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Methods for wooden structural design— A comparative research
between deterministic design and probability based design1
Moon-Jae Park®? - Gwang—Chul Kim"®

ABSTRACT

Probability based design(PBD)method has some advantages against current design
methods. First, it can provide the quantitative values for the structural safety or capacity
through the reliability index,”. That presented the certainty on the corresponding structure
for the designer or user, also that permitted the broad consideration in the safety of
structures. In addition, it can give the quantitative lifetime of the related structure in the
calculation process of target reliability index. Also, incidental economical efficiency can be
expected because decrease of required structural material can be obtained by using the
practical material data. Unlikely current deterministic structural design methods, main
advantage is the reflection of real condition in the structural design process by application of
the data with not small clear specimen but structural size material.

Advanced countries, namely America, Canada, Europe, Australia and New Zealand already
converted from allowable stress design(ASD) method to PBD method and used as a standard
wooden structures code in the late 1980s and 1990s. Other domestic constructions standards
such as the steel or concrete constructions accepted and used the PBD methods already.
Accordingly, wooden structural design method also should be converted from deterministic
ASD to probabilistic LRFD(Load and resistance factor design) in order to keep pace with
worldwide demands for PBD.

Hence, to suggest the reason of introduction the PBD in domestic wooden structural
design and analysis, a brief example was used to show the different reliability index by
using the different design methods. Definition, merits and demerits of deterministic ASD and
probabilistic LRFD were followed. Also the three examples were presented to show the
similarity and differences between ASD and LRFD. Finally, connection problems that might
cause a disputation in wooden structural design and analysis were broadly examined.

Keywords: PBD, ASD, LRFD, wooden structural design, reliability index.
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1. A4 &

T2 AAY 5He ki AgAC #BYEE oW AT 7ES SFAA T Aot o
g 4% IS Ul @A dE(ETH vAdT Atele] SHAIE FEtHoE TEstE )R I
sEt. @A AHE VEsy] A8 AEEE AeES &, AR AAWSsE, A¢e 718kE
Z AR Eo|t}t o] Mol BEHoly] widd A Aol dHE AAe Ax I B3

= ility based

A BE Hof 9lo] o]yd UYE AR T2 AAHE @
design, PBD)&} 3t}.(Thelandersson and Larsen, 2003) T3+ &4 22 MAAIHY x4 3 &
53 AAH(Allowable stress design, ASD)¢] 7] 7jd& s A4

°olF ST EETH $HE AXlsta olE SHEC] FHoY, T e FF Fol dojus T
Y Ho Ao A SHe i ok H &R F2AE HF35E Holth.(Bodig, 1991) &3 &
z20% E9 719 1936de IHEE A= E 3¢ Wood Handbook % Wood as an
Engineering Materialo] 2} &-&Zojt} o] o] 2oz Ex AA o o3t Ay A}3lo] A
g o] wx FHAth(Rammer, 2006) 2+ A AAZAA 72 HAYY AEFL A5 SHAHL
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71Wk e =4 A SAA ZEFY S 7]¥o°]x 9 th.(The building
center of Japan, 2004) =rUle] Af-o= HFF24Y FAE A= olm FLRAA W] W3k
Hol AlgHa glon EFzaME 7F9 FAHEH Hgﬂ,gfﬂ ASDE PBD= z%str] 93 <
Heo] AF7F FPEa ) oo B AFelAE Ee FHEA Fx A< ASDe} PBDe

HxEAQl 3% A AlF AR (Load and resistance factor design, LRFD)2] Hlnl @ EG-%9]
A =3 HEH9 PBDoll thgh n#&E stz gk HA9 Ae & ds5A Rt & v
Bt =i Am gEe] ®olrt Ast ool i, e wE 533 AsS Holw, o
2 Qg9 Ha) A AYZ &3 (Thelandersson and Larsen, 2003)E uEbith. whabs] o] A}3f
£ FF AA A E¥3E mgsof gl A e A9 ETRAA AEE A AR
ooty gt A7l Al o] g Ao 5ol AR ‘%‘loéﬂxl L Ak At ATE
o & AFFxe dE H7x9 FxaAolv AA A vE HAE AR v aHsjof
g Awd A Aol o 87 wiEed A dd "dE Aol fle AbFEel MAE sAY
AAZ & o A Yo =&5E £ = Advk EI FE A Ao Ht=A] e E ook
g Fag S g5 5t So] mE EARtY uf3 A 543 A& e EAA
of HAlgtE AF Az d=3hA] Fe tE FRAAAEANAA HAEHIL o] FFze A
Aol & el Hi AtHBodig,1991). 3] e A% v A4F Aelth W H4xE
AMA tEel M IS JAE vwe HFxE AA JIFSEFE National Design

Specification for Wood Construction(NDS)®} Load and Resistance Factored Design for
Engineered Wood Construction(LRFD), 283 Wood Frame Construction Manual(WFCM)©°]
At} o] F ASDE Ulxs= NDSE 20059 FEH & 719 ASD¥ET olyz LRFDE A&
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F UAEE g o]ldAAE Asta glth.(Rammer, 2006) "=+ 49 ASDelA LRFD&<] 3%
o ZAYE Fx+ 20d, ZFFEE 10de] 28U HFxe AS V& A g JEF
o7 Q] EA Aol AL e AL ASDAA LRFD=Z9 ¢F2 A 3H(soft conversion)©]
Atk (Fridley, 1997) atA%k =wie] A9 ojv] th& A xolA PBDel <743 HAW =]
| wEel wo] oFAWMBE A F 4dF HI}o=E Jof
3 of WRbZFSE o] el FHEo] By xw AFEIL 9l
A AAHSR 7M1 B 9 5x FHo S A= vy Afoles AR HEY
ARAE-] JEY EAR Qe 7]EY FHEA WEoA PBDE Aol A Fokrh A
5 ETFAANH] EASHA gernE e dE oy HdEvtE] AE
vt 2l Hgko] JhsatEel AT WS 2000 % o] e 379 7]ol
27 Bz 3 m=Z2 BSdsidn. 4 7@ AA3 === ICBO(the International
Conference of Building Officials)2] Uniform Building Code(P| A A3 7 A Zo] djf-i Fof] A
AF&), SBCCI(the Southern Building Code Congress International)®] Standard Building Code
(M HE% F EEdA AE), BOCA(the Building Officials and Code Administrators
International, Inc.)®] National Code(V] H&% F oA AHE)7F AT FARE 919 A
71#E& FAoZ ICCdnternational Code Counci)E A s, 2000 A 2% International
Building Codes(IBCS)E A &3t Td%¥ AAZ 2AA AT (Green & Hernandez, 2000)
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2. ASD<} PBD

dojeof FxE gl AAY BAHL U w oto] date AR AIx £ F4ls vt
Aa AT A 7Es FFAE Aot A5 71FS 7] vE AA AE & S A
of #H=o de AR HA TAH F AXYold o FE aFHE Bolth dFE Eof, F&
bedt Wy 52 s AMEA A AH, FAe oy Ak 3y, Al o= AR =&
T FEI AE AR, Fe ade] Nhoem Q3 HeR 33 To] gl olHA FAg3E &
AES A5 71 AA(performance-based design)elal ). 7} A el did Hess AH
st gl dofA dH Ao Foxl BEFAALL AE AT 2 o o= AL EIAES
HAAZIT wEkbd AA dE5e 2 VES FFAINA XE tsAE 5 2A HH, &2 A
Ae vl digt 38 715 FES /AL 7FES THEATY] fE B Eolof gt} o]
5SS 2% 193 FE(target probabilities of failure)o]&} FEt}. dutx oz F8F Al AElo] A
T A d 5 A AH el ddE e o =dx,,d) —Dxgd)S BHSE
A oA7|A, G A FF W55 FFolx, AvS vEE Co 89D F 3t
o Aol= AL Ak, v BE A9 F& 28449 FE WaE Yehle sl
d.d= T FNoR G BE Qs Hess dehle Aotk dE 59, 3 Aol
FEFE A= Bl ol 4 ol 2FHI wivle] 3 RHE g7 &S 1A= A1
T g, Fol EebEth wkgel] 1A mE gl Al TheiA s dkee el £FEH. GO
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Fig. 1. Probability distribution model for typical loads on a structure (Crews & Michael, 1996).
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Fig. 2. Probability distribution model for strength (Crews & Michael,1996).
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PBDe] Z2 & o] A FES & 75 wF A s Aot HYITES s b
8 FAsW p,=P[(R —S)<0]°l™ oldl 71%3% PBDe| A #A BAAL orR,>3V,Q,
2 dutksl 3 4 9t} (Chen,1999) CWC(2005)9 w2 ASDE RE A +2EH 2+ J)
W przAEE0] B AsS dttE 71 Sl s, AA wAAde BaEHE 9 < A8
o Zm/ kA Alg(safety factor)Z ¥d & 4= vl PBDQ vl=r W LRFDE ¢S A7
o x23tA717] ¥ F ﬂﬂ’“"‘ HHo g wygae] AgSE B 5A A AdEHe dwd
FAe AAAQA H&ge ALEstE Aotk o]y A HEHlE I A F] g A S
159 A Solt. WHolE 7%7‘43}3’— A AElE nEsly] 93 HIE Agge] WA
F Zo H&H) ol H WA oM E AlFEe] WA % S A F BT 4849
ot olE 5 A AT AA HIWHol AuttelA HAY T E F8 FERARECN AHEHE
SHA el AAIHALSD)Y ]Eoltt o] AA A2 A5 ZAF stFe WolgE udysty] ¢3)
wak olyEt gty A¥ES unHsty] HEAAxE 384 HEHs AME S LSD(lelt states

=

design, A el AAWH)e] H9 NBCC 4.1.2 %% u}

Ad = Agstd g% &322 2999, g5 a9 Ay 22 HE *F‘laﬂok(kN kN/m)

st 7hset gt 2 BEFE nyEtd Mg B ade os] AwEd e WA

OR>3Va ,SL )= RAT F glom o474, ¢= AFZoly EA Alg Ado AHEHE AT

Ad. Ax A e wol, 7taike o], g3 FA (Aot HAAdelvh) elar A o

SAld HASE ESAA 55 1ysteE Aot R= A ARY Add 72 FA, JF
3

¥ oge FzEe) AdE Agelth o~ 54 #FW #F 2l W 53 43 AFeld

=

gk oF= 7t Efjr%, Wy go ]L} ZJX] Ek)O]U‘r AE A el wlE], AHEA A AHe FaEA ol
A F o Z W Ay A/E 7 5 UTh(CWC, 2005)

Crews 9Jr Michael(1996)0] W2, ZF%= A AF3tol tfdt PBDe] A A4
H xdEY, q71M R & FAY A Ad) Asoln ST AlFstE dsoR Qs
sl A= AAl 28 & (design action effect)elth. A Hdl 4% R, =0or AH &
Ao As A% Bah AFTE FshdA FeiAH, 9714
o AFEA, FRAY Ao e AHe dHdEs Fostr] Sl 74 e 3= 94
A AoEE otk 33 45S AAS AERAATE 33 HolEstH 548 goE A
U R, =k R, AH AAHEH, 474, R © TE2FAY 712 Zr= FdolM, kna ©
el dejd FerAAF] & Zd2A ALY 35 v, AT kA 53
nHyE AA g #AAA Aotk 7]E9 ASD 7+ PBD #F Abele EHQ o]
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szl Wl =EA wAse @A e A m@ Folzl oz ASE Aoy Ao 3L
auAoz JAAE SFuch Ak WAAY FESZE £ MEA FE @A A A6
NAHE HE BRG] Aolor weh, WA 48 TN FolAE 54 3
g upel FAlel 93 o4 Aol Pojd Ao oad & i $olofof Brh olF 5
4 gele BAdon @ A éé A QA Sl AR g geun a0, gl A5

ole]g PBD7} 7]&9] A& A é—iﬂ*ﬂdeoﬂ H] 3 Zhe %}@OE TZE oy AHFo
5 At & ¢ dves A F A A BE A TREY AMEE FAAHRE U
Byo e ARG AFgA A BE FEREo I FAHS AojFu EFr T Yo S
7bestAl gk A B3 AR A5E A sk BACdA FA4 e ke Foges
A UTATs dFs & 5 dve A, 283 54 ARE A AE 7)E SHEY AAY
Sol vE AT F e 57 g AL, tEe AR AFEFe] FAE7] wite] A<
AAAE /1 4 ke Heolth. Gromala(1996)E PBD, 53] LRFDE ASDolAE & & ¢
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- BF2 AAE 9% BB T2 AANS FF L T2 LAWY mw A7

ASDS} 232 PBDOAME, TXEo A&7 o] Qe AzbHstelFo] #gsta, ouf z}
24| do] FAlol 259 FHz A g A= A g7 mEd FRE ARL
ZlEE el 242+ st5e HAYAEe FrtE e AAsFo] e A Holok IS A
Z SFAT(E 5, 1986) Sexsmith(1978)2] A &&=, AA WA e ue} F+2EL A%
7F A €8 F ASE HAFoEN VEY SAHEA WS Yt PBDEE ko] wb
ZA HesttgE AS BoFE B A Abgste AFE A5 FOSMAA 714 &3 A}
gate AolE wet f=1/0, =(InR/U)/\ Vi+ Vi & A&
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£7F 2400psfeta shah Az Abg 2oz sHgEta B A& nEe] A¢E A
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T Aares AT Holx
1.06S E oAlo] 40,000in’] ek A5 EI HAgelH 085E = Ao ek AA HE i
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2l A e AAWDLSD)Y 9% AL
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3. ASD$ PBD9 A4

olgl F e HA AA 29 3(Gromala, 1996) 71E¢] 42 HAWY hEe ASDS}
gE 7| AAWe thE LRFD, F o] 433 FAAES
A ogt & 4 Ak A F HA Y fFARHER ofyer T Ao HF AN Abolg]
- .

Folstel 727 2

°f 27F glvta s
oflfl 2. EX2| MAE JIMStch HIEE, BA E = 130mm, =8 ZHE= 52.0 kN-m
<(10.4 kN-m Al8tE; 41.6 kN-m &315). 2o SH=E Nstat

7} Fy, = 1680kgf/ent (ASD); 4270kgf/cr (LRFD), =& A7]/%3 &3+
stk (o] g2 ASD9 LRFDOlA Fd3tth) the 212 FasdtA] Frh(53-A
of stk Az, AL 5

Table.l. Selected design values for ASD and LRFD.

Description | Size/Grade | Species | Design Properties
Allowable Stress Design(ASD) Values'

5-1/8" wide
Glulam beam DF Fy, = 1680ksf/cr E=126000kgf/crt
(130mm)
Bolt 5/8" diameter So. Pine framing 7 =832 kN -
Load and Resistance Factor Design(LRFD) Values™
5-1/8" wide
Glulam beam DF Fy = 4270kgf/crt E=126000kgf/crt
(130mm)
Bolt 5/8" diameter So. Pine framing A®;Z =143 kN -

"I Values taken from NDS, > Values taken from AF&PA LRFD Manual(AF&PA,1996)

ASD LRFD

ASDell M o] A7 A AL ofeleh 2. LREDOIA o] A7 g4 opellep 2} :

C pF S 4sp=(10.4+41.6) A @, - M>1.2D+1.6L=1.2(10.4) +1.6(41.6)

A7, Fpe 81883 Ho|1, Saep= Bad v AF&PA/ASCE 16-95¢] w=w A=0.80, @
Golth. o] elolA NDSl w2 s5A&AzE 2ap=0.8501th A4bE Akl 774294kem/s’ F <
= o AFER o]l FH & E ZUE AF

Cp=1.0foor load) & 27645 kem'/s7F ATh T FAFEIF 4270

5990 1680kef/cr S ]3] aw kg/er Q1 FA Aol eTEHE WRAFE
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%, B t@ a5 Fal wa Solv o5 WiEd pad 98 YA ZA9 Be vE
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Table 2. Requirement for minimum spacing for design value

o

Reaui » Minimum spacing for design value
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Softwoods 3.5D 7D
End dist
na distance Hardwoods 2D 4D
Spacing in a row 3.0D 4D
Spacing between rows 1.5D
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