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A basic research for the probability based design of wood

structures’

Gwang-Chul Kim”

ABSTRACT

Probability based design(PBD) method is independent of construction materials and uses
real material properties unlike allowable stress design(ASD) that depends on small clear
specimen property, also give quantitative safety and endurance lifetime of a certain material.
Moreover, almost advanced country accepted PBD method instead of ASD method. So it is
urgent to convert the current ASD method into the PBD method. However, there are wholly
lacking of domestic researches related to current issue, and to solve several points in ASD
method and to take advantage of PBD method, the conversion from the ASD method into the
PBD method is a worldwide trend.

Other domestic construction codes, such as steel or concrete constructions, accept the PBD
method as well. Accordingly, to introduce PBD method into wood structural design, general
theory, and preliminary data and methods were reviewed. With keeping this in mind, some
important contents were reviewed, sorted some points for wood structural design that have
distinctions against the other construction materials. Furthermore, the history of PBD method,
and statistical data and theories for the PBD method, and preliminary data of resistance and
load that are two random variables for the PBD method, and finally the difference between
limit state design(LSD) and load and resistance factor design(LRFD) that were two
superpowers in the PBD method.

Keywords: Probability based design method, allowable stress design method, wood structural
design, LSD, LRFD.
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Table 1. Examples of how values of reliability(safety) index, £.

Limit state Consequence of failure ﬂ

Excessive deflection Discomfort .5

Rupture of single member Property damage 3.0
Collapse of structures Loss of life
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AE LTAEE B3 AMEEY] F2 BXojUh dE W 3 ke o A el F
o AzF Ao g TAGE e T2 ¥ ot}

o 919 FAZE WHESIH oy Zom Fx)7F 004 1744 o2 dAdu v4d &3
£ mze & x5 TAAII=Y AHSTbsstith v =5+ , — log[—log (F(x))]

Uniform distribution

oS x& T £A a9t b Alolo wdd FEZ Jo9 £AE HE F AT

el e et 2 An =1/(6—a)

oA WMo g FHA THG olfol= ofFH ol& Jlee AEVF s W FE&F &
F FAeth

o A WAL YA L& Ags X dE EH MG dFEE ol&T F v A
Foll oJul AW G WellA dF5ehA wEst Jvta A EE A JAYGAE TATE @ F
&3 Fxolt.

ol¢} e 7% FE FAFEESS ol&ste] RAFE F2 EHY FES Tt WH T 7T
71 x2A el AFAR e ZEHIIER AlFHolAdola JFY E&X e AR AF
o] AAkel 7] zx3t

23 ZAPH(FOSM)olt}. £ &&% 2 A& ol o2 Importance Sampling©] 4
Adaptive Sampling Simulation®©] It} A A & 7|0k FRAA A Wo] ALEHE ZAES 1
2 22 R EH(FOSM)2 thS3} Zoh W4y x= AFEX

7Pk o] A AT FFE G = X, — X,olth SelA

W G = X,— Xy+0x,—0x,0h Y BAge 45 g7 5o ghe]l HAE F
Gx)<00l™ BABFER 1 >( X, — X,)/0,+0x,/0,7F Ak BE p =o(-B)7t 4H3}7]
Hald= v Al 7HA 270] grolol st DEE ] WEIE A FREEoor 3 @ BE
A7 ABBATE flojob gtk @5 Gx)7F Ay olojof g} $9] HEC] FHHNS H
G 5, WFEEe] Aol FAHAV A& W NHAY AFE B=(X,— X/Voi+aiol
o wd 5 O WSEEe] dieEAqEXeln ®Weoyt AE we A AFE
B=(log X,—log X, /N V:+ V% °lth (Thelandersson & Larsen, 2003)

Faw oy FHENA AAG FRES e M AFE TSt Ropd R At
U] i 29 A, vE AF ARg EA%e] A4 A=E vustr] 98 1 3o 21FA
A5 vusAY. (3 & ©], 1994; A & ©], 1995 Faherty &  Williamson,1989; Lee &
Kim,1994;Lee & Kim,1996)

Table 2. Suggested Ranges of structural Reliability

l Ranges of Reliability index ‘

l

’ 5.0735 ‘ ’ 3573.0 ‘ ’ 3.072.0

[

Shopping center
Bridges(Secondary)
Apartment
building
Utility structures

Auditoriums
Bridges(Primary)
Schools
Hospitals

Single family Houses
Farm structures

347



=718k #] 2009.07. Vol. 20(4)

Table3. Average value of reliability index B(reference periods 50 years)

Limit stat Average B

it state Structural element Steel Concrete Timber

Ultimate load floor beam 42 47 39

roof beam 2.7 45 31

pin-ended column 5.0 6.1 4.8

unbraced column 2.2 25 2.3

Serviceability joint 40 47 30

floor beam 2.8 0.6 3.0

roof beam 16 1.2 2.2
et £e AxAAE AAEY] 8 BA FREY AA T3 v]Fe] Hi HEE AFHA
I (target reliability index)&= AlE9] SdA 382 = A& 712 Yo 2HH. 71EY o
g e A5ES s 29 50d 7FoR Sy wolsd § e FRE 3y IE
S 107 AEolm, AA fREE TxAAE FHFE FER 10'9 Aow g AAE
t}. Leicester?] H]& FH A3} 7do] wE HHE A A S (target reliability index)& +3F= ©]&
22 Prop = 05 VR(Cr/Cp)olth. o714 Vii= A7 e] WolAlgolal Cpe F-2&S 7438kl 9l
= AgY Hl&olH Cpe AHE =T TE=0 IR Jd AT F A= FE H[BORA o
el AW A B A B R Qe &8 A AEH WA F& Fo|l X T o
At} ol2 s PBD A& (serviceability) ¥ 9HHA] (safety) Z12]aL oFA A (stability) 22 A 7}
A 7ol whel 2 vy R 153 b 20& A Eete] AEEa glow SHA AEoR 74
gt e AL FE49 2U.(H & o], 1994; A & °], 1995; Bodig, 1991; Foschi et al, 1993;

Faherty & Williamson,1989; Lee & Kim,1994;Lee & Kim,1996)
Table 4. Definition of limit states

Al a5l vk 717 qlele] 1dol 233 g

AH&-4 (serviceability) 201 0.05

) 7%= (Ultimate load) 2,000 0.0005
Chen(1999)¢ll elat¥l, 27 7bg Hse A xoss Fdd xFAAe] F o RdE
7 em AR Aol d-ddME o(—B)=1-0B)F= A o1& B xF A BE
AbgEte] AakS gt 7bg B dwkslE AF R AHolw 23 RWE 2 E AF, gRA o
He Zex #y FEFHE oo #AZE v

[e))]
5 g ol AbdelA  f:
B=o 1(1-p) °7IM, @ I(.)
s g AFE AT

Table 5. Failure probability and corresponding reliability index

A FAYEIF(CDF)olW #® 59 ¥3 253}

=
N

o3 & Py a84 A%, B
05 0.00
0.1 1.28
0.01 2.32
0.001 3.09
10 3.71
10° 475
10° 5.60
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EAFAMFEY AAAAE FAFA S AAFAGn A dubd oz A5y A4
S 7EsteE BEL v mE|FoA AEstt), Ay A o2 5th percentiledts ¥ Aoz A
B3k} (Chen,1999) FA19 A7t AFEEXE WE 4 $ p-th percentilezgt ¥ Hu 181 X+

55

B} Aol = gy rpo BAZE ARG 71, Kk E63} 2TH(CWC, 2005)

Table 6. k values by each percentile

Percentile k
20 0.842
10 1.282
5 1.645
25 1.960
2.275 2.000
1.000 2.326
0.135 3.000
0.003 4.000

0.000 5.000

el Al AFet whe} Zo] Hyt Fwe Wol AL APS Fe fifth percentile $- A &
FANA Ryg=R,(1-1.645V, Ol WFHTEZEANNE Ry =R ,e OOV T1L0VE AE

sta gtk 71 y2= In(1+ V%) (Gromala,1984)

PBDe} ASDe fol& ety fal &7 F Mo tE AFEAE AASFAT 7E9
ASDe) ol&gh HETFY] A9 vhe] Rl AAE As F o= suE ety oS B
e FA ol AR 1S 9T Ao, FHEH W ASDO] AF A5 ¥ 5S4 22
FAZFTE A FHEgle]l Az HEFATE AT A5 FHolu TS A Ak A
A gg SE4 oA Euw AA MEVEE B uE Ad9g 3 ¢ vk 7]1Ee] diE
#oold A= gE FEXE 1¥ S PBDS AEsttd A5 27F 2318 o ¥ A=RZEZA
EA4E 2 Ao & £ = s Ao
Table 7. Material properties for example problem

Mean strength ) 5th %-ile strength Allowable stress
(MPa) cov o) (MPa) (MPa)
Material 1 400 30 2026 1013
Material 2 200 10 16.71 8.36

A AYE & F ARY A BEXE BT AEEXE wEva spgseh =3 58
32 T AHE BT Sthpercentilegkoll A FA A 2022 FU3A 3 ALkekth, ASDO <
o Abgelgtd Fds] AR 27F AR 1o vl ettt Add Zoln Az 1§ ¢ 1 A
AAYe A Aolth. dA Yol bAAG 2000 o3 sty FLe d FFol g3 A
AbE &S EHgd 728 Al AE S SRS gAE B EHTh o)F & §9& AHEste] A
Aol AA kS Hrte BA st JA| A Eetal M-S stal Wol Al 30%0] i, A
AA Lpe #3X9 95th-percentilezkolth. R7F 81 &-& 2ol S7F @A st 583547
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AAe L, =R,s 7t Bk Ao AAA AW A% F4 GE ARSI @rhEolo} B,

n

=, G=R-—L/S°Ith. ©17]1A, R& dAe & W ol 33 FE2 s I G7F
ool e 1A BE(L R0l AFHW, A=Y A5 ol Al oJa) Qo] A 5 vk 9 ¥
e B G =R - R,(L/L )0 AT 1714 & W= R wlE (L/L )t Rell ]
g SAFe ®m7 AAEH A FHsE Lo dE Aol mEWUGhdTe 71E=d)

(L/L ,)° Batgke 067, 283 EFHA 0.200] vk 282 T 31889 R.E5 AH&ste] A%t
@ T A Al W@ A=A A% gl
Table 8. Reliability analysis results

)

Allowable stress (MPa) Reliability Index

Material 1 10.13 2.73

Material 2 8.36 5.52
w8l olatwl thol W obK Abdel FEA Wask vk AA A% 1o ¥ HESHL
AR YA, &gl e WAE TGl AA ) Wol WA gaE AR 20 e A
g4e 1A ool Wusith BA, F AR BFo W@ AASe] 4AF A FEE
AZeANE AAAY AR 29 4§ S S AANNE FEF AL wn Jrh= Rolrh A
A, AR AR FEe T Alsel dls) AP TEm kAL 203 o}F Fugche Zelt)
wWeha ASD AAE U@ FUEE B 4 gom Anel da 244 BAH 542 1
@ oju e 4vE AFela E@ch wel PBDE A% SwaA o o449 s o
B gl A AAE ATE S Ak AAAA SWeIAE PBDe| 712w A 29 Aol
o< AT = Urh(Foschi, 1990) PBDE 913 Raw ¥re 7Ee ASDS Fdatil A%
WRa sEREolt $A% PBDAAE A% % mRE SHEH uEgel ohud 8
wael Bl 7 xete] AR olF AF Fie aANE Tl Ade] BAL AA A
gk Adsiol @tk $4 71F A% R, & g3t 2ol YWtk R, = R,<0xK . 9714,
% ARe A% ALzPe] AFe BE 2do] HAY FE HS maTh BE MRS o
2% R, & O&# 2t R,= n[—I(l — p]71A, n = Weibull #3x°] scale

parameter, a = Weibull ¥3* 2| shape parameter, p = YEFH LA} 3} HAEA(al, 0.05). &35
ZF MEEo #FHe L9 HUY 7lsA W(maximun likelihood method)S &3 F3kt). A
Axtel ALgSE A5 FE n, AMEEA ¥ FE n, 283 olE9 & nolEt & o

uz'l i + s ual s. 1 2
(o ZEREIE m Vb BWOD g0 astoc0mi T e A Ba

n
DILE NN O ‘

MRS A PaE], g [(zy 4oy )/ 0 ]”“ ot} *
ARl Wo| As olule Ar At NHE EFEs} s ey s Lag )

_ 2 1/2 o
W g oy, = A+20/} = LA/ = or)a ghel g4

B OEA %o 7 A 14 (1/0)]

=
oo

e o

oo

o §5E olgste] Takolok Bk (= [“e %" des Tt D)= al(n)
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2z el AEAA, Q = A AP Aot ddd A S des Aot AEdA=
WHol Al 9 A7), &9 T FFolth. ASTMelA AAE(ASTM D 5457-04a) A1
gk ®99E k.

Table 9. Data confidence factor, @, on Roes for two-parameter Weibull distribution with 75%

rob

Confidence
Sample Size, n
o 30 40 50 60 100 200 500 1000 2000 5000
0.10 0.95 0.95 0.96 0.96 0.97 0.98 0.99 0.99 0.99 1.0
0.15 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 0.99 0.99
0.20 0.89 0.91 0.92 0.93 0.94 0.96 0.98 0.98 0.99 0.99
0.25 0.87 0.88 0.90 0.91 0.93 0.95 0.97 0.98 0.98 0.99
0.30 0.84 0.86 0.88 0.89 0.92 0.94 0.96 0.97 0.98 0.99
0.35 0.81 0.84 0.86 0.87 0.90 0.93 0.96 0.97 0.98 0.99
0.40 0.79 0.81 0.84 0.85 0.89 0.92 0.95 0.96 0.97 0.98
0.45 0.76 0.79 0.82 0.85 0.87 0.91 0.94 0.96 0.97 0.98
0.50 0.73 0.77 0.80 0.81 0.86 0.90 0.94 0.95 0.97 0.98

Interpolation is permitted. For CVy values below 0.10 the values for 0.10 shall be used.
A AL, o= #1039 2o scaling factorel o] BA®E Ao =AM WA o)t
Table 10. Specified LRFD resistance factors, ®s

Application Property (I)s
Member compressionA 0.90
bending 0.85

tension parallel 0.80

shear, radial tension 0.75

Connection all 0.65

“Compression parallel-to grain, compression perpendicuar-to-grain, and bearing.

Al ARAL @ = 0 = [2.1/AIL(K (@ 9]°1H A & 113} 2.

c

Table 11. Adjustment factor for Computed LRFD resistance factors, ®¢

Property Adjustment factor, A

compression, bearing 1.9

bending, tension 21

shear-glulam 2.1

shear-lumber 2.1

shear-SCL 3.15

shear- I joist 2.37
AP E FEwSE A, Kp, © 53 A AFE WAV A8 Bxd wE FAFECE
E°] Ros )& BAsk=H ARGET o] AEA BAAAE At AZJAA (D)ot A8 A A
(@) B EEA K, = ©./ 0% 2ol YW, E 129 4w BFFAA4E LD w7}

391 FEASTMFH ol A ] gheltt,
PBDell A A% FE3 g7 a4 2 dAe o] H= el i Hve] 3 AtdE
3137 149 2 (CWC, 2005)
LRFD¢t ASD Ztztol Aol atg =33t AIRb Q1A= 3 159 169 7]&8ke] e aof

o
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t}.(Chen, 1999)

Bodig(1991)ell 2]8ld HujoA] PBDel 243l 1Wd A3 5000 Aol s, 27+ 2
Ateta )t gelbse] FAghel et Harzke] v & WolAS il 7b shFe BEPAL #
173} #},

Faherty & Williamson(1989)ell €3t @& ASDe9} LRFD ztzte] st5 23 sadAs
S %18y Zuh

Chen(1999)0l] °]&tw Ewjo| X &&== T35l st Hdssn et WolAF 12 3
o BE ke #1999 2

Z 51986)°l eofstd el ZEsh= ske izl ARkl

e Asteha, W FEAL
s Eelt A shtel AzaselFew FEEv AHAe AsER AuAdases
o) zgg wejstrlw st Aguckn ek Tl AYIBESG FRE o A A
sst3ol A8t Ao wEIH, olsh go] ol A AustaFel Aty @ u 247
o 3ol BA 1E] RSP AWA) =G ASE A9 grkn Aok se, el

o AMFER AdAS Fucks 4e AARI gelA 4

Table 12. Fifth-pecentile based reliability normalization factors, Kg

Kr
CViv, % Compression and ; Shear Shear Shear
Bear ing Bending Tension Parallel (Lumber) (scL) (1<Joist)
10 1.303 1.248 1.326 1.414 0.943 1.253
" 1.307 1.252 1.330 1.419 0.946 1.257
12 1.308 1.253 1.331 1.420 0.947 1.258
13 1.306 1.251 1.329 1.418 0.945 1.256
14 1.299 1.244 1.822 1.410 0.940 1.249
15 1.289 1.235 1.312 1.400 0.933 1.240
16 1.279 1.225 1.302 1.388 0.926 1.230
17 1.265 1.212 1.288 1.374 0.916 1.217
18 1.252 1.199 1.274 1.359 0.906 1.204
19 1.287 1.185 1.259 1.343 0.895 1.190
20 1.219 1.168 1.241 1.324 0.882 1.173
21 1.204 1.1583 1.225 1.307 0.871 1.158
22 1.186 1.136 1.207 1.287 0.858 1.141
23 1.169 1.120 1.190 1.269 0.846 1.125
24 1.152 1.104 1.173 1.251 0.834 1.109
25 1.135 1.087 1.155 1.232 0.821 1.092
26 1.118 1.071 1.138 1.214 0.809 1.076
27 1.105 1.059 1.125 1.200 0.800 1.063
28 1.084 1.038 1.103 1.176 0.784 1.042
29 1.066 1.021 1.085 1.157 0.771 1.025
30 1.049 1.005 1.068 1.139 0.759 1.009
(ASTM D 5457-04a)
Table. 13 load cases provided in the NBCC
Case Principal loads Companion loads

1 14D

2 (1.25D or 0.9D)+1.5L 0.5S or 0.4W

3 (1.25D or 0.9D)+1.5S 0.5L or 0.4W

4 (1.25D or 0.9D)+1.4W 0.5L or 0.5S

5 1.0D+1.0E 0.5L+0.25S

352



)
)
i
|
dot
e
N
23
o
-1
BN
w
X,
rE
tlo
o
rot
N
[
e
-1

Table. 14 serviceability limit state load combination specified in the CSA O86

A ) F aEs sue T s
1 10D
2 1.0D+1.0L 0.5S or 0.4W
3 1.0D+1.0S 0.5L or 0.4W
4 1.0D+1.0W 0.5L or 0.55

ool ET AFe olgste] Ty s
ge

d A R ANl BR AP ASFE A
o) % AEL A2 E £ 9

t}. AASHTO LRFD(1994)¢] w& ﬁf—»l*é A 4=

Load combination Time effect factors, A\

1.4D 0.6
1.2D+1.6L+0.5(Lr or S or R) 0.7 when L from storage
0.8 when L from occupancy

1.25 when L from impact
1.2D+1.6(Lr or S or R)+(0.5L or 0.8W)
1.2D+1.3W+0.5L+0.5(Lr or S or R)
1.2D+1.0E+0.5L+0.2S
0.9D-(1.3W or 1.0E)

g agags
coo

“For impact loading on connections, }\ZLO rather than 1.25

Table 16. Load duration factors for use in NDS

Load duration Load type Load combination Time effect factors, A\
Permanent Dead D 0.9
Ten years Occupancy live D+L 1.0
Two months Snow load D+L+S 115
Seven days Construction live D+L+Lr 1.25
Ten minutes Wind and D+(W or E) and 16

carthquake D+L+(Lr or S or R)*(W or E)

Impact Impact loads D+L(L from impact) 2.0

“For impact loading on connections, A=1.6 rather than 2.0

Table 17. statistical data on structural loads

Load 1 Year 50 Years

Mean Cov CDF Mean COV CDF
Dead 1.05D 0.10 Normal 1.05D 0.10 Normal
Live 0.42L 0.45 Type 1 1.00L 0.25 Type I

Table 18. Current and proposed load factors

Specification or source Load Combination Load factors”
IR sFRH<10) 1.0D
NDS(27A S8 wiEe] A&7 7o sjdsh= 24 8HEEH(>10) D/0.9 =1.11D
5L03L 1213 I 3E FEST R AMEEHE dF9 AAEE + AF BeE 1.0D + 1.0L
ape] Aol 7 3}) A8k + 7)€ 0.80(D+L+S)
Z31% + 7)e 0.75(D+L+W)
1A= \.ﬂ»(<1()\~1) 2.08D
NDSell 4] LRFDZ 9] 8 (at5 ave] A &8 o A ERG104) 2.31D
Z olxjo Eakslar A A= wr] FAE 5% aAsE + AF ZetE 2.08D + 2.08L
e Abgsh @H 3z + 7|g 1.81(D+L+S)
Z3% + 7)E 1.56(D+L+S)
3.9 .0 ; 23 W L ke el 1.0D
éﬂlic(oﬁﬁgf%gﬁﬁlﬂjo’]?ii—)éEE}'g] w9 Y33 - BE 10D + 10L
s el AAE Z8% + 7)g 0.75(D+L+W)
B B s 1.4D
“ wAEE - BeE 14D + 17L
Z3t= + 7)E 0.75(1.4D+1.7L+1.7W)
LA 1.4D
o A F + &k 1.2D + 1.6L
ANSI A 58 &+ AAs= + 7| e 1.2D+1.6SL+(0.5L or 0.6W)
ZalE + 7)E 1.2D+1.3W+05L

* D=317438}5, L=235(AISCSH ACI Al F el A dsts 23, S=4Hst5(NDS 86°] 44 2719 A&o 744), W=35315
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toaE 2Pl MEe TRAUE, FEAA BY AF A F b 4R 348 A% D Atk (FaE FUOR Aot 4
e 492 ANk )

Table 19. Typical load statistics

Load type Mean-to-nominal Cov Distribution
Dead Load 1.05 0.10 Normal
Live load
sustained component 0.30 0.60 Gamma
Extraordinary component 0.50 0.87 Gamma
Total(max, 50 years) 1.00 0.25 Type I

Snow load(annual max)

General site(northeast US) 0.20 0.87 Lognormal
‘Wind load
50 year maximum 0.78 0.37 Type 1
Annual maximum 0.33 0.59 Type 1
Earthquake load 0.5-1.0 0.5-1.4 Type 1T
2

\/ln(VZ +1)+ In(V% e
F+ 359t .(Nowak et al, 1999) ASTMolA A7FE X9} HFEAFEEE v 7134 o
_ hl(R m/Qm) +(Zz_ YZ)/Z 047]}\1
OZR—Q—OZQ, \/7Y2-i-Z2 . ,

- AR wE WA, o A% wR) wE WA,

Ve Amel Wl A, v= ak% &de] Wel AL, yi= m(+ Vi), Zi= @+ vEolH
R, /Q, = safety index@}il @t} (Gromala, 1984)
PBDS} Bl o] Z4 o & ASDo|A <] 7]& wAAs

}:‘L:
= A AFE Hdtgolw, o =ANSI 7]F9] 38 Sl F=EH= AW &8, R~

Ht Zx=olt}, (Gromala, 1934)

PBDE 913 AdAQl dAMAgNe A% Tis 722 ALAAS} A7 e
oo 2rkA FEHR «dA & ¢ Aok FF BHe 7o X AskEd #ahgol #gita
7HRk AA BAAAE v 2ok 0.85(ZF ) = 1.2M p+ 1.6M - G171, z= A= 552 &4
G g o AE HAa @R SEolth olF IAER AFHE AF oF 308 Alwstevl
ol HE FAd g mFow AFE Flett

e & o HAm oozl HAlF FxEel Wd BT ATE T Lol o=
A 7% (pole) Tl W@ A v1x AS T3 fr=d LRFD AA g el

=
I,- 9% 945 A9 FA9 Hog 18 A3 AR} stF AAE O]de’ﬂ AeolEo] ). ¢
= pole?] 7ol secondary moment(P delta)’} £L2387] wjiol, sja& 7lafx &=

o 7F w3l AR Hi AAHHES A AAEC O'Eﬂ«] ATE F3l 3

Aol AglAle] gk FhEA el FEEHATE ¢ = exp(—0.758V ), ¢ p= exp(—0.758
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Y p=exp(0.758V ), ¥,= exp(0.308V ). 9714 Be Hix A=A AFoln VE 24 Ao W
o] Al o] t}.((Faherty & Williamson, 1989.)

6. LSD¢ LRFD¢ x}9]

3% AU s FAow sutd PBDe LSD(EHA AE] AAW, Limit State Design)2t ]
=S Aoz J¥gEl PBDQ LRFDGENS A3 <z AAW, Load and Resistance Factor
Design)~ A AdS 7HA L QoA E gk o7l EAgTh. SEuvetse oWt 7|&
of 2Aste] @& ASDE A= 7|8 FRAAHSE ARAXE AA7] HsiA= F BHEY

SEAQ Aol he L3 ook @k,

PBD9| rte] H= A ooy Fxeo S GFEEHoR Wrhshs Wk o
g A7 & g fley, dwbH o bdAdE Wrbeks ol &dhs TAH AR Aol u
2} Level T, Level I, Level I &2 &3ttt Level M T %=¢ 3o #AE & g5
T g F4 2 A EUEGFE ol gkl dAGEAC] 0BT & gE, 5 g
B AR AoetA Ak Wyelth Level v 7b SHEW] vty 241 29
XGRS ol gste] A etE] ek ARl AEQ AR AFE TAHoR A G
Wos muEYo|gtil: gtk W Level 1 WHE HXAINEAFE 289 LS 1A
at7] #1a 2t gE el el F-2 HA g (partial safety factor)E 283t AAAANA o]
S o A AdE WelEta & 4 Qlvh ofw) skt A el Welf 27 shw F-EolM s s
T AgEH A BEoAE AT AgEe Aotk AA FxE 724
A Aele e FxR=Eel oF 10° olste] g AL HAFES AEF HANT(F T,
1999) ol#jgk PBD<, 3ot Ayt 2]i s5eh A= g9 waEt oM PBDE &=

P

g vetse A P42 LSDolH, A g e Hayxe T WA =9
ofo}Al H-Ze] PBDE =T vl=re] Aol LRFD# @tk 5 A7 257t

24 A FEelth o5 Atele] AA At Aol AFE AAFE K
stk obuw AA Al Wi kAAFE Fst=rfolth. HAd HxAF

.
®
<
@
—

Mo Ron

M
-0,
2
)
+
f

4% FAGNYAN) HF 2 AGS ASES Level I AHY o2 ¢ Q)
L8t $42 AR Adets PHe FAth(ERY, 1082) 5, A%5e] F2 §4 0% LRFDI
A% Ao wE ACI EF 3180] AHEHE R, & AF FAol AFUTE AN, R = ¥

7. 24 &
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SFPE(Society of Fire Protection Engineers)?] X iteo &5ty v HAEHE2 90-95%+ A&
7ol mEl Alojd Aolgta gl ware] - ASDelA LRFDO.Z9] H3le] ZAE 39
A% 209, HEF Fxo A 10de] 22 Ak (Fridley, 1997) HAolA 33 AHe71+
(performance standard)e]#t= AL ZF F=oA $<ld AF Ao 7|23 EAHI A} 3
2 Y3t E4E FFA7IE 5ES dEoy dE FES &7 E AL B od gsste
Md ol A 7] (prescriptive standard) 224 A18-5 = A7 53 P48 A= S &
gt} (Goetzl & McKeever, 1999) g4 &2 AAH A PBDE S dgtoll= W2 oz Fofrt

Atk Wacker(2007) 5ol olstd, 7]&9] AAH J%53 AEIES 8, &3 73 2d 72
AAR e HER A3 ks 2] 98 A2 PBDS w78 oz Ag st ALgsiges 7)E
o] AAYPE 43 dAsAE o Ha HA LRFDSE ASDe| tl5e Algo] Hagte] FxE
71% stk (Wacker & Groenier, 2007) ©]8g #AHES mHItbH Fulo HAgole s
PBD=Z 9] =% 3%k(hard conversion)®ETh= ¢FA W 2 (soft conversion)& A2 02 A A|ste] F
WS ®WgstHA PBD7F o= AL dlFstE o]Fo] gk PBDY Aoz zledEojof
Aoz gk

W%A Zwel gAn 71E ASDE FAH AR APgel oEste] Ax Ag3 zelst
9 g WrARe JFs &+ gloke

2o 9 o A, olu] B3z ARIFEo] PBDE
Aeetn e 59 o= Ay I ASDOlA PBDZE A3t AL ol AlFst 313
=3
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