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Development of Probability Based LRFD Formats
for R.C. Structure Design
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Abstracts

Based on the recent developments of the reliability-based structural analysis and design as
well as the extending knowledge on the probabilistic characteristics of loadings and resistances,
the probability based design criteria have been successfully developed for many standards. Since the
probabilistic characteristics depend highly on the local environments(loadings) and workmanship
resistances), it is recognized to develop the design criterion compatible with domestic requirements.

In this study. therefore, the proper probability based design criteriontload and resistance
factor design formats) has been developed based on the safety levels observed from calibration with
existing standards, which applies to the ultimate limit states of reinforced concrete members.

1. s g S ERAMAEE Py B3 5

FnATAAEA 4T ¥y HAFE(1) A 9 M T E BEEIA YJyi¥Hog 1.0 ¥} §
AABEL U SHEZ T i FHPYEA S v rE ARk B ooy ogstEo] auHye F e
S ACT 318 7ol 72T Ao F o]y ZHHPEAR of HEste LAA,RA A7 sHEel  Foigho)
TS F2EY AEFHAM EAHO e A TAlo) 2HE3 Tlsadol o Aok AE vy
L8 %‘lﬂ ksl °°ﬂ/‘1 FMEIYCk, ol og A shoy, ubebA iyt 1L0Rch 32 g AMEE)
TR A AHEFG S0 AgstEol ME i oAt
EAE Ars en(3,4) ¥oEage PrE o] =) 71%6)\1/101 HidAED 52T
9} AlF-g-FEoll A K Lﬁh” Aol g 7iR|GL i7) uf & A8} = ANSI A3 off M= okzk 1 E ¥
Holth, &3 1135 HsEE L9 Y B 5tE 8l H%‘?ﬂ"”-g 2’“‘1?‘#1 MEH7‘
of ojsf Wty FEET AMEED SN v‘?—ZHS’% =3 %5}%‘01 BREy FRol (4 20048 B
QI e HrjH o8 e W Mo g LiERk: Ha o H”OH 786}%"1} 7‘2}16 %‘”_:9:: EF‘?—%:
o}, uhebA B Aol My 7]‘:”4% 21 8(2,3,4, 2l & (A DoAYy stEAs ‘
hioll 71&3he] =l #Wald 7-‘4?“?* spg 4l ?‘4% ¥ BE %H E ARESte] (A 2 >91 & -‘é“?* ANE
Aag  MAIBIGECE. o] oA ?“’8@7415}% A3 lowv AR O]L‘%“ ?’”‘Ol Hry ZopE
(6)& F28 BEWEY o2l BHE *0% 4 ol o g vrehtbr Qlul, & ANSI AS8e| AAlH
53 fiol QR E BHAE MASE{]) ol e Hel e
AE AHe1E @ HPASE A5 ‘iiﬂ}

2Rn = +J0n v rln (4 3)

2. Bt W MEASA $Rn = 7,'Dn + ».'Ln + 7 'Wn [ 2] 4)

812 w5 A WAL (load and resistance
factor design formatsi=lis o 712] Fefrt
L‘}'. TREE, HaNE W BB 17616}-%:

AL, WA ATFED I ACL 318 FEo A AHE
8}'%:.' th T

Rt =z »Dn+ rln (a1
¢Rn = ol »,Dn + 2 Ln + k) (a2

[N

oluy, o 7lofi e BEE AHAFH APHS
(resistance factors) &4 ) ?Ha‘l 9] B®AME
st S e gvimoew 1.0 ol A
e R 75}%“1 (hm(l factors ! &4
. RRRNEURE )
*ok 5};—;@.@7]%@ l"%} 2elel
o GRULTES

BN
e 3 }— é‘z" 15,1 it




B D Y AL iy B dadAs (Y YA

B} Z A4 £, X Al &
B=3.0(EMNE, 5, 71%)| B:=3.0 (&£, 1), | B=2.8 (g8, 2),
B8+=3.4 (71%) B+=3.2 (718)
Tv | 7 & 7] T | & 7] T | € 7 ¥
& 2 Bl B 2j 2
B A& | B GF |5 | B AE | =4
uts | k& ot | Qt& ] | &
1.4 |1.7 10.64 |0.78|0.74 {0.68 |0.64 {0.78 | 0.65 | 0.63 |0.69 {0.82 {0.69 |0.66
1.4 |1.8 |0.66 {0.80|0.75(0.68 |0.66 |0.80 |0.67 [0.63 {0.71 |0.84 |0.7110.66
1.4 (1.9 |0.68 10.8210.77 {0.68 |0.68 {0.82 |0.68 |0.63 |0.74 |0.87 |0.73 |0.66
1.4 {2.0 {0.70 |0.8410.79 10.68 |0.70 10.84 |0.70 |0.63 |0.76 {0.89 [0.74 ;0.66
1.3 1.8 [0.64{0.77 {0.72 |0.68 {0.64 |0.77 | 0.64 | 0.63 |0.69 | 0.81 [0.68 |0.66
1.3 {1.9 |0.66[0.79 10.74 |0.68 | 0.66 {0.79 |0.66 [0.63 |0.71 {0.83 {0.70 | 0.66
1.3 |2.0 |0.68|0.81{0.75(0.68 |0.68 {0.81 |0.67 {0.630.74 10.86 |0.71 |0.66
<R 2> IFE AL o s13As (B HAS)
& A % 8 % A i
& 8:=3.0 B:=3.0(gHE, &), | g=2.8(ENHE, &),
B 2% | (8HE,E,71%) | 8=3.4 (71%) B=3.2 (71%)
R=N
T T T Tu T 7T
0.90 |10.90 | 0.70 1.24 2.94 1.40 2.46 1.34 2.27
0.80 10.90 | 0.70 1.33 2.23 1.48 2.15 1.42 1.98
0.70 10.85|0.65 1.28 1.94 1.43 1.87 1.37 1.72
0.70 10.80 10.70 1.34 1.87 1.50 1.79 1.43 1.65
0.70 10.80 |0.65 1.24 1.92 1.39 1.84 1.33 1.70
0.70 10.80 {0.60 1.15 1.96 1.29 1.90 1.23 1.75 E
o] ¥, uteid AA ERAZEE BRI ¢ st ¢, 7y, 7Molth FIEE IPSIE FH
T HPYEE ol 3E A R] spF 0 T FTAZ wRlez HAHINF I APAS+E
Y AN A eats 2 Azbs oAb H(methed of FEVTCH 2 AFNME HIFY 24 HEY
least squares)ol o)) stE Mg w¥g ol gttt
d(®, 7i7) = T (Ri~Ra)* Wi (A 6) 3. IAIEYN HAWIE
oA AFEzo] & AFNME VY A
olty, o7IdA Wiy Z stE 2o ¥ 7155 5E FA5te ALY 9F GABES BEF
B2A QAT E gt Aot uletd 3 H OB FEYW F£&£0] HA BAste F ol dist
315 A APALT AA 2Hea 4 E 24 o 21A31% 9 HYASLE AT

—30-



(B 3 FE FASo Y Ay FaASs (RBE MUABE)

B} A 5 Edg & Al &
Br3.0(EhE, B, 71%) | B+=2.8 (8, B),
B+=3.2 (71%)
7| 7 5y 7 T | & 7] =
Bl - il -3
= d& | T B A |
utsg | & 2ty | S
1.4 1.7 [0.64|0.84|0.74 |0.68 |0.68 | 0.88 | 0.69 | 0.66
1.4 1.8 [0.66 10.86 [0.75]0.68 [0.71]0.90 {0.71 |0.66
1.4 1.9 {0.680.88 10.7710.68 10.7410.93 10.73]0.66
1.4 2.0 {0.70{0.90 {0.79 {0.68 10.76 {0.95|0.74 |0.66
1.3 {1.8 [0.64|0.8310.72 {0.68 |0.69 |0.87 {0.68 | 0.66
1.3 {1.9 |0.66{0.85(0.74|0.68 10.710.83 (0.70 {0.66
1.3 (2.0 [0.68 [0.87{0.7510.68 |0.74 10.92 |0.71 [0.66
E S IFE Ao iy 3F5AS (EFE HASE)
a2 A F 3} = Al o
& £+3.0 Br2.8( G, B),
& 2 (71% | (8:8,8,718) | 8:=3.2 (11%)
=k
T T T 7
0.96 {0.90 {0.70 1.23 2.46 1.33 2.19
0.8010.90|0.70 1.32 2.14 1.42 2.91
0.70 | 0.8510.65 1.27 1.86 1.36 1.65
0.70 10.80 | 0.70 1.33 1.80 1.42 1.59
0.70 10.80 | 0.65 1.23 1.85 1.32 1.63
0.70 10.80 {0.60 1.14 1.89 1.22 1.68
(E DI <R D ¥y é?ﬂﬁ}%ﬂl iR £ A SRENEEE AR DA 2:=3.0
ANE Helsl & AJW B DL sieAsE o8 AT FAPoln], EME UIEY 29 F
Yptz oz AgEE oR IV F, %‘—XH‘E MADE HEe V1ol el 9 & 58
ZAAST BAY Zdigold, <KE DE FAdE M EE MABtE gl Bo M e B
ZaASE LA Jo AU AT E £ 3.0, 71§olMe B, = 3.40]ch
My Aolrt, ulgtAd olES AME REAHLE I8 olE W =L HATEY 2olM 43
olgd = A& Holth, we dAFEe WEsD e ¢GHSEEh oy

a7tz $Ee ERALEZ Ag=HAET

—31—~

w7 dFol MY FoMeE FHUHEE

4



Gt GFo] gelEel Ho) tiME B = 2.8 A7)ellM o= 0.7O(€~EHH) 0.85( %), 0.65(7
71 ol M= ﬁ = 3 2% i’éﬁ}ﬁdt} 2ol o oltf, (A 9o vImY W ALsAss FIUh}
T B F o iyt = Heg Br= 3.0 % 6}%7%%7} 2rotH Tt o] o'l“oﬂ thatey o7t
J_—er 7oA AR '6]-*7 g“_ L=&olt}, A S Ap25= o] wlEralsiciw 5}%
Ayl éaﬁre MHEE SSALs WYy 3 Y 2%‘%21)**—1\_
Tt F7tE]ojokstn), Rl oAl o 2o}
Aol gche Feo] Lhec). WY @7%]6}%‘—% a ¢Rn = 1.42 Dn + 1.98 In (A 11)
HE {Fxske 2SS0 Y 33 o AT A
e e gol AAg £ i o] By, 7o M ¢+ 0.80(&eir), 0.90( %),
0.70(1% )°1Cﬂ F219] FLolA 2217 Hzle
1) H3AHAEE HEAH ois) 8, = 3.0 RE & = UUTH
H’é‘?} A% wWy Ry HAEE BEHOR vt £
ZAxra <l a»}%aq By 52 5 ALY o] =HHAH E%‘?} é?—ﬂﬁ}%wﬂ isted 43 3
FEE ¥2Y W, HHINE I APAsLS A 5% W APAFES (B DA E Dol Hel
Ho } o 7] el A 278 gAsFoIgr 2+ B
¢Rn = 1.34 Dn + 1.87 In (A7) g2 5&’{}3‘.4—1 A-8-712y 907 EEHZ‘(“.% =
w3 AEste o= —EHHB} e EYH
7N Bad T ¢ FAFZ 0.70 Zon, 71%94 7 %o gk 180Kg/m* EH’“Oi 210Kg
(gei2), 0.80(%), 0 70( 71%)el Hed, olg /m* E AH&she Zloltt
ZaAes By ZZAAIS(4=0.90, 0.90, 0. 70)
o BmY W )5S Aoy 22w wr) 4. 1FsZF, ANsE @ BoF
AL grolth stEAIFoE 2H s EA S(dead I1ZEEF 9 Z*ZHE}%A uA FEEol g3t
load factor)s ¥ (1.4) Rl 7k 2For}), A = Z%o iy HA sEAle 9 AgHey §
At EA s BUR(1.7) 2 € Zroloh, £3 & MM ACL 318 &AM AMEste A4 2)
BASIE  B; = 3.00 tHffH HBFATE A E ok ANSI AS8 oA A1-8-3le *“4(" 4)01 -
Bt Qd+= ANSI AS8(7) 9 3B =a) HfA o)) ol 2AFAME ol &5
ET MBASL(EE TLoAS) 7 sERY2A
¢Rn = 1.2 Dn + 1.6 Ln et Bl S uieAsiA] obl wiEol gl
A R EE N A AsrERre] AgEhe F o o
I EREE (4] 7)9 stEAISEol W By o M BAASE THATID ool AP
AL a—?ﬁ}“' ol EA Vel Zolth AT E RNl 350 X¥E = 5
qror WA shEAI(1.49) 1. 7)% 215t AF § 7o Wiy FERAHEE %.%Zv‘?vl 28 B
H B FaAes gelE, 2, 715 o ¥ 7ol Mg é#% %‘ESM Zr Fajol] sy B,y
8} Z+zd 0.64, 0.78, 0.747F Hojof ¥}, U& = 2. Si E%J@ 2 FAERE g, = 2.5(8)
HM"“I%O‘WA %) A F ) ALt 0.747} 9} B = 2.7(71% i CEA AT AL FoA
He Ff, o dFuigd iy ZaAs A TR s ZHH?S}%UH st iyt &
0.68¢] =o] ¥ ((0,80) X} zbopxic}, whe} fé BT HHE) 2@sto ALgslgct & pst
8 By A4 = 0.9, 0.9, 0.7)F 20y 9 AMABIST FRHAINSY 2HE HAs
E AMRE Iz} EE sE A Zoll tistod % 6}0% 43T
<E 5>t g8 LAARAsES FAge S
¢Rn = 1.24 Dn + 2.54 In (X 8) o] ‘j“éa}iﬂ <§_£ 5 v FRAUHE
£ ‘ﬁP%‘ =0 QlojA B Rajo] tis 8,
o] Ho] A ALT i Az AE &+ = 3.000 +La2) 3t L. = 2.5+ L+ W=
qict, U Aoy, (& HbrE Fol BAH 9
ZF0] RAEE oiE FRUIEE W3 320l
2) %E*LEIE SHE 9 B (£, =3.0)% 7] th AV|NA SIFE DAL GHEAA T P
E(Br=3.4)9 EH*H CIE2A AR B 0 3 S-of tisl A HeFr MR SEAN W FaA
AHete W HPEA LA OR -9 2oy 14 T i ARk
¢Rn = 1.43 Dn + 1.87 In (A 9) oigd 514
ol MAE & k. AV o 0.70( EHE,
0.85( &), 0.65(71%F)0] AAE < Jch <kn 2 1.20 Dn + 0.5 In + 1.3 ¥n cal12)
J) BEAMNETE U2 W H(a, = 2.8 )92 7 ool Bl=F FelE Holn glvh, & A}
S(B:=3.2)0 wistd o] HAHY B . FHgE e B2t Foinl B E A e Ok
olF oMY HHIE B HPAFAL v AY, IFsEASE G0 A2 FoE LhE
steh. ANSI AS8ollM e ¥ EES T WS ol
¢Rn = 1,37 Dn + 1.72 Ln (21 10) *%91 IEFEALE DFFEF HASFUE

sk StE R nFsEAsS TUSHA

- 32—



al

(B 5 IFE ALl iyt sEAS (WYL AHS)

4> b

a}

P
.

s A

ol bl
(£=3.0)

o' Dot 7 Lt i W,
(B=2.5)

sild B2 7l F 7o b 7o' V) 7
0.70 0.80 L.70 1.34 1.87 1.01 0.47 1.47

1.40

0.90 4.90 G.70 1.24 2.54 1.07 0.51 1.57
& A 4
ks ool
Al e 7ot v L, }'n'Dn+ T ’Ln+ }"‘u‘lwn
{B=2.8,3.2) { 3=2.5,2.7)
S A d {’::‘ T n” 7 W
0,70 .85 0.65 1.37 1.72 1.02 0.48 1.54
0.69 0,82 0.69 1.40 1.70 1.03 0.48 1.56
0.90 0.90 0,70 1.34 2.27 1.09 0.51 1.64
CR 6 DEE Ao it sEAe (REE MAEE)
% A 4
7t &
A A R T
{52300 { B:=2.9)
=g 5 7] %' 7o 7L 7 r ' \

0.70 ) 0.80 | 0.70 | 1.33 | 1.80 1.01 | 0.41 1.49
0.64 | 0.84 | 0.70 1 1.40 1.70 1 1.03 | 0.42 1.53

0.90 | 0.90 0.70 1.23 2.46 1.07 0.43 1.58

,7']L, «‘z i o

#) bl L, WD L 4

LA 800 PAe=0 0,207

Sl e el S “ " ' '
0.70 .85 .65 1.36 1.65 1.02 .41 10D
.64 .82 0.69 1.40 1.70 1,03 0.42 1.57
0.90 .90 0.70 1.33 2.19 1.09 .44 1.66




ARS8} A} Bh9 7] ol o &
b FEEQCE. oetd B dF
ZTYstE A9 IHINEATE
AsrETre] =AM TH
ARSI FEFASE L 299F AHolth, 1
i} o] ¥ F el FslFol i sFET}
Y sFZHNNE ZED YHLES HE
8}7] olgrc}. vrHol TA SIS A7 1,000 7t

3

BB A

g WE EsFel AL 9ol FAFL Y
e AERYNVOEE FPY QUSES B
271 ojgtl, Tey olely 3E nAHID

ZGAlel o 29

HaAsEg TP} FHE
o] HojxjBg FAM7} HR] ket

CE 6> 2FE AMAAXRASF(210Kg/m* )l
iyt BN A TGoln (8 59 AFe v Ete A
WL A St 2o 51 EIEA ST FstE
& Holx lrh

5 HE

AR g SVRELAFES H A7)
fE 7 SFRPEER BHT HA AFAs
3 ABAee ZAZ BEY e 22 FES

eg & uArh

=

gol wiel YBE 2t
of (o : sejEel ¥) 59
g3t AL BYW Ao

2 rlebwtct,

2) BAEE AAHY Uk
BgHoz YPiol BES wyol WA
o, ¥udANES §

Sofl B AW ASEA 4T
Z 7} ojo} gl

3) BEAHENSE HF2UE, RAYE o)
St Zo| geldoltt. & uEEH
stEwel 2ol Uiy LRETo] E5FE
Yste 2ol Y PREE Ko} Holop
Rolty. £¥ BIEW 29 B

& g%o] JFo Y PHE
AMECH 7 A M ol v s

SjraQa 1 24 o

4) o=y FHPHY FUolA AEHE B
AAFEC] WEST Ak FRETo| u]Fo
ok

T 4 drt,
I. 8 MHAREE A3 3%
¢Rn = 1.40 Dn + 1.70 In {413
¢Rn = 1.05 Dn + 0.50 In + 1.50 Wn (A} 14)
A7l ¢ = 0.70 (&ZWB)
0.8 ( 2 )
0.65 (71 F)

II. 8% GARA3EE Exste F (5
210 Kg/m* )

¢Rn = 1.40 Dn + 1.65 Ln 2] 15

¢Rn = 1.05 Dn + 0.40 Ln + 1.50 Wn (2] 16)
A7lolA HPA e (119 B FU3A
ARRgEcE (A 13)3 (A 15) 8 Algste &
BE8e A HHLELE B = 2.8 (SHEY
23 B 3.20718) 019, (A 142 (4 16)
o] WXl UMHSFEE 8, = 2.5(2) B, =
2.77%) 8 =9 FEMNLA HE" =
FAHE o} vl IRI}EH] HEEY
2P A B2 fEo|h,

5) TBF [V APAMY MEANAM =] BT
AFEZE ITHEIY Brl 52 ¢rAS£Fo)
RTHECE & A9 EMEDE o83
XL E0ME sFAsE BT 4 e,
U AHBRA MY AFER TR 0] T
FEChE 2d T AHE AMGATE AT
Z2BE = A& Ao},

. o =
T

1. STZEdAE o ATTIRE F2A

AR W A, TR Ea, 1988,

[a%]

~1

. Ellingwood, B.,

YHE, 28T, 7S, BEA, AR A
Ao FAH G, VIANTEFN
2ANEUEE R, 1989, 10,

YRE, WL, HFMH, "FUENF BE
5 By ¥4 eIadrzTa suey
£ w84 A38 Ald, 1990. 4.

ARE, WS, NEM, "PIT=e|E )
ZEC BEH =2y 2A " RREz R

o
ESeURI =73 A2E A1Z, 1990. 5.

HEEY F2NFE Fo] AT g2, AHR

et al., "Development of a
Probability Based Load Criterion for Ameri-
can National Standard AGS," NBS SP 577,
U.S. Department of Commerce. June, 1980}



