #ol 0
=2}

*: (u#20) B9 wre B4 o4
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Frequency
N

0
RSP G T S S R ST TN S 3
Bias Factor (A)
3% 3.3.9 Carter and Kulhawy (1988) &2 o2 AA3 A 3tH

Frequency
]

SIPCIC I IR TR 2 S A S

= Normal

= = Log-normal

LRI S )

Bias Factor (\)

2% 3310 AASHTO (1996)F 2 0.2 A A3 Ao &

Frequency
n

0 02040608 1 12141618 2 22242628 3 32343638 4
Bias Factor (A)

¥ 3311 FHWA (1999)%3 o2 A4
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F
w
w
o
fr
ol
foke
UO
r
jind
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rﬂ,
T

AUEd dis) 2ERUANE Ngks °] 88
23} Davisson HH(1972)d &3 2AXAFE vw|wde 3
HEATZ 243 295 RAFEh & 33139 vehd viel 2ol Meyerhof 32

(1976)9] 7% AFHIFAce HFEL 205 ZEHAAE 112, HHEA IGM F4
(1999)9] A% AdAFAF] FT& 246, EFAXE 1745 Yt upebA
B84 IGM &42 Meyerhof &3 Wl@st] A HE FAHPrsts AX7L &

o AAE Ngte ol &3t 4

1 850 970 0.88 450 1.89
2 900 960 0.94 390 2.31
WR-1| 3 1200 970 1.24 490 2.45
4 2440 1010 257 730 3.56
5 2600 990 2.46 600 407
WR-2| 6 42930 14430 2.98 12560 3.42
7 24640 6250 3.94 4220 5.84
8 16520 6200 2.66 3900 424
WR-3| 9 18300 6220 3.02 4000 470
10 25900 6190 4.18 3790 6.83%
11 37480 6160 6.08% 3580 10.47+
12 2100 1320 159 2630 0.80
13 1650 1130 1.46 1440 115
WR-4 |14 600 1130 0.53 1440 0.42
15 750 1130 0.66 1440 052
16 3030 1510 2.01 3870 0.78
17 2200 1320 1.67 2650 0.83
18 120 N.AY N.A N.AY N.A
WR-s |19 540 N.A” N.A N.A" N.A
20 550 N.AY N.A N.AY N.A
21 390 N.AY N.A N.AY N.A
3T 205 2.46
ZEAEA 1.12 ' 1.74
HEAS 0.55 0.71

VAR RaMvt
* 1 (pt20) B g FA 13X
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mmeme Normal

- = = Log-normal 1 05

Frequency
[N
Probability Density Function.

S I I S L R N N I AP
Bias Factor (A)

719 3.3.12 Meyerhof (1976) &2 o2 AA S AFHUHIGA T SFEALT

4 0.4
H * i ==Normal 104 z
¥ A - Log -normat _g
=3
> I
g
S 2 5
g 8
= z
=
1 %
a
0
AN N SN IR S LS S N AR S R R PR A3
Bias Factor (A)
a9 3313 MEA IGM (1999) T4 o2 243 AFHFASFY FEL=TF

g A AFEHHTEY A FAAY AU AFGSYEE of
£3 W9 (Carter and Kulhawy(1983), AASHTO(1996), FHWA(1999)), EF&# A Al

3 Nzte o]83F W (Meyerhof(1976), Bl 8A IGM(1999), 131 A3tAI ] o
3 ) EA ZAAE AAH Davisson WH(1972)0] A AFAFA ST &

=
e A3 23= ¥ 3314 € ¥ 33149 2,
J&gz FEE o83 Wi A9 Carter and Kulhawy(1988) &4 3%
AASHTO(1996) 3219 A&gHsFAST Fhol DavissonBH(1972)749] Hlm A 5
10 BT & g BYozZi U7z AXNEE HFHoR AES & & 3

%]
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QD/ QL= (1+1(0.0132L) (3.3.1)

o
o
tlo

2 x
olo
ol
ol
2.
ot
Aul
oy
rJ
(03]
A
fo
2
i}
o,
)
X
o
{12
>
ol
o
2
.L
e
g Mo
44
=2
>,
=L
i
r
£,

=

A Z=239 'KRGREL'& AbEste] dAAZEge] F 7hA &4 @
HadA oA RAEH(MVFOSM, Mean Value First Order Second Moment
Method) ¥ Advanced First Order Second Moment (AFOSM) =] ¢}3 AlF

2458 Mg 1 2% ged o

(7h) AER NA 50 Bl A
/1%E FORM 4184 14 Z2adg olgste] AvR N2 507w o

et A AAHFTAY MRS AAE Ao 7 33179 2.

¥ 3.3.17 FORMoe| 9%t A9std A7 F2A9 212 EX]4(N<50)

3.0 1.696 1.801 | 619 1.954 2080 | 645 1.489 1599 [ 7.39

3.5 1.987 2114 | 6.39 2.246 2.396 6.68 1.806 1945 | 7.70
4.0 2.239 2386 | 657 2.500 2669 6.76 2.080 2246 | 798
45 2.462 2626 | 6.66 2.723 2910 6.87 2.322 2510 § 810
5.0 2.661 2840 | 6.73 2.923 3.125 6.91 2.538 2.747 | 8.23
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A9y Qg% AE 3.0~509 e HAAR] AFHEXF
£ MVFOSM Wioz 243 A3 1696~2.661, AFOSM WHoz 243 A
1.801~2.8405 YT AFHA o] $-,¥ Ame AFEAFE MVFOSM
o2 EAF A3 1954~2923, AFOSM oz B3 A3 2080~3.1252A
AA Az A=AFET 10%014 2A deEbgth Ao 5% (EE A
g A5 MFEXFE MVFOSM o2 #4138 23 1489~2538 AFOSM
WRoZ B4 A 1599~274724 HA A5 AFEA¢RT 10% = W

1
lo
o
o
F

B3 &E(py) 1.0%° Zete A E=AF 233& AASHTO LRFD ¥ A A 7]
T0NAAN FetFadEe] ExAEAF Add HE nHdtd, o T
e &S AFOSM WHoz EMd NIEXFE 7oz £43 47 HY
A AAHTAY FE AA ArE 35~40, AfHe] 534 AEE 30~35
Aol 58 A8E AAT A7 BS 40~4524 g AFHA 9T

AEY BAARE F4EE AolE UehdT. AFOSM  Bd A
H
H

+ F 62%~82%<S YEWAL. 29 3314~1218 33162 Azt A4 A, A
Hol $5¢ AR, Ad4el $58 ARG AT AR FAH A=A F A
& FORM Wi e A =AF Aot
FSvs. B
3 T T
>— AFOSM
—+— MVFOSM
2.8} A
///// e
2.6 P /8 - - ]
-3 // —
x 7 AT
£ 24 o - |
é /// /////
g 22 T |
E /6// ///
2 //// f’// J
// ///
186" |
<//

1.6

3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5
Factor of Safety, FS

122
Ri)
oX
Mo
%

19 3314 AA A5 @ FHGH AxHF g4 FORM
2 IH(N<50)
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4| | Tt MVFOSM T
,////
o -
,//‘ - -~
2.8} - 7 .
- ,/‘// P /*,//
o A 7
§ 2.6 ///’ /, : 4
} ,/'/, //*
= d e
g 245 /,,/ /// :
2 e
L -
22 - / g
e e
{ P -
2L .
,(/
1 _8 L 1 i 1 L 1 1 H L
3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5
Factor of Safety, FS
a9 3315 A=Al 7% A5 i FHH AAHFA 9] FORM A4
=4 2 FH(N<B0)
FSw. B
2.8 T T T T T T
2 ///
.6 - -
~ e -
24} 7 7 .
a A
Q 22- g 7 R
B S
=y e
3 2l o e i
3 T
i e P
e /,/
1.8- o F .
e
/// / -
1.6% e -
e
¥
14 1 L 1 i i [ L t !
3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5
Factor of Safety, FS
19 3316 AFHA ] ¢ AEE A Aud g A A HFA

FORM A2 &4 2 3(N<B0)

FORM 4124 14 2132 o st Au¥
NA A4 AHE BHe A% A3t E 33189 2
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R 4= (N<50)

3.3.18 FORMol| 9|3 Nz Z384 A=

3.0 1.945 2.006 3.14 2.292 2.356 2.79 1.541 1.591 3.24
3.5 2.163 2.233 3.24 2.496 2.569 2.92 1.770 1.830 3.39
4.0 2.352 2431 3.36 2.673 2.752 2.96 1.968 2.038 3.96
45 2.519 2.605 341 2.829 2913 297 2.143 2.221 3.64
5.0 2.668 2.799 341 2.969 3.057 2.96 2.300 2.385 3.70

NAE o] &3 HPAY A AdAARY AFEASFE MVFOSM o= £
A3 23 1.945~2668, AFOSM oz BA3 A7 2006~2759% et ool
EAFE MVFOSM #Hoz 243 A 2202~
2969, AFOSM 9oz X3 A3 2356~3.05724 ALy A 8327 0
FIAAR AA AR APEAFRYG 10% A= A Jegth AgHgdo] £538
ARE AdF A8 AAEAFE MVFOSM WHoz #4438 A7 1541~
2300, AFOSM Wy e=z 4% Ay 1591~238024 A A xgFA 3 nf
AAAR AA A5 AHEAFRYG 10% = FA Jepso

°1%4%:¢E%30°Whﬂﬂ@ﬂ-%#%XﬁﬂiﬂﬂﬁkﬂiﬂA%%454m
o=A Aze AP % Aozt A Uehdt. AFOSM @y 2o
MVFOSM 34 238 wus 23 % 3 7 Aol= NAE o8 A@4e
A 28%~37%YS FAsATh 29 3317~2F 33195 474 AA g, AF

28 AYY Fre NA AU
FORM % (=AFOSM)% MVFOSM o] 93 A=A 4 27 d g3t
g ol o},

Ho| $4% A, VPP 58 A 3

=
-

- 175 -



2.8

’7 T T T T T T T T T
—&— AFOSM P
2.7+ .. A MVFOSM 7 1
’/// ///.
26} /,/’3‘ //-/' -
- - *///
2.5+ 7 7 7
@ /@,/ 7
5 2.4 ///’ //’/ «‘
2 pd //’*/
= 2.3+ //’/ /// i
2 o
© B A
g 22 - |
@ // e
21} yd /,/ i
&
& . 7 B
ESS
1.9} 4
1 8 I I [ i L [ 1 i L
3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5

3

29 3317 AA Az o

A

Factor of Safety, FS

Nx| A3 9] FORM Al ZA £4 43(N<H0)

FSs.
3.1 . , ———— . ; . ; ;
—e— AFOSM P
31| —%— MVFOSM P
7 T
L / J
2.9} A e
/‘ e
e
- 28F P .
% A
Q e P
T 2.7} - < .
£ ,/’/ /*’/
42’ & ///
g 2.6} T .
7
T 25 s -
T
24 7 e i
; o
//'
2347
2‘2 i L 1 i L [ S 1 L ‘ ‘l
3 32 34 36 38 4 42 44 46 4B 5
Factor of Safety, FS
19 3318 AlEAgol 7% Ao o NX F@ 249 FORM 254 #4

A 3H(N<5B0)
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2.4

—&— AFOSM
2.3} ke ~ MVFOSM A

- L
2.2+ //,f(?) ,,/ T

211t ey _

1.9} e .

Reliability Index,

1.8} yd . ]

(R .

L L 1 1

L L
3 32 34 3.6 3.8 4 42 44 46 48 5
Factor of Safety, FS

1% 3319 Aol ¥ A8E AGFE Az AT N2 FE 2] FORM
A4 24 2IN50)

3.0 1.419 1.544 | 881 2.524 3.19 | 2658 1.063 1120 | 536

3.5 1.760 1.923 | 9.26 3.017 3.827 | 26.85 1.358 1439 | 596
4.0 2.055 2.252 | 959 3.443 4374 | 27.04 1615 | 1717 | 6.32
45 2.316 2041 | 9.72 3.820 4856 | 27.12 1.840 1961 | 658
5.0 2.549 2800 | 9.8 4.157 5286 | 27.16 2.042 2179 | 671

gty AAEFA A kA g 30~5000 didted AAEY NFHEAS
© MVFOSM %oz #4113 A3 1419~2549, AFOSM WHo= 243 ZI
1.544~2.800& YEhHRIT. A& ¢ A7 NFHEAFE MVFOSM 44
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o2 A3 A} 2524~4157, AFOSM HHoz BA4% A3 3195~5286°. 24
AA A8 AHAEAFEG 60%14 323 ZA VERRT AZAde] ¢ Z
2E AYF AR AFPEAFE MVFOSM HHez A 27 1.063~2.042
AFOSM oz A% A3} 1120~217984 AA A5 ANFHE=XFrT} 30%
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# 3.320 FORMell 9% NA| F 84 A =AF(N=50)

3.0 1.567 1.613 2.94 1.836 1.921 463 1.374 1.407 2.40
3.5 1.787 1.843 3.13 2.093 2.175 3.92 1.584 1.625 2.59
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45 2.147 2.218 3.31 2512 2.637 498 1.926 1.981 2.86
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Nx  Ag4el A$ ddE 30~5000 whate] AAAEY AHAEAFE
MVFOSM #o= 243 A3 1567~2297, AFOSM WHo=z EAE ZAd
1613~2.3758 YeAH. AZHe] 8 A8 HF=XsE MVFOSM HH
o= AT AT 1836~2688, AFOSM WHoz EAs Az 1921~2822A
AA Az AFAERASFRT 50% AE ZA VERGT A0l $5% ABE A
A& A7 AFEAFE MVFOSM #Ho = #2438 23} 1.374~2.070, AFOSM
WwHog FEANe A3l 1407~2130224 AA A5 MNIAEXFRT 10% o]
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th. AFOSM %9 Z3e MVFOSM ¥ Z3E vag 23 F W T Aol=
ot 3.0%~5.0%2 vexth A 7k AR BF F AFHIFASY AFAFI
F FA A8 A £ AEY A$ MVFOSM W7 AFOSM ¢
Aol7t Aoz AA vebth
19 3323~1% 3325% 47 |
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O 83 FHWA )34 3N EY N#g 888 5+ 3

= XA F49 Meyerhof ¥H (1976)% H-HA IGM W (1999 A £314
AZAFAF A 54 ES E452 AFd 4 & AAEAT 578 AAE o
20~40% A&3dt. & FAAAE HHY

71Ee AAEANA A3 ue} Zo] Davisson WHES L5490, EATLE
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¥ 3321 FORM®] 93 A== T 2AY AP

2.5 3.183 3.379 6.16 2.646 2.7193 5.96 0.922 0.962 4.34
3.0 3.011 3.729 6.21 2.964 3.133 570 1.254 1.317 5.02
3.0 3.788 4.025 6.26 3.233 3.419 5.75 1.534 1.616 5.35
40 4.028 4.282 6.31 3.466 3.668 583 1777 1.878 5.68

Carter and Kulhawy &9 A2 ExF £4 A3 A& 20~404d AI=
A5 MVFOSM Wgeow 2M% A7 2782~4028, AFOSM oz 243
A7 2950~42822 UERASITh AFOSM 83 MVFOSM #del olg A8 Ex
T AF AZole ¢F 6.0%~63% oAt AASHTO F49 A=Ay B4 A
R g 20~40U7 AFEASE MVFOSM B0z BT A3 2256~3.466,
AFOSM oz ¥4% 243 2.379~3.668—% UERAQTE AFOSM i 3
MVFOSM #el o8 AfEx4 A7 o]t oF 55%~58% oyt FHWA
Wi o] A EASF B4 Aa obde 20~404w AFE=A4E= MVFOSM HHE o
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Nz} 50 Pkl B¢
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¥ 3323 ALEgH A HFHd 3 FI & E/HLAFH

H

A 4=(N<50)

3.0 0.037147 1.785 0.019845 2.057 0.056244 1.587
35 0.018110 2.094 0.008788 2.347 0.026855 1.929
4.0 0.008942 2.368 0.004009 2.651 0.012977 2.227
45 0.004547 2.609 0.001998 2.878 0.006370 2.491
5.0 0.002423 2.817 0.000994 3.092 0.003152 2.732

oA AAHFA B dAE 3.0~500 e AAAEL] MHEAF
= 1.758~2817, A $5% AR NHEXFE 2057~3.002, Ao &

P ARE AN A5 AAEAFE 1587~2.732 oAUtk A 5
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>

)

F NA 50 "Rk g tiste] NA ZFd49 MCS 71 A=A 4 $
T3 Ax= E 33249 2.
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¥ 3324 Nﬂ g4 Wi R E/HEAHAE

3.0 0.023188 1.992 0.009624 2.341 0.056785 1682
35 0.013341 2.216 0.006297 2.556 0.034461 1.819
4.0 0.007855 2.416 0.003078 2.739 0.021507 2.024
45 0.004768 2.592 0.001946 2.887 0.013687 2.206
5.0 0.003048 2.743 0.001237 3.027 0.008929 2.369
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F 3327 @R E R FAGE/HFAHEA T (dFASTE o8& HEAH)

2.0 0.001681 2.933 0.009023 2.365 0.301949 0519
2.0 0.000384 3.364 0.002751 2.776 0.169944 0.954
3.0 0.000092 3.741 0.000944 3.107 0.094785 1.312
35 0.000028 4.025 0.000331 3.405 0.053349 1.613
40 0.000012 4.232 0.000117 3.680 0.030650 1.871

eyerhof(1976)2] 4% 2.295~3.621, H®A IGM(1999)¢] A-$+= 2.034~3.095
°|& Meyerhofel]l €3t HAHL A xFFo] HHAY IGM ¥4 2y =4
< eI

woT oz

2.0 0.010858 2.295 0.020961 2.034

2.5 0.003181 2.729 0.008647 2.380
3.0 0.001092 3.064 0.003802 2.669
3.5 0.000384 3.364 0.001911 2.892
4.0 0.000147 3.621 0.000983 3.095
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EXFE Has T 33302 AHRdA JpE AEd Aoz 4 MCSY A
$} wjmsle] MVFOSME 2 Aol7b A oF 1.7%A ol oF 203%7HA 2 4t
Aoz A7 YJe glom AFOSME MCS9He] Zpolzh &4 oF 0.5%ol A &
ok 11%E 1 Zol7t AL FAZ Fxolth. olF ol didd ZA3}E MVFOSM
S AHeF AN L 2 AFoAe go] FEWSFY BXFHI FFEE7H
olyziy mi uAY AR dg Ade AAHeR HEsH] ofHe
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A3t

s AA4BAE AT B A B
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5791 N<50 | 1.69%6 (5.0%) |1.801 (-0.9%); ~1.785 | 1.945 (2.4%) }2.006 (-0.7%) | ~1.992
of7
AR R
N=501 1.419 (7.2%) |1.544 (-1.0%)| = 1528 | 1.567 (2.4%) [1.613 (-0.5%) | ~1.605
2870 N<50 | 1.954 (5.0%) |2.080 (-1.1%)| = 2.057 | 2.292 (21%) |2.356 (-0.7%) | ~2.341
7
SRR
N=>50| 2.524(20.3%) |3.195 (-0.9%)| ~3.166 | 1.836 (3.6%) |1.921 (-0.9%) ~1.904
a7 N<50 | 1489 (6.2%6) |1.599 (-0.79%) | ~1.587 | 1.541 (2.6%) |{1.591 (-0.5%){ ~ 1.582
7
-t g
N=50| 1.063 (4.2%) |1.120 (-1.0%)| = 1.109 | 1.374 (1.7%) I1.407 (-0.6%) | ~=1.398
MCSel W3 AFel == f=¢ (1—P)o @A4oE FE Auds 244

B &F 43 (F.S.=3.0)

| =0041943 | = 0035851 ~0.025887 | ~ 0.022428
, 03714 023188
s P o | oese | OO e | oame | 0018
AF-A R - ~0.058557 | ~0.05
| ~0077950 | ~ 0063214 ~ 0058557 | ~0.053372
NZD0|Cmaee | @ove | C09EM) gooe) | e | 00047
| ~0025351 | ~ 0018763 ~ 0010953 | ~ 0.009236
‘ 0.019845 009624
o || comme | 55%) 019 138%) | (o) | 000
AR 00001 |~ - -
| ~0005801 | ~ 0000699 ~ 0033179 | ~0.027366
N=S0| Cemossy | @ree | PO Cieeve) | s | 0028461
| ~ 0068244 | = 0054910 ~ 0061658 | ~ 0.055805
a0 e | e | 0P eee | oamg | 09T
R ! ; _ e 00RaTIL | ~
| ~0143801 | =0131357 ~ 0084721 | =~0.079714
NEO e | oame | OB e | aee | OOBI0®
~& P=3(=0)d #AdeR R AdHE A
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2
N
N

ut} 7159 3] (Canadian Standard Association)oll A& sfj<F Aduje] gk A
o % Z¥ FFFES AAFIET Mansour 5 1994), FZE F
< 2UASAY A0S Fge] 2A dFHE B 10 /year, F2E
SIAY B4 Aol ¥e A4 10 %/year ot}
FAME AH - EE F2EY HA JolN TEEH L A
Aol 4B £ J1e7E AE AT B =d¥8 Jed 95
A3 712TEEY 54E EF 1HT 5X ANHAEZAF7 ALEHAY. Meyerhof
19700 71z9) FAEE 10 °~10 'S Adstgen, ol MNHEASE(B) 30~
369 gttt Wu 5(1989)0] B3t ) <Fu A(offshore piles)] FATEL A
E=RAF(B) 20~30° s1FstE Fholw, Meyerhof (1970)9F Wu 5(1989)¢] A ¢te
BETZE A& A EgE 0.005%E AFHEAF 409 sHFste Fhel v (Barker
5, 1991). Tang 5(1990)2 31 %< (offshore piles)e] A4 1.4~3.0 ¥ 27
EX4E tetn Busgoen, Baker $(1991)0] Akd Fetdmo] gg A3
T E 33324 2 dRtH R dFA Al o8 1.5~289 A=A F
(BHE 78 + JoBE BEF AIEAF(BpPe 25~300 HHE3dn & 5 o

a3y FEEECR AFHE A FHIFAE zEdtY EF JNIHAEXF(BPE

rit
rr
it

oEL
2
2

S A=A
LR Y

B
i é

(E
oid

1.00 16~28 16~3.0

3.69 1.7~-31 1.8~3.3

Zhang 5(2001)< EAAFHZ=YH(FORM)E o]&3te AEZQ dAHoz A7
B dHEES B RgwEe AFEES A4ty I (group effects)}
A 2" ZEH(system effects)el]l &3] FE|dEe D FEo] duE vy sE

:1.',_
Hlsh 100~ 100 vobd # 982 ANHoz BAsAT. o HIE oz ATA

o
:5’~
E
l:olu

Eo] gdEg FUE WA NIESFFEE v, BNt FETEY AFHE
=& =A AL ¥k A (Bea, 1983; Aggarwal 5, 1996; Bea %, 1999; Eloseily
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2006).
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UM AAE BE AIEASF 208 233(FHLE) 2 25(FEE)] 3 A
GAFE AAFsAd. A 574 Az A AEFE NAE 7I£22 N 507
el 7 -(N<G0)2F NA| 5001491 4 $-(N>50)2
P A B4 TR R JA s F 44T B s 9

44
B
Ol
o
&
M
X
tlo
My
02‘5
Ol
o
8
R
b

A Ast vlastdh ol AR ANHAGT FGgo] AF}AF A A v

= Qe va 2457 9ol

(7h) AeF NA 50 mhel A4

MEddE FORM AggAs A" 233 KRGCAL'S o] &3le] Agi Nz 50
ute] Apze] Histel AAsty AN AYASE AAHAT 1 A

3 33349 Zoh

2.33 0.345 0372 | 783 0.393 0425 | 814 0.320 0349 | 9.06

2.50 0.314 0342 | 892 0.362 0391 | 801 0.294 0.322 | 952
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AR Nz 50 " gkl zpge] gk A3 AAEFH e AdA s FF A
FERF 20, 233, 259 et MVFOSM Wyo= B3 Ad 77k 04
0.345, 0.314, AFOSMo.2 ®A% Ax Z+7} 0436, 0.372, 03422 AR AT A1F
Aol 5% A8 AFPASFE MVFOSM Wioz EHF 23 0469, 0393,
0362, AFOSM2.2 B3 A3} 0497, 0425, 039124 AA =F €A 15%
W2 A AAHAJG. el ¢ A2E AT Age A¥ATE
MVFOSM o= EAd A3} 0376, 0320, 0.294, AFOSM Wyoz ¥A% 2
7 0.400, 0.349, 0.3222 2tA = o] A Azme HFAE 5%, AZEHe] +5F
Ago] BT 25% W2 FA AAHAT. A5 AP A% AgAF
A A7 9A KT ZolE HErE S FASHTH AFOSM #E ZAst
MVFOSM w4 A#E dlad 274 F 9y 7+ 2ole 6.0%~95%= HESTH
2 33312 A Az g ATA AAHIFA FORM #Hoz A"
A A ol

RF vs. B
1 A@\ . ‘
0.9 \@ —&— AFOSM |
) N s - MVFOSM
AN
0.8 3 |
%:\\\\
AN
e 0.7 ) B
g AN
uﬁ; 0.6 - k\\ 4
S 0.5 Y -
g N
2 ANS
c 0.4 S 4
N
0.3 SRS ]
S
\\\\.
0.2 N .
0.1 L Il 1 13 1 1 i 1 - ‘j?"r‘ )
] 0.5 1 1.5 2 2.5 3 35 4 4.5 5

Reliability Index, beta

a3 3331 AA Az e F9H AAHE ] FORM A& A 24
2 7H(N<50)

Aey NA 507 ko] Azof thste] N3 3@ 9 AZAF

it

A
juA

o,

¥ 23

rr
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¥ 3.3.35 FORM9 23t N Aga 9 A A $(N<50)

_— e g

2.00 0.462 0481 | 4.11 0.596 0621 | 419 0.354 0370 | 4.52

2.33 0.367 0385 | 490 0.467 0488 | 4.50 0.284 0.208 | 4.93

2.50 0.326 0345 | 583 0.410 0433 | 561 0.256 0271 | 586

AEH N2 50 "Rkl Rgdd e NX B84 AFAse BEx AIH=AF
2.0, 2.33, 25¢] Wikl MVFOSM #Wyoz B43% A 27+ 0462, 0.367, 0.326,
AFOSMe.2 BEA3 Ay Z7b 0484, 0385, 03452 AAHATE AHAo] 53
A5 AZdATE MVFOSM WHoz BEAg Az 0596, 0467, 0410, AFOSM
o2 BA3 AT 0621, 0488, 0433224 AA Az H]HA 30% HYE FF
1 2ZA ARHAY AFgdel ¢ AEE AT AEY AIALSE
MVFOSM #ge =2 B4 A3} 0354, 0.284, 0256, AFOSM Wiez ¥43 2
3 0370, 0298, 0.271% A= HA A5 HHME 30% HE, AP 5
g Az HEAE 70% HAZ A8 AA AAHAG. AHGTH AR EFA
HlsiA RtEe] A % AFASF AR AH Aole ¢ ZA JdEFEd

ol

rr
o
2

o

SEEERE I R IEE

3F
-

Ase BF 2 AEAF Aol o 2

A A
A AHE7] WEolth AFOSM 4 23tk MVFOSM 4 Z7g uze 2

A

I F 3 7k JolE 41%~59% 2 JERgTh 29 33325 AR A2 Ui N
A @49 FORM ¥yoz A" Aol

RF vs. 8

1 '%\
—C— AFOSM
0.9 1 R et MVFOSM | |
AN

0.8 %\\ N
& 0.7r X .
g N
3 L N i
R 0.6 x
[
< "~
8 0.5+ g‘\ —
w
‘@ N
£ 0.4l S, -

N
0.3} %o |
~
0.2 e .
0.1 . s . . . f T,
0.5 1 1.5 2 2.5 3 3.5 4 4.5

Reliability index, beta

% 3332 AA AEe] ¥ N2 Zd4 e FORM A@AS 44 2 F(N<E0)
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(W) AdF N3 50 o]l B+

AdE FORM A#ASF 244 Tz ‘KRGCAL'S °| &3t
o4 A W] AR ANHFHY AGAFE HAT A% F 3336
3 2t

& 33.36 FORMel &3 F A3y AAH3 22 AgA5(N=>50)

500 | 0371 | 0397 | 701 | 0565 | 0641 | 1345 | 0204 | 0314 | 680

2.33 0.319 0.351 | 10.03 0.509 0561 | 16.11 0.252 0270 | 714

2.50 0.295 0.327 | 10.85 0.483 0.568 | 17.60 0.230 0249 | 826

AEE NA 50 o4l xRzl gk AHetd A AgAsE 5% A
A F¢ 20, 233, 2590 sl MVFOSM #Hez #Ag 23 Z+z 0371,
0.319, 0.295, AFOSMo.2 243 Az 27 0.397, 0.351, 0.3272 AAFHUT A=
ol 53 (g AZ}AFLE MVFOSM Hyoez EA3 Axt 0565 0509,
0483, AFOSMo.2 ¥A% A3} 0641, 0591, 056824 A 2z H|S|A 60%
Welz 433 A A=A Aol 58 AEE AAT g AFAT
= MVFOSM Hloz BEA3% A3 0294, 0252, 0.230, AFOSM ez ¥4
A3} 0314, 0.270, 0.2498 A= HA zAgZol WM E 25%0°1%4, AHAde]
3 ZAgol HHAE 90% ol obF FA AAFHAT. AEF N 50 #RE A5
BlalA Age A 9% AgASF 4 AA7F A% IA dEEEd oe
Aol S5 Az AYgHFA L] Hyol s 8T ol AFAFTL
4 ZAA AAHR7 WEolt. AFOSM ¥ Al MVFOSM Wi Z#E 4|
wet A7 T o 7 ZolE 68%~176%E UEI o™, HFHAFAT] HEA
F7F b ZA ARE AHA ] S5 Az A 2 Aole TS AA YEKTh
9 33332 AA AR WiE BAsH AXFEHe FORM HHyoz AAgdd
A A ol ot

P
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Resistance Factor, ¢

¥ 3333 AA Az o

A

3.3.373% 2t

¥ 3.3.37 FORMd 9% N2 # @A

0.9

0.8 -

0.7

0.6

0.5

0.4

0.3

0.2

0.1

RF vs. B

Reliability Index, beta

2 Aol etn

dgH N3 500142 AHzel Wste] Nl 49

o A

%

A%

Al (N=>50)

R A& F2 o] FORM A 8tA <=
2 3H(N=>50)

4z

1=
T

g

fe

2.33 0.283 0.296 4.59 0.359 0.381 6.13 0.242 0.254 4.96
2.50 0.254 0.268 551 0.324 0.348 7.41 0.211 0.224 6.16
TR NA) 50 o4 ARe] B NA ABAY ARAFE S AHEAS

2.0, 233, 259 Wsted MVFOSM %4

o2 BN

AFOSMo. 2 &M 23 7427 0372, 0.296, 0.268= A H Atk A2 Ad o]

Azel AGAz

o7 BA3 A3 0460, 0.381, 0.348=2 4 A A A&
Aole Azel
B3 A3 0302, 0.242, 0.211, AFOSM ¥4

= ATk A A o]

2 2AH AA

Q A~
T

A} 7 9

3 (B E

H &= 15%0]%4, 4l

¥ MVFOSM Wy o=

B
A
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A

A+ 8ol

A3 Z+zy 0.357, 0.283, 0.254,
358
23} 0436, 0.359, 0.324, AFOSM
W14 209
+ MVFOSM "W
Algk A3 0316, 0.254, 0.224
SERES

ol =LA A4
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45% W= 4d] A AAFHAT, AdH NX 50 75 zA5e} wp@dr/txE =)
2o AR g% AFASF Hojrt ZA uUEET AFOSM #HH  ZAde}
MVFOSM ®Wd d34& vlag 43 F 4 3 Aole 42%~74%2 YeEtston,
AgALATY HSAT7E A A AAE Aol 5% ABA I Ho
< AdAHeE A Jeiwgth ¥ 33345 AA AFol Wi N Ag49
FORM %oz AR AgA ol

RFvs.
15 T T T - T T
N
—— AFOSM |
0.9 \\ —+— MVFOSM

0.8} ® ]

0.7% X .

0.6 »\\ 4
0.5} >§\ ]

Resistance Factor, @

~
0.4+ >§\ -
\\F
0.3} Qe 4
TR
0.2} e J
) 5\\\\
0.1 : s * ; : y
0.5 1 1.5 2 2.5 3 3.5 4

Reliability Index, beta

a9 3334 AA Az @ NA FF 49 FORM A#As 24 A3(IN=50)

(2 HFYEIL LS

Med FORM A#Als A3 T2 339 KRGCAL'S ol&3te] ¢¢ 42427
=5 o83 A 7}x AW (Carter and Kulhawy &4}, AASHTO ¥4, FHWA
e AEgAFE AR 1 24 F 3.3.38%F Zrh
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# 3338 FORMOl 9% dUFAE o] HAH NgA+

3.0 0.637 0.699 9.73 0471 0.515 9.34 0.187 0.202 8.02

35 0.479 0541 | 1294 0.355 0393 | 10.70 0.147 0164 | 11.56

de] dFUFSAEE o) &3 A 7R HAE F Carter and Kulhawy 2] 9]
AgAlTe BEX AFHEAS 30, 359 disted MVFOSM ez BA3 di
Ztz} 0.637, 0479, AFOSMC.2 248 A7 247} 0699, 054124 7H =A A4
=Stk AASHTO 349l AZAFE MVFOSM WHe= EA§ A3 Zz
0471, 0.355, AFOSM2.2 EAMg A3 74z} 0515, 0.39322 A4 =9t FHWA
TR o] AFA T MVFOSM Wies E43% Zx zhzh 0187, 0.147, AFOSMC
E 243 23 747 0202, 016424 7HF @A AR HJT FHWA 3L A%
AEAT BN A3 Hogte] 71 Estm ME AL 34 AAFHU7] dE A
AT b A Y

AFOSM ¥ Z3et MVFOSM #% ZA#E vus 247 F 3y 7+ Aol
8.0%~129%= UEtstom, AFALFAL] WEAFI /A FA AL Carter
and Kulhawy F2A 2 ztoles Addez aA vewgt. 2@ 3335~21%
33372 Z7 Carter and Kulhawy &4, AASHTO &4], FHWA %3¢ td
FORM oz Add A gA 50|}

it

RF vs. B

—&— AFOSM g
—+*—— MVFOSM

Resistance Factor, &

0.7

\\\
08T \k\ \\ 7
-
0.5 — ' : -
2

2.5 3 3.5 4
Reliability index, beta

a3 3.3.35 FORMel 93t Carter and Kulhawy &2 A& A4
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RF vs. §
1.4 —%
\\\ \\
1.3 Y% —&— AFOSM B
\\b\ ——k—— MVFOSM
1.2 \*\ = i
AN
& 11+ \\® 1
g \\@\
g 1t S i
3 ANRN
§ 0.9r ;\\3\ J
2 o8l \*\\r;\ i
SN
0.7} \:&i‘f‘\\ _
0.6} e e -
1.5 2 2.5 3 3.5 4
Reliability Index, beta
a9 33.37 FORMe| 2|3 FHWA 324 A&A <+
EFHIANE NAE o] &3 HAH
FHAAE NAE o83 F 712 AAHEMeyerhof 34, v]-8A IGM
FAFE AT 234 & 33399 2k

0.9

0.8 -

Resistance Factor, ®

0.3~

0.2

0.7 -

0.6

0.4

RF vs. B

—&— AFOSM

——— MVFOSM

3

1 L —
3.5 4 4.5
Reliability Index, beta

3.3.36 FORM¢dl| 93 AASHTO ¥ A 3d A

I 3.3.39 FORMd] 938k Nx| A

A AGAT

3.0

0.458

0.499

8.95

0.363

0.385

6.06

3.5

0.348

0.387

11.21

0.262

0.276

5.34
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FEZHYANE NAE o] 43 HAY 5 Meyerhof T4 AZdAFE BEF A
EAF 30, 3590 tisted MVFOSM #W¥ oz 243 Az Zzb 0458 0.348,
AFOSMo.2 A% A 747} 0499, 038724 B -A IGM T4 H&) A=
o2 27 AARHAG. HFE IGM T4 9 AFASFE MVFOSM ¥iez 24
g A7 77+ 0.363, 0.262, AFOSMo 2 ¥43% A3 z+7: 0385, 02760t} ¢+
d=AEAEE o)&F HAYT ¥ags 9 AIASFY A7E Carter and
Kulhawy &2, AASHTO 4], Meyerhof &2}, B4 IGM &2, 718 i FHWA
WY o2 AA Yehgt

AFOSM #% 23 MVFOSM %4 AF4E wmd 23 F g 7+ Aole
6.1%~112%=2 YElxton EE Z9o] o] 1 A AW HAd MVFOSM
I A" HES AR e

f

RF vs. B

0.9 Xy - AFO SM
—+—MVFOSM

0.8} %® 4

0.7} % ]
0.6} \r\\N 4
0.5- *
NN
0.4l Soa .
N
0.3} RN g

\\\\\\

0.2} e ]
S

T

Resistance Factor, @
S

. .
1.5 2 2.5 3 3.5 4 4.5 5 55 6 65
Reliabifity Index, beta

29 3.3.38 FORMel| 9%t Meyerhof &4 A 34 <
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RF vs. g

—+— MVFOSM

0.9F P U S AFOSM
\
0.8 S ,
N

0.7} NS i

0.6 ;ng\\ :

0.5 XQ\
0.4t \\

0.3} Sk -

Resistance Factor, ®

0.2r e .

e

L

0.1 i L I I
1 1.5 2 2.5 3 3.5 4 4.5 5
Reliability Index, beta

7% 3339 FORMe &% H 34 IGM &4 A @3As

2% 33363 28 3.3.3994 AASHTO F&3 BlEAA IGM Z24d sk
AFOSM 34 w2 AdA S HYgd e FH3A &gt o= AT}
Ul el 7idsty o] A9 AEAAS AL ZAA I "

Lt. MCSoll ofst X &A 5+ &F

A2A"E ERANHEA S disid MCS7¥ke]  AFgAS Ay T2
"MCS-CAL"& ol &% BAE& Tty AIAFE A AL 554X ¢ =

2%e A4 243 598 ge A8

AR FF AHEAFY 209 233(FHEE) 2 25(FEE)d tf&3t=
F FAZES ZH7] 0.022759 0.00990 # 0.00621019 o]o tidted MCS 7]vt A

A g 22I9E o83 AFAFE AT

J}U

Oh AGEE AAF Y AGAS

Beern AL g FeFBTEe APAS AT ¥ 33408 2k
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O

S
FE v E AdR NX 500142 A7 o ZA yeutt, Al A o]
3 AaE AA F2d v A 10%0)A AEAF ZA ARG A

[e)
o
Aol 3 ARE AT B AdAFe AA A8 vlA 10% W=

v}

0.00990 (Br=2.33) 0.365 0.419 0.347 0.345 0.587 0.265
0.00621 (Bp=2.50) 0.337 0.386 0.322 0.322 0.564 0.244

o T) . S ... 3 . S o
0.02275 (Br=2.00) 0477 0.616 0.366 0.367 0.455 0.313
0.00990 (Br=2.33) 0.380 0.482 0.300 0.290 0.376 0.247
0.00621 (8= 2.50) 0.340 0.428 0.265 0.264 0.344 0.220

- 209 -



]
P

2.0, 2.33

2=
T

F A
A7 o 24 Jebwgth 28 E=E

[=]

A
Rl

ko)

B

A
o

J

o

)
NR

A

B A 20, 233 % 25 BEFo O

o AgAF7 ¥ ZA YEYE=R, AgE NA7F 500]

3}

A

1

5

K

ol
H

T

)

R T o

T

~

o)
o

ey
ey

Hests BE

A=A 30 (FHEE)F 35 (FEH)

0.00135¢} 0.00023°1™, 1

22

A3

RF A Carter and

3}

FAG7E AA HE

[=]

L 64

S,

AL A T2 gAS o] &
2 A

5}

14 MCSell 9

AAAAH

3]
3.03} 359

=
A

-
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2
T

el MCS 713 A
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. MVFOSM &3 MCS wWe] u}
10.1%, 829%~9.7%, 181 80%~91%= UEtom oA ZAie}
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}
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o de A4 v}
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F 3342 MCSel 9% FRFHLELE APl (US4 E o8& HEA)

0.00135 (Br=3.0) 0637 0.700 | 9.0 0471 0511 | 82 0.187 0.200 | 80

0.00023 (B,=35) 0479 0537 | 101 0.355 0.390 | 9.7 0.147 0154 | 91

() BEEZFYAE (SPT) N#e o] &3 A9

F A BN E(SPT) Ng-E ol &3ate AW digd AFHLA S &
ASHEAE A&st] MCS 718 A4S sa% ZF4E o] & 33439 A
AlstAth % A Z=x$ 303 359 ¥ A Meyerhof &2lo 23 A &A 4
7F A1 IGM 340 o AFAs B2vh A dEgrh £3 MVFOSM W4
7 MCS e B2 F w9 Xo]E Meyerhof (1976)9] 3% 86%~9.7% L]
T BjEG IGM B9 BEAME 65%~72%2 UdEgew, dA MCS ZH
g% AFgAFE o 2A JER

¥ 3343 MCSeol| 93 dFetd s A (NX AAE)

0.00135 (B,~3.0) 0.458 0.509 8.6 0.363 0.388 7.2
0.00023 (Br=35) 0.348 0.390 9.7 0.276 0.275 65
cl. Y7 x| AeAH T ME

AP rizd g A8 AFANE Agrs Tl A AFd dAn, 9
ARAFEY AFed= A
o A= A A8
TbestrR, 2 dTdAe $A44

P g PHHE AFAFE HAHD 0T

fitd
HEoo
=
1
oAl
fot
;>£‘.=
B
lo
i
Y
g,
k
2
oo

ASHTO LRFD & AA7
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Fol AAE ARFR 2 G AZAF R FAL BuAe] Ty AT
Nzel B AGAFE ANFLA

AQAFo)) 20 UF HESYLANASD) D 8% A% A5 4 A H(LRFD) )
qe ted 2o

R
L >2Q.
FS Q (3.35)

R, =®R 2Zn7 Q (3.3.6)

A71M, R= A&, FS= AL 283 ),Q= 329 &, &= AgAZS R,=
J_-q_

AFAE Fo ARG, V= dFAF, 2L, % =

P B stexdd Atdted #etgrte 1eldtE AASHTO ZF=A7
Gz 19 442 A4 A (3359 (336)02HEH ool Ao A

_" QD/QL + y,.
FS(QD/QL +1) (337

714, QD=Alst%, QL=&3l5li QD/QLL ZA7de d+2H4 QD/QL=
0.0576L (L=737vd, m) °lth. Yo % & AstsAF 2 EsAFEA 474
125 ¥ 1759 @< 7IXth wabA QD/QL ghol A3iA™ Srdgo sk A A
F(p)7t FERA oA A HAEA ALAFE ANTE F AT Wl o
2A 7 AFAFEL F2EY Aoy FA g diFA gHE FAEA
E3t) 4 (337 o&) ¥ 33449 Zo] AFAFE AAsA
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¥ 3344 tHE RAPOZE AT AAS

15 1.00 0.97 0.94 0.93 0.92 0.90
2.0 0.75 0.73 0.71 0.70 0.69 0.68
25 0.60 0.58 0.57 0.56 0.55 0.54
3.0 0.50 0.48 0.47 0.46 0.46 0.45
3.5 0.43 0.41 0.40 0.40 0.39 0.39
4.0 0.38 0.36 0.35 0.35 0.34 0.34

# 33459 LEEL nEEE w7 AAVIEMOT, 1992)2 A kel A 3o u}
g AHEgr 2o AFAFEAN 05~089 &S AASz vk 2y AUd &
FA=(1992)01 4= LRFD HAAMS AHE&3tx YA Fom @x FFH 05, |

Hupzbzhe)] 089 A4E AL&ste] HASTEE st 3k (Goble, 1999).

T 33462 FHALAAN HE5E Eurocode 7 (1994)o E3g AdA S

oy &t}. Eurocode 7 (1994)dl = Al 71X 85 2 AHEdA 5 23Fo] Foxm A3
Ass XA Ay ALt F 334738 ¥ 33489 AAH dulz A)E

(1985)9F &F WHIAE=(1992) EF Eurocode 7 (1994)3% ml7M A2 REATE
Agstn glow 53 dWuia Z=(1985)w 71EY 2A #¥e diY AFAL B
):l_

S A o3y

£ 3345 AF N7 = AFALMOT, 1992)

Bearing resistance 0.5

Horizontal shear resistance

a) Calculated based on tand’ or tand, 0.8
b) Calculated based on ¢’ or cy 0.5
Horizontal passive resistance 05
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3346 28 &7 J_-J Zﬂ“ﬁl—r(CEN 1994)

‘ _ Actions ~ ‘,
- Permanent ¢l,~ ‘Variable Ground Propertles

A | 095 2 | ool | 077 | 0’83’? 083
B . 1.00 150 100 | 100 | 100 | L0o
C . 1.00 1.30 080 | 063 | 071 | 071

g, EARG &) 93

EAE

S
m,‘l

¥ 3.347 AH ﬂtﬂ 7% -4 Xﬂ ﬂ?ﬂ T(Damsh code, 1985)
‘ ‘ . afety Class ‘

Pamal Coefﬁaent

Yo tangent of angle of mternal friction

Y. cohesion(load carrying capacity of foundations)

¥c cohesion(Stability and earth pressure)

¥ 3348 A7 2 A& AFT(AUSTROADS, 1992)

Ultimate resistance of shallow footings on cohesionless soils

where SPT(N) values are used 0.5
Ultimate resistance of shallow footings on cohesionless soils
where CPT(N) values are used 0.6

oS 3022 UFE # F FH2 e FHIEE sz dth wEM £98 £8old
of thafA <¢tAE 158 HEstd AeASFE 1.0 oA 09 Axe go] =, I3
}

AA = A FdE 308 H&std ARATFE 045 oM 050 =9 ghol 7
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o5 AASHTO LRFD 2% AHA7]&& Barker 5(1991)¢] 2% NCHRP 343
BaAe] ZAste] AHFh7 el s & 33499 2 AFAFES AN
Sk ol A AAA FEAA AHY A7 T
stel A &= Atk ©]F AASHTO LRFD i® HAYE9) st5ATES Hid u
gt AT FAH A ol =3,

Resistance

e , | Factor(¢)
Theoretical method (Munfakh et al., 2001), in clay 0.50
Theoretical method (Munfakh et al., 2001), in sand, 050
using CPT D
Theoretical method (Munfakh et al, 2001), in sand, 0.45
Bqaring &, using SPT .
Resistance Semi-empirical methods (Meyerhof, 1957), all soils 045
Footings on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
s Cast-in-Place Concrete on sand 0.80
Sliding Cast-in-Place or precast Concrete on Clay 0.85
Soil on soil 0.90
6 Passive earth pressure compononent of sliding 050
cp resistance '

E 334994 AANezZ F3 AZAAH gk AIFAFE 045 EE 050
23

3 AT 25 & 052A =gHoz Fadtth geldd uid AFdAFE
0.8 dlA 092 StEAT BAYC o AgAST GEF A Aol7t gleh. FHA
Ag Adtel] Slo} £F Bl tidt A@ATE 0524 of ghe A

glol T3 Flojth. NCHRP 343414 &

MY ARA WAsE 4 b edle] 2de BASL 1 Az 296 x4

A
o%

()
e}
2%
i,
o

S A% BFAFE BARAL EE AL AES T4 Toel o5 3G
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3.0~3.5%

=

=

YEA%

A
+l

b

wir

0.40
0.10
0.40
0.20
0.15

1.0
1.0
1.0
1.0
1.0

EQ A

3.350 #t},
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0.45
0.95
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LRFD AA R o3 &

ol
=

SHAAR

58

Meyerhof

-l

=

I} NAE ol&

o

25

O

B!

—

(34.1)

A 3t (tonf/m?), N,

ol#], NZ| 500]/2=2A Dunham(1954)c] A|Qt3t

ol
ZO

i

o
v

T

7A

V12x50+20 = 44(°)

p= V12N+20

3} ol

&
o= (5x6.86)+ (5.2 X8.82) + (3.6 X9.8) + (0.5} 20) = 125.44 (kN/m?)

e

BAE o,

[e]
T

Wk 7Hg) s A E A

&

A A %N, 1450] o).
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E 346 WHIEZ(9)F AAHAF(N)S BA

(NAVFAC DM 7-2, 1982)

meld, deAxge gen 2.

= = n 2 _
Q,= q,A,= 125.44 X 145 X Z(0.506) = 3657.6 (kN)

L FRnE

9ot 2.

rlo

AFAE o)A o] W Emulay 34

Q.= Yof.A, (3.42)

By
it
=
5
=4
~
3
Lv

K=14(1- sinqﬁ) (3.4.3)

Ei, JUE R BEIH FA FAbolo) vhAZHG)S 0%k,

SARAG FARBY(, = o, + Ko tend) A, ABEFS A% =0 22 7}

A & glonz AAEZe Bddg FUndEe f =Ko tas oth HE

s~ *rs
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% 347 AAEZ| e FunE

SE |36| 9.80 | 80.16 | 115.44 | 97.80 |0.364] 39 |0.52|18.51| 105.94
et | 05| 20.0 | 115.44 | 125.44 | 120.44 |0.364| 44 | 0.43/18.85 14.98
& 7 299.4

7 219 3t FAHE A= ¢, =002 §=00]a, TH FHvtd
2l

fs=c,=ac (3.4.4)

A7NA, ¢ = FFAE(tonf/m?), ¢, = Bl9SF HZAH (tonl/m?), a= ¥AH AFo|th
e HZE()S Hara 5(1971)0] Aot A& A&t w53 o] AT
T At

5, = 29N =292 =47.77(kN/m?)

HERE AT (o) U8 29 3449 sFYEEe A 4

=
galA ALEE ALE Woodward =HE AL3sto] 1.00.2 3tt)

1.0

08 e
g 06 -
¥
¥
*
% 04} .

3 o o

0 i i l i i i 3

[ 05 1.0 1.5 20 25 a0 35 40

sjs AN ()

7Y 344 BUFe) BAY A5
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4266.69 (kN)

(Dol o
Qum=(1y = 1.0 X47.77 X7 0.506 5.0 = 379.69 (kN)

[s)

=

Q= Y f,A, =229.40+379.69 = 609.09(kN)
Q, = @, +Q, =3657.60+609.09

ju

AEd =7

!

Ho

Tor

=
Ho

!

Al HHL(FS) 308 HEEE A

3]

(34.5)
(3.4.6)

(Meyerhof, 1976)° ¢
off A dHe gAAUYATES
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mN g A, +nNgA, (tf)
7 Zo
N 60 = Cv = Ny
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—
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3] Al
=1

4266.69/3.0
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S52%4 | Q-1.0xD+1OxL

AXEKN) | 1.0x114,725+1.0x5,355+1.0x22,050 142,130
AP ey | LoxerLom210 295

BHEKN-m) | 1.0x13675+1.0x7,250+1.0x113+1.0x1,215 92,253

SFZEA | Q=1.25xD+1.75xL

AQHKN) | 1.25x114725+1.75%5,355+1.25%22,050 180,340
LRED | =seqaan) | 1.25%95+1.75x270 504

B EGN-m) | 1.25x13,675+1.75x7,250+1.25x113+1.75x1,215 32,048
% 34169 AAGFeRRY 7} Busd Fgas AANEL AN A9

o ERAAAVIEEAENTE, 2005004 Atst v MHAHe AL A

ASD 29,662 60 881 1.0

LRFD 37,849 100 1,250 15

B Ao s dute] 249 AFetE TR gste] el da A &3}
T 9= AAE FAE F Carter and Kulhawy(1988) ¥, AASHTO(1996) ",
a8 3 FHWA999) el 3714 FA& o) &3te] F3AAHE AASIAT &
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of I AFA FHE AR FIFOEAN EEFH st T3S

AR =
9l ZQt&7 % 352MPa, RQD 40%, 1831 <A we] tiste] Z31¢ d&2gE4=
36.7MPa, RQD 37%& AL3lgrt. 181 ZadEY d&¢E4E e 30MPa

& A

@ Carter and Kulhawy (1983)

1) FHukEE

Carter and Kulhawy(1988)& FHunz& Aoz olzgfe) 4 (349F A<t
A o] A& FAF ol A&o] sbsat b AsA T T4
ohdbe] thate] AlSE H$ol= ¥ 34187 FE 34199 AARH AAH ZLATE
A gstajol 3}, B Ao E RQD=40%° sFste= HAAGFT 057 A &3
=3

s

q 0.5 v
frnax =1.42p a(_u) (fc = qu) (349)
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¥ 34.18 RQDY 2A% E JES B7F (Carter and Kulhawy, 1988)

i 20 0.05 0.05

# 3419 g /EA =A% AAH Z2AS (O'Neill et al, 1996)

1.0 10
0.5 08
0.3 0.7
0.1 0.55 B
0.05 | 045

£,,: mass modulus of elasticity of the IGM mass

E;: average Young's modulus of intact IGM cores

L) AgR R H

Carter and Kulhawy(1983)= A&7t &&d <ol disted A@Axgd 4
(34100 AtstArt. £ oA e AEugdolng F 34219 & 2F/A E
o AFET gute) FIdEE UIREY FPol EFT dHoBR EF 3

Fote s make A8

q,=[s"+(ms"°+5) g, (3.4.10)

A7A, s =107 m=013 : B sFst= g AA

2] (34.10)% o] &3t AAT AdAAHL &3 2

5305 1 [(0.13 < 107%)%% +1075]%%] x 36.7 % %(2.35)2 = 3,770kN
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gsp K @Y dFUEFAE (Y ZAYES dFYFAE(0IT FHE #
ATA A A g o W, ¢ #e A (3412)F o83t RQD
=766psioll MB = ¢op=70psi=b17TkPa® A4 &

C, = ap-Cy=0.15 « 35.2=5.280/Pa = 766psi (3.4.12)
ANA, ag= 0.0231(RQD) - 1.32 = 0.15 (¥ AT M= 015 FE)

Wetd, £ 9go Funigde tg 2.

Q, = 7% 2.35 < 14.9 X (0.144 X 517) = 8191kN

§

i |

8

&2
5]

g

o
O

ROCK SOCKET UNIT RESISTANCE, G, {s1)

i i
500 1000 2000 5000 10,000 26,000

UNCONFINES COMPRESSIVE STRENGTH OF ROCK OR CONCRETE, WHICHEVER IS WEAKER, o= {psi)

-
o
[=3

a9 347 MRALIF BENE O 2AREY] PR FAA % (Horvath
=, 1983)

L) Aax A E
AASHTO® AgAA#E FA& 24 (34.13)7 #t} oju Aol w9 Z=3)
Aeoe AEEY FIAAYH FAL gt AT ¢ . AASHTO7| 9

He AAE Aute FRAAHORA BAHA % Ngtol 5ol A g, =90

Qp = ]Vms : C(O (3413)

ﬂ ]}\‘] mz, =0.024 : % ] 3HD]-~3]._‘:, %}- /\42_]
Co= &HAD obe) 2D SJRAN AHR LA 3ol BT AFFHFEI,
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° A EaE FYE 4R 44 ~7519 161691
L =eE 250emel e 2B 25 001001 |0.01]0.02!002

B . 23 0.1
gloem F3dE HIHE /A 4N ' ~50| 51 6 910 4
AL ElE= A AEO
A pemuth A BAY el we o || | e =S
23 338 298 710 9 | RO

U Geomechanics Rock Mass Rating System - Bieniawski(1989)

g Norwegian Geotechnical Institute Rock Mass Classification System, Barton(1974)
¥ Rock Quality Designation

YN, = aMe] 289 mEt AGAE g
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- * (psi) 0
R -
qAE A g ———,

o) 2] & 800-5000 5500-35000
TAHEYG | 600-3000 4200-21000

HE 30-170 200-1200
o] 3] & 1000-4000 7600-28000
B qdEdY o o+ 500-5000 3500-35000
o] ARk 200-2500 1400-17000

Hy? 150-740 1000-5100
g et 3000-4400 21000-30000
7ek BA T ok o of 700-4600 4800-32000
C WAE 1A AR ALt 1400-3600 9700-25000
k4 T 1300-8000 9000-55000
AAA st obket 2100-3800 14000-26000

D N

2RA oA = 450~12000 3100-83000
Z+g o 2500-5800 17000-40000
ghe b 2600-6500 18000-45000
=9de s utdﬂ}?.& 500-6500 3500-45000

E gaore AR oA IR 300-7000 2100-49000
HAHNES 200-2100 1400-14000

He 200-3000 1400-21000
a3 3800-9000 26000-62000

U onherg 2Abe] o8 RuE AEYE FER B9
oL 0o
v e

P oo Hude xIHA @

3 FHWA (1999)
) Fenb e

FHWA(1999)9] F=dnt&ds F2 4 (34.14)9 2o

g, \%5
Fan=0.650 L2 (>0
B fc 0.5 .
=9 65pa( . (f.>q,)
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Q, = q,4, =3x0.127 X 3.4 X 36.7 X (%) % (2.35)% = 207,317kN

AAAA g3 38 A Y
T 7129 HEAAFH AAA HALFS) 3.0 HLs
, SRS AAYY o3 wEo FHEXANFEL T 3.4.249

¥ 3424 &L HHAAH

=

o o)% 58

Carter & Kulhawy | 94,052 3,770 97,822 3 32,607
AASHTO 8,191 18,651 26,842 3 8,947
FHWA 70,944 207,317 | 278,261 3 92,754

Carter and Kulhawy |
AASHTO ) 0.39
FHWA

SEEEE
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E 3425004 AAE AFATE FEst] doF AFEALESY LRFD A4
FEx A g o 2o,
* Carter and Kulhawy (1988) 32] : @Q,= 97,822x0.54 = 52,824 (kN)

« AASHTO (1996) &4 : @, = 26,842x0.39 = 10,468 (kNV)

i
¢

- FHWA (1999) 34 : @, = 278,261 X0.16 = 44,522 (k)

Carter and Kulhawy &21¢ 79 LFRD ZA¥o| & dAdnt}t AA |
o] ¢ AL Ao=w yEyT &, LRFD A AIHo] 28

Aodfrgel T7htnz AL e AAEHE =5ds Ae &

X
pbes
oxl
ol
o8
&
W

FHWA Wi AdAA"E fFodrtete] QA8 &o] &88HA
32%, LRFD dAH9 ZFoe &H%E AAHHAT. =, &8 24A4e AP
o ¢ Zo)sE7bet 2 LRFD A& Ao f&0] 15%ZA S-&SHAAE WHE
o BeA o2 vebgth 23y, FHWA WA dukdes
Grhste 4TS AFAFEA BA3A kAT HAE 7HEEHA AT 889
AP 83 S Carter and Kulhawy 43 FHWA 2l 38X 28 (A
ge) Aol oF 3] AE Aolvh=d vste], LRFD 2AIE e A9 o] Ao|rt
118WHE Zt&a3t4ith &, LRFD AAIHoe] A4 wWE EFHH S LeToEH

449 72722 4A7 5S¢ F Ak
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J<gA=0

¥ 3427¢ Carter and Kulhawy 202 HAA F 4 2% 543 HAd
7t 25 LRFD 2AYCA 9 A4S &A% 2o
Bhep Zo], LRFD AAI oA AN &E& 318 H AR
HH Aggo] 97.822kNoll A 76,992kNo.2 Ztolxjol 3dht) o] W& 2] Zo]
7F 149mel A 11.6mE A =0l AAHQA HA /tsiAE A

o
]

fr

¥ 3426 3g<8aAEM7 LRED AA WS vn

SR (N) | 20662 | 37849 | 20662 | 37.849 | 20662 | 37.849
S(kN) | 97822 | 97822 | 26842 | 26842 | 278261 | 278261

= AAF| FS=3 | $=054 | FS=3 | ¢=0.39 | FS=3 | ¢=0.16
&= (kN) 32,607 | 52,824 8,947 10,468 | 92754 | 44,522
£8/4%=) 91 72 331 362 32 85
3 OK OK N.G N.G OK 0K

= 8A] 2] 8 (kN) 97,822 76,992
ki AdAE T AFASF FS=3 $=0.54
7] 84 (kN) 32,607 41576
AAN & (=388/4389) 91 91
#7 OK 0K
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2 dATdME dgd= ooTd fXF oone JIFEALH VxE dY

o2 H{EHEAYY LRFD AAH] 2AZ3E Hlaste] LRFD AAHe 4

op

1)

2)

3)

e BT 2 29 g&9 2E8E =E8H

Carter and Kulhawy %8¢ 7% LFRD7} &8 dAE Rt AAHE o
2 FAez yehgt. &, LRFD WHel 28 vlst] AFH& IA 44
e AAGFEo] FUEIRE AANNE HAZAE =Ed%e Ae & T U
ot.

FHWA 249 A% 3888 HAEL Adge vig Admgriste=d Blstd

LRFDE Carter and Kuthawy®W¥ 3 #4138 A8 S =E&st9t. &, 3 &84
AARE ALE AL Carter and Kulhawy ¥ 3 FHWAS 382X 8 (A3
#) Aol ¢ 38 Axeld H|Ee, LRFDY A% o #ol7l 1L18HE 7434
th. o]# % A3E LRFDW el FHWA WHolA dwtd oz AAHE wg 3
hB7bete 9FS AFAFEA BAF3Y AT HAE 7HseA stAv] WE
o|t}, =, LRFD WHo] AN wg EF44e AT EAN A 7|2+
Z2E AA7N 7tEH) :

AASHTOWH ¢ A% AAHo] w9 FAHF7EUT o] A3= AASHTORN
o} Fnt@Fo] b T o Histe] oF 108 A= FHAHIIEH7] WEolv)
, B odAdEe Tk Zddolrt 149mE wlg 2] wEd AuexAH
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H 6 & ATMLUAENAM sEHE o2 Asprl=dE

B Eurocode

o FE I Ao AA vFE AHEE FHEY] AN FHAFAAF
(Commission of European Communities)ollA] A|¢t® AM 2 EEFEe] Fd
" 7ed dATAY B8 o AR dHEE
TxE7|2 A9 #d8 222 Eurocode 7 ol HEQAAFE 7|22 3
AN LAV ESD
A9 AF 54, AlF L A4 54 we A8t F/HE FESS FERGAAS
E AT

EN 1991 Eurocode 1(EC1) Basis of design and actions on structures
EN 1992 Eurocode 2(EC2) Design of concrete structures
EN 1993 Eurocode 3(EC3) Design of steel structures

EN 1994 Eurocode 4(EC4) Design of composite and steel and concrete

EN 1995 Eurocode 5(EC5)
EN 1996 Eurocode 6(EC6)
EN 1997 Eurocode 7(ECT7)
EN 1998 Eurocode 8(ECS8)
EN 1999 Eurocode 9(EC9)

structures
Design of timber structures
Design of masonry structures |
Geotechnical ‘design

Design of structures for earthquake resistance

Design of aluminium alloy structures
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Parameter | Factor| Case A | Case B | Case C |Case C2|Case C3
Partial load factors (Y;) '
Permanent unfavourable action Yo 1.00 1.35 1.00 1.35 1.00
Variable unfavourable action Yo 1.50 1.50 1.30 1.50 1.20
Permaneat favourable action Yo 0.95 1.00 1.00 1.00 1.00
{0.90) v
Variable favourable action Yo 0 0 0 0 0
Accidental action Ya 1.00 1.00 1.00 1.00 1.00
Partial material factors (Y,)
tang' Yooy | 110 | 100 | 125 | 100 | 120
Effective cohesion ¢’ Y 1.30 1.00 1.60 1.00 120
( (1.25)
Undrained shear streagth ¢, Yeu 1.20 1.00 1.40 1.00 1.40
Compressive strength q, You 1.20 1.00 1.40 1.00 1.40
Pressuremeter limit pressure Pim | Yoim 1.40 1.00 1.40 1.00 140
CPT resistance Yorr 1.40 1.00 1.40 1.00 140
Unit weight of ground y Y: 1.00 1.00 1.00 1.00 L00
Partial resisiance factors (Yg)
Bearing resistance Yoy -* 1.00 1.00 1.40 1.00
Sliding resistance Yes | -* 1.00 1.00 1.10 1.00
Earth resistance YRe -* 1.00 1.00 1.40 1.00
Pile base resistance Y% -* 1.00 1.30 1.30 1.00
Pile shaft resistance % | -* 1.00 1.30 1.30 1.00
Total pile resistance 1 v - 1.60 130 1.30 1.00
Pile tensile resistance § 1.40 .00 1.60 1.40 1.00
Anchor pull-out resistance Ya | 130 150 | 120 | 1.00
Partiaf action effect and resistance model facxors e Year Yot)
Action effects and resistances ] Ysd, Yot j 00** I 1.00 I 1.00 ] 1.40
Values in bold are partial factors either given or implied in the ENV version of EC7.
Values in italics are proposed partial factors not in the ENV that may be in the EN version.
* Partial factors that are not relevant for Case A.
** The use of 2 model factor greater than unity is discussed in §8.2.

Il NCHRP Report 507
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TABLE 3 Driven piles database: soil

TABLE 2 Summary and breakdown—drilled shafts type and number of cases by type of pile
database -
Soil Type Number of Cases
Ao snstructi Ti Sid H-PILES | PPC | PIPE

Soil/Ruck _ Method O.f Construction 1D 1‘ - “~‘ - .
Tvne Casing Siurry Dry Clay 3 0 0

ype 3= qr T Sand 12 0 0

Total | Skin] Total | Skin ] Total | Skin Rock - = -

e m Mix G 15 3

Sund B3 1e [15 ][4 6 I o 5 = 3

. Clay : 14 3 [i 0 40 10 Clay 0 0 0
Mixed Soils 23 4 12 5 13 7 Sand 17 37 20
Rock 0 L0 [ 0 0 g 1 0 Sand - —Fris E SO
Sand & Rock 4 4 7 3 20 0] Total 30 87 39
Clay & Rock 2 0 2 ) 19 7 Clay 8 19 20
Mixed Soils “fav Sand ! ] 0
& Rock : ! 0 0 2 0 Chy Vs 36 e is
Total (256) | 58 | 32 | 36 |14 | 91 | 23 | Toul 1 A4 LI X

- " — - Insufficient data () 7 i
Note: Total = skin + tip; Skin = side alone ATl cosos (338) 97 T63 I

o Static 3 Dynamic AA ¥ 2AF g AFARA S, A A5, AYAT
Azgol w3 A3 BN
o ThFet A=A B g GEd i 7 xTERE, AAY dATEE A

} A

&
N

\

b
Ft
o
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TABLE 16 The performance of the driven piles’ static analysis methods—statistical sammary
and resistance factors for data using mean =2 SD

’ . Resistance Factors
268 | 2.56 | 3.00
4 B-Method 11.5 B; T&P2} 0.61 | 037 |0.61]023] 0.18 | 013
i6 A-Method 11.5B; T&P(2) 2B; T&P(S)| 0.74 | 0.29 [0.39 | 043 | 0.35 | 0.29
H-Piles |17 o-Tomlinson 2B: T&P(2) 082 | 033 |0.40{ 046 | 038 1031
16 -4 Pl 2B, T&P(5) 090 | 037 | 0410350 641 | 033
8 SPT-97 mob 1.04 | 043 | 041|057 | 047 | 038
i8 A-Method 2B: Hara (3h) 076 | 022 [0.29] 053] 045 | 038
Clay C"’f"""“’ 17 w-API 2B: Hare (5h) 0.8t | 021 |026 ]| 0060 | 052 | 044
Piles | g fB-Method 2B; Harz {5h) 0.8t | 041 1035110371 030 | 0.23
18 o-Toumdinson 2B; Hara (3h) 87| 042 048|042 034 | 026
18 o-Tomlinson 2B. T&P (1) 0.64 | 032 |050]030 | 024 | 019
19 o-APL 2ZB; T&P(1} 079 | 043 0541034 027 | 020
g{:‘: 12 B-Method 2B; T&P{1) 048] 027 060|017 ] 013 | 010
19 A-Method 2B T&P (1) 0.67 | 037 [055[028 ] 022 | 017
12 SPT-97 mob 2B T&P (1} 039 024 |062| 015 ] .11 | 008
19 Nordlund 36: 11.3B,P(6) 094 | 038 040|053 ] 0.43 | 035
HPlles 18 Meyerhof 0.81 | 031 |G38]047 ] 039 | 032
19 B-Method 36 2B; P(5) 078 | 040 1051 ) 036 ] 028 1022
18 SPT-97 mob 1351 058 (043|072 ] 059 | 047
36 Nordiund 36; 11.5B; P(&) 102 ) 049 048 | 0S50 | 0.40 | 031
Sand Concrete| 35 B-Method 36 2B: Pi5)y 1.10 | 048 | 0441058 | 047 | 0.38
Files |36 Meyerhof 061 | 037 |o61fo23 | 018|013
36 SPT-97 mob 1.2 ] 057 047 | 060 | 048 | 0.38
19 Nerdlund 36: 2B P(5) 148 1 0.77 10521067 ] 052 041
Pipe |20 f-Method 36: 2B PeSy 1.8 073 062|044 ] 033 | 025
Plles |20 Meyerhof 094 0.55 |059|037] 020 |02
19 SPT-97 mob 158 ] 082 [052]071 | 056 | 044
20 | o-Tombinson/Nordlund/Tharman 36: 2B P(5) 0.59] 023 [039]034 | 028 | 023
H-Piles 34 o-API/N qd] und/Thurman 36, 2B; PS5y 0.79 | 035 Jo4stoar ] oz loz7
a2 B-Method/Thurman 36; 2B; P(5) 048 1 023 048 [0D23 ] 0.19 | 015
40 SPT-97 1.23 | 055 |045 ] 0.6t | 051 | 041
33 |- Tomtinson/Nordlusd Thurman 36 2B; P; HaragShy .96 | 047 040046 ) 0.36 | 029
. R0 o-APY/Nordland/Thurman 36; 11.5B: Sch; T&P®) [ 087 | 042 JO48 042 | 0.34 | 0.26
Mived|© ‘;ﬁ::“’ 30 8-Method/ Thurman 36; 11.58; Sci T&P®) 1080 ] 031 (038|047 {030 [om
Soits T SPT-97 mob 1.81 | 091 |os0] 084|067 [0.52
30 FHWA CPT 084 026 031 {057 | 0.48 | 040
13 |e-TomHason/Nordiund/Thurman 36, 2B; P(5) 374 | 044|050 10201 022 | 017
pipe |32 - APL/Nordhand/Thurman 36; 2B; P(53 080 ] 036 [045]041 ] 033 | 026
Files 139 B-Method/Thurman 36 2B; Py 054 026 |048)1026] 0.21 | 016
33 SPT-97 miob ' : 076 | 029 [038 | 045 | 037 [ 0.30
M5ee Table & for details;
@ Nunihers in parentheses refer to notations used for detailing soil pas combinations (see Table 7b aud Apgendix C for more details),
See Tables 7aand 8 for soil properties” correlations to SPT and CPT respectively, 36 = limitiag friction angle, B = pile diameter 2B, 11.5B
contributing zone to tip resi

Il AASHTO LRFD Bridge Design Specifications Customary U.S. Units,
3rd Edition with 2005 and 2006 Interims (2006)
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[ Resistance Factors for Geotechnical Strength Limit State in Axially Loaded Drilled Shaft

(AASHTO 2004)

]

RESISTANCE
METHOD/SOIL/CONDITION FACTOR
Ultimate Bearing A
: > . Skin friction: Clay
Resistance of Single Piles o-method (Tomnilson 1987) 0.70h,
B-method (Esrig and Kirby 1979 and Nordlund method applied to cohesive soils) 0.501
A-method (Vjjayvergiva and Focht 1972) 0.55)
End Bearing: Clay and Rock
Clay (Skempton 1951) 0.704,
Rock (Canadian Geotechnical Society 1985) 0,501,
Skin Friction and End Bearing: Sand
SPT-method 0.451,
CPT-method 0.554,
Wave equation analysis with assumed driving resistance 0.65).,
Load Test 0.80%,
Block Failure Clay 0.85A,
o-method 0.60
B-method 0.40
Uplift Resistance of Single A-method 0.45
Piles SPT-method 0.35
CPT-method 0.45
Load Test 0.80
. . Sand 0.55
Group Uplift Resistance Clay 055
Method of controlling installation of piles and verifying their capacity during or after driving to be specified in the contract documents Value of &,
Pile Driving formulas, e.g., ENR, equation without stress wave measurements during driving 0.80
Bearing graph from wave equation analysis without stress wave measurements during driving 0.85
Stress wave measurements on 2% to 5% of piles, capacity verified by simplified methods, e.g., the pile driving analyzer 0.90
Stress wave measurements on 2% to 5% of piles, capacity verified by simplified methods, e.g., the pile driving analyzer and static load test 1.00
to verify capacity .
Stress wave measurements on 2% to 5% of piles, capacity verified by simplified methods, e.g., the pile driving analyzer and CAPWAP 1.00
analyses to verify capacity ’ :
Stress wave measuremenits on 10% to 70% of piles, capacity verified by simpiified methods, e.g., the pile driving analyzer 1.00

B Foundation Design Codes and Soil

International Harmonization and Performance Based Design
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