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The study on the system reliability and code conversion for

the probability based design1
Gwang—Chul Kim®

ABSTRACT

Because PBD was started as a design tool for steel construction and concrete
construction, it was able to applied to the post and beam method of wooden building
constructions. But, it may not suitable to light frame wooden construction that is becoming
popular in domestic construction market due to the economical efficiency and the constructive
simplification. Owing to the share effects between member and sheathing material or among
structural members, light frame wooden -construction is different from post and beam
construction that use a single structural member. Therefore, consideration on the system
analysis and system design are urgently needed to use in actual life and inspect the
reliability of structures from the system view.

With this in mind, code conversion from ASD to PBD that is pressing issue in domestic
wooden building construction was studied, also various countries status about PBD were
considered and then approaching methods on the system reliability were referred. Finally,
several considerations for the development of PBD were explored.

PBD should be considered as, not only a new structural design process that select sizes
of structural member, but a industrial tool that can lead a development of more reliable wood
products. A strongest point of PBD is independent of various construction materials and
construction types.

Keywords - PBD(Probability based design), ASD(Allowable stress design), system reliability,

code conversion.
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F, A, & N0.80 F, A, A& A 0.5 F, A,

TAAN=} 5o ALE3tE A& A ol th(Bodig 1991)
Table 2. Time effect, for LRFD(Bodig 1991)

Load Combination USFPL Forintek Recommended

D(only) 0.59 0.50 0.60
D+L(light) 0.76 0.84 0.80
D+L(heavy) 0.67 - 0.70
D+L(roof) 0.78 - 0.80
D+S 0.75 0.83 0.80

D+W > 1.0 - 1.00
Impact > 1.0 - 1.00

Table 3. Time effect factors(Murphy. 1988)

Load combination Time effect factor, A
Unf:1-4Dn 056
Un=1.2D,, +1.6L, +0.5(S, or Ly or R ") 0.85
Un=1.2D, +1.6(S, or Ly or R",) + (05L, or 0.8 W, ) 0.67

Ellingwood(1982)¢ll 9t BE F2AA Y 712 AFsd (L) A > AFsd(E7t
H) stz EHR HojoF kel % Fo T8 FA 47HAE A A s A T (Ellingwood 1932)
Table 4. Sustained Occupancy Load Data(Foschi & 1989)

Occupancy Type Mean(kPa) cov Mean Return(years)
Residential, Owner Occupied/ Qn=1.9kPa( 40psf ) 0.286(6.0) 0.566 10.0
Residential, Renter Occupied/Qn=1.9kPa( 40psf ) 0.286(6.0) 0.566 2.0
Offices/Qn=2.4kPa( 50psf ) 0.519(10.9) 0.698 8.0
Commercial, First Floor/Qn=4.8kPa( 100psf ) 0.852(17.9) 0.313 2.0

Note:Numbers in parenthesis are in psf. Qn mean design live load

TEE FEUE o= AR Aol Fust TRAAE ANAE 448 2
Fol glofof dvl, PBDIIME ZRAAASFE AHgsHEd BB o] 8T
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Table 5. Specified resistance factor for North American LSD Codes(Bodig 1991)

¢

Property Canada USA
Sawn lumber —flexure 0.9 0.85
—compression 0.8 0.90
—-tension 09 0.80
—shear 0.9 0.75

Plywood -all stress 0.95 -
Connectors -lateral load on nails 0.7 0.65
—lateral load on bolts 0.6 0.65
—lateral load on glulam rivets 0.6 0.65

Table 6. Specified resistance factor for New Zealand and Australian LSD Codes.(Bodig 1991)

Structural element 0

Sawn timber, poles, and glulam -all stress 0.8
Plywood and laminated veneer -all stress 0.9
Connectors —nails 0.8
—other 0.7

Table 7. Average value of reliability index plreference periods 50 years)(Bodig 1991)

Limit state Average 3
Structural element Steel Concrete Timber
Ultimate load floor beam 4.2 4.7 3.9
roof beam 2.7 45 31
pin—ended column 5.0 6.1 4.8
unbrached column 2.2 25 2.3
Serviceability joint 4.0 47 3.0
floor beam 2.8 -0.6 3.0
roof beam 1.6 1.2 2.2
¥ 89 %‘r%iu AmEH Aurre] 712 A B2 olE W A VI BA A AH§
sto] wERAd W@ AP A9 A FFES SHAE D-fir UCE o B Ry
=34.7MPa°| 1 2., S-pine 20f-E<] %‘—%R(0(5>=29.0MPa olx, F JHA & 25 53 00l A

A A AT ge HEFAHSE 0808 =AU 2750 ¢7F 0.9, 2594 e ¢7F 1.0&
et =3 Foschi 5(1939)2 &%) VI HA7F &9 o8 whs uf glo]Eo] Ao ¢
el

_ k
. AagEe PfZI.O—@m{—i*fV(OOO)JV}O]i 4% 4

m

020F" _ R
Gk - (@ +%) 8 A 3H9 5 (Foschi 5., 1989

Table 8. Bending strength of glued laminated timber

Distribution Parameter Douglas—fir Spruce-Pine
Normal Avg.(MPa)/COV 46.06/0.149 40.75/0.190
Log normal Avg.(MPa)/COV 45.96/0.144 40.34/0.194
2-P Weibull Scale(MPa)/Shape 48.60/7.44 43.72/6.19
3-P Weibull Location(MPa)/Scale(MPa)/Shape 18.18/30.61/4.73 26.19/16.41/1.82
Australian/New Zealand standard 4063(1992)el °]&tW =9 54332 LSDol AM&3+=
A% e A+ ¢ TARS el AH wAY AewA AY A 2E AT g,.0% A
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3. 775 %A (code calibration)

Chen(1999)0ll 218 %4 (calibration)®] vl &3 FFolu AHo &A= Az d=F
TS AFERE d7] HE AR ZFA AFES BHASE HAHoth(Chen 1999)
Bodig(1991)2> f<% 24 (code calibration)s s+ @A AA #dFel digh Fr77p A3 x o

ol 2% = FA9 HUb= AMEE Ve VE He =
N
=

E A= AAd Aol o st7] 918l Bastw, AR stEiae] A9 FAME Ut
A Fozl A #HHE gt PE ANE F don IR AR JES 49T & A
o gt ol#d S FE Aol Fos ATt A4 stF 2SS XFete] Aol #
o FHA A 71+ BHASH AFHALSH, olF A FEHE dRbHoR dA FFol B
AA Abee] ol AAE Awistar @ AA FFol WwFAguL PFriEol FE Fxo F4
2 E FZe glojAE LRFD A& /AAEa A (AISC-1986)o1 A 1ela o atF ad A
(ASCE 7-83)el Al x7d ] o]n &%t} (Bodig 1991)
Table 9. Design equations and contents.(*¢ ¥} Walford 2008)
T v &
M<oM, AA71A, M=% 8 A7 3}%01] sty fuEE A 3 =W
2 A EMN-m). ¢=7d% #a A M=5FA F4=MN - m)= kkkkfZ oM=
Ao f A BE 5 H-‘ll 2 54 % (MPa)
V<oV, o714, V=53 e A stFel oste] fubEe A dd gF
A A (MN). ¢=4%= A 74]%‘— V=0Ae ARBEMN)= kot A, oV, =A< 2
w A AR £271E Ag (P
A 41 NZON,, 971N, 2% a AF. NAA AY s-50MMN). NAY 2
% (MN)
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Table 10. Tabulation and comparison of design factors for long columns of lumber.(Goodman
S 1981)

Code oA, B) >y 5o Pty 1Prp)
[0) X7 %0 X Yo | YN m| SBN L
" = 0.589(5% level COV 25%) 1.00 1.66 1.00 1.00 1.66 1.66
Zaps 0.589(5% level COV 25%) 1.00 1.76 1.00 1.21 1.76 2.11
& 7}t 0.589(5% level COV 25%) 1.00 1.11 1.10 1.30 1.22 1.43
=d 0.589(5% level COV 25%) 1.00 1.58 1.00 1.00 1.58 1.58
vl = 0.589(5% level COV 25%) 1.00 1.51 1.00 1.30 1.51 1.96
71¥9 ASD <& PBD =22 ¥y falAe 28" 1A 2714 WHel EAT &
Atk Fys Y R UAE SolA AAZ WHowr JES FES AT HFE AAESE A
o2 A3 =AHATE AREste]l MEeh= oFA WSk (soft conversion)o] e tE Shb= 7
F9 FE2 gds] FAS A2 AT ddd 2ASIY MR Fes e e A4
A 3k (hard conversion)©] Tk = kA WSS =217 W3 (numerical conversion)o] il &A% A
3k(format conversion)o]™ AHAW IS FFo| 7123 AL HAE Z3 AAGS o= 2

A 7]9k W3k (reliability-based conversion)©] t}h.(Gromala 1996)
Table 11. Tabulation and comparison of design factors for simple flexural members of
lumber.(Goodman 5 1981)
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Code (149 2y 50(y pMpy +x M)

¢ X7 Yo Yo Nz | YN | YX¥ 1z
LD 0.589(5% level COV 25%) 1.00 1.3 1.6 16 2.08 2.08
Zg 0.589(5% level COV 25%) 1.00 1.62 1.0 1.2 1.62 1.94
3 712 0.589(5% level COV 25%) 1.00 1.87 1.1 1.3 2.06 243
= 0.589(5% level COV 25%) 1.00 1.88 1.0 1.0 1.88 1.88
el =t 0.589(5% level COV 25%) 1.00 1.3 1.3 1.3 1.69 1.69

Table. 12. The relationship between ¢ and g(Ellingwood 1982)

O 0.70 0.75 0.80 0.85
B 3.3~38 3.0~34 2.8~31 26~2.8
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imtrocice code
lecrrwlagy
and
refakelity
Saft.
Comearsion
~
~
aiificult ~
~
LAFD
code
Fig. 1. Sequence of code developments.(Bodig 1991)
Table 13. Examples of formats for reliability—based codes.(Leicester 1990)
Code level Code Specified parameters for committee
ode deve Type of code Specified parameters decisions
I ASD R vorms S norm B
i} LSD R, Si 0, B, Fr
m First order reliability B P
v Full reliability Py, degen life socio—economic factors

ASD:allowable stress design, LSD:limit state design, R
&, pAIEE AF, ¢,y A A

Faherty ¢ Williamson(1989)ll w2, op2migho] o) stgAlsoF AdArE A4 A

& LRFD®] AAAsE AAshes e PesA, des] d3d 47 2xss 43 47 84

S AES AT 828R, RS AES AF) 548 @ P

norm»
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g W3 AlFE R 143 Zo| AAEATE e A A AFE 82 9=085 AT ¢=0.75,
o] HPs ¢FHS =090, HFHol FAI GFS =090, HFFel HPs AFS> $=0.80°]
Agratrtal AlAS AT B F=F(CC\Cp E=E,Cy S& AN 7A, F= A&
Tbed w3 ARoR AL K, F,F,F, F.olH, FK=3E& 7lsd 7z AZoEA ZZ4

ZA;
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Table 14. Conversion factors for LRFD base resistance from NDS ASD tables.
Material Fbo Fto Fvo Fcpo Fco Eo
Dimension lumber 2.35 2.95 3.05 1.75 1.90 0.90
Beams and stringers and post
. 2.80 2.95 315 1.75 2.40 1.00
and Timbers
Glued laminated timber 2.20 2.35 2.75 1.35 1.90 0.83

(Fbo Fto Fvo Fcpo Fco Eo = 918 Ak b54 548 5H4)

Nowak ¢} Saraf(1996)% ASD<} PBDS] ®3S MAdstr] 8] 7 M9 +F AASHTO-1992
¢} LRFD AASHTOO01994E& H|3te] ASDoA= [D+LA+D 1/S<KFolid AANAG 2o
PBDol A= 1.25D+1.75L(1+ 1) <0.85F ,S& ©< Rt o7|A, D=1A43% ZAE [=83}
T BERE, [=%4 A, S=v9d AF, F=38 SHASD)/FH AFPBD)otH(Nowak &
Saraf, 1996). Gromala 5(1990)2 ASD¢$} PBD9 &2 W3S Amsly] 98] v 3 A 9
o] 71z AA WAAE ASDel sldst: 4 13 PBD W=l LRFD 24 28 A A&t
ASD : K, F,*S,=(D+L) (Eql) LRFD r+¢-R,* S, up=1.2D+1.6L) (Eq.2) 9714, K,
=ASD9] sFAEAS. F=318 SZ(ASD), S,qp=THAS, A=LRFDel A o] A|ZtE 3 A S, ¢=A
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Fig. 2. Relationship between resistance factor and reliability index(Gromala 5 1990).
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o] aas AtsiEd LRFD

o

o) A7at AARHRANFS BaFol va ol Zo] Arh. A&Fe) A% s 4% A%
Zob AEe A7 m3 AS Mes AN SRE A5 ol 100 W o & k. A%
o Auigte Fu A So] F78EASD)INA ©/1SHFALRFD)IZ AHA7] GFo] w=A
Fo% AL U wA o ~rdede] 24 (calibration) $EAU. oL ATHE ot
o) @7lel A Wk opuet ool B4 ol e M=e AR W gd e e
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* Bzel i A= Hrke] SAE, tif AR E4Ad 2 w7k EAe] Wil v
A BrE FzAsdd dig #ide] Fadd, dF S0l APA Aoz A% Pl
A ES Grrery] e QoA Ao wE sade] 2o R upE A X9 o
s Ass aesor Fuha ik SRk AF7kA ASD g el ARl AANAE Qo
At stavel QA Arug el WE Vs FASSEEE EAd e R Ak (Foschi
1934) Faherty ¢k Williamson(1989)ell @29 PBD®] 7ol glo] wii-e] fFE d5Ale]
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&

it

oA AANFU FAELY] Ela Akl F AIFFRY L U e-H FEREY ASde HF
AT AFEx BxFEHe Aede AFeA o, Agxx FHY oy FRAES 44
Akl Al dolzl Ft= e B3 458 EGA ASS JEWER olF 1#d AlxH
ko] Aol Jastrial st vh.(Faherty & Williamson 1989)
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M SEE Bol Be X A FAzelth dEHom o A= 110004
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52 T3 Ayt 1400 AFdeirtn A& Tk Aurel A= 19850l 71£9 ASDe
AT E4E heS LSD o WS AAsirh. 7IEe AANIS A AnE

5 71ER 54T AL Aot Aa" AFE AT ol & Sl A
ARG AAsEEe] A= stEASL A7 L150la Al=El Al 4] 115
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F7F 140, A AF ¢ 09001tk wEkq 2% & 0
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