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Synopsis

This report has studied a stochastic simulation method to estimate load and load combination factors and
define the design situations for highway bridges. The proposed method employs the Monte Carlo simulation
and considers the stochastic simultaneous loading process of variable loads, such as live loads, thermal effects,
wind loads, and seismic loads, incorporating probabilistic characteristics of scale and frequency of those
variable loads. The proposed method is capable of evaluating the extreme distributions of load combination
effects, namely cross-sectional forces, at different cross-sections in a bridge, such that each extreme cross-
sectional force can be translated to the load and load combination factor values.

The simultaneous loading is applied to more than 60 bridges and the extreme distributions of load
combinations are evaluated for zillion cross-sections for a reference period of 100 years.

Then another new method has been proposed to narrow down the load combinations with accompanying load
and load combinations factors at an expected probabilistic level out of the zillion load combination samples of
the 100-year extreme cross-sectional force distributions, where the idea of the new method is derived from the
well-known Turkstra rule. Finally, this report has proposed that the expected ranges of load and load
combination factors for highway bridge design in Japan.
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1. [ZCHIZ
1.1. XA R DO E T

[ELA@mA 1L, 2002 42 9 I TASLTE = X MEEod RIC B3 2 8 TEESE 28D, &EF VE X
AR T 72 & OFRERE OSEEZ D 72, HHE - B AR L2 BT 8 LWEIROSRA b & T
BRSBTS, MOEH M D FIEEOZ AN RN E RO DO TH D, Eio, EHEMIZH NS
DFFEE R 72 < 12 DI HIRN 22 FHEDO R D HHEREODIAMESCERAME 2 ED 5 Z L ARk 5T 5,
TNOMEREOBINEETH S ., BROERFEOHMERE) (LIT, DERGR E] L)) (I
BT D> —HOMRHENDIHEE Y DL R>TND,

ZD5 5 ZERARBANROZANE YT R\ &0 5 BREEO B Z =i~ <ATHITZ D74 2002 4 D5
—HOWETH o7z, UL, FPEOSEHMIELEC SO THIEREBE S WD JCE#iZ 8 -7
HLOThoTo, TN LV ATOEEBE R ECTHE SN TEBix RBREXSCHEH L LIco0nT, Zh
LafliedT D22 L TEMRLLD E LTETENAZERMRE LA, R - M BEATIAZHIET 2
LB, FONEEFIUL L THET 2 Z LM Thive, 37200 MiEMOHMNEE~D#E DT
Foh ., HERA~DOEBEDOHER~OEAIIEL T DLWV RTH A LT M3 &,

2002 FOERAE T T EOBUERE ., YEREHELE e LT, S REERFHEDBEAIZ OV TIHAN
o i, PERE~ R U 7 21k EHIR L (Design situation) (235 1) 2 #HE DIk AE (Functional objectives)
MHRY . ZOEBOTDICHIECIRENERT 5 2 L OFEMENII O D, AIFRIL, &FHIRN
(Design situation) DFXEIZE LT, MERBMHEL ZE LI EFRFEA S I 2 L—3a VORREZ £
EHTEHLDTH D,

7235, 2017 HFEICHUE SNTCERE R G ETIE, FEPRUSCBOMIRIERRIZLL T O LBV IZEHR I N

TW5,
4 N
ERAE R TET @i 201747 H 121 HiEOEE LY
EHIRI

EOmmEREZ AT DI2H-- T, #ig, WH, X, ZEBHHEOBITORIE, HH1E
PILHHIBREEIC SN T, SMIREICED S EHOMEE TRESEZ b D Z D
f OO fer 1 RE

REPRDUCH LT, & L COMELFFT 2R OBLR L OGO G L M O BN
5, HBORENEESNDLIXDICH D Z & 2FTEDOERIETREAT HMEEEZ VD,

1.2. REHOBA
AERHL10 O o TEBY | FEOKBIIFENENORGFHIB L TSE L LIiE e £ &
DHTND, REEFTED 2 B D 5 7 T4 RIOMFIE O FAAE RS FATRAE A L L, 6 5 T AR
DB LZOHMPALEHE LIEREZ R LTS, £, 7 BUBOZ L, FHEE2EX LRESZ oM
DORFFFREFIZ OV TEIR LT D, LR, ML 1T Uiy, 110, 2| OFEZ R S EOMEEZ RT,
2. @&EtkL (Designsituation) FREIZEAT 5 L B2 —] Tid, §EIMEDOIEHEZL & TN E N O SCHR
HhBEIC, BEPRUOEZOM B AT A FBT 572D OB RIS OV TR,
3. B-C EF MIHES BT I EY 2 2 b—y 3 U HHEORE] Tk, MERREZRFHRN
(Design situation) (228 272 OIZLERHRRINE L, TR BEEEA T O TERM LT T
ey Ialb—rvaryOHFECONTIRRS,
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2. BREHKIR (Design situation) %€ (CB§T HLE21—

BRERE L TOMRBUEILEIT O 720ITiE, AN E DRI A ECVEH OF8 A BEE & B
BIOZOMAEETHEL, TRENICH L TENR ED X S IREEA L T REDEHRT MM
»HD, RETIL, 1502394, Eurocode, AASHTO CEMNIZI 1T DK FE kA iz, FREHIRIMOER. B
FORERIR L2 ff EAR S 2 3 U 7o E O G CHELT 2 720 OB A2~ 5,

241. E%&HEIwiﬁ%ﬁi:tslféﬁi#ﬂ‘“ﬁtﬁi%&(:ﬁﬁ?é%ﬂi
2.1.1. E&&HIKR (Design situation) D

(1). 1802394

15023940 Tid, LFD LBV ITKFHRIUCET 2RAEN LR SN TEY . TNENOREHRILITE
211D EBVICELRSN TV D, £z, HIRICED D HFRITE 2120 X ) ICEESN TN D,

/1802394 :1998 5.2.2 Design situations & Y A
Actions, environmental influences and, in many cases, the expected properties of a structure
vary with time. These variations, which occur throughout the life of the structure, should be
considered by selected design situations, each one representing a certain time interval with
associated hazards, conditions and relevant structural limit states. Separate reliability checking
is required for each design situation with due regard to the different consequences or failure.
The design situations are classified as:

* persistent situations;

+ transient situations;

« accidental situations;
Persistent and transient situations are considered to act with certainly. Accidental situations
by definition occur with a relatively low probability during working life.
Whether loads, such as snow loads, earthquakes, etc., are associated with other transient or

9 accidental situations will depend on local conditions. )

# 211 1S02394:1998 (2B HRFHIRILICEEDL D AEDES

Definitions
(ISO2394 : 1998 2.2 Terms relating to design in general & V)

Terms

Set of physical conditions representing a certain time interval for which the

design situation . .S
& design demonstrates that relevant limit states are not exceeded.

Normal condition of use for the structure, generally related to its design

persistent situation working life.

transient situation Provisional condition of use or exposure for the structure.

accidental situation Exceptional condition of use or exposure for the structure.




& 2.1.2 1S02394:1998 IZBiF 2B B HEDESR

Definitions
(ISO2394 : 1998 2.2 Terms relating to design in general & V)

Terms

Assumed period for which a structure or a structural element is to be used

desi king lif s . . o
estghn working fiie for its intended purpose without major repair being necessary.

A chosen period of time which is used as a basis for assessing values of

reference period . . . . .
P variable actions, time-dependent material properties, etc.

(2). Eurocode (BS EN 1990)
Eurocode? TiL, LA TD & BV ICEHRFHIRICETINAENTEREINTE Y . ZNENORGHRIITE
213D EBVITERSINTWDS, £, HIFICEDL L HFETE 214 DX HICERSN TV,

4 N
BS EN 1990 3.2 Design situations & ¥

The relevant design situations shall be selected taking into account the circumstances under

which the structure is required to fulfill its function.
Design situations shall be classified as follows :
* persistent design situations, which refer to the conditions of normal use ;
- transient design situations, which refer to temporary conditions applicable to the structure,
e.g. during execution or repair ;
* accidental design situations, which refer to exceptional conditions applicable to the
structure or to its exposure, e.g. to fire, explosion, impact or the consequences of localised
failure ;

- seismic design situations, which refer to conditions applicable to the structure when

subjected to seismic events.

3% 2.1.3 Eurocode (BS EN 1990) (28T 3 REHRILICEL 5 HEDES

Definitions

Terms (BSEN 1990 1.5.2 Special terms relating to design in general X 1)

Sets of physical conditions representing the real conditions occuring during
design situations a certain time interval for which the design will demonstarate that relevant
limit states are not exceeded.

Design situation that is relevant during a period of the same order as the

ersistent design situation . . .
P & design working life of the structure.

Design situation that is relevant during a period much shorter than the
transient design situation design working life of the structure and which has a high probability of
occurrence.

Design situation involving exceptional conditions of the structure or its

accidental design situation . o L .
G exposure, including fire, explosion, impact or local failure.

Design situation involving exceptional conditions of the structure when

seismic design situation . o
s subjected to a seismic event.




# 21.4 Eurocode (BS EN 1990)iZ331) 5 #if iz B> 2 FFEDESE

Definitions

Terms (BSEN 1990 1.5 Terms and definitions X 1)

Assumed period for which a structure or part of it is to be used for its
design working life intended purpose with anticipated maintenance but without major repair
being necessary.

Chosen period of time that is used as a basis for assessing statistically

reference period . . . . .
P variable actions, and possibly for accidental actions.

(3). AASHTO LRFD

AASHTO LRFD¥, #FHRILZEHEICITR TV, LavL, £ 2158 X0 2.1.6 (L
&y, HRFREDOEROH _,_\nﬁwwm» BEHA NG EN TS, ARITBEEZITO 20
(EEANCED 2RER ThH DBRFRAED . BREHRILE & 2 RS REBOBBREFERDIT L, Wb D
ASHTEIEZADNRNT f—~< A< 77\031@}31_\%5/1/? LE 720, Bl IO OEFUE |
DY & REMICT 572 EORBIEHA ORNRINTNWD—F T, HET D IRNOHEEICET 5
MHARLHAEDO BN RINTWRNo7e D 3572 8, FHEHRUDOERIIAERR DD Lo TND,
fEfE LT, BHLED & LTV ABOEREECIRBOKIEN AT y—~v X< b 7 2 & LTEH—
USRS T RN E WS | HREBLE OBLED D RAVTF @R PR b D Lo TLE STV D, KE
TIE 2000 R[4 VISION20009D /X7 4 —~ 2 A~ h U 7 APBRIND 70 L. Z OEICHERERE
DI FERHETe & 91272 57225, AASHTO LRFD (IMEREBLEIZBIT B AF7E N R 2 Rl D B HL T
W5,

# 21.5 AASHTO LRFD (Z31F 5 [RA KRR

Definitions
(AASHTO LRFD 1.2 Definitions 3 & 0" 1.3.2 Limit States & V)

Terms

Limit states relating to stress, deformation, and cracking under regular

Service Limit State . o\
operating conditions.

The fatigue limit state shall be taken as restrictions on stress range as a result
of a single design truck occurring at the number of expected stress range

Fatigue and Fracture
cycles.

Limit State The fracture limit state shall be taken as a set of material toughness
requirements of the AASHTO Material Specifications.
Strength Limit State Limit states relating to strength and stability during the design life.

Limit states relating to events such as earthquakes, ice load, and vehicle and

Extreme-Event Limit State vessel collision, with return periods in excess of the design life of the bridge.

# 21.6 AASHTO LRFD 2R 2B 2 AEDESE

Term Definitions
erms (AASHTO LRED 1.2 Definitions & )
service life The period of time that the bridge is expected to be in operation.
L Period of time on which the statistical derivation of transient loads is based :
design life e
75 yr for these specifications.




21.2. A RBOREE

1502394, Eurocode, AASHTO (2B 1} H A EXNZHEI L2 b 02X (2.1.1) ~X (213), BLOE
217~ 2181, MEMOMIREICHK B 5 & 1502394 45 LU Eurocode T DR £%
Boye LAEHOMAE AR D %’)M%I Wo D 2HINRE SN TN D, £/, ZEMERICET 2 2RK
I¥. leading variable action (Qx,1)(Z%F L TiX yq 1. accompanying variable action (Qx, i)(Z%F L TiX yo i
MEL B, S HIZ, accompanying variable action (Qu, i) I IE/EH OMLA A Z P D HAREL wo 235 U
b d,

—77C, AASHTO LRFD T3 B OFR o FR I A7 BLAR AL vi 0 1 TR D 2T 1502394 <° Eurocode
D X DIAEROERI RS L AE OGBS 2 MR E 731 TROE L T/l 72, AASHTO
LRFR CIEBERAR O L RMERHER S RF OE AN RS TR Y | ?&Wﬁl (B D E R & LTI
FRE @ DAITIRBELREL e & AT MMEEL s NRE SN TN D

1502394 TiT3 A7 AMEFENE & EREFEMEICET 2B NH Y . AT MEFMEIZ OV TITER T
(ZITCRMEF ORI TFEN M S TR b9, EM AL T ) 2 A Lz BT, SEfbh Tno v

AT DAGHAVERRAT O FIEIZIIAEENEDR H 5 Z LI HHRET 5 & THH L LTS (X 219 &
)

o

(ISO2394) (Eurocode)

S(ZY5,iGrj + Vo1 Qua + Z Yo%0iQui) X Vsa S R(fie/Vim) X Yga  wooevoeeessesesseees 211)
(AASHTO LRFD)

» (ni i Ql) < (PRn ................................................................................. (2.1'2)
(AASHTO LRFR)

RF = (q)c(ps(pRn — ]/DD)/(VLLLL) D B R R (213)

® 217 EAEOEEEICRIT 5 BEEXOMORE

fif ORI %L HBHR O E R 5K
Yc : partial factor for permanent actions, also
accounting for model uncertainties and
dimensional variations
Yo : partial factor for variable actions, also . partial factor for a material propert
accounting for model uncertainties and Yom P Poperty
1502394 dimensional variations
Eurocode o : factor for combination value of a
variable action
Ysa : partial factor assoc1at.ed with the . Yrd : partial factor associated with the
uncertainty of the action and/or action . .
uncertainty of the resistance model
effect model
yi : load factor : a statistically based
multiplier applied to force effects . L
AASHTO ¢ : resistance factor : a statistically based
LRFD ni  : load modifier : a factor relating to multiplier applied to nominal resistance
ductility, redundancy, and operational
classification
AASHTO | Yo ¢ LRFD load factor for structural @c : condition factor
LRFR components and attachments @s : system factor
yiL : evaluation live load factor ¢ : LRFD resistance factor




& 218 HENEOEEEIZBITARMEDERE
RAEERICB T A HMEOER

Gy,j : characteristic value of permanent action j
Qx 1 : characteristic value of the leading variable action 1
Qx i : characteristic value of the accompanying variable action i

1SO2394
Eurocode

AASHTOLRFD | Q; : force effect

D : dead load effect

AASHTO LRER LL : live load effect

# 21.9 I1S0239%4 (23T 5 v 2T MMEFEM: L EREEM
/802394 : 1998 8.2 Systems reliability versus element reliability J ¥

From a probabilistic point of view, an element can be considered to have one single dominating
failure mode. A system may have more than one failure mode and/or consist of two or more
elements, each one with a single failure mode.
Probabilistic structural design is primarily applied to element behaviour and limit states
(serviceability - an ultimate failure). Systems behaviour is of concern because systems failure
is usually the most serious consequence of structural failure. It is therefore of interest to assess
the likelihood of systems failure following a initial element failure. In particular, it is necessary
to determine the systems characteristics in relation to damage tolerance or structural integrity
with respect to accidental events. The element reliability requirements should depend upon
the systems characteristics.
A system analysis should therefore be carried out to establish;

* the redundancy (alternative load-carrying paths);

* the state and complexity of the structure (multiple-failure modes).
NOTE - Systems reliability analysis should, however, be carried out with due recognition of
the uncertainties inherent in the methods currently availables and should therefore be used

\_ with caution.

\

J




213. HMEMEEDRELECTRAVWIHERROELAE
(1). 1SO2394 ¥ X T Eurocode
S(2Y6,jGrj +¥1Qu1 + 2 Yo,ith0iQui) X Vsa S R(fie/Vm) X ¥pa v (211)

1502394 : 201591235 1F B dE I, 7K#ifEH G (permanent actions) X —XHIZ EH A L > TET
MME L, FEEEIL50% 7 7 7 Z A NEE T 52 E&2FlE LTET WD, £, ZEEM Q (variable
actions) T —fRANTAEE M OMMES T (B KM A0) IZX > TETFMEL, FeEEIL 98% 7 7 7 2 4
MEETHZ L Z2HlE LTEFTND,

1502394 :1998 Dfftj@E: B Tid, & #Hi/EMH G (permanent actions), ¥ & OVEE{EM Q (variable actions)
OFlL LT, £ 2110 R THEMEZR LTV,

# 2110 1S02394:1998 12T HERDAHE

Examples of actions (IS02394:1998 AnnexB L ¥)

+ the mass of the structures themselves (except possibly certain parts of this mass
during certain phases of construction);

- the mass of superstructures, including any parts formwork or fixtures;

* the forces applied by earth pressure, resulting from the mass of the soil at their
final values;

+ the deformations imposed by the mode of construction of the structure at their
final values;

+ the actions resulting from shrinkage of concrete and from welding;

+ the forces resulting from water pressure, where appropriate;

* the actions resulting from support settlements and mining subsidence;

* prestressing forces.

AKFEAER (G)

permanent actions

* loads due to use and occupancy, imposed loads;

- certain parts of the mass of structures themselves during certain phases of
construction;

* erection loads

+ all moving loads and their effects;
EEEH (Q) - wind actions;

variable actions - snow loads;

+ ice formation;

+ earthquake actions;

- the effects of variable level of water surface, where appropriate;

* temparture changes;

* wave loads

1502394 : 1998 Dff&E F T, A B o [FRFnk i 2 3Hi9- % 72 ® 0 J71413 Ferry-Borges-
Castanheta load model (LA T, [B-CET /L] &\ 9) #ZIFTIEY . accompanying variable action ?
FAEE 2 P D 2 FR 5 Wo DFLIHNITIE Turkstra 5% 2815 T %, Turkstra #(3 accompanying variable
action OFLAHAE 2D 5 B ORERAY 723 P 7 15T, accompanying variable action O#H &8l 2 7k 6
LB W13 (214) DX HITRIASND,

14 07 d(0.288)M]V
o 1+ 0.78V
2T B AEEEHEEMERRAR
O RO O B
N: :accompanying variable action O£ EEMHE Ty D2 FHIH T 12592 He3R(=T/Th)
V  : accompanying variable action DA &E{REL




B-C E7 /W%, WEIZEAb T 2 i B O [A) Rtk e 2 BEpiA L L 72 e R AR I X X 2 E T L D—D
T D, B-CET/VTIE, WA KB TXYEIY | AR XTIk, i AR A — 1 TR 0D far B A3 dAar
SNDLHEFRMREEET H, FMAEITMIFRTH Y, o, FREHXBEICB T 2K WMENEL L0 E
D DL U556 OBIBIT T NN O B O R A R RIS O LIRET Do £ T T, BMEIC
RAEBE LK DOMERET N ERE L, TOET /M LEN> THEMENT L Z AR ET D ETH
IE. B-C ET ML THEHAEDEL T HIALR Y I 2 Lb—a URERETH D, Bz 1 100 I
e o TR BLAL O faf E OALAE A5 S 41, 100 RN AE U152 far E OALEE DI LML DL BT
=Y (N

(2). XkH

1). AASHTO LRFD
» (771' i Ql) < (PRn ................................................................................. (2.1.2)

AASHTO LRFD 0 fiif EAER 7367 % o0 Fi (051X NCHRP Report 3680 HH[F .5 Z L3 TE %,
it BRI DER /AR T EAREL vi D 1 FHHO AT, AR OE R & ME O AT 2R %
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19 | 68 |HHE — — — — — — — — — — —
20 | 6%y [#= — — — — — — — — — — —
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040 1 SEHIE  0.027
BRAE 0417
0.20

0.00 PR 1 P
00 02 04 06 08 10 12 14
THOREHRE

(b) EQ Oif AR AE & B/ 5 TH D fif ELAREL

D EQ (B KfH) TH
0.50
&/INME 0.400
&RK{E 4.695
E¥E 0.960
040
030 | BeHEME - 0.0~0.1
g
b ke fi ¢ 0.233
1.00 = |
0.20 SEHIME - 0.257
BKAE : 0.670
010 | HH H
1l HHHHHHH

0.00
00 02 04 06 08 10 12 14
EQOTE R




100 FRORERFIS I 2 b— a3 & 1,000 EfT5724 100 DOV I 2 b—a URERND,
D+TH+EQ+SW O EMAE LR o7 EA T L, S 612 TH OMTEAED R b RE < Rolz b &
DERDOIEER, FD X I LT IAAT 1,000 E D D+TH+EQ+SW Ofif EFAEIZRIT 5 TH
D ELRE & THICE R > 72 BQ O BRI Z % 5.2.5(@)2R 7

[FERIC, D+TH+EQ+SW DOfif G & e o7 AEARZ i L. S 512 EQ O EAEA A S K& <
ol b XOBERDOHEZERR, ZD LI L TKYIAAT 1,000 {H D D+TH+EQ+SW O ff LA 2
BT 5 EQ OffEARE & ZICH R - 72 TH OBk A £ 5.2.50b)l2R7,

# 5252 T L 512, TH Ofif BEREEAMEIL 0.7~0.8 BEMMETH Y . TH Ofif EREIZE
% EQ OffEMREUIHR KR T 04 FRETH D, £z, £ 5250b)I-T £ 52, EQ Dff EAREUR K IEIE
0.4~05 NEMMETH Y, EQ OITERIKICE/R D TH OFfEMAEIIHANTO7 RETH D, 2FED,
D+TH+EQ+SW DOffEALAHIZI VT TH & EQ IR & 2o fif EAREL & 9 LA E e MR S
A, D+TH+EQ O EAMA AT & [ U Z /R LT 5,

# 5.2.5 D+TH+EQ+SW 2317 % TH & EQ D[RR AR I
(a) TH O RS KA & E72 D EQ D fif BAR %K

D TH (HKfE) EQ
1.00
] B/ME 0.691
& K{E 0.750
TfE 0.723
080 |
060 | BAEME : 0.0~0.1
5
z HRE : 0.016
1.00 o
040 1 SR ¢ 0.030
BOKAE : 0417
020 |
000 Lt M
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
THO R EFRE

(b) EQ D HLERE A KA & B/ 5 TH O fif EAREKL

0.00

D EQ (B KfH) TH
0.50
&/NME 0.275
RK{E 2.423
E¥E 0.619
040
gaw I IcHEAE © 0.0~0.1
% = [ L fiE - 0.299
1.00 g
? SR ¢ 0.321
BKAE : 0.687
010 | H
mill HHHHHI‘H‘II‘I.—‘
0.6 0.8 1.0 1.2 1.4
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EQO T E{RH




(5). D+L+TH+W 1 X O D+L+TH+W+SW (2531} 5 i ER %K

100 M ORI I 2 b—3 3 % 1,000 EAT 5724 100 DT 2 L—3 3 URERN D,
D+L+TH+W O EMAEE L Ro7EA T L, 512 TH OMEAED RO RE < Rolz b D
FEARDIRERD, O X I IAAT 1,000 O D+L+TH+W OFFEMATIZEIT 5 TH OffERR
BMEZNICER T2 W ORFEFEZR 52.6() 2R,

[T, DHL+TH+W O EAMAE & R o EAZAH L, S HIC W OREEREDR R RE ko
2L EDEARDHEEE, DX 92KV IAAT 1,000 H0D D+L+TH+W Ofif EEAEIZBIT 5 W D
BRI & TICER > 7= TH OfFEREEZ £ 5.2.6(b)IRT,

# 526()\RT X 91T, TH O ERER KT 0.7~0.8 N RMMETH V. TH O EfREIC E A
%W O EREITRKTO02RETH D, iz, £ 526(b)RT L H 12, W O ERERKHEIL 1.2
~13 MEMETH Y . W ORTERKICE D TH OffERIIIR K TS BRETH D,

# 5.2.6 D+L+TH+W [Z81F % TH & W DORIREART GXMEICER)
(a) TH OFfEAE G KAE & B2 D W Off RS

D L TH (FxAAE) W
1.00
f&/MiE 0.648
®RAE 0.743
SE¥fE 0. 701
0.80
o 0% BAEME - 0.0~0.1
2 _ 7 ok i+ 0.086
1.00 1.00 B
040 1 SEHIE 0,095
BOKAE : 0.188
0.20

0.00

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

THOR EHRE
(b) W OffEfRER KIE & B2 5 TH O 545K
D L W (KfE) TH
1.00
B/ME 1,157
BAME 1.524
FigfE 1.281
0.80
_ . o
" 0.60 e HEfE : 0.2~0.3
R e : 0.217
1.00 1.00 g |
040 SR 0.224
BeKAE : 0.486
020 | H
0.00 L — L ‘|_|‘ L M.,
0.5 0.7 09 1.1 1.3 1.5 1.7 1.9
WOHERH




100 FRORERFIS I 2 b— a3 & 1,000 EfT5724 100 DOV I 2 b—a URERND,
D+L+TH+W OfFEAAGE & R o TR Z I L, TH OfFEAEOFEEE KD, & HIZ TH Off
FRBCEEMEI IR BTV TH Off EARED A U TV DIEARD H 2RO, Z D L 512D IA AT 1,000 fiE 0
D+L+TH+W O B EEIZIIT 5 W OfFEMREEZEK 52.7()i2n7, [FEKIC, D+L+TH+W Ofif
AT Lo T AEARL I L. W OFFEREBEOFELE KD, S 5IC W O ERECFEIC R B
W ORFERHNA U TWDEEARD AL EZERD, Z O X 5120 IAATE 1,000 fH > D+L+TH+W O faf EAH
HHICB T 5 TH O EREEF 5.2.7(b) IR,

# 527@IRT X 91T, TH O ERECEEEIL 02~0.3 NRMETH Y . TH Off EfREUC E A
W O ERIBIIRKCTIIRETH D, 72, £ 5270 T L 512, W OFERECEEEIZ 0.2
~03 MMM TH Y . W OTERIKICE D TH O ERIIIR A TO07 RETH D,

3% 5.2.7 D+L+TH+W [Z8I1F % TH & W DO FRIREART CESYEICER)
(a) TH OFFEBECTEIME L B2 D W OffFEAE

D L TH (CE¥E) W
1.00
&/IME 0.233
®RAE 0.281
Fig{E 0.256
080 |
060 I IcHEfE : 0.0~0.1
i
2 Hhff ;0,164
1.00 1.00 & |
0.40 SEHIE 0519
BOKAE : 1.235
0.20

0.00
00 02 04 06 08 10 12 14
THOREHRE

(b) W O EARECTHINE & B e 5 TH Of EAREL

D L W (CE¥HE) TH
1.00
B/ME 0.217
& K{E 0.330
_ F 518 0. 281
080 |
| B AE{E : 0.0~0.
gy 00 wAEfE : 0.0~0.1
2 HULfE  0.174
1.00 1.00 z
040 | SEHME - 0.202
KA : 0.668
020

0.00

00 02 04 06 08 10 12 14
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100 FEEOEFRII I 2 b—a % 1,000 EfT-724 100 FO v I 2 b—a VRERND,
D+L+ATH+W O EMEE & R o 2R Z M L, TH O EREO P REZ KD, X512 TH O E



FRE P A B b TV TH OFif EARER A U TV D EEARD LA EDY, Z 0 L H 1TV 1A A T2 1,000 f#
D+L+TH+W O B EEIZII1T 5 W OfFEMFEEEZ K 52.8(a)i2nd, [AHRIC, D+L+TH+W Ofif i
MEE LRI AEREZHIH L. W ORFEMEEO P IMEZ KD, S 512 W Ofar BRI R IR b
W OFRFEREA U TV DERDHZZED, £ D K 912KV IAATE 1,000 f# D D+L+TH+W O fif B
AHEICEBT D TH O EAEEE R 5.2.8b)IRT,

# 528@)ITRT L 91, TH OffEfREH RAE 1T 0.2~0.3 NEAM TH Y . TH Off EFRERIC E
% W OfFEREITR A TLS BETH D, £z, £ 528 & 952, W OffEREJ{EIE 0.0
~0.1 MM TH Y . W ORTERIKICE D TH OWERHUIRKTO7 RETH D,

PLEMNG, D+L+TH+W Ofif EAAHIZ3 T leading variable action % L & L. accompanying
variable action # TH, W ¢ %& x5 & &, TH & W O EAEIIRKEIZER T3 0Tl < SEHHEE
TATHRAEICE BT 5722 51F, TH ORTEFREL 0.2~0.3 124 LT W ORTEFREIE 1.5 FRE, W OffE
%245 0.2~0.3 (2% L C TH Off EAEUL 0.7 FRENHEL > T D,

# 52.8 D+L+TH+W 28I} 3 TH & W ORISR ERN (PREICER)
(a) TH Ofif EARE Al & 22 5 W DO EAREK

D L TH (s JfE) W
1.00
B/ME 0.175
- BAfE 0.258
SE¥fE 0.227
0.80
0 | BHEME : 0.0~0.1
% PR 0.140
1.00 1.00 &
040 1 SERIE ¢ 0.391
B RAE ¢ 1.441
0.20
0.00 L ‘|_|‘

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

THOR E R
(b) W Off EAREH Sfl & F72 5 TH O EAREL
D L W (i) TH
1.00
=&/NE 0.087
] &K{E 0.102
E¥E 0.095
0.80
w O80T BoMEfE - 0.4~05
% FRofE : 0.450
1.00 1.00 B ool
' SEIE - 0.427
KA < 0.700
0.20

0.00
00 02 04 06 08 10 12 14
WOR E R




100 FEEOKERSIT I 2 b— 3 & 1,000 FIT-724 100 FO VI 2 b— 3 VRN,
D+L+TH+W+SW DO EALAE & e o ToEAZH L, & 512 TH O EAEAR b RS Rolcl
EDEADHZRP, Z0 X DIV IAATZ 1,000 i > D+L+TH+W+SW OB AT 5 TH
ORFEFH L ZHICER -7 W ORERRE R 529@)0577, R, D+L+TH+W+SW O fif fiil
B Lo TR L., X5ICW ORMERENR L KREL ol L XOBEROHERY, 20 L
ALV IAATE 1,000 8D D+L+TH+WHSW OFfFEMGEIZEHIT 5 W O ERKE ZhIcEZR -7
TH OfifEfAE A £ 5.2.9(b)ITRT,

£ 529Q)ICRT X 91, TH OFFEAEURKMEIL 0.6~0.7 BNEMETH Y . TH Off ARSI E 2
W OMBEMRBIIR R TO02RETH D, £72. & 529Db)nT K 91T, W Off EREUR KAEIE 0.0
~0.1 ZEHNETH Y. W O ERIKICEAR D TH O ERIITIRA T 07 BETH 5,

# 5.29 D+L+TH+W+SW [Z8IT % TH & W ORIREERN (BAEICER)
(a) TH OFFEBE KL L B2 D W OFfEAE

b L TH (FAf) W
1.00
&/NE 0.613
&K{E 0.738
E¥fE 0.683
0.80 -
w OO Sl : 0.0~0.1
% FRfE : 0.089
1.00 1.00 g 0|
' SEHIE 0,095
BOKAE : 0.203
0.20 H

0.00

00 02 04 06 08 10 12 14
THOR E R

(b) W O EAREUR KA & B 72 5 TH Ofif EAREL

D L W (KMHE) TH
1.00
&/IME 0.130
&A{E 0.438
EHE 0.209
0.80
060 | BHEME - 0.0~0.1
g
S u ke fiE ¢ 0.174
1.00 1.00 =
040 1 SEHIE - 0.261
B KA : 0.720
0.20
0.00 =l ‘|_|"_“
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
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100 FEEOEFRII I 2 b—a % 1,000 EfT-724 100 FO v I 2 b—a VRERND,
D+L+TH+W+SW Ofaf B G & 22 o TR Z i L. TH O EAK O FEEZ KD, S HIZTH O



f EARECEIMEI fe HEV TH OFERENE U TV DEARDZETRY, £ 0 X 912/ Y iAA T 1,000
&5l &> D+L+TH+W+SW O ff AL G ICHIT 5 W O EAE Z K 52.10@) 127~ F . FERIZ,
D+L+TH+W+SW O EALAE & g o TR ZfiH L, W O EAREL D FEEMEZ R D, S 512 W Dfaf
FERBCEEMEI R & IEV W ORTBERBNAE U TV DEARD A ZED, £0O X 9 ITK Y A ATZ 1,000 &
O D+L+TH+W+SW O EAHEEICHF 2 TH O EfREEZFE 5.210(b)I2~d, # 5210 ()IIRd
£ 512 TH Off EARECEEIEIL 0.2~0.3 2 EMEECTH Y . TH Off ERFUCEL D5 W Off LRSI
KTOQBRETHD, £/, %£ 52.10b)I2RT X 512 W Off EARECEEIEIL 0.0~0.1 N MM TH D |
W O EARIICE 22 D TH Off EAEUIR KT 07 FRETH D,

# 5210 D+L+TH+W+SW |25 5 TH & W ORIREREDRT CEMEICER)
(a) TH OFFEBECTEIE L B2 D W Off EAE

D L TH CE%fE) w
1.00
B/NE 0.258
BKIE 0.349
T 1918 0.296
0.80 |
060 | fAEfE : 0.0~0.1
o —
2 fFrfefiE : 0.090
1.00 1.00 2
040 1 SEHIE - 0.101
BRIE : 0197
0.20

0.00
0.0 0.2 04 0.6 0.8 1.0 1.2 14

THOTRTE RS
(b) W OFfiEAICESIME & B2 % TH O ff B4R
D L W (CEZE) TH
1.00
£&/IME 0.085
&K{E 0.102
- E¥E 0.095
0.80
o 060 | fHEAE : 0.4~0.5
£ tff © 0.461
1.00 1.00 @ |
040 EHIE ;0416
BKME : 0.719
0.20
0.00 L H
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WOREE R

100 M ORI I 2 b—3 3 % 1,000 BT 5724 100 DT 2 L—3 3 URERN D,
D+L+TH+W+SW OB A & g o T AEAZfiliH U, TH O ERBO P REZ KD, S 512 TH O
T ARSI A TV TH OfFEAREANE U TV DEEARD B Z R, £ 0 X 512V iAA T 1,000
& &> D+L+TH+W+SW O ffEHAHLAGHICBIT D5 W OmEREEZE 5211@a) 17T, [FERIZ,



D+L+TH+W+SW DO fif LA & g o 7o ARARZHhH L. W ORERERO P RAEEZ KD, S HIZ W Dfif
FEAREP MBI BTV W ORTERENAE T T DEARDAZZRD, £0 L 9 IZK Y AATS 1,000 f#
D D+L+TH+W+SW Ofif AL A1) 5 TH O EFEZ &K 5.211(b)ICRd, £ 5211@)IRd K
912 TH OfFEAAE P RAEIE 0.2~0.3 MM TH Y . TH O EREICER D W OfFEREIIR K
TO3RETHD, Fo. F 5211(Db)IIRT L 918 W OfFERE T RAEIL 0.0~0.1 DEAAETH Y |
W O ERIICE 2 D TH O EREIIR K TO7 RETH D,

YL S | DAL+TH+WHSW Ofif B G123 T leading variable action % L & L | accompanying
variable action # TH,W £ &% % L &, TH & W Ofif EAREIIRAMEIZAE BT 2 O Tidie < FHfEE
PiTh R EIcE BT 5722 51F, TH OFFEEE 02~0.3 125 LT W OffELEEKIE 0.3 F2E, W OfE
%32 0.0~0.1 (ZxF LT TH OFEREUT 0.7 FRENEZR > TB Y . W OfFERIIER 52.6~% 528
(2R L7z DHL+TH+W O EGE L D /&0, Ziud, W OFFERBUTHERNREAE LI & XITKRE
REEZRLTWD EEZ BN, RIS TIIEESHICEENEAET S Z LITBELTWARNEDTH S,

# 5211 D+L+TH+W+SW 23175 TH & W ORIKERENRG. (FifEicE8)
(a) TH Ofif EARE Al & 22 D W DO EIREK

D L TH (s JfE) W
1.00
B/ME 0.135
BAfE 0.416
- TH#1E 0. 254
0.80
o 00 IeHEME : 0.0~0.1
2 i 0.091
1.00 1.00 B i
040 SEIE ¢ 0.102
e RAE : 0.228
0.20 |
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THOREHRE
(b) W Off EAREL R I & H 72 D TH Off EEREL
D L W (gefil) TH
1.00
&/ ME 0.080
= K{E 0.097
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080 |
LN AHE : 0.1~0.2
= i : 0.282
1.00 1.00 g |
0.40 SEHME ;- 0.331
e KAHE 2 0.702
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(6). D+L+TH+EQ 1 £ (! D+L+TH+EQ+SW 2817 B EiR %k

100 FEFORERINIT I 2 b— 3 % 1,000 FAT-> 724 100 DY I 2 L—a URERN D,
D+L+TH+EQ DO EAGE & R o ToEARZIH L, &5 TH ORTEREDI R B RE Rolc b ED
HEAD IR, ZD X 9ISV IAAT 1,000 fH > D+L+TH+EQ D ff EfAHIZ 1T 5 TH O ElR
L TNICHR -7 EQ O AR AR 5.2.12(a)ICR T

[AE£IC, D+L+TH+EQ O EARGH L R o 7oA Z I L, & 512 EQ OFfHEAEA R KE R
ST L EDERDHZZRN, Z D X 5T A ATE 1,000 il O D+L+TH+EQ O fif AR AHIZI1F 5 EQ
O BAREL & EAUCTE 2 o7 TH Ofif ERE A & 5.2.12(b) IR T,

F 5212 L 912, TH O EAREUR KAEIE 0.6~0.7 Nl Td v . TH O AR A e
% EQ OffEMAHUIIR K CTLIRETH S, Fiz, £ 5.212(b)IRT £ 512, EQ Off EAREUAR K EIE
02~03 NEMETH Y . EQ OAFEMRIUCHE 2D TH O EAREITR KT 07 RETH D,

# 5.212 D+L+TH+EQ 28!} % TH & EQ DO RIFERAFRG (HRAEICER)
(a) TH OffEAE R KAE & B2 D EQ O EAR %L

P L TH (R EQ
1.00
&/ME 0.625
&RAE 0.744
Fig{E 0.696
080 [
w 0| (] BHEME - 0.0~0.1
% PR 0.019
1.00 1.00 E |
' SEHIE 0,053
BOKAE - 1.880
0.20
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(b) EQ DO EEARE U KA & E 72 5 TH Ofaf EEAREL
D L EQ (A KfH) TH
0.50
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100 FRORERFIS I 2 b— a3 & 1,000 EfT5724 100 DOV I 2 b—a URERND,
D+L+TH+EQ O EHAAHE & R o 7oAEARZ A L, TH O EMAEROFEEEZ RS, S 52 TH Off
FEARFCF MBI b ITV TH ORFERENSE L TV DIERO L EZ RN, £ 0 X 512KV IA AT 1,000 f#
@ D+L+TH+EQ Off EAHLGHIZ I 5 EQ D EfRE Z# & 5.2.13(a)l2~ 7, [AARIZ, D+L+TH+EQ @
MEMAEGE L Ro TR LRI U, EQ O EAE O FEME AL R D, & 512 EQ Ofif FARECF-AIEIZ F
HITV EQ OFFEMRENAE L TV DEEARDHE TR, £ D L 5KV IAATE 1,000 {E D D+L+TH+EQ
DORFEFMAEICEBT D TH OffESREEF 5.2.13(b)I2RT, £ 52.130@)IC7RT & 912, TH OffELR
BOFEEIEIE 0.2~0.3 MM Td V) TH O EAREIC 72 5 EQ Ofif EAREKITAR K TO7FRETH 5,
F7o, £ 5213(b)ITRT X 91T, EQ O EARECEAIEIL 0.0~0.1 BEMETH v . EQ D fif EAREIC
B2 5 TH OFFEEEITR AT RETH S,

# 5.213 D+L+TH+EQ 28!} % TH & EQ DO FRIFRAFRT (CEHEICER)
(a) TH OffERHCEEIE & B D EQ O RS

D L TH (CE¥E) EQ
1.00 —
&/NE 0.234
&K{E 0.303
E¥fE 0.268
0.80
o 0% [ BeHEE - 0.0~0.1
2 i - 0.016
1.00 1.00 g2 |
' SEHHiE : 0.041
BXAE : 0.655
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(b) EQ OffEfRECEHIME & T2 D TH O LR
D L EQ (CE¥IMH) TH
1.00
f&/IME 0.028
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EHE 0.037
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2 thkfif : 0.379
1.00 1.00 = |
0.40 SEHIE - 0.383
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100 FEEOEFRII I 2 b—a % 1,000 EfT-724 100 FO v I 2 b—a VRERND,
D+L+TH+EQ DOffEM A & 72 o mEAR A L, TH O EREO P REE2 R, S 512 TH Ofif
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BRI PRI B b TH ORFEREDAE L TV DEARDZEZEY, T 0O X 512KV A AT 1,000 #
® D+L+TH+EQ Off AL GHIZ I 5 EQ D EfRE# & 5.2.14(a)lZ/~ 7, [AARIZ, D+L+TH+EQ @
MEMEE L RO TR Z I L, EQ OFEAE O P RAE AR D, & 512 EQ O FARE H RAE I B
HITV EQ O AR E L TV DIERD AL ZEY, £D L 9TV IAATZ 1,000 {8 D D+L+TH+EQ
ORFEMAEICEBT D TH OffEREEF 5.2.140b)I2R T, £ 52.140@)I7RT & 912, TH O ELE
U EE 02~03 2R TH V .\ TH O ARSI B2 2 BEQ DO B RSIT IR KN T OS5 RETH D,
Fo. £ 52140b)CTT X O 1C, EQ O EARE P IEIL 0.0~0.1 BERAAMETH v . EQ Dfif EAREUZ
25 TH OFFEEBIIR AT RETH S,

YL B D+L+TH+EQ Ofif AL AH 123 T leading variable action % L & L. accompanying
variable action % TH, EQ ¢ &z 5 & &, TH & EQ DOfaf ARSI H KEIZHE B35 D Tid 7z < SEBfE
FFFRAEICE BT 572512, TH O EFREL 0.2~0.3 12%F LT EQ OfrEMREIL 0.7 2, EQ @
f EAREL 0.0~0.1 1ZxF LT TH O AR EIT 0.7 BREENSEH R > TV D,

# 5.214 D+L+TH+EQ 28I} % TH & EQ DO RIFRAFRG (FRfEICER)
(a) TH OFfEAE R L B2 D EQ O ff EAR%L

D L TH (4 4-fE) EQ
1.00
_ F/MiE 0.180
& KE 0.281
E{E 0.238
080 |
Mow - BAEAE ¢ 0.0~0.1
2 R ;0,030
1.00 1.00 m
040 T S 2 0.062
e KA : 0.485
020 |
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00 02 04 06 08 10 12 14
THOR EHRHK
(b) EQ O EARELH JLAE & E 72 D TH Ofif EEAREL
D L EQ (F4fi) TH
1.00
F&/ME 0.014
& A{E 0.025
FfE 0.018
080 |
= . ~
w050 T AT - 04~05
2 HffE - 0.464
1.00 1.00 g
040 SEHME ¢ 0.445
FKAE : 0.695
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100 FRORERFIS I 2 b— a3 & 1,000 EfT5724 100 DOV I 2 b—a URERND,
D+L+TH+EQ+SW D EA A & R o eiFARZ I L. & 612 TH OfTEAED R b RE <otz
XOERD I EIRDY, ZO X HITK VY IAAT 1,000 {ED D+L+TH+EQ+SW OffEHEAHAWIZH1 5 TH
D EMREL E EIUCE2 > 72 BQ O EMRE A& 5.2.150@)I2 "7, [FEkIZ, D+L+TH+EQ+SW O fif &
AT LR AL L, S HIZ EQ OMEMRENBHE O REL RO L EOFERDHLEEDY, £
DX HIZE Y A AT 1,000 i 0 D+L+TH+EQ+SW D EALA W21 5 EQ DRFEARE & ZHIZEH R
>7- TH O ERE A E 5.2.150b)I2RT

# 5.215@)IZR T & 91, TH O EAEURKIEI 0.6~0.7 N EMMETH Y . TH Off iRz E e
% EQ Off EMAHUIIIR KT O02RETH S, Fiz, £ 5.215(b)ITRT £ 512, EQ Off EAREUR K IEIE
0.1~02 BEHMETH Y . EQ D EFRIUTE /2 D TH O EAIKITR K TO7 RETH D,

# 5215 D+L+TH+EQ+SW (231} % TH & EQ DRI (HRAMEICER)
(a) TH O SRR KNE & H 72 5 EQ O EAREL
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[Z5 3]
1) 1502394 General principles on reliability for structures, 1998
2) 1502394 General principles on reliability for structures, 2015
3) K. K. Phoon, D. E. Becker, F. H. Kulhawy, Y. Honjo, N. K. Ovesen, S. R. Lo : Why Consider
Reliability Analysis for Geotechnical Limit State Design?, LSD2003 International Workshop on

Limit State Design in Geotechnical Engineering Practice, 2003
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