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Study on the Reliability Analysis of Wood Floor System
Exposed to Fire*'
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ABSTRACT

Fire performance is the important criterion for evaluating of safety of wood structures which exposed
to the standard fire condition. Endurance time and time-to-failure are used as the criteria for fire
performance in many countries. Reliability analysis about wood floor system which exposed to fire was
carried out as preliminary research for reliability-based design on fire. Analyses were conducted by two
methods, numerical analysis method and deterministic method. They didn't show the difference between
two methods, The reliability of floor exposed to fire showed strong dependence on the coefficient of
variation of member and did not be influenced by the strength or load of member.
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a2, S=tgoll s|FErHElingwood & Shaver, 1977:

Galambos & James, 1982: Hasofer et al., 1974:
Kiureghian, 1989: Kececioglu, 1991).

2.1. DO 7tX| O|2= AlZt

EESg =29 24 29 A4 AAE AA
317 HslME WA A5 AIgF-Fo| He= Bzt
A19] AIZHE FEfof 3ok, FRAInE A HYS T3
S TG RS AAH Heluh A7k
ZH A st &4o] @t wEhA sl o77] o]
2E AREE ZAREH €58 F e e AL
T UTHH o] & o] &3 Aol HET AHolt}, o]
upet W5t gtol o] 2717kK 9 A2t <58
T AT 2dI HHE AAE A 2 A7) o) F
o]z gtk (Burros, 1975 Clancy, 1996: Collier, 1994:
Cramer & White, 1996; Knudson & Schniewind,
1975; Konig, 1994: Lie, 1972: Noren, 1988; Ouchi,
1988, Takeda & Mehaffey, 1996: Thomas et al.,
1996: Thomas et al., 1994: White, 1996). & 17|
A% Moment-residual cross-section modulus model
(Schaffer et al., 1988)S M@K 2ol Al&-3}4 )
sl =EE vRA L] WAgAe tga) 2o
¥ 7hestitt.

eB= A%(;,, c)C) W

@ Performance factor of exposed joist,

B : MOR of joist at room temperature

M : Applied moment caused by both dead and
live loads, ti' time to failure

Y(tr, C) : Distance to extreme fiber

I(t;, C) : Moment of inertia about an axis mid-

height the remaining uncharred section

412 NS thgel 4 29} g,

_ M(d_c tf)/2
T (b—2C- t)(d—C- )12

aB (2)

b: Width of joist, d: Depth of joist
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2.2. Wst ds

22 okF Al~®9) fire duration® th&-2] 4 (6)
3 2t Gross, 1977: Schaffer et al, 1988).

7)A, BE BFE ¢l Wl

W Fuel load density, Ar: Floor area,
Aw ! Opening area
H : Opening height, t4: fire duration
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Table 1. Resistance variables for reliability analysis of wood floor assembly

Depth Width Modulus of Char rate Thermal degrade =~ Moment K
(mm) (mm)  rupture (kgf/cm®)  (mm/min)  factor (mm/min)  (kgf-cm) (1/mm)
Avg 29 37 37 065 51 21950 006
Table 2. Load variables for reliability analysis of wood floor assembly
Fuel load density Floor area Opening area Opening height
(kg/m") (m®) (m?) ()
Avg 27 40 10 15

Table 3. Averages and coefficients of variation
of resistance and load parts

#r (min) pg (min) Qr Qs
718 320 040 036

ug ¢ average of resistance. ug : average of loads.
25 : Coefficient of variation for resistance.
Qs : Coefficient of variation for loads.

ohE Al 2del] AMSE BAje] X 2 B AR
< 7V dE] 2ol ol s A3 Schaffer et
al (1988)9] A& & <1&3t5r}.

g3&EE CE 51 FdME #gdez B3
0.65 mm (1/40 inch) & AFH&-8}3 %l (Schaffer,
1977), FEAGAME AGee Bd57te) Aol &
FHA Y=g 200 ke/m’H 450 ke/m*S AAZ 3}
o A 05904 0.8 mm/ming AMEstm Yo}
(Konig, 1994). ¥ ATolAME X+ 58 F2 5
AEE 98359022 0,65 mm/ming @BIEEa
AHg-8EA T}

dA d3 9} vi= 80d 2 Woeste & Scha-
ffere] A4 52 8 4.3 mm/min (0.17 in/min)%
=7 A3 A0 R AT Ao, 2 A7
(Schaffer & White, 1988)el 2J3hd 5.1 mm /min
(0.2 in/min)7F A3 Ao Wolgoix)m g}
et B AFME FAE AMEESITH

AtelE s &3t o8 rtalAlE RREE 21,950
kegf-cm7b 2de gto @ F3(Schaffer & White,
1988)=) a1 it}

FAAA, KE Table 19 A8 & o]&3t A4l
H 0.06 (1/mm)e] dr},

Fuel load density® #dstFolgtns: &89, v}
Fo 9] A & X3E o] o= A BR 2%
& w3t} Hu|o] dEFee He 27 ke/m’ AER
AME O] Qo B Ao A= o] ke ARgET)
oh-o] WA A 9)e] sdstFol AYgE WA 40
m'g A3},

Aot 7] & 8 XA A THe HELe
steE A o] /108 AME R (39 ARE T2 7
T o w3 73 Fx 1996). Gross 59 AF 7
ol whE f e HE EolE 1.5 mE ARge
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10” douglas-fir o] Fo|7l B u}# A 2elo] g3
9 (ASTM, 1995)9 =ZHAS wel A3tz st
o] g HolAF 5& A4tshd Table 33 2ot
(Al4F2 4% package$! Matlab. Ver. 4.02& A}&
sFAh).
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Table 4. The results of reliability analysis for
two methods

Numerical method Deterministic -method
8 16 15
B:Reliability index

N,=R/S .0o=L/D (10)
an= ¢QRN0 - TSQR (11)
FVERENA+ DV A+ %
s = S = S (12)
STV HAEN+ DV A+ 2%

& Qs=V Qi+ 50’ /(1+ p)

9o AN ES FAA A 7P oz F7] S8
Newton-Raphson®] #& ulE¥& AMEE Kim &
Lee (1996)2] 2198 o]&&4rt A= Table
40l A A8kt
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Fy (0)7} Bt 94714 Fois 94 Joll di@ AR
471 "}, of7je] FOSMYEE AH8-8te] Ae3hd
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ol2lg Jo| W& ®F8 kA

i= Lo (14)
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Fig. 1. Reliability indices with the different re-

sistance value.
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Fig. 2. Reliability indices with the different load.
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Fig. 3. Reliability indices with the different
C.O.V. for resistance.

Table 5. Reliability indices with the different
C.QO.V. for resistance

g\ HR (min) gg (min) 2 Qs
A 15 3604 16.03 040 036
B 20 36,04 16.03 020 036

1+ average of resistance. ug : average of loads.
Q: Coefficient of variation for resistance.

s : Coefficient of variation for loads.

B8 : Reliability index.
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Nomenclature

Ar : Floor area

Aw : Openign area

: beam width

: Modulus of rupture at room temperature
: Char rate

: Beam depth

: Opening height

* Moment of inertia

N T m e O wy

: Ratio of perimeter to area of cross section

M  Applied moment

R Member or structural resistance

S Applied load

ta : Fire duration

W Fuel load density

Y : Distance from beam centroid to outer fiber

a - Ratio of high-temperature to normal-tem
- perature strength

B Safety index or reliability index

v Thermal degrade factor

u#  Statistical mean

o Standrad deviation

@ Accumulative density function for standard

normal distribution
£ Coefficient of variation

= AR
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