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1. 1.3 NMEOSBoOEFBEARSIELER

BEUER— Rk, 20CHNEES% O EBEREN T SEMHEE L%, JIS A 5908
PRR=F 4 JVAR—=Fg (19942 #H U = HBHITRARSS 2. dmsRBRA 2. BAE
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#£1-3 HELEMOSBoEARSESR
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AR BEER <o b BB BRSO W/ K A EEW wwlb 7 Hx
OBEX Hhe  SKE T8 OEX  FER HkE MOE*  MOR* IB*
(mm) (%) (C) (%) (°C) (mm) (%)  (tf/cof) (kef/cof) (kef/cuf)
0.3 16.5%:7T% g 170 19.0 170 0.3 16.5%:7% 9 4.9 350 3.2
16.5%: 7% 9 200 15.0 0.3 16.5%:7% 17 41.6 362 5.3
16.5%: 7% 9 230 12.7 0.3 16.5%:T% 25 45.2 393 5.1
16.5%:T% 17 170 15.3 0.3 10%:10% 9 41,1 322 1.4
16.5%:7% 17 200  12.8 0.3 10%:10% 17 45.1 374 4.2
16.5%:7% {7 230 2.3 0.3 10%:10% 25 45.9 333 3.3
16.5%:7% 25 170 13.6 0.5  16.5%:7% 9 39.1 294 5.9
16.5%:7% 25 200 2.7 0.5  16.5%:7% 17 4.4 3 5.3
16.5%:7% 25 230 1.5 0.5  16.5%:7% 25 43.0 319 5.6
10%: 10% 9 170 20.5 0.5  10%:10% 9 8.7 297 6.2
10%: 10% 9 20 16.0 0.5  10%:10% 17 42.2 350 7.0
10%:10% g 230 13.5 0.5  10%:10% 25 455 364 6.6
10%:10% 17 110 15.9 200 0.3 16.5%:7% 9 43.3 352 5.5
10%: 10% 7 200  13.8 0.3  16.5%:T% 17 46.5 452 5.1
10%:10% 17 230 12.3 0.3  16.5%:7% 25 43.6 31 3.7
10%:10% 2% 170 141 0.3 10%:10% 9 47.4 397 3.0
10%: 10% 2% 200 13.5 0.3 10%:10% 17 44.9 373 5.5
10%: 10% 2% 230 11.8 0.3 10%:10% 25 46.3 359 5.2
0.5 16.5%:7% g 170 19.4 0.5  16.5%:7% 9 41.0 311 8.5
16.5%: 7% g 20 17.0 0.5  16.5%:7% 17 39.4 290 5.3
16.5%:T% g 230 135 0.5  16.5%:7% 25 8.7 313 5.4
16.5%:7% 17 170 16.8 0.5 10%:10% 9 4.8 383 7.0
16.5%:T% 1T 200  14.4 0.5  10%:10% 17 45.6 341 7.9
16.5%:7% 17 230 13.1 0.5  10%:10% 25 4.3 309 7.1
16.5%:7% 25 170 15.0 230 0.3 16.5%:7% 9 43.6 353 4.8
16.5%:7% 25 200 4.1 0.3 16.5%:T% 17 4.2 342 5.5
16.5%:7% 25 230  12.1 0.3  16.5%:7% 25 37.6 330 2.9
10%:10% g 170 18.0 0.3 10%:10% 9 4.5 321 3.5
10%: 10% 9 20 17.3 0.3 10%:10% 17 46.5 395 4.2
10%:10% 9 230 14.8 0.3 10%:10% 25 43.2 358 2.7
10%: 10% 17 170 18.4 0.5  16.5%:T% 9 4.6 357 6.3
10%: 10% 17 200 14.6 0.5  16.5%:7% 17 42.3 268 5.8
10%:10% 17 230 13.3 0.5  16.5%:7% 25 4.1 292 6.3
10%: 10% % 170 14.2 0.5  10%:10% 9 42.5 3% 6.9
10%: 10% 2% 200 4.1 0.5 10%:10% 17 40.5 332 8.0
10%: 10% 2% 230 123 0.5  10%:10% 25 42.6 294 7.1
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(mm) (%) (C) (%) (tf/cof)(kgf/cnof) (kgf/cnof)
1 0.5 10%:10% 17 230 13.3 40.5 332 8.0
2 0.5 16.5%:7% 9 230 13.5 41.6 357 6.3
3 0.5 10%:10% 25 200 14.1 41.3 309 7.1
4 0.5 10%:10% 25 170 14.2 45.5 364 6.6
5 0.5 10%:10% 9 230 14.6 42.5 326 6.9
6 0.5 10%:10% 17 200 14.6 45.6 341 7.9
7 0.5 10%:10% 17 170 16.4 42.2 350 7.0
8 0.5 16.5%:7% 9 200 17.0 41.0 311 6.5
9 0.5 10%:10% 9 200 17.3 41.8 383 7.0
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TS (%) 13.1 17.0 6.1 10.5 0.47 0.62
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| 7.31%+ 9.42 8.62+ 8.76 5.05+ 7.05
50 1 82.83+12.31 84.31+ 7.33 86.14+ 6.67

R 44.38+29.49 46.14+29.39 46.67+28.50
____________________ | 5.95+ 6.70 8.00+ 9.68 4.31+ 5.56
100 L 85.35% 4.37 84.92+ 8.49 87.46% 6.50

R 49.66+24.37 42.34+28.06 40.30:£30.31
___________________ | 5.44% 5.92 4.51% 5.79 3.34% 4.51
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R 9.60%+0.17 9.724+0.08 9.64X0.07
T 9.5140.08 9.59£0.10 9.78+0.09
150 L 9.55+0.06 9.71+0.10 9.73+0.04

R 9.48+0.08 9.741+0.08 9.77X+0.08
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0 128 148 1.31 1.51 1.64 1.86
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7.5 -F  J(0):4.50, J(1200):5.79
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I 1.28+0.033t°

(0.997)

(0.964)

R 2.90+0.077t%:

| 1.30+0.042t°

(0.993)
100 L
(0.942)

R 2.83+0.087t°

| 1.28+0.036t%

(0.992)
150 1L
(0.951)

R 2.57+0.068t°:

(0.996)

7.20+0.278t%-

7.97+0.413t%

8.21+0.386t°"

24

2%

25

25

25

24

25

1.54+0.057¢°

(0.999)

6.98+0.399t°-

(0.955)

3.05+0.099t8-

1.57+0.063t°-

(0.997)

6.95+0.387t%-

(0.933)

3.30+0.091t°%-

1.31+0.044t%-

(0.998)

7.14+0.238t°-

(0.936)

2.50+0.077t%-

(0.998)

23

25

2%

25

27

32

28

.66+0.044t° 22

(0.996)

.65+0.249t°-28

(0.951)

.05+0.063t%-2°

.90+0.062t° - 22

(0.997)

.01+0.284t°%-27

(0.943)

.02+0.075t% - 3!

(0.994)

.64+0.049t2- 2"

(0.998)

JT140.157t2 - 32

(0.937)

.73+0.063t%-27

(0.990)
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I 1.00 1.25 1.29

50 1 6.05 6.39 5.79

R 2.29 2.49  2.38

""""""""""""" I 106 1.25  1.50

100 1L 7.12  6.32  5.44

R 2.33 2.68 2.53

""""""""""" I 101 103 1.27

150 L 7.07 6.46 4.81

R 2.03 2.05 2.16
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Internal bond strength ( MPa )

Thickness swelling (%)

0.8r

0.6

0.4r

® |C-B 30%
O IC-F 30%
A 1C-B 10%
A IC-F 10%

10T

>pOe

0.1

M4-12 7 74 N—=F— Foid < dEig

IC-B 30%
IC-F 30%
IC-B 10%
IC-F 10%

0.2 0.3
Density

0.4

0.5

X4-13

0.2 0.3
‘Density

24 WK K E 3 g1k

X34

0.4

0.5



20

__ 15
2
(6]
e
€ 10
L
(6]
[%2]
o
2 5
-
o
oy
}..
0
-5
X4-14
20
3 15
Q
o
f o
S 10
[&)
/7]
[72]
Q
£E 5
©
oy
'._
0
-5

Density IC-B, 10%
""" & 0.05
—&— 0.1

----- o 02 0

Treatments
TR — WA LR e AR B BE 2 224 (IC-B, 10%)
Density IC-B, 30%
""" & 0.05
—&— (.1
""" O 0.2
<
‘:"O\‘ " “‘

AD W1 OD w2 oD AD
Treatments

M4-15 @i - RRARE LIRES{CLELIC B84 5 2 421t (IC-B, 30%)

Notes: AD : Air-dry condition,

W1: Water-soaking at 20 °C for 24h,
W2: Water-soaking at 70 °C for 24h,
OD: Oven-dry condition at 60 °C for 24h.



20
Density IC-F, 10%
- 1 5 .............. —&— O 1
o e O p.2 ot
o~
- | @ 0.3
>
2 10 R
P
%) ‘,‘Q.‘ .", k
o gy ! ‘
a i
e o ;
kS,
= o ,"4"
= i
O ““Y:!':
B
-5 . : ‘ ' ' '
AD W1 oD w2 oD AD
Treatments

P14-16 Wi — WERRATR LAREL LA BT 545 B E S 446 (IC-F, 10%)

20
Density

15
9
rig
(o))
s 10 —
L
(8
w
1
- 5
4
Q
i o
=~

0
-5 . x 1 1 1 X
AD W1 oD w2 oD AD
Treatments

4-17 il — VAR LIRIES A 547 BIE S 454L (IC-F, 30%)

Notes: AD : Air-dry condition,
W1: Water-soaking at 20 C for 24h,
W2: Water-soaking at 70 ¢ for 24h,
OD: Oven-dry condition at 60 °C for 24h.



§\muﬂ®ﬁg@%MEm%k%<%ﬁéné Thbb, EEFOEHEIC X

D\ BEl—MROLEITIIIC-B>IC-FOMMAED S, MRE IS, HAEHIV
OB & - THEEITKE <HEINT 5,

WE | WIEOIREEET =/ — VEBIIRESF 2 10% RN L7z K- FoFh & s
5E,IC-BOR— FPEREEOLETHHIRMRKEVIREIE SN, 8L % 2512

FEOEERL TV A,
3 HESREE b RIARIC, WA %&%ﬁﬁmqwﬁﬁﬁk§< T OET I,
EQANE S B A NIES @ﬁTLHW CHEMEZ DIRT T 5, BE0.2g/cm’ LT R —

FefEHEICH A2, s ﬁﬂo%ﬁiﬁﬂbé EWREFE L, T, WED
”@@7;/—wmhﬁ%ﬁ%ﬂmf‘—bkw«ét AV I7i— MMERES
HIAS, 3BAPICEVWIECHEREAR L, SOREAE, AL ) b EFICELANE
PIRTA VYT A MLV ERLTV S,

3.3.2 77 AN—FK— FOEEENY

2405 MIBAE S IR &L OB % H4-1310/R U 7ze 24 RITOKIE S IR
R— FREEOERFUEPIRKELS, EEER- PR EMAIAVNSIS L o TWhE, $#EE
HIOWMEL b, FFICLHEEOFIIKEV, IC-BOYAIWEEE02g/cm® LT
DAR— FOESPIRFIZSBLUTTH Y, ENLTHELEE TR,

WP — R 1 3R LARMES LA I 547 5 2 & 2L 58 % [4-14~ R4-1712 7R L 72,
ﬁ—bﬁ&#k%Wﬁ&\ﬁ ZALRIIRKEL o TIEWV A D, WETFNROEAS D
BT L0 By THLODRES IR > T Y IFFHITEN T EREYE R
L7 & %ij@ﬂi"ﬁf ;tIC BOJFHIC-FDE L ) bAHA/NS o 7225, IRINED
R H T DR N o7,

SEYAR) AL L 7285602, ZEM0N i S L e 2 o 72 4 é’é(’?%U@ﬂhﬂ

LTI VLAY POERFBIRENI L L EPEZONDED, FFLWI L RBED
ECHYPLNTHR L, RO L Lizw,

A
JkLT AV VT A= MR & I 720705 A4V 2 7 A — b Ssia]
%6v FAAMET = = VIR HASH L 0 b BWRE L ER T EREEE b D
HEET 7 AN =R = FPRETE B LW L% 5Tz,

4. BEE7 714 /N—K— KOW2 - BT - HEEHMEEE
4.1 3D

2HICBWT, a7 =/ — VEIRESRI A BHEE 7 74 85— K= Fo
SLERON & IR e M B AT Lz AT, BEE 7 7 4 /18— K — F O st
Bl WREME D B T & L ToOMBEE A 00, PUREER RER
BIUHERY v R ERkD T,



4.2 EB

ERICHWASHEE, E2micBnTiEsns, & #80.10-0.30g/cm* D 7 7 A
NW—FK—=FNTH5%,

BARERIL, ASTM C 518-76 (Steady State Thermal Transmission Properties by Means
of the Heat Flow Meter) IC#E U T, 18 BIco& 28I 0@ EIC L - THIE
L. RERS & UHEEOREIEENEN25CTH L U35CE L7z, s oFER
50mm ¢ ThHb,

WEROUZIL, H4-180 & ) LB % VT, FEEHEIC L 2 TEASREE
RO BEETEES4mm ¢ & L, EIHFMEMERT, #H39mme L THE AT
ooz, 1

WEPEAMR Y~ 73, L = & OB VEE ABRTEE (IS K 6394) 12HE U T, L4
WEORD, $abb, H4-190RE3ND L)1, IHRERICL > TR OE S )
FHCEMRD 2 5 2 T, HIRY — 7 B e Ko, ftY v 7= e 8 L, sl
£i376mm ¢ TH 5,

4.3 MRLEE

BEE7 7 48— R~ FOBMRER L [M4-20007R T Wik, £ a2l —3 3
VR FREWR, N PR FR lBORAREMEBL 7S 2y — L2 K
VAFIVY T4 =G EOMBMEOF— 7 20 TBIW L., Lkt , 19
—EDOKREMHE OMZEET L, BEORT LA T T AEAFHS L TH L, T
72V AREE 7 7 A N =R = FOBREERIZ0.03kca/mhCRETH Y, 75 A — )b
%@Mﬁﬂﬂtﬂwféépt#b# =77 HRIROEEH L CERE —%
R D RIRVEBE DB | ﬁ%ﬂ%(MMa REFEB LB THRLE) TF
éﬂéo”mi\_nemﬁé\ﬁ&&774ﬂ—£—ﬁ\7¢~A£Ux%v
I BILUTIAT—IZOWTRD B E, FREFN0.0007Tm?/h. 0.004m?/hB L O
00Im*hTH b, L7z T, BEET 7 4 /35— F— FOBIEBRIE — M0y 7 Wt
MEDUS~1ISICBET, Eh-REs b2 b h b

BEET 74 N~ K= FOREHE AW E %% 4211277 ﬁ&ﬁ774nw
R—F 0)%%1‘““ L BB L o TR S S LR 55 00, # 0 CTI00HZLL T
DR ERINT T T AR VD, 700HZLL L2 BT 570% L EOl 2R L, SRS 54

%kbf&ﬂi FEE - RESOrS 2y — ety &y — )b b 655 0w
DHIEFTHEHESI N,

BEE7 74N =K — FOREMY 7 BE R4-2210FF o BIn A6, HEEM
YU URIEROBME IR L, T EERRNEOIIC VT 5, O
Y 7= VOREY Y ZEH 0.04g/em’B £ UF0.20g/cm’ DB IOV T FNFNLG
X10*PaB L U'8.0X10*Pa, F 72, 29 A7 = DfiEY ¥ 7 E25, 0.032g/em’B £ U
0.96g/cm* DEFEIZ DNV T ENEN3.4X10°Pas L U65X10°PaTH DB L 4% 4 5



¢ 100

B iR
A0 747 "
A0 T7 47D
AE=A—
NG =T T
ATTAHF -
AKX GE 2R
F.F.T.

WAV A=V

N
(4 84mm)

700mm

4 88

<

OA IO i
o K

oxooo\lo\u\nuy\),—..

M4-18  FEEIRIC L 5 MEASRE O NEE



h
20mm

Nlmrmmmmmiiit N

1o BUH. 20 BUBHI D iR, 3o g (T X)
4o NRBEET. 5. MEEESF, 6., puigse.

To ISV —=T 27, 86 /AXV il A%,

9 F¥—=Y7>7, 10, FFT. 11, /%Vay

B14-19 Wi = & oM E R T (JIS K 6394) %5 L7 RER— FOREH Y

v IRBOYE

O 020

(@]

= @® Low-density fiberboard

E O Wood-based panels

%_ A Insulation materials O
o 0.15F

=

g O

b

=

5 0.10f

3)

=

=

) O

O 0.05F qio

gy ]

S 2 ee

E L

o

)

£ 0.00 ' . : : : ' - l :
= 0 200 400 600 800 1000

Density (kg/m”3)

BI4-20 RHEET7 7 48— F — F ORRER



e
o0

Normal incident
absorption coefficient

<
o

&
i

s.g. of _

151kg/m3\/\

/ R e

s.g. of 80kg/m3

=
N
‘\\_\

\\*

0 400 800 1200 1600 2000
Frequency (Hz)

M4-21 EKFERET 7 A /N— K — F O IEE ALK R

108“ H T T ! H) T T ¥ T ¥ T T ¥ T T T
O 5%
o 10%
@ 15%
A 20%
107} =
—~ f
N}
A
s o
+H °
;ézi' [a¥
izt
10° o
" A [e}
@]
(o]
1051‘:||x(!!|x|'1(111111
50 100 150 200 - 250 300

BHE (kg/m3)

M4-22 AR T 7 A8 F— FOREMHY ¥ IR



&, HEBEMRWEIELAZESZ 5,
4.4 Fhwm

BEE7 74— K= FORRER WEEL I UHREHY Y 7RBEkDd,. o0
B DWTBAT R, WEME & L TREBEA TV DA S 2 % 5 77,



X Wk

1) FRIIE | APAST, No.9,7-11 (1993)

2) HARE  AMIE. 49 (1) | 2427 (1994)

3) FaATHR, RAEE. FRIGIE R I, 50 (8) | 357-361 (1995)

4) NFF—. HEAE, PEH. 4R AFFEERE 32 (11) | 876-882
(1986)

5) JHEAZE, NHF—. FeRN  A#rEaik. 33 (5) . 376-381 (1987)

6) N3HF:—. HBEAZE., 4 AN AMFEREE. 33 (5) | 385-392 (1987)

7) MHEFE—, LK. BREA, BIEH. BB AMERE, 34 (12) | 973-
980 (1988)

8) Kawai, S.; Sasaki, H.: Low-Density Particleboard, Current Japanese Materials Research,
Vol.11, Current research on Wood and Wood-Based Materials, ed. N. Shiraishi, H. Kajita,
and M. Norimoto, 1993, p.33-42, Elsevier Applied Science, London and New York..

9) AEM. FBA. NHF—. L4 RN KM - BF

10) JIFHF—. e AR AMERE 35 (3) | 218-226 (1989)

11) Pulido, O.; Kawai, S.; Yoshida, Y.; Sasaki, H.: Mokuzai Gakkaishi, 36 (1), 29-35 (1990)
12) Sasaki, H.; Kawai, S.; Subiyanto, B.; Hata, T.: Steam-Injection Pressing Technology,

g

-

Current Japanese Materials Research, Vol.11, Current Research on Wood and Wood-Based
Materials ed. N. Shiraishi, H. Kajita, and M. Norimoto, 1993, p.43-54, Elsevier Applied
Science, London and New York.

13) Sasaki, H.: Kawai, H.; Umemura, K.; Eusebio, D. A.; Kuroki, Y.: Proc. of the Second
Pacific Rim Bio-Based Composite Symposium, p.9-16, Nov. 6-9, 1994, Vancouver.

14) MUsER, NIHF—. T, L4AR0, AEIEE, B0 KM FERRE. 41
(5), 474-482 (19953).

15) MisEE, NHF—, T E4AK0, EFIEE, B | AR 41
(5), 483-489 (1995).

16) BB, JNFFH—. FELARKL, WHETE. HFHIRE, MEFA  He7 7 A
Aol b BAREFR— FOREL 2OWE (2 #— FREEBOREL ThC
LB AMHEET 7 AN—K— FOMUE, RHFEEE. 41 (10) . 903-911
(1995) .

17) WEAZ BB OB L ShEREEE v Y Iab-va v B
e, 37, 105-110 (1993)

18) NHFHFH— MKLTE/ S— 7 1 7 VAR — F o BEEHN & EE. RMAFZE - AH
24, 31-44 (1988)



FES5FE BHICBTLIRAEEMHORKE

EHE, RKEREORFEVPRRDPOOFABNBRHEH S, HEEHEEIT 20 E
TOLBRARBRIFE (RKETRIWTERIAFRHBRFELRFDEFENSE) ~N& B
TT200MANTBELT-TEL, TNHOOHLLBRHETR, #EHLSOH
HEINNEITHST3MEE LT, %M (Reference resistance: 72 # L Z h ik
AKERBTLHE) PLEELI. AEETE. KBS sEEMAOABOE R S
HBOBKTH SASTH DS45T-930 B R A2 BWT 5,

ASTM D5457-93
FE - -BARBBHECBIIAAMABSICHERAROERARHANMO M N2

FHRBRIBVEFSDIMSTIELTCRITINTLEHDOTH S, HEZBBILHELES
HEHIOWAAROOE, DHVHEHERKOBTEETFTLT VS, h> OHNOESI
BARORREERLT VS, LBOALA T oy LEUBRORTE A IBEARE
KITHON T REBITLIBIEEEZRLTWL 3,

X
WE - -MARBERFEZI, EHUEEROE AL AL T, RHEIFLE VLS I
FIRICEFLELDET L BERFTETH L, 2O0EXRELZHFRIZE. WO DM
BEHENSA - ETOAEEROAEILETH S, HLEELINLHBEGEF —
SRR T LI DODOBENNFEREETH 3, THILL->TTRTOKREH BT
AEIEODND I EILNE, COHBERLROEER A EOH LI LEL Rk %
RLIELDTH 5,

(HEL1) Zo4KER, ASTHEELD -7 (AM) OBFETIKH . ¥ /M
ZAERKDIT.02 (MM Lz v Y27 —-Foy KTy V) hEEORELEH
T 5,

RATOMITI993F 10R I5H I AR I Ny 1993 12A KR AT S h /e,
(HE2) ASTHR B OF &, %04.09

(H#&E3) ASTHR B O F &, %04.09& 15.08




W1E BH

Il CoMd#EEicid, WE - WAHOKREHZEE (LRFD B3 RKEH B L UH
EEALOEEMAMOFEFENAROSNT S, COHBEHFIZESTOTHOG L
TR B HMEIE. ASCET-88omMEMAADE AERICHEESINWHERFTICEBT 5
ENHE B,

1.2 TOHBREBOMBER. FEXTIIRIN T 5,

11

W2l SIRAshRkXEH
2.1 ASTHH %
9 AK#icBEKT 5 HEMARE
1 MR ENRBRGEDHARF &
HERATEOARMOH AR S &
KET7 7 AN =B LU= F 4 7 IV )V O K HEFEMmE %k
1 #4620 BTk
0 ERXKBBRGBOA VI V- FRABRI»PSBESNALBHERSEUM ZOFA
oS B
8 FHEY—-PROBER X NXNVOBRBLFE (D—-V V7 Y27 =),
5 HMEAAMOZEROFBFERFHEELTFMT 5 F itk
43 #HERB X LOHTH R
00 #HeEH IR2ILOJKERR.
01 A EHRERBR,
6
5
5

1

g U u v o o
ot

NoREEES N = N (o

oo W o W
-3

1 AMBLIUHERARAERH OBWN ORI k.

5 ABMIE—-LOHBEMAETREDDIVEIEZSI—FTE5DDHEHEE,
M OEENY 7Y T Hik

2.2 ASCED H #

ASCE7 — 88 BEEHRF LUV ZOMOHEDITH T ERNRITTE

w U o o U U v o
G R W W W NN
O N oo o o =

10

(B HE 4) ASTHA#E O F 8. #07.02% & F14.02
(BIE 5 ) 345ATH B =2-9-710017-2398, TAHEARF & & 0 AF T4,

WeE HR



3.1 BB - AMRAFOBRENULEHRI., DIOAEHLIIZHBINLTL 3,

3.1.1 XHEH., CVy ~ZHOMUNNUTHEE, TOHBETIE. C Vi 23
TA—FTVATNGHDORERRINFA—-FILESTOALALDOTHY, —BICHOSHA B
LOURNELBREREZLFLHETH - LETIEIE O,

3.1.2 F - FEHEH. Q-V T INVOEBEY L TV HITE > TEHOMHE
TRET L HE

313 #HDNN—% > ME. R,- RBEHOBEBOD N —k > D 1HE

3.1.4 BAEBRFH., Kr— WMAMEEFHFICHFEE (ASD) O XD S LRFDDO B R
WWEBRT S EXZORHY

3.1.0 TROHEHF-L2TORBREDIPOBET - IBOPTHELEOEHEM (2
HERNEE) 258082

3.1.6 ZEWHME., R,—LRFDOFHAICB LT, BHOWHME (REDLH )
*RE T 5 E,

31T FHUHELRMFH,., K- b2 %8B TRV CEEEEEREESLERT 3
O DEEMOBEEEILT 571200 % H.

3.1.8 m A 4% % — LRFDO Z &N O W 7 #1C B v 5 % H.

WalE HoTUYLY

4.1 B PALEBRBOERTOLDOY LTIV B, HUIP B IhIBEAE*RET
PHPbDTRINAERSAT L, BWEOEHEMNBVOEHRIMAFELOER LETAER
5, ELOSORAB#EFRINTORATAETNESA L, D29 150Ky
YTV U ITHBEERLTERLDDOLDOTHE, FEENPEL, - UEOLEHIT &
STHRDVDRESERBINDI LIRS VTNV VI FHETEH, BIEELILBETH S,
UV UHBEREHERNOMAN B ARSI CIEEINS,

411 M BBEHE T 0/ S50 oB o T-%13. bLALI10EKEIELIAT
WD S, EHTHIENHER S,

4.1.2 ZHOT - BPOLOT - IDBHKEINBBLED TNV —~TIIh B4,
ENSDODTF -5 %57 NV—TT2LD0%83. LIOREXHRELTORETLE
BHH», HERBROPFTEDFEITRLEAIKB., FAILBTTHIEE S H L,

4.2 ¥ 710

4.2.1 @ TOHABAEIRERBRINEZ T -78BO0B4. BRLORBRGKHIT 3 0T
H 5o



J— Nl - #FOBBEERETCEIEERBE. FUTUERP TR ENELLLD
3., 60UTOH YT AETH, £BAA4RETEF Y IV ETELDIT, Bt ¥
T USIRERBLEGIRER ST 0,

4.2.2 THOEBHIIBITATFT-—FHIZD>D0OTWE,. n=6 0 0L TFTT, RIE6 0@
PREBELTWS - ENERENS (IhBPRELELFHDLI0%UTTHE I &
EELTVB) e YU TLEHP 600U ELEOHE, REE. AHOL0%NLET
53 (WA n=720084, TRORFTT 2HOBBABRGKELSE) ., F
BOEBOF - JBEOLHDIEHFEINALZASA - HEEFEOAIDELALRTLE
o (F&X28H8)

s E BHR

5.1 RSB RIBATHEERBRAFEICLAN > THODOABTAERZ ST, ABRE®E
B OBRSOENEFRETETFT -7 42822000 THTAEE ST,

5.2 FMM L BHTFG-RRI0OBUIBRIMLINTEORBOETEITHLINED
DAEEIDODBILDICERNTRABREIT ) LR HEEILN S,

We#M LRFODOEBF LM
6.1 LREDO B N E OB X FHNIOBTRING, EEMAOELEHF I HIT LD
WS ERSS A - bREINE, INSDNRFTA—FIIR, RO/ —€ 2 ME,
EHEE. - JEESH. EEHEERLRENEELE, BEWMOIEOHREH O
— N X 1. TIEAREIN B,
6.2 EFHME. R.—
ROFIE > T, LRFDO E %M HE 2 HC
R.=R,,xQxK= 1)
2T
R,=4HDN—% v MiEEME
Q=F - REEH
Kr=BHEERMLEH
6.3 BHN—t > FEEM R
6.3.1 3 (2) 13, 25 A —F U4 TNVHHEO A —€ >y FEEHETE LD



Boohd, -k MERBEZEIWIEHRHITEKET 5,
Ry =7 {-In(1-p)}'7° (2)
IoTo:
N=UATINDRENT A — %
p=WAE. 0.L5ODLIBETRENB/N—-% L @
a =74 TINVORBKNS A —~%F
6.3.2 2N A -5 TATIHGHOERK (a) ERE () X534 =53, ##
MAEODFHERDLLDIELETHS, ~HWALBEFEOT LI ) ZLEMHE
X2RKpr&EN 5,
6.4 EHEH, CV.—-
MBOXBRERI., T/ REFRHQLEEEERLCBBEK 2 RET 3 B2 4
BRThob, CVLRBUIATUBHOERAAS A - horRRAICLDEEIHN B,
CVw = a °°? (3)
J—=hr2~- 0.09~0.500HET. LOWHEMEI. CV.OFERLMBEELI BLUNOK
EE27RdT. CVWEa D ERBBERIFEXSIIEIN %,
8.5 F— 4 BEEM -
T RHEGHQRT - B EL A RABREIENETILOTH B, 2 0%
B3, EHRMEY VT NVBEEEN— L VEOEMETH I, E1LITTHES %#
EEICHTE2F - EEREERLALLDOTH 3,

S MN3 - HOFFRANPQE-KLTLEIEE, FT-IEEGHEI—ETH 3,



z1 T5%DEHEBERAE DL 722 F A =70 TNGHITTT B, Ro os
D T ZEERH. Q
7 IE .
CV. ;
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 0.95 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

AN IIHF INSE, CVLEN0.IMLToBAEICE, 0.100EZH WL %,

6.6 ITEMERILEFEH, K-

EHEEESRMAREK-

=3

SFmoHEEME (Fl X

Ro os5) %\

HEBBHEEE

CHRET LS DIZIBLLONSE, EEEEFEBAREITERBICL - THEBEINAW
HiEG. (£2) td 5., FEIhLWMOIBREs. (FHEX1) OBBTH B,
ODHEZLHIICV.OBETH .

TdH 5,

HEH S EFEL T S,

B = 2.

BEOHEEHEEEEOLLDITEHINSE O
E3ITRENTLK D HE I

EWME-AWEOLINIORIIFHFREIALLT

B OHBEFERZahnIl L > TRINT W B,

% 2 LRFDO MW A BE, ¢ -

# A 5 P é .

iy JE 48 ° 0.90
i o 0.85
515k (b5 M) 0.80
B AW, BIR (CERFME) 0.75

B A TANT 0.65

AT . FES M

BILUBDYAHA

AU FOHEEHEERRE Y T 5B HEERL

(MBE6) 747 b,

(M@E8) ¥— .
-T2.FPL

W

J

19884F

T EmEOKITERI 19304
(M@ 7)) KEH##%OLRFD. ASCE.
FTEHEERF O 7D OFORIRANS o 75 4 | FPL GTR




£3 55 N—FUMERKESSEHEETERAFEHK:

“Kx
CVa, % Compression Tension Shear Shear Shear
Bending
and Bearing Parallel (Lumber) (SCL) (I-joist)
10 1.303 1.248 1.326 0.724 0.943 1. 253
11 1.307 1.252 1.330 0.727 0.946 1. 257
12 1.308 1.253 1.331 0.727 0.947 1.258
13 1. 306 1.251 1.329 0.726 0.945 1. 256
14 1.299 1.244 1.322 0.722 0.940 1.249
15 1.289 1.235 1.312 0.717 0.933 1.240
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17 1. 265 1.212 1.288 0.704 0.916 1.217
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30 1.049 1. 005 1.068 0.583 0.759 1. 009
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45”0 Designalion: D 5457 - 93

Standard Specification for

AMERICAN SOCIC 1Y FON TESTING AHO MATCGIUALS
1816 Nace St Pldadelpida, Pa 13103
Reptinted liom Uha Annual Dook of AS TM Standards. Copyrlglt AS T
11 not listed In the current cotblned Index, wil appeas bn the next cdiion

Computing the Reference Resistance of Wood-Based
Materials and Structural Connections for Load and Resistance

Factor Design’

This standard is issued under the fixed designation D $457; the aumber immedialely following the desighation indicates the year of
orginal adoption or, in the case of revision, the year of last revision. A number in parcnthicses indicales the year of last reapproval. A
superseript epsifon (¢) indicates an cditorial change since the last revision or reappraval,

INTRODUCTION

Load and resistance lactor design (LRFD) is a structural design method that uses concepls from
reliability theory and incorporates them into a procedure usable by the design community. The
basic design equation requires establishing a reference resistance based on several material property
parameters. A standard method for calculating the required material property input data is crtical
so that all wood-based structural materials can be treated equitably, This specification provides the
procedures that are required for the generation of relerence resistance for LRFD.

1. Scope

1.1 This specification covers procedures {or computing
the reference resistance of wood-based malerials and struc-
tural connections flor use in load and resistance factor design
(LRFD). The relerence resistance derived from this specifi-
cation applies to the design of structures addressed by the
load combinations in ASCE 7-88.

[.2 A commentary to this specification is provided in
Appendix X1,

2. Relerenced Docunients

2.1 ASTM Standards:

D9 Terminology Relating to Wood?

D 143 Method of Testing Small Clear Specimens of
Timber?

D 198 Methods of Static Tests of Timbers in Struclural
Sizes?

D 1037 Test Mcthods of Evalualing the Propertics of
Wood-Base FFiber and Parlicle Panel Materials?

D 1761 Mecthod of Testing Mecchanical Fasteners in
Woad?

D 1990 Practice for Establishing Allowable Properties for
Visually-Graded Dimension Lumber From In-Grade
Tests of Full-Size Specimens?

D 2718 Test Mcthod for Structural Panels in Planar Shear
(Rolling Shear)?

D2719 Test Methods for Structural Pancls in Shcar
Through-the-Thickness?

D 2915 Mecihod for Evaluating Allowable Propertics for
Grades of Structural Lumber? }

D 3043 Mcthods of Testing Structural Pancls in Flexure?

' This specification is under the jurisdiction of ASTM Commitice D-7 on
Wood and is the dircct responsibility of Subcommitice D07.02 oo Lumber snd
Eugineered Wood Products.

Cureent edition approved Oct. 13, 1993, Publishcd December 1993,

¥ Annual Bovk of ASTA( Standurds, Vol 04.09.

Y Annual Book of ASTA! Standards, Vols 04.09 and 15,08,

D 3500 Test Method for Structural Panels in Tension?

D 3501 Methods of Testing Plywood in Compression?

D 4761 Test Method for Mechanical Properties of Lumber
and Wood-Base Structural Materiai?

D 5055 Specification for Establishing and Moniloring
Structural Capacities of Prefabricated Wood [-Joists?

E 105 Practice for Probability Sampling of Materials*

2.2 ASCE Standard:

ASCE 7-88 Minimum Design Loads for Buildings and
Other Structures®

3. Terminology

3.1 Definitions—For genceral definitions of terms retated
to wood, refer to Terminology D 9.

3.0 coefficient of variation, CV,—a relalive measure of
variability. For this specification, the calculation of CV,, is
based on the shapc parameler of the 2-parameter Wclbull
distribution. It is not the traditional sample standard devia-
lxon of the data divided by the sample mean.

1.2 data confidence factor, 1—a factor that is used to
ad;ust member reference resistance for sample variability
and sample size,

3.1.3 distribution percentile, R ,—the value of the distribu-
tion associaled with proportion, p, of the cumulative distr-
bution function.

3.1.4 format conversion factor, Ke—a faclor applied to
convert resistance from the all lowable stress design (ASD)
format o the LRFD format.

3.1.5 lower tail—a portion of an ordered data set con-
sisting of all test specimens with the lowest property values
(for cxample, lowest slrengths).

3.1.6 reference resistance, R,—the value used in LRFD
cquations (o represent member resistance (that is, strength or
capacily).

* Aunual Book of ASTAL Standards, Vols 07.02 and 14.02.
! Available frorm Amcrican Socicty of Civil Enginecrs, 345 East 4Tih Suet,
New York, NY 10017-2398.
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3.1.7 reliability normalization factor, Kz—a [actor used (o
establish the refercnce resistanee (o achieve a target reliability
index for a reference set of conditions.

3.1.8 resistance factor—a factor applicd o the resistance
side of the LRFD cquation.

4. Sampling

4.1 Samples sclected for analysis and implemecntation
with this specification shall be representative of the popula-
tion aboul which inferences arc to be made. Both manufac-
turing and matedal source varability shall be considered.
The principles of Practicc E 105 shall be maintained.
Method D 2915 provides methods for establishing a sam-
pling plan. Special atiention is directed to sampling proce-
dures in which the variability is low and results can be
influenced significantly by manufacturing variables. It is
essential that the sampling plan address the relative magni-
tude of the sources of variability.

4.1.1 Data generated {rom a quality control program shall
be acceptable if the criteria ol 4.1 are maintained.

4.1.2 When data from multiple data scts are compiled or
grouped, the crileria used (g group such data shall be in
keeping with the provisions bl 4.1. When such procedures
are available in applicable product standards, they shall be
used,

4.2 Sample Size:

| For data sets in which all specimens are lested to
failure, the minimum sample size shall be 30.

Note I—The conlidence with which population properties can be

estimated decreases with decreasing sample size. For sample sizes less

than 60, extreme care must be taken during sampling to cnsure a
representative sample. '

4.2.2 For lower (ail data sets, a minimum of 60 failed
observalions is required for sample sizes of n = 600 or less.
(This represents at least the lower 10 % of the distribution.)
For sample sizes greater than 600, a minimum of the lowest
10 % of the distribution is required (for example, sample
size, 1 = 720, 0.10 (720) = 72 failed test specimens in the
lower tail), Only parameler estimation procedures designed
specifically for lower tail dala sets shall be used (sce
Appendix X2).

5. Testing

5.1 Testing shall be conducted in accordance with appro-
prate standard testing procedures. The intent of the tesling
shall be to develop dala that represent the capacity of the
product in service.

5.2 Periodic Property Assessment—DPeriodic testing is rec-
ommended o verily that the propertics of production
material remain representative of published properties.

6. Reference Resistance for LREFD

6.1 The derivation of LRFD relerence resistance is ad-
dressed in this seclion. Parameclers required for the deriva-
tion of reference resistance are also prescnted. These param-
cters include the distribution percentile, coefficical of
varialion, data confidence factor, and rcliability normaliza-
tion factor. An example derivation of rcference resistance is
provided in X1.7.

6.2 Reference Resistance, R,—The [ollowing cquation
cstablishies reference resistance for LRFD:

R, =R, x 1% Ky )

where:
R, = distribution pereentile estilnate,
0 data conflidence factor, and
Ky = reliability normalization fdctor.

6 3 Distribution Percentile Estimate, R

6.3.1 Eq (2) is intcaded to be uscd to calculate any
percentile of a two-parameler Weibull distribution. The
percentile of intercst depends on the property being esti-
mated.

i

R, = n[~In(l = p)}'/= 2
where;
n = Weibull scale parameler,
p = percentile of inlerest expressed as a decimal (lor ex-
ample, 0.05), and
a = Weibull shape parameter,

6.3.2 The shape («) and scdle () parameters of the
two-parameter Weibull distributlon shall be established to
define the distribution of the materal resistance.¢ Algorithms
for common estimation procedures are provided in Ap-
peadix X2. '

6.4 Coefficient of Variation, CV,~—The coeflicient of
variation of the maleral is necessary when delermining the
data confidence faclor, f, and the reliability normalization
factor, Kz. The CV, can be estimated from the shape
parameler of the Weibull distribution as follows:

Cyw x 092 (3)

Note 2—The above spproximalion is within [ % of the exact
solution for CV,, values between 0.09 and 0.50, An exact relationship of
CV,, and «a is shown in Appendix X3.

6.5 Data Confidence Factor, Q—The data confidence
factor, 0, accounts for uncertainly associated with data sets.”
This factor, which is a function of coellicient of variation,
sample size, and reference percentile, is applied as a multi-
pliec on the distribution estimate. Table | provides data
confidence {actors appropriate for lower fillh-percentile est-
males.

Nore 3—When a distabution tolerance limit is developed on a basis
coansistent with 0, the data confidence factor is taken as unity.

6.6 Reliability Normalization Factor, Kgz—The reliability
normalization factor, K, is used (o adjust the distribution
estimate (for example, Rygs) to achieve a target reliability
index. The reliability normalization factor is the ratio of the
compuled resistance factor, ¢, (Appendix X1), to the speci-
fied resislance [factor, ¢, (Table 2), adjusted by a scaling
factor. This adjustment factor is a fuaction of CV,, and is
gencraled for specific target reliability indices. The K values
presented in Table 3 represent resistance factors (¢.) com-
puted at a live-to-dead load ratio of 3. Computations for
determining reliability normalization factors for target reli-
ability indices greater than g = 2.4 are conlained in Zahn.®

6.7 Format Conversion:

¢ Weibull, W., “A Statistical Theory of the Strength of Materials,” Proceedings
of the Royal Swedish Institute of Engineering Research, Stockholra, Sweden,
Repont No. 151, 1939, pp. 1-45.

1 Load and Reslstance Faclor Deslgn for Engineered Wood Construction—A
PreStandard Report, American Society of Civil Engincers, 1988,

t Zaha, J., FORTRAN Progranms for Reliability Analysis, USDA Forest Service,
FPL GTR-72, Forest Products Laboratory, Madison, W1, 1992,
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TABLE 1 Dala Confldanca Factlor, {} on Ny q,, for Two-Parametor TABLE 3 Filth-Parcanlilo Bosad Rellabllity Normalizalon
Wolbull Distribution with 75 % Conlidonce# Factors, K,
c Sample Sizo, n Kn
v .
" 30 40 S0 60 100 200 500 1000 2000 5000 CV.. X Comprossion Bonding 1Ol Shesr  Shoar  Shaar
010 085 095 096 096 097 098 099 099 099 10 and Bearing Parallol  ({Lumbor)  (SCL)  (IJols)
015 092 083 054 095 096 097 098 099 097 039 10 1.303 1.248 1326 0724 0.943 1.253
020 089 081 092 093 094 096 098 098 099 099 11 1.307 1.252 1330 0727 0946  1.257
0.25 087 088 090 091 093 095 097 098 096 099 12 1.308 1253 1.331 0721 0947 1.258
030 084 066 088 0.69 092 094 096 097 098 099 13 1.306 1.25¢ 1.329 0726 0.945 1.256
035 081 084 066 087 080 093 096 097 098 099 14 1.299 1244 1322 0722 0.940 1,249
0.40 079 081 0.84 085 0.09 092 095 096 097 098 15 1.289 1.235 1.312 0.717 0913 1240
0.45 076 079 0.82 0.85 0.87 09( 004 096 097 098 16 1.279 1.225 1302 0711 0.926 1.230
050 073 077 080 0.81 086 090 094 095 097 098 17 1.265 1212 1208 0.704 0.916 1.217
A lntarpolation s pormitted, For CV,, valuas bolow 0.10, tha valuos for 0.10 }g :%g; :::g }%; gggg g'ggg :'fgg
shalt bo used. 20 1.219 1.168 1.241 0678  0.882 1173
21 1.204 1.153 1225 0669  0.87% 1.158
TABLE 2 Specllied LRFD Resislanca Faclors, ¢, 22 1.186 1.138 1.207 0.659 0.858 1.141
Scation Pr s 23 1.169 1120 1190 0.650  0.846 1.125
Ap ”"”’A 24 1.162 1104 1473 0641 083 1109
Momber comprossion 0.90 25 1.135 1.087 1.155  0.631 0.621 1.092°
bendlng 0.85 26 1.118 1.071 1.138 0.622 0.809 1.076.
tension paraliel 0.80 27 1.105 1.058 1.125 0.615 0.800 1.063
shoar, radlal tension 0.75 28 1,084 1038 1103 0803 0784  1.042
Connoclion al 0.85 29 1.066 1.021 1.085 0593 0771 1.025

4 Comprossion  parallel-lo-graln, compression porpondicular-lo-grain, and
boardng.

6.7.1 As an alternalive to the use of Kg, in which one
chooses 1o adjust the design values to achieve a stated
reliability index under the reference load conditions, it is
permissible to generale LRFD reference resistance values
bascd on format conversion {rom code-recognized allowable
stress design (ASD).IL shall not be claimed that reference
resistance values generated in this manner achieve a slated
reliability index.

Note 4—Examples of Standards that are used to gencrale code-
recognized ASD values include Test Methods D 143, D 198, D 1037,
D {761, D 2718, D 2719, D 3043, D 3500, D 350{, and D 47€1; Prac-
tice D 1990; and Specification D 5055.

6.7.2 For slandardization purposes, formal conversion
reference resistance values shall be based on the arithmetic
conversion at a specified reference condition that results
from the calibration (defined as providing an idcalical
required section modulus, cross-sectional area, allowable
load capacily, elc.) of basic ASD and LRFD ecquations. The
specified reference condition shall be chosen such that
changes in design capacity over the range of expected load
cases and load ratios is minimized.

6.7.3 Based on the same load faclors and load ratio as
those given in 6.6, with an ASD Joad duralion adjustment
factor of .15 and a LRFD time eflect factor of 0.80, the
formal conversion (aclor, K, is as follows:

2.16
Kr ry ()

6.7.4 Since ASD deformation-based compression perpen-

30 1.049 1.005 1.068 0.583 0.759 1.009

dicular o grain values are not subject to the duration of load
adjustment, the constant in the numcrator of Eq (4) is 1.875
for this property,.

6.7.5 The format conversion reference resistance is com-
puted by mulliplying the ASD resistance (based on normal
10-year duration) by Kp

6.7.6 Format Conversion Example—An ASD bolt design
value for a single shear connection is 800 Ibf. From Table 2,
the specified LRFD resistance factor is 0.65. Using Eq (4),
the corresponding LRFD bolt design value is as {ollows:

2.16
R, = (0'65) X 800

R, = 2658 Ibf

7. Presentation of Results

7.1 Report the sampling plan and tesling in accordance
with applicable standards. When lower tail data sets are used,
report the sample size and data used in the calculations.
Report the estimaled shape and scale parameters along with
the calculaled coeflicient of variation, When appropriate,
also report the mean and standard deviation (derived from
the calculated cocfficient of vadation). Include a plot
showing the data points and fitled Weibull distribution. In
addition to these basic paramelers, also report the data
conlidence faclor, calculated percentile estimate, reliability
normalization factor, and reference resistance.

8. Kcywofds
8.1 load ‘and resistance [actor design (LRFD); refcrence
resistance; wood-based
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APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY TO TUHE TEXT

X111 Commentary to the Intiroduction:

X1.1.1 Load and resistance factor design (LRFD) is a
subset of a broader design methodology known as reliability-
based design (RBD). The distinction between the two design
procedures is significant. RBD implies, and often calculates,
quantities relaled to the reliability of a member undera given
set of conditions for a given reference period, A higher
reliability corresponds to a lower probability of failure. One
practical concern that arises when one attempts to apply
RBD to real structural applications is that the calculations
must idealize both the loads and the structural system
response to reduce it to a mdthematically tractable problem.
This idealization process reduces the final calculation to a

theoretically interesting, bul oflen inapplicable, number.

LRFD was developed by seletting a few of the basic concepts
of RBD and using them to dévelop a format that is similar in
many ways to current (allowablc stress) design. LRIFD
provides incremental improvements in the design process in
this way, The improvements provided by LRFD include the
following:

X1.1.1.1 Consideration of the variability of various types
of loads when assessing safety factors,
X1.1.1.2 Consideration of the consequences of various

potential failurc modes in a structure.

X1.1.1.3 Malcrial resistance values that relate morc
closely to test dala (member capacilies). '

X 1.1.1.4 Consideration of resistance variability.

X1.1.2 Previous standards [or developing allowable prop-
erties for many types of wood-based products dirccled the
user o various ways of compuling a population lower
fifth-percentile estimate. This single number was the basis for
an allowable strength property assignment. At the other
extreme, a realistic RBD would require an accurate defini-
tion of a large portion of the lower tail of the material
distribution and a large portion of the upper tail of the load
distribution. LRFD requires somewhat more information
than current procedures (for example, reference values and
variability) but substantially less than RBD. In the most
advanced LRFD procedures in use today, one needs only a
distribution type and the parameters that describe that
distribulion. Refinements of these procedures suggest that
estimales of the distribution and its paramelers give the most
accurate reliability estimates when they represent a tail
portion of the distribution rather than the (ull distribution.
This reflects the fact that, for common building applications,
only the lower tail of the resistance and upper tail of the load
distribution contribute to failure probabilitics.

X1.1.3 Simulations have shown that the assumed distri-
bution type can have a strong effect on computed LRIFD
resistance factors. However, much of this diflerence is duc (o
the inability of standard distribution [orms to [it the tail data
precisely. By standardizing the distribution type, this proce-
dure provides a consistent means for deriving these {actors.

In addition, by permitling tail fitting of the data, it provides
a way of fitting data in this important region that is superior
to full-distribution types. ,

X1.1.4 While the two-parameter Weibull distcdbulion is
the underlying basis for these calculations, the user of this
specification is not burdened wlth applying statistical deci-
sions, For LRFD purposes, the user must calculate the shape
and scale parameters for the fitted Weibull distribution using
the equations in the specification. All remaining steps in the
calculations of a refercnce resislance are spelled out in the
equations of the specification.

X1.2 Commentary (o Sectiont 1, Scope—The calculation
procedures identified in this specificalion are common
statistical procedures. This specification gives the user a
document for all calculatons decessary to develop LRFD
reference resistances. Due to the sensitivity of reliability to
changes in some of the parameters, these procedures offer a
limited sct of options to ensure that LRFD reference
resistances are generated in a cohsistent manner.

X1.3 Conunentary to 4.1—Some wood-based products
exhibit extremely low variabilily when tested on a balch
basis. On this basis, one would compute, for example, a fifth
percentile thal may be as high as 90 % of the mean value, as
compared with a compuled (ifth percentile that may be less
than 50 % of the mean value for a product with a substan-
tially higher variability. The waming provided in this section
is intended to caution the user of this specilication to be
certain that cither the sampling plan or the daily quality
conlrol procedures are sufliciently sensitive to reflect popu-
lation shifts caused by factors such as subtle manulacturing
changes or shifls in material sources.

X 1.4 Commentary to Section 5, Testing—While the most
desirable and reliable method of defining relerence resistance
for a given property is by the direct testing of representative
malerials, estimation methods may be used when such data
are not available, The preferred method of defining the
characleristics for missing data s through the use of a known
physical relationship. For example, Weibull's theory® can be
uscd to estimale reference resistance valucs for untested sizes
of a certain product. Stalistical relationships may be used in
the case in which data’are missing and no sufliciently reliable
physical relationship exists. Linear or nonlinear curve filting
mecthods can be applied (o define the statistical relationship
between a given properly and the influcncing variables.

X1.5 Corunentary to Section 6, Reference Resistance for
LRED:

X1.5.1 The basis for establishing many of the allowable
stresses for wood-based products has traditionally focused on
the populaton lower {ifth percentile. The primary emphasis
of this section is on these types of values. Some classes of
products (that is, connections) have established stresses based
on an average (or mean) value in the past. Regardless of past

—151—



@b D 5457

procedures, a resistance: distribution is necessary [or a
reliability-based procedure.

X1.5.2 Equation (4) is the equivalent result of two alter-
native derivations. Equation (4) is based on a graph of R /F,
that was generated across a range of load ratios for threc
distinct live-load cases (occupancy floor, snow roof, and
non-snow roof), where R, and F, come directly from the
LRFD and ASD design equations:

LRFD: MR, = 12D+ 16 L
ASD: K, F, 2D+ L

where:

A = lime eflect faclor,

¢ = resislance faclor,

R, = relerence resistance,

D, L = dead and live load effects, respectively,
K, =load duration factor {ASD), and

£, = allowable stress (ASD).

X1.5.3 The factor in the numerator of Eq (4) is in the
range from 2.1 to 2.2 and resulted from the application of
engineering judgment as a balance of increases for floors at
low L/D ratios versus decreases for non-saow roofs at higher
L/D ralios.

X1.5.4 In what may be called the second derivation, the
precise factor of 2.16 happens to be the algebraic solution for
the ratio of R,/F, fot L/D = 3, \ = 0.80, and K, = 1.15.
However, this algebrdic cquivalent is not to be conflused as
the basis for Eq (4).

X1.6 Commentary to 6.5, Data Confidence Factor, 1—
This factor is based on the ratio of binomial confidence
bounds for the reflerénce resistance. Mare specifically, it is
the ratio of the specilied percentile with 75 % confidence to
the estimate with 50 % confidence. Note that 01 is chosen
based on the sample size of the complele data set, cven if tail
fitling is used.

X1L.T Commentary (o 6.6, Reliability Normalization
Factor, Ky:

X1.7.1 The objective of the conversion lo an LRFD
formal is to provide the designer with a simple, easy-lo-use
procedure. For the convenience of the designer, specified
resistance {aclors, ¢, are given in the LRFD specification. In
order to keep the number of different ¢, values to a
minimum, an adjustment to the resistance is necessary
because the computed resistance factors, ¢, corresponding
to specific target reliabilitics, generally differ from the
specified resistance factors. To attain the target reliability, the
application of a reliability normalizaion factor, Ky, is
required in the development of tabulated resistances.

X1.7.2 The usc of the rcliability normalization factor
represents a reliability-based conversion. The fundamental
relationship involving Ky is provided for the cxample case of
a bending member.

X1.7.3 Consider the LRFD cquation as applied to format-
converted resislance:

)\‘#:Ra z xTc‘Qi
where:
¢, = specilicd resistance factor,
v, = load factor for load type, /, and
Q; = load cfTect for load type, i.
X1.7.4 Next, consider the same relationship when the
resistance side meets a computed level of reliability using the

compuled resistance faclor, ¢

>‘¢(Rn = ET,QI

X1.7.5 Since it is desired o obtain the same target
reliability by both equations, the first must be adjusied by the
reliability normalization factor, that is;

>"'%'KRRn = )\¢ar

from which the defliniion of the reliability normalization
factor is oblained by the following ratio:
XR = ¢¢/¢:

X1.7.6 The designer need not be concerned with the
relationship between ¢, and ¢, since Ky is incorporated in
the tabulated values. Reliability normalization is thus trans-
parent to the designer.

X117 Kz cquations are generated by applying first-order,
sccond-moment, Level 2 reliability methods using the
Rackwitz-Fiessler algorilhms.® The procedure is the fol-
lowing: Choose a target reliability index, 8, and conduct the
reliability analysis acrosy a range of CV,, values. Plot the
calculated ¢ versus CV,, from these results (o check for
consistency and tabulate lhe ¢, as a function of CV,,. Table 2
is an example of some specified resistance factors for an
LRFD specification. Selected target reliability indices are
based on many technicl parameters and judgments. For
example, (he gencral level of the index is influcnced by the
underlying rcliability calculation methods and on assumed
distribution type. Other paramelers that influence the rela-
tionship between calculaled ¢ and CV,, such as target Joad
cases (for example, live of snow), appropriate load ratios (for
cxample, ratios of live td dead or snow to dead loads), and
tributary arcas are also important. The target indices were
chosen based on a 50-year life for a structure. Also examined
were a range of commounly used primary structural members,
A targel-reliability index of 2.4 was used for the bending”
strength propertics of (ilth-percentile-based products. For the
purposes of determining Kp, the reliability analysis used the
dead plus live load casc with the load distributions given in
Load and Resistance Factor Design for Engineered Wood
Counstruction—A Pre-Standard Report.” This load case and
the live to dead ralio of 3 are considered an appropriate basis
for cvaluating the reliability of wood-based materials used in
structures addressed within the scope of ASCE 7-88.

X1.7.8 The target reliability index was computed for the
reference case in which the ASTM-specified divisor is 2.1,
For other cases, in which the ASTM-divisor dilTers signifi-
cantly from 2.1, it is belicved that the differences attempt to
quantify factors to account for discrepancics belween stress
calculations in the ASTM test versus those in the structural-
size member. An example of this is the larger divisor for
shear, in which the results from the standard test specimen, a
4-in,? shear block, do nol correlate dircctly with those on
structural-size members. Thus, for the purposes of this
specification, it is assumed that difTfering ASTM-divisors do
no!l produce differing target reliability indices, but merely
adjust for other factors notl addressed clsewhere in the
procedures. On (his basis, it is necessary to include the same
scaling in LRFD as is used in ASD,

? ThofA-Chrstensen, P., and Baker, M. )., Structural Reliability Theory and lis
Applications, Springer-Yerlag, New York, NY, 1982,
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X1.7.9 Tabulated K, values for bending were detennined
by this pracedure. Reliability normalization factors for other
prapertics were developed by scaling bending K, values on
the bLasis of ASTM ASD adjustiment factors.

X 1.7.10 The scaling provides an cquivalent ¢, for the
other properties as follows:

¢c = [2 I//‘][(KR)(¢1))MIldilx(
where A is provided in the following table:

Allowable Stress Design

Malcrial Property Adjustment Faclor, A

Compression, bearing 1.9
Dending, {cnsion 2.1
Shear—Lumber 4.1
Shear—SCL 345
Shear—|-Joist 2.0

For example, Table 3 provides a K, value of 1.212 for
bending at CV = {7 %,

X711 The Kg value for compression at the same CV is
determined as:

b = {2.0/(LD]((1.212)X0.85)) = £.139
Kp=o¢ b, = 1139/0.9 = 1.265

X1.7.12 Compared to allowable stress design, several
changes in LRFD (choice ol 8, load facloring, time cfTect
factor, and resistance CV,) dictale thal most desigos will
change to a degree. The factbrs of Table 3 were computed
afler many iterations of thest variables. These final faclors
generally minimize the changes (compared to ASD) intro-
duced by the rcliability-based LRFD system. A npearly

ideatical member design (compared o ASD) will occur when
the application is a snow-loaded roof, S/D = 3 and cv, =
17 %. The reasoning behind the decisions underlying the
Tuble 3 values is discussed in Qromala, ct al.t?

Nort X1.1—Example Derlvation of LRFD Reference Resistance—
The following example provides the LRFD reference resistance for a
bending member with a targel reliabillty of g = 2.4, As shown in Eq (1),
compuling a refercnce resistance (R,) requires the calculation of three
other quantities (R,, 1, and Kj).

Calculating R,—As shown in Eq (2), R, is a [unction of the two
parameters of the Weibull distabution {a, and 5). Appendix X2 provides
two accepled methods for computing these parameters. For an example
dala set conlaining the failure stresses of 100 bending specimens, the
shape parameter (a) is 5.75, and the scale parameter (n) is 3425 psi, The
Weibull parameters are substituled ihto Eq (2) to compute R, The
computed filh percentile is 2043 psi {br this data set,

Calculating 1—Table | provides numecrical values of Q1 for various
sarople sizes and cocflicients of variation. For the cxample data set, 1 =
100 and the cocflicient of varation is computed directly from the shape
paramecicr as shown in Eq (3). For a = 5.75, this yiclds a CV,, of 0.20,
and 0 = 0.94.

Calculating K g—Table 3 provides numerical values of K for various
CV¥,. values, For this example with CV,, of 0,20, the K, is 1.168, From
Eq 1, the LRFD reference resistance i determined as follows:

R, = [(0.94) (1.168) (2043)]
R, =224 psi

' Gromala, D. 5., Sharp, D. J,, Pollock, D. G., and Goodman, J, R., “Load
and Resistance Factor Design for Wood: Thic New U.S. Wood Design Specifica-
tion,” Procecdings 1990 [nternatlional Timber Englneering Conference, Tokyo,
Japan, 1990.

X2. PARAMETER ESTIMATION PROCEDURES

X210 Method of Maximum Likelihood:

X2.1.1 This method may be used for parameter estima-
tion with either complete or lower tail data sels. The method
also defines convergence crileria for this ilerative procedure.
Use first o1, of n data (alier ranking), as follows:

n,=0-
where:
. = number of dala values used in the analysis (n, = # for
complele dala sels).

n, = number of data values not used.
Each such data point is assigned the value r,, the maximum
data value used.

X2.1.2 Calculate the CV (5/%) from the available data.
This CV is lo be used only as an initial value for the
estimalion procedure. Let (1/a) approximate CV:

Zredn(r) + nr2ln(r)  Zin(r)

(H/a) =
Lrs + 1t ne

Then iterale the above equation, updating «, for 100
ilerations or until the change in the absolute value of ({/«)

<0.00002 (In is natural logarithm), Theng,
n={(Zr7 + nr2)/n ]
where all summations are from i = | {o n.

X2.2 Method of Least Squares:

X2.2.1 This method may be used for parameter estima-
tion with cither complete or lower tail data scts. Use first n,
of n data (aller ranking).

n, = number of data values used for analysis
{n. = n for complete data sels)

set x; = [n(~Inf1 ~ ((i = 0.3)/(n + 0.4))))

independent varable
y; = In{r;) dependent variable

where /n = natural logarithm.
nZxy — Ix Ly
(1/a) = il [ed]
nILxx, — Lx; Lx
and
n = exp{(Zydine — (1/a)Zx)/n]

where all summations are from § = { to n.
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X3. EXACT COEFFICIENT OF YARIATION CALCULATION METIHIOD.

X3.1 Coeflicient of vafation can bLe calculated using the V. = w(I{1 4 2(1/a)) = T + (1/a))}112
Weibull shape and scale paramcters along with the usc of v aT{l + (1/a))
Table X3.1 or an equivalent computerized function.

TABLE X3.1 Gamma Funclion; Values of
I (n) = f" o=*x"~'dx; T' (n + 1) = nT (n)
0

n T {n) n T () n T (n) a ()
1.00  1.00000 1.25 080640 1.50 088623 1.76 0.81808
1.01 099433 1.26 0.80440 151 0.8865%9 1786 0.82137
102 0.98884 1.27 090250 1.52 0.88704 177 082376
1.03 0.96355 1.28 0.90072 1.53 0.88757 178  0.82623
1.04 0.97844 129 089904 1.54 0.88818 178 0.82877
105 0.97350 1.30 0.89747 (.55 0.88887 1.80  0.83138
106 096874 131 089600 156 0.80964 1.8t 0.93408
1.07 096415 132 069464 157 0.89049  1.82  0.83885
1.06 095973 1,33 0.89338 1.58 0.89142 163  0.83969
1.09  0.95546 1.34 0.89222 1.59 0.89243 1.84  0.8426¢
1.10 095135 135 0.09115 1.60 0.89352 1.85 0.94501
111 0.94739 136  0.89018 1.61 0.89468  1.80  0.94869
112 0.94359 1,37 086931 1.62 089592 1.87  0.95184
143 093993 138 008854 1.63 089724 1.88 0.95507
1.14 093642 1.39 0.88705 1.64 0.89864 1.89  0.95838
1.15 093304 140 0.88726 t.65 0.90012 1.80 0.86177
1.16  0.92980 1.4t 0.88676 1.66 0.90167 181 0.96523
117 0.92670 142 0.88636 1.67 0.90330 182 0.06078
1.18 092373 143 0.08604 1.68 090500 1.3 097240
119 0.92088 1.44 006560 169 090678 1.4 0.87610
1.20 091817 1.45 0.88565 1.70 090864 1.95 0.87988
121 091558 146 086560 171 091057 188 0.98374
122 0.91311 147  0.88563 172 091258 1.87 0.96768
1.23 091075 1.48 0.88575 173 0.91466 1,98  0.99171
1.24 090852 148 086595 174 091683 1988 0.89581

2.00 100000

The Amarlcan Soclety for Testing and Matorlals takes no positlon respecting the valldity of any palont tlghts assertod In connoction
with any Rem meniloned In this slandard. Usars of this standard are expressly advised that delormination of the valldity of any such
patant rights, and the risk of Infringamont of such rlghts, aro entirely thelr own rospoasibility.

This standard Is subjocl (o ravislon al any lima by tho responsible tochnical commiltes and musl bo reviewod every five years and
1 nck rovised, oithor reapproved o¢ withdrawa. Your commenls ara lnvitad elther for ravislon of this standasd of lor addltlonal standards
and should be addrassed lo ASTM Hoadquartors. Your commonts will recalve carelul conslderation at & meating of the responsible
tochnical commilties, which you may atlond. If you leol that your commonis have nol recolved e lalr hoaring you should make your
vlaws known (o the ASTM Commities on Standards, 1916 Race St., Philadalphia, PA 19103.
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