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Handout for ASTM D07.02.06 Reliability-Based Design, October 2019

when viewing pdf file ctrl-shift"+" rotates viewing window clockwise,

ctrl-shift"-" rotates viewing window counter-clockwise.
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overlay of ASD Duration of Load factors Cp on Wood's Curve Pg 4
Probability density functions, green - dead load pdf, red - live Toad pdf, Pg 5
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15% CoVv has reliability index 3.36, 25% CoVv has reliability index 2.84 .

Five Reliability Index Comparisons Pg 6-8
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Lyman W. Wood's "Relation of Strength of wood to Duration of Load" Pg 13-22
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Residential Structural Design Guide 2000, Chapter 5 Pg 27-30
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28 September 2019
My thoughts on wood Toad-time factors -- Joe Murphy

e A safety checking equation is a linear combination of (nominal) numbers separated using
factors.

e Different safety equations or different formats are different linear combinations of
nominals and factors.

e« A strict conversion from one format to another does not change reliability.

ASD considers the 5th-percentile of the resistance distribution along with the load
nominals in the safety equation.

Products with the same 5th-percentile are considered equal. Products must meet a minimum
5th-percetile value determined by the safety checking equation.

In ASD the 5th-percentile value is the metric to compare products and safety.

e« Reliability analysis takes into account variability in loads and resistance.
ReliabiTlity analysis uses load and resistance distributions.
ReliabiTlity analysis can be applied to any safety checking equation.
The Tinear combination of nominals and factors separate distributions.

Reliability analysis yields a reliability index B
Different methods of reliability analyses produce different reliability indices.

e Reliability-based LRFD considers the resistance distribution along with the load
distributions and the safety checking equation.

Products with the same reliability index B are considered equal. Products must meet a
minimum B value determined by reliability analysis.

In reliability-based LRFD the B value is the metric to compare products and safety.
e Adjustment factors for design values.

Typically 1in research, one takes two samples of wood product (doing everything possible to
make sure the two samples are identical in sample size and strength distribution).

Then one sample 1is the "control" sample and the other is treated in the generic sense and
is the "treated" sample. Both control and treated samples are tested and the means of the
tests are calculated and compared using e.g., Student's t-test.

If the difference is considered significant the ratio of treated mean to control mean is
considered an adjustment factor and is applied to every percentile of the distribution.
The mean-to-5th-percentile ratio and the coefficient of variation is the same for both a
treated distribution and a nontreated distribution. See pages 23-26.

e In reliability analyses all adjustments are considered to have been applied to the
resistance distribution, R.

e Load-time factors.

70 years ago Lyman W. Wood conducted research, pages 13-22, where he estimated wood
strength of small clear wood specimens and applied a Toad less than the estimated
strength. This produced a curve, Figure 1, with increasing time-to-failure the Tower the
ratio of stress-to-strength. This stress-to-strength ratio is a Toad-time factor.

The load-time factor was applied to the 5th-percentile used in ASD, pages 27-30.

If the Tive load 1is the predominant load, e.g., live Toad nominal is 3 times dead load
nominal, then, by consensus, the duration of the sum of load nominals was thought not to
exceed 10 years over a 50 year Tifetime period. To prevent static fatigue, in this load
case, the stress ratio, i.e., Toad-time factor, on the resistance 5th-percentile was made
10/16 = 62 % according to wood's curve, page 4, and ASD, page 27. Using the same logic and
consensus, durations and load-time factors were assigned to other predominant Toad cases.
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Take Wood's Figure 1 and put the independent variable on the horizontal axis, page 4. Now
take a distribution of strength. Applying a load, the 5th-percentile's stress ratio would
give an acceptable estimated duration for that Toad over a 50 year Tifetime. Strength
values greater than the 5th have stress ratios less than the 5th, and that Toad would last
Tonger, and perhaps much Tonger, than the 5th. Consider the mean of the strength
distribution which might be 1.5 times the 5th. The stress ratio of the mean would be 67%
of the 5th-percentile stress ratio.

Because the load-time factor, as applied to the 5th-percentile, cannot be applied to the
mean (or other percentiles), the Toad-time factor cannot be considered an adjustment factor.

¢ I consider the load-time factor to be a separation factor. As the load-time factor
decreases the resistance 5th-percentile separates farther from the ASD load nominals and
the resistance distribution separates farther from the load distributions 1in
reliability-based LRFD. See page 5.

¢ A change in the Toad-time factor changes the reliability and reliability index. A decrease
in the Toad-time factor decreases the stress ratio and increases the reliability and the
reliability index.

e Excluding the Toad-time factor from the safety checking equation means that the calculated
reliability index is the same no matter the numerical value of the Toad-time factor. And
the resistance distribution does not separate farther from the load distributions with a
decrease in Toad-time factor.

e With an appropriate low Toad-time factor, an exceedingly small percentage will have a high
enough stress ratio to fail by static fatigue (compared to overload), which is witnessed
by historic observation.

Oon pages 6-8 the reliability index is calculated 5 different ways. The reliability indices are
calculated in tables for the: 1) LRFD safety checking equation, Kgr, reliability-based; 2) LRFD
safety checking equation, Kg, format conversion, and; 3) ASD safety checking equation.

Page 7 has the three tables with the load-time factors considered as separation factors.

Page 8 has the three tables with the load-time factors considered as adjustment factors (i.e.,
not in the safety checking equation.)



‘suau 19ads Bu lpuagq 11)-se |Bnog

o
o™
S
< Jo Buipeo| au11-6uo| Ul SSBJ1S JO [9A9| O] SS8I1S JURISUOD JO UOIJRINP JOo uUOIle|ay-- ‘T @4nbi4
(]
[@)]
S (SYNOH) 3F&NTIVY OL SSIHLS J0 NO/LVENG 4 g6log H 2
£ 00000/ 0000/ 000 oo/ o/ / 10 100
> : 3 3 3 : T |
D eakos®» 60 - s 8 s ™
S N 3 R > "INIHOVN ONILSIL g
B 3 2 V NI NNY STOHINOD ‘1S4 FH04T8 QFLVIHL g o
M v z IVIH INIINOD FHNLSION %2! LNOBY Ly NIwIoIds O 09 N
— - m
v “INIHOVW ONILSIL U NI NNY &
sreak OT T STOYINOD "INIFINOD 3JHNLSION %9 1NO8Y LV NIWIDIdS W 3
“INIHOVIW ONILSIL V NI NNY 2
1 #O0——O0—0 ST0YINOD "INTINOD IFHNISIOW %2I LNO8Y 1v NIWvIds V199 3
N
V710853dAH 40 NOILYIOT ‘FSVIYONI SSIHIS 40 FUVE INVISNOD HIIM 0FaV07 -
Y04 03103135 INIOd STOYINOD ‘INTINOD 3FHNLSION %9 LNOGY 1V NIWIDIIS e o
~
v I
fO—go—e—o0———— “FSVIHONI SSIHIS 40 FLVY INVISNOD HIIM JIAVOT —0Z M
. - STOYINGD INIFINOD FHALSION %2/ LNO8Y IV NIWIDIIS O N
yuuow T ST'T . [ — S
R VEGER, 3
v N
3
. TS o-o - * GZ m
16}
3
FONEIS VNLIS HO FAYND \ R
sAep 2 s2'T % v S
v S
7 . TP——O og X
3
VLIVG FWIL-9NOT HO ONIYL N
FAYND D1108YIdAH TVIIYIdHT INIMOHS INIT LHIIVHLS ®
N
- S
N
2
Q
l
a
*—e * 06 3
v
3
m
S
v
s6 3
J
oT/9%
sa1nuiw OT oT rn 0o/

95



10-05-2019 jfm Page 5 of 30
<

—

-

13

12

11

pm—

10




10-05-2019 jfm Page 6 of 30

6 September 2019
Five Reliability Index Comparisons by Joe Murphy

The Rps I use is the fifth percentile of the initial strength distribution. I also use the
following statistics. The load statistics come from NBS Special Publication 577. The coefficient of
variations, CVs, for resistance come from the 2010 wood Handbook Table 5-6 for clear wood.

Distribution Load X cvV Distribution Resistance R cV

Name Distribution X X Name Distribution R R
n 05

Dead normal 1.05 0.10 R_Compression || weibull III 1.472 0.18

Live Gumbel I 1.00 0.25 R_Bending weibull III 1.403 0.16

Snhow Frechet II 0.82 0.26 R_Tension || weibull III 1.756 0.25

wind Gumbel I 0.78 0.37 R_Shear || weibull III 1.339 0.14

I calculate the following expected values and variances, Vs:

R= (2% ) Ros and Vg = (R Vi)’
Ros

|

D= (DR) D, and Vp = (D CVp)” and X = (—)xn and Vx = (X CVx)®

n

e

and define

- VVa

Q=D+ X and Vq = Vp + Vx and CVq = ~—— and cv(§:M
Q

(D+X)?

Each cell on the next two pages contain 5 Bs, and Rps when D, = 1. The 5 Bs are:

Br B2
Bs  Ros
Bs Bs

The Bs are calculated:

R-Q In<fi//z5)
B = ——— and B = ——————"— where R and Q are independent random variables. Distribution

v Vr+Va W CVE + V¢

types not needed.

B3, uses the Advanced First-order Second-Moment, AFOSM, reliability procedure used in NBS SP 577
and NBS577js.htm] Specified distribution types.

B4 and Bs were derived using 100,000 Monte Carlo simulations of the random variables (with specified
distribution types) to produce a g distribution of g=R—-Q =R — (D + X)

n
By = ! (1 — Iggj%gé> where ® “!() is the inverse CDF of the standardized normal distribution.

Bs = & Bs and B; should calculate to the same value.

Ve
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6 September 2019

ASTM D5457 test based Reliability Index (FOSM/AFOSM/Monte Carlo)
B Compression|Bending Tension Shear
2-P weibull CVr = 0.18/0.16 0.25 0.14 Nominal Safety checking equation
¢s =0.90/0.85 0.80 0.75 Include load-time factors
U Loads,\ U Kr = 1.24/1.23 1.15 1.40
3.60 5.22 |14.07 5.79 (3.04 5.37 |4.48 6.05
1.4D,0.6 3.19 2.091|3.48 2.232/3.08 2.536|3.67 2.222|¢s [\ Kg Res] > 1.4 D,
3.19 3.60 |3.48 4.05 (3.07 3.03 |3.60 4.49
3.02 3.44 |3.38 3.70 (2.81 4.04 |3.59 3.68 L
1.2D+1.6L,08] 2.74 6.720(2.96 7.174|2.80 8.152|3.05 7.143|¢s [NKr Rgs] > 1.2D, + 1.6 L,, — =3
2.68 3.01 (2.88 3.36 (2.74 2.80 |2.93 3.58 Dy,
3.37 4.02 (3.78 4.31 |2.97 4.52 |4.07 4.33 S
12D +1.65,0.8) 3.07 6.720(3.26 7.174|3.04 8.152|3.25 7.143|¢ s [AKg Rps] > 1.2D, +1.6S,, — =3
2.87 3.36 |3.09 3.80 (2.93 2.97 |3.09 4.08 Dn
1.68 1.67 |1.86 1.80 (2.14 2.53 |1.80 1.69 W
1.2D+1.0W,1.0/ 1.67 2.867|1.82 3.061(2.10 3.478|1.76 3.048 d)s[)\KR R05] >1.2D,+1.0W,, =2
1.59 1.68 |1.71 1.86 |2.04 2.14 [1.64 1.79 Dn
ASTM D5457 format conversion Reliability Index (FOSM/AFOSM/Monte Carlo)
B Compression|Bending Tension Shear
2-P weibull CVr = 0.18/0.16 0.25 0.14 Nominal safety checking equation
¢ = 0.00/0.85 0.80 0.75 Include Toad-time factors
Kr = 2.40|2.54 2.70 2.88
U Loads,\ U ASTM = 1.9(2.1 2.1 2.1
3.56 5.13 |4.10 5.88 (2.93 4.95 (4.54 6.18 r Ros 7
1.4D,0.6/ 3.16 2.052(3.51 2.270(2.93 2.269|3.72 2.269|¢s |[AKf > 1.4D,
3.19 3.58 |3.57 4.09 |3.00 2.94 [3.75 4.53 i ASTM |
2.97 3.37 |3.43 3.77 (2.66 3.69 |3.66 3.77 r Ros | L
1.2D+1.6L,0.8| 2.70 6.597(3.00 7.295(2.63 7.292|3.10 7.292|¢s |AKf >12D, +1.6L,, =3
2.64 2.98 [2.92 3.44 |2.61 2.66 |3.04 3.64 i ASTM | D
3.33 3.95 (3.82 4.38 |2.85 4.16 |4.13 4.41 r Ros | S
12D +1.6S5,0.8/ 3.03 6.597|3.29 7.295(2.89 7.292|3.29 7.292|ds |AKg >12D,+1.6S,, -3
2.87 3.34 |3.08 3.82 |2.79 2.86 |3.11 4.15 L ASTM| Dy
1.62 1.61 [1.93 1.87 [1.92 2.20 [1.88 1.76 | Ros ] W
12D+1.0W, 1.0/ 1.62 2.815(1.86 3.113/1.90 3.111|1.82 3.111|ds [N K >12D, +1.0W,, — =2
1.52 1.61 [1.77 1.93 [1.84 1.92 |1.74 1.89 i ASTM | D

ASD format Reliability Index (FOSM/AFOSM/Monte Carlo)
B Compression|Bending Tension Shear . . .
2-P weibull | CVg = 0.18/0.16 0.25 0.14 soninal safety checking equatien
U Loads,Cp U |ASTM = 1.9|2.1 2.1 2.1
3.62 5.27 |4.16 6.03 |2.96 5.06 |4.61 6.34 |r Ros ]
D,0.9 | 3.21 2.111/3.57 2.333|2.97 2.333(3.78 2.333||Cp > D,
3.23 3.61 |3.62 4.15 |2.97 2.97 |3.85 4.62 |L ASTM|
3.32 3.91 |3.81 4.34 |2.84 4.14 |4.12 4.37 |r Ros ] L
D+L 1.0 | 2.98 7.600(3.30 8.400/2.84 8.400|3.43 8.400||Cp —=—| > D, +L,, — =3
2.95 3.31 [3.26 3.81 [2.83 2.85 |3.34 4.11 |L ASTM| Dn
3.33 3.95 |3.82 4.39 |2.85 4.17 |4.14 4.42 |1 Ros ] S
D-+S,1.15 3.04 6.609|3.29 7.304(2.89 7.304|3.30 7.304||Cp >D,+S,, - =3
2.88 3.33 |3.07 3.81 |2.76 2.86 |3.16 4.15 |L ASTM| Dn
1.36 1.35 |1.65 1.59 |1.76 1.98 |1.57 1.48 |r Ros ] W
D+06W,1.6 | 1.41 2.612|1.65 2.887|1.75 2.887|1.59 2.887||Cp >D,+06W,, — =2
1.32 1.35 [1.55 1.65 |1.68 1.76 |1.48 1.57 |L ASTM| Dn
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ASTM D5457 test based Reliability Index (FOSM/AFOSM/Monte Carlo)

B Compression|Bending Tension Shear
2-P weibull | CVgR = 0.18/0.16 0.25 0.14 Nominal Safety checking equation
$s =0.90/0.85 0.80 0.75 Exclude Toad-time factors
U Loads U Kr = 1.24|1.23 1.15 1.40
2.28 2.74 |2.60 3.08 [2.40 3.47 |2.71 3.08
1.4D| 2.08 1.254/2.31 1.339/2.32 1.522(2.37 1.333|¢ [Kg Ros] > 1.4 D,
2.08 2.29 (2.29 2.59 |2.30 2.39 [2.37 2.72
2.39 2.58 (2.68 2.79 [2.50 3.33 [2.74 2.72 L
12D +1.6L| 2.24 5.376(2.43 5.739|2.46 6.522|2.46 5.714|¢ s [Kr Rgs] > 1.2D, +1.6L,, — =3
2.15 2.38 [2.33 2.66 |2.41 2.50 [2.36 2.74 Dn
2.81 3.15 [3.15 3.40 [2.71 3.81 [3.31 3.36 S
1.2D+1.6S| 2.62 5.376(2.81 5.739(2.73 6.522(2.80 5.714|¢ s [Kr Rgs] > 1.2D, +1.6S,, — =3
2.44 2.80 [2.62 3.17 |2.61 2.70 |2.62 3.31 Dn
1.68 1.67 |1.86 1.80 |2.14 2.53 |1.80 1.69 W
1.2D+1.0W| 1.67 2.867|1.82 3.061|2.10 3.478|1.76 3.048|¢s[Kr Ros] > 1.2D, +1.0W,, =~ =2
1.59 1.68 |1.71 1.86 |2.04 2.14 |1.64 1.79 D,
ASTM D5457 format conversion Reliability Index (FOSM/AFOSM/Monte Carlo)
B Compression|Bending Tension Shear
2P wetbull CXR igég 8%2 838 8%; Nom}'n31 1Safsty che;king equation
s : : ’ Exclude load-time factors
Ke = 2.40(2.54 2.70 2.88
J Loads ASTM = 1.9|2.1 2.1 2.1
2.22 2.65 [2.66 3.17 [2.21 3.06 [2.80 3.20 - Res ]
1.4D| 2.03 1.231(2.35 1.362(2.12 1.361(2.43 1.361|¢s | Kk ———| > 1.4D,
2.03 2.24 [2.33 2.66 |2.13 2.22 |2.41 2.79 L ASTM|
2.34 2.51 [2.73 2.86 |2.32 2.97 [2.83 2.81 - Res ] L
12D +1.6L| 2.19 5.278/2.47 5.836|2.28 5.833(2.51 5.833|¢ | Kr >12D,+16L, — =3
2.12 2.34 [2.38 2.74 (2.24 2.32 |2.43 2.82 L ASTM| Dn
2.76 3.08 [3.20 3.47 [2.55 3.45 [3.38 3.45 - Ros ] S
12D +1.6S| 2.58 5.278(2.84 5.836/2.56 5.833|2.84 5.833|¢, | Kr >12D,4+16S,, — =3
2.41 2.77 |2.66 3.20 |2.47 2.56 |2.67 3.40 | ASTM|] Dn
1.62 1.61 |1.93 1.87 [1.92 2.20 |1.88 1.76 - Res ] W
12D +1.0W| 1.62 2.815(1.86 3.113(1.90 3.111/1.82 3.111|¢, | K¢ >12D,+1.0W,, —* =2
1.52 1.61 |1.77 1.93 |1.84 1.92 |1.74 1.89 | ASTM|] Dn
ASD format Reliability Index (FOSM/AFOSM/Monte Carlo)
B Compression|Bending Tension Shear . . .
2-P Weibull| CVg — 0.18/0.16 0.25 0.14 232}332 ?3:3%;2"—;;;2&?”3“0“
J Loads { ASTM = 1.9|2.1 2.1 2.1
2.11 2.48 [2.53 2.97 [2.14 2.92 [2.64 2.99 | Ros ]
D| 1.93 1.188(2.25 1.312/2.05 1.312(2.32 1.312[| 1.6 > D,
1.93 2.10 |2.24 2.53 |2.07 2.15 [2.33 2.64 ASTM |
2.00 2.10 |2.37 2.43 [2.13 2.63 [2.40 2.36 | Ros ] L
D+L| 1.93 4.750(2.20 5.250(2.09 5.250(/2.21 5.250|| 1.6 >D,+L, —~=3
1.84 2.00 [2.10 2.37 [2.06 2.14 [2.10 2.40 |L  ASTM|] Dy
2.46 2.67 |2.87 3.03 [2.38 3.11 [2.99 3.00 | Res ] S
D+S| 2.35 4.750(2.61 5.250|2.39 5.250(2.60 5.250/| 1.6 > D, +Sn — =3
2.18 2.46 [2.42 2.86 [2.28 2.39 |2.45 3.00 |L  ASTM] n
1.36 1.35 |1.65 1.59 [1.76 1.98 |1.57 1.48 | Ros W
D+06W| 1.41 2.612|1.65 2.887|1.75 2.887|1.59 2.887||1.6———| >D, +0.6 W,,, — =2
1.32 1.35 |1.55 1.65 |1.68 1.76 |1.48 1.57 ASTM Dy
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FAILURE <——> RELIABILITY

BFOSM v Vg
< >

we define the random variable g as: g=R —Q

where R is the resistance effect random variable and Q is the loads effect random variable (sum
of a number of load effect random variables, e.g., Q=D+ X .)

From statistics we can add the expected values: @zzfi——Q

1f the variables are 7ndependent of each other, we can add the variances: Vg; = Vg + Vq

. . g R-Q
The First-order Second-Moment reliability index, Brosm, iS: Brosm = & =

,/Vg ‘/VR—|—VQ

Beosm = B1 when calculated using distribution parameters. Brosm = Bs when calculated using Monte

Carlo sampling. Bs will be slightly less than B; because in my Monte Carlo the loads are not
allowed to go negative, biasing the loads slightly higher.

Note that the FOSM reliability index ( B; ) is valid for any distribution type when calculated
using distribution parameters. It ( B; ) only uses the means and variances of the distributions!

In simulation studies, variable values are chosen at random from the distributions (e.g., Monte
Carlo). g and V, are calculated. The probability of g <0 is tabulated:

Prob[g < 0] is referred to as probability of failure ps.
one can then define a reliability index for simulation, Bsimulated ( = Bs ), as:

Bsimulated = ® (1 — ps) where & 1) is the inverse CDF of the standardized normal distribution.

But B simulated 7 B FOSM except in the very rare case that g is normally distributed.




normal scores

Normal Probability Plot -- Monte Carlo Relia
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i skewness = ) hi3 /N =-0.454
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The Timit state equation is g = R — (D + X) In simulation studies, variable values are chosen at
random from the distributions R,D, and X (e.g., Monte Carlo) and the sample mean g and sample
variance Vg are calculated. The probability of failure, p¢ is Prob[g < 0] and is the cdfg(0):

One can then define a reliability index, Bs, using the sample mean and variance: Bs =g /,/Vg.

One can also define a reliability index, B4, using probability of failure or the cdf of g:
—Bs = ® ps) = & '(cdfy(0)) where ® () is the inverse CDF of the standard normal distribution.

If one transforms the g distribution into standard normal variates, h; = (g —g) /,/Vg one gets

the relationship —Bs = & !(cdf,( — Bs)) This relationship is shown in the above plotted example.
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22 September 2019
A possible future direction -- Joe Murphy

ASD and LRFD load-time factors

Harmonize the LRFD load-time factors the same as historically successful AsD, e.g., A = Cp/1.6,

ASD and LRFD Toad-time factors

Factor 50 yrs 10 yrs | 1 mos | 7 days | 10 min
Cp 0.90 1.00 1.15 1.25 1.60
A=Cp/1.6 | 0.56 0.62 0.72 0.78 1.00

This harmonization leads to simple development of the D5457 format conversion factor Kg and
the D5457 reliability normalization factor Kr as follows.

D5457 format conversion factor, Kg

Calculate the format conversion factor, Kg, using the live load case with L,/D, =3

s N KE Roscony/ ASTM 1.2(1) +1.6(3 2.4
¢ F Roscons/ = (1) ( ): 1.5. with format conversion Rgsconv = Rosasq and Kg = —
Cp Rosasdg/ASTM 1+3

s

This yields same size members in both ASD and D5457 format conversion for this case.
D5457 reliability normalization factor, Kg

For D5457 reliability normalization factor, Kg, use the same live load case with L,/D, = 3. The
safety checking equation is

ds A Kr Rosirfd = 1.2(1) + 1.6(3) =6

Develop Kgr so that there is a constant reliability index B =3 for bending with coefficients of
variation CVR from 0.1t00.3 (2p weibull resistance distribution) and ¢s = 0.85, A = 0.62

The following table gives the reliability index Bs for four stress modes. The reliability index
was calculated using the advanced first-order second-moment AFOSM methodology used in NBS SP 577
and NBS577js.html

ReliabiTlity index, B3

Kr | 1.696 | 1.592 | 1.408 | 1.212 | 1.029

ds \ CVR 0.10 0.15 0.20 0.25 0.30

Compression 0.90 2.81 2.86 2.90 2.92 2.93

Bending 0.85 | 3.00 3.00 3.00 3.00 3.00

Tension 0.80 | 3.20 3.14 3.10 3.08 3.07

Shear 0.75 | 3.40 3.28 3.21 3.17 3.14

Note that in the table the reliability index B goes up as the resistance factor ¢s goes down
which reflects the B — ¢ relationship.
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28 September 2019

More thoughts on reliability-based design -- Joe Murphy

Short term strength distribution is independent of future applied loads, thus the summing
of variances in FOSM is statistically correct.

e The ASD load-time factors have consensus time spans for the primary Toad in specific Toad
combinations for the 5th-percentile. Say 1 month for snow load.

The ASD safety format can be considered a special case of the LRFD safety format with the
Load and Resistance Factors all equal to 1.

e The wood community has calculated reliability index using AFOSM, excluding Toad-time
factors, getting B3 = 2.4 .

The steel community calculates reliability index using FOSM (not AFOSM) getting B, = 3.0 .
B, expanded (page 6) is:

- n(R/Q) (k) ~m(D+X)

A/ CVEZ + CVQ2 VR | VotVx
R (6+i)2

e The reliability index using FOSM B; expanded (page 6) is:

 R-Q R— (D +X)
 VVR+Va Vet (Vb + Vx)

B1

B: calculation is simple, using only basic distribution statistics and the requirement
that applied Toads are independent from short-term strength. Pages 23-26.

B: and B, calculations are straight forward equations and algebra.

For large R, B> > B1 because R not only increases the numerator but also decreases the
denominator in the B, equation.

e The difference in B4 and Bs is due to the skewness of the g distribution from the Monte
Carlo simulation. The more negative the skewness the more B < Bs

The Tive load combination is being considered as the Standard load case with a target
reliability index B = 3.

Calculation of the format conversion factor, Kg, can be simply ratio-ing the safety
checking equations of the different formats.

e Format conversion does not change reliability.

e« AFOSM provides a simple way to develop the reliability normalization factor, Kgr, using the
"Design" option in NBS577js.htm]l The "Design" option basically does multiple "Analysis"es
until the program converges to the target reliability index. Developing Kr would be more
difficult using Monte Carlo simulations.

Different resistance factors ¢ss express different reliability indices which may be
warranted for different stress modes.

constant reliability (index) for all stress modes requires the same resistance factor ¢s
for all stress modes in reliability-based LRFD.

e Include Toad-time factors when doing AFOSM or other reliability analyses.
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RELATI ON OF STRENGTH OF WOOD TO DURATI ON CF LOAD

By
LYMAN W WOOD, Engi neer

Forest Products Laboratory,l- Forest Service
U S. Departnent of Agriculture

Sunmmar

This report presents, for the use of structural engineers, a nathematical
expression for an inportant structural property of wood, the relation of its
bending strength to the duration of load. The relationship is mathematically
defined, and applications in working-stress problens are shown. Structural
designers are thus enabled to take full advantage of the unusually high bend-
ing strength of wood under short-tine |oading.

Data showing the relationship are from recently conpleted tests of small,
clear Douglas-fir beans under long-time load and from earlier studies of
rapid loading and inpact. An enpirical hyperbolic equation is devel oped to
represent the trends of the data. A few exploratory tests of other species
and in other strength properties indicate that the relationship nay be of
general application.

I ntraduction

Desi gning engineers customarily set working stresses for structural materials
at levels below the yield point, or elastic linit, to insure safe and satis-
factory structures under service |oading. They recognize that materials

| oaded beyond the elastic linit may lose elasticity and take on characteris-
tics of brittleness or plasticity, according to their nature. It is less
generally known that materials differ widely in this respect, and that in
some the strength properties are greatly affected by the duration of |oad-
ing. Wwod has a property valuable to the structural designer in that both
its elastic limt and its ultimate strength are higher under short-time than
under long-time loading; this permts higher working stresses where live |oads
of conparatively short duration nmust be considered in structural design,

-llvai ntained at Madison, Ws. , in cooperation with the University of Wsconsin.

Rept. No. 1916 -1- Agricul ture-Madi son
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The relation of the strength of wood to the duration of |oad has been in-
vestigated at the Forest Products Laboratory for many years, Recent analysis
of duration data from a series of long-time loading tests of small, clear
Dougl as-fir beans led to a restudy of the relation of duration of load to
the strength of wood and a revision of conclusions previously held. This
paper sunmmarizes the data considered in the restudy and reports the con-

cl usi ons reached.

Data consi dered here are from bending tests of Douglas-fir at two |evels of
moi sture content, both in the air-dry range. The conclusions cannot yet be
extended to other species and strength properties or to wood in the green
condition, although a few exploratory tests indicate that bending and other
strength properties in some other species are simlarly affected. Any
general application of the conclusions is subject to revision as nore
conplete information is obtained.

Sources of Data

A series of 126 long-tine loading tests of |- by I-inch, clear Douglas-fir
beans at 6 and 12 percent nmoisture content was begun in 1943 and is now
approachi ng conpletion. Test specinmens were subjected to constant |a-ads
ranging from 60 to 95 percent of the |loads that caused failure of matched
control specinens in a standard static-bending test of about 5 mnutes'
duration. Durations until failure under these |oads ranged froma few
mnutes to nmore than 5 years, Figure 1 shows durations plotted against
stress levels corresponding to the applied loads in each of the tests.
Duration values are shown on a logarithnic scale,

studies of the effects of rapid rates of loading on small, clear Douglas-fir

beans were reported by LiskaZ. Data fromthat report and a |ine show ng
their trend are plotted in figure 2. The time scale is logarithmc. The
data of figure | and figure 2 are not exactly conparable, since figure 1.
shows durations of stress increasing to predeternmined |evels and then held
constant, while figure 2 shows tines of |oading continuously increasing at
a constant rate until failure. Nevertheless, it is believed that both sets

of data are governed by the same properties of the material and should be
represented by one continuous curve.

Inpact tests, in which the actual forces or |oads were observed, were re-

ported by El mendorf3. The data indicated that the modulus of rupture of
Dougl as-fir is about 75 percent greater in inpact than in static bending
as shown by the standard 5-nminute test, FElmendorf's data on Douglas-fir

gLiska, J. A Effect of Rapid Loading on the Conpressive and Fl exural
Strength of Whod., Forest Products Laboratory Rept. No. R 767. 1950.

§EI mendorf, Armin. Stresses in Inpact. Journal of the Franklin Institute.
Vol. 182. No. 6, 1916.

Rept. No. 1916 - 2-
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did not show durations of stress but included results on one specinen of
southern yellow pine for which the duration in the sanme kind of inpact test was
about 0.015 second, This duration, while not directly connected to the 175-
percent strength level, indicates the high stresses that can be devel oped

under extrenely rapid | oading

Rel ation of Duration of Load to Strength

In figure 1, a straight line drawn by eye represents the trend of the data
in the long-time loading tests. This line was published in a report by

Wod4and has since appeared with a nodified scale of stress percentages in

several other publications. Figure 2 shows a straight line representing the
trend of the data from rapid-loading tests. The two straight lines and a
single point representing Elnendorf's inpact data are converted to the same
scale and plotted together in figure 3. Here also the duration scale is

| ogarithnic

It is evident in figure 3 that both the rapid-loading and the inpact data
lie above the extension of the straight line representing the long-tine

| oadi ng data, and that the inpact point lies above the extension of the
line representing rapid loading. A curve representing all of these data
cannot be a straight |ine.

The straight line of figure 1 inplies that strength values decrease without
limt as the duration is prolonged. This is obviously inpossible, since
strength cannot have a value |ess than zero. Experiments with wood in this
and other countries indicate that there is probably a threshold strength

| evel sonmewhere above zero for which the duration is infinite

From this evidence, it appears that the over-all strength-duration relation-
ship could well be approximated by a hyperbolic curve. The horizontal
asynptote of such a curve would represent a threshold strength for which
duration is infinite. The vertical asynptote would be at zero tine, though
there is admittedly no proof that the strength becomes infinite as zero
time is approached

Several attenpts at curve-fitting showed that a hyperbola that represented
the trends of data in long-time |oading and rapid loading could not be
passed through the point representing the inpact |oading. Each of these
trends is supported by many tests, while the inpact point is related to
only one test. A curve was therefore chosen to fit the trends of the two
large groups of tests and to pass as closely as possible to the inpact
poi nt

ﬂV\bod L. W Behavior of Wod under Continued Loading. Egineering News-

Record, Vol. 139, No. 24, 1947.

Rept. No. 1916 - 3-
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Figure 3 shows an enpirical hyperbolic curve passing through a point
representing a duration of stress of 0.015 second and a stress equal to
150 percent of ultimate strength in a standard test. This curve approxi-
mates the trends of data fromthe |ong-time-loading and the rapid-| oadi ng
tests. It has the equation

_108.4 4 13 3

y 0.04635

in which X is the duration of stress in seconds and y is the stress ex-
pressed as a percentage of the standard-test strength. This equation is
computed so that the curve passes through three selected points. The
first point is the point just described and is somewhat below the inpact
point, The second point is at the 100-percent strength |evel, for which
a duration of stress of 7-1/2 mnutes was assumed. The third point is
arbitrarily selected fromthe long-tine loading data with a strength |eve
of 69 percent and a duration of 3,750 hours (shown on fig. 1). The hori-
zontal asynptote of this hyperbola is 18.3 percent, a strength level for
which the duration is presuned to be infinite.

The hyperbolic curve of figure 3 is also shown on figure 1. It is well
within the range of the long-time loading data, though toward the upper
side of that range for strength levels of 65 percent and lower. On the

other hand, a simlar curve for bending strength of Sitka sprucéi shows
still higher strength levels for this range of durations (fig. 1). The
departure of the hyperbola from the general trend of data at the 95-
percent strength level is necessary to fit it to the rapid-1oading data
of figure 2. In the absence of simlar information from other species,
this hyperbola may be taken to express a general relationship between
strength and duration of load for those species nobst used in construction.

Application to Wrking Stresses

The relation of duration of load to strength is inportant in the determ na-
tion of working stresses for structural design with wood. Advantage may
be taken of the increased strength of wood under short-tine |oading by
increasing the working stresses where maxinum load is of limted duration.
Figure 4 illustrates a convenient neans for doing this. It shows the
hyperbolic curve of figure 3 plotted in a formdirectly applicable to

wor ki ng-stress use. Basic working stresses recommended by the Forest
Products Laboratory are for the condition of long-tine full |oad, for
which the strength is assuned to be nine-sixteenths of the strength in the
standard 5-minute test. This long-time load |evel is taken as 100 percent
infigure 4 with other percentages calculated fromit as a base. Duration
values are converted to units of time that are easily visualized for |ong
as well as short durations.

SForest Products Laboratory. Strength and Related properties of Wod G own
in the United States. U S. Dept. of Agr. Tech. Bull. No. 479. 99 pp.
I'11us.

Rept. No 1916 -4-
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In the "National Design Specification for Stress-grade Lumber and Its
Fastenings," revised 1950, reconmended by the National Lumber Manufacturers
Associ ation for application to permanent structures, a condition designated
as "normal loading" is selected as the basis for working stresses in struc-
tural design. The sanme condition is assumed in the comercial grading rules

for stress-graded lunmber, "Normal |oading" contenplates that the full maxi-
num design load will have a continuous or cunulative duration of not nore
than about 10 years during the life of a permanent structure. It wll be

seen in figure 4 that |0-year duration warrants an increase of about 10
percent above the long-tine load |evel. The National Design Specification
gives working stresses that contain the 10 percent increase wth provision
for remving that increase in cases where the full maximum |load is applied
permanently or for many years. That basis for working stresses conforms

to the principle of adjustnent for duration of |oad

Maxi mum working stresses for roof structures in certain areas may be based
on expected snow | oads. For exanple, the duration of the greatest expected
snow |load in tenperate climates nmay be considered by the designer to be only
a matter of days, weeks, or at the nost a few nonths during the expected
life of the structure. Figure 4 indicates that an increase of about 25 per-
cent over the long-time load | evel can be made in this instance. This is
equival ent to an increase of about 15 percent above the "normal - | oading"

| evel .

In like manner, a designer may w sh to assume that the maxi mum horizontal

| oad, as fromwi nd or earthgake, W Il have a duration not exceeding a
matter of minutes or hours during the expected life of the structure. For
this condition, a working stress may be 50 percent above the long-tinme |oad
| evel or about one-third above the "normal-|oading" |evel

VWien applying design stress increases for short-tine |oading, care should
be taken that the sizes of structural menbers are adequate for the dead or
long-tinme portion of load at a safe long-time working stress. This is
acconpl i shed by conparing the working stresses required for a nenber at
each load level and its expected duration. The l[arger of the working
stresses governs the design of that menber.

Rept. No. 1916 -5-
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118 FURTHER CHARACTERIZATIONS OF RANDOM VARIABLES 7.4

Property 7.2. Suppose that C is a constant and X is a random variable. Then
E(CX) = CE(X).

Proof:  E(CX) = [ T Cxf(x)dx = C / T xf(x) dx = CE(X).

Property 7.3. Let (X, ¥) be a two-dimensional random variable with a joint
probability distribution. Let Z = H,(X, Y) and W = Hy(X, Y). Then
EZ + W)= EZ)+ EW).

Proof

EZ+ w) = [ [T 0o ) + Har 9, 9) dx dy
[where fis the joint pdf of (X, Y)]
[T s axdy + [T [ Hax G ) axay

EZ) + E(W).

Property 7.4. Let X and Y be any two random variables. Then E(X + Y) =
E(X) + E(Y).

Proof: This follows immediately from Property 7.3 by letting H{(X, ¥Y) = X,
and Hy(X, Y) = Y.

Note: Combining Properties 7.1, 7.2, and 7.4 we observe the following important fact:
If ¥ = aX + b, where a and b are constants, then E(Y) = aE(X) + b. In words:
The expectation of a linear function is that same linear function of the expectation. This
is not true unless a linear function is involved, and it is a common error to believe other-
wise. For instance, E(X?) # (E(X)) 2 E(In X) # In E(X), etc. Thus if X assumes the
values —1 and 41, each with probability %, then E(X) = 0. However,

E(X?) = (=D + 2@ = 1 = 02
Property 7.5. Let X4, ..., X, be n random variables. Then

E(X) + -+ Xp) = E(X1) + -+ + E(X).

Proof: This follows immediately from Property 7.4 by applying mathematical
induction.

Note: Combining this property with the above, we obtain

n

E(i aiXi> = Z a;E(X,),

=1 i=1

where the a,’s are constants.
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| 124 FURTHER CHARACTERIZATIONS OF RANDOM VARIABLES

7.6 Properties of the Variance of a Random Variable

There are various important properties, in part analogous to those discussed
for the expectation of a random variable, which hold for the variance.

“ Property 7.7. If C is a constant,

| V(X + CO) = V(X). (7.13)
| Proof

V(X + €)= E[(X+ C) — E(X + O) = E[(X + C) — E(X) — C]?

= E[X — E(X)]? = V(X).
Note: This property is intuitively clear, for adding a constant to an outcome X does

not change its variability, which is what the variance measures. It simply “shifts” the
values of X to the right or to the left, depending on the sign of C.

Property 7.8. If C is a constant,

| V(CX) = C*V(X). (7.14)
Proof
V(CX) = E(CX)* — (E(CX))* = C®E(X?) — C*(E(X))*
= CE(X*) — (E(X))*] = C*V(X).

Property 7.9. If (X, Y) is a two-dimensional random variable, and if X and Y
i are independent then

| V(X 4+ Y) = V(X) + V(Y). (7.15)
Proof

V(X + 1)

E(X 4 1)* — (E(X + 1))*
E(X* + 2XY + Y?) — (E(X))® — 2E(X)E(Y) — (E(Y))*
E(X*) — (E(X))* + E(Y?) — (E(Y))? = V(X) + V(Y).

I

I

Note: 1t is important to realize that the variance is not additive, in general, as is the
expected value. With the additional assumption of independence, Property 7.9 is valid.
Nor does the variance possess the linearity property which we discussed for the expecta-
tion, that is, F(aX + b) = aV(X) + b. Instead we have V(aX + b) = a2V (X).

Property 7.10. Let Xy, ..., X, be n independent random variables. Then
V(X1 + -+ X)) = V(X)) + - + V(X (7.16)

Proof: This follows from Property 7.9 by mathematical induction.
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|® I Chapter S - Design of Light-Wood Framing

grain, and modulus of elasticity. In particular, the 1997 edition of the NDS
includes the most up-to-date design values based on test results from an eight-year
full-scale testing program that uses lumber samples from mills across the United
States and Canada.

Characteristic structural properties for use in allowable stress design
(ASTM D1990) and load and resistance factor design (ASTM D5457) are used to
establish design values (ASTM, 1998a; ASTM, 1998b). Test data collected in
accordance with the applicable standards determine a characteristic strength value
for each grade and species of lumber. The value is usually the mean (average) or
fifth percentile test value. The fifth percentile represents the value that 95 percent
of the sampled members exceeded. In ASD, characteristic structural values are
multiplied by the reduction factors in Table 5.1. The reduction factors are implicit
in the allowable values published in the NDS-S for standardized conditions. The
reduction factor normalizes the lumber properties to a standard set of conditions
related to load duration, moisture content, and other factors. It also includes a
safety adjustment if applicable to the particular limit state (i.e., ultimate capacity).
Therefore, for specific design conditions that differ from the standard basis,
design property values should be adjusted as described in Section 5.2.4.

The reduction factors in Table 5.1 are derived as follows as reported in
ASTM D2915 (ASTM, 1997):

e F}, reduction factor = (10/16 load duration factor)(10/13 safety factor);

e F,reduction factor = (10/16 load duration factor)(10/13 safety factor);

e F, reduction factor = (10/16 load duration factor)(4/9 stress concentra-
tion factor) (8/9 safety factor);

e F. reduction factor = (2/3 load duration factor)(4/5 safety factor); and

e F., reduction factor = (2/3 end position factor)

5.2.4 Adjustment Factors

The allowable values published in the NDS-S are determined for a
standard set of conditions. Yet, given the many variations in the characteristics of
wood that affect the material’s structural properties, several adjustment factors are
available to modify the published values. For efficient design, it is important to
use the appropriate adjustments for conditions that vary from those used to derive
the standard design values. Table 5.2 presents adjustment factors that apply to
different structural properties of wood. The following sections briefly discuss the
adjustment factors most commonly used in residential applications. For
information on other adjustment factors, refer to the NDS, NDS-S, and the NDS
commentary.

Residential Structural Design Guide 5-9



10-05-2019 jfm Page 28 of 30

Chapter 5 - Design of Wood Framing

Design Properties and Associated Reduction Factors for

TABLE 5.1
ASD
Basis of Estimated
Reduction Characteristic - ASTM
Stress Property Factor Value from Test Limit State Designation
Data
1 .
| Extreme fiber stress in bending, F) — Fifth percentile Ultlmgte D1990 |
2.1 capacity
1 .
| Tension parallel to grain, F, — Fifth percentile Ultlmgte D1990 |
2.1 capacity
1 .
| Shear parallel to grain, F, — Fifth percentile Ultlmgte D245 |
4.1 capacity
1 .
| Compression parallel to grain, F, — Fifth percentile Ultlmgte D1990 |
1.9 capacity
C i dicular t in, F, L Mean 0.047 D245
ompression perpendicular to grain, F,., s deflection!
1 Proport10na1
Modulus of elastlclty, — Mean D1990
10| 11m1t

Sources: ASTM, 1998a; ASTM, 1998c.

Notes:

'The characteristic design value for F ., is controlled by a deformation limit state. In fact, the lumber will densify and carry an increasing load
as it is compressed.

*The proportional limit of wood load-deformation behavior is not clearly defined because it is nonlinear. Therefore, designation of a
proportional limit is subject to variations in interpretation of test data.

TABLE 5.2 Adjustment Factor Applicability to Design Values for Wood
. . Adjustment Factor’

Design Properties = T TGl Gl GlalalGlalalalalalal
F v IV v VI v VIiVIVIVIVY
F, v v v VI v
F, v v v VI v
Foi v v ViV
F. v VIV v VI v
E v v iV

Source: Based on NDS 2.3 (AF&PA, 1997).

Notes:

'Basic or unadjusted values for design properties of wood are found in NDS-S. See Table 5.1 for definitions of design properties.
“Shaded cells represent factors most commonly used in residential applications; other factors may apply to special conditions.

Key to Adjustment Factors:

e Cp, Load Duration Factor. Applies when loads are other than "normal" 10-year duration (see Section
5.2.4.1 and NDSe2.3.2).

e C, Repetitive Member Factor. Applies to bending members in assemblies with multiple members spaced at
maximum 24 inches on center (see Section 5.2.4.2 and NDSe4.3 .4).

5-10 Residential Structural Design Guide
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|® I Chapter S - Design of Light-Wood Framing

e Cy, Horizontal Shear Factor. Applies to individual or multiple members with regard to horizontal, parallel-
to-grain splitting (see Section 5.2.4.3 and NDS-S).

e Cp, Size Factor. Applies to member sizes/grades other than "standard" test specimens, but does not apply to
Southern Yellow Pine (see Section 5.2.4.4 and NDS-S).

e (Cp, Column Stability Factor. Applies to lateral support condition of compression members (see Section
5.2.4.5 and NDSe3.7.1).

e (C;, Beam Stability Factor. Applies to bending members not subject to continuous lateral support on the
compression edge (see Section 5.2.4.6 and NDSe3.3.3).

e Cy, Wet Service Factor. Applies where the moisture content is expected to exceed 19 percent for extended
periods (see NDS-S).

e (g, Flat Use Factor. Applies where dimension lumber 2 to 4 inches thick is subject to a bending load in its
weak axis direction (see NDS-S).

e (,, Bearing Area Factor. Applies to members with bearing less than 6 inches and not nearer than 3 inches
from the members’ ends (see NDSe2.3.10).

e  Cr, Buckling Stiffness Factor. Applies only to maximum 2x4 dimension lumber in the top chord of wood
trusses that are subjected to combined flexure and axial compression (see NDSe4.4.3).

e Cy, Volume Factor. Applies to glulam bending members loaded perpendicular to the wide face of the
laminations in strong axis bending (see NDSe5.3.2).

e C, Temperature Factor. Applies where temperatures exceed 100°F for long periods; not normally required
when wood members are subjected to intermittent higher temperatures such as in roof structures (see
NDSe2.4.3 and NDSeAppendix C).

e C, Incising Factor. Applies where structural sawn lumber is incised to increase penetration of preservatives
with small incisions cut parallel to the grain (see NDSe2.3.11).

e (., Curvature Factor. Applies only to curved portions of glued laminated bending members (see
NDSe5.3.4).

e Cy, Form Factor. Applies where bending members are either round or square with diagonal loading (see
NDSe2.3.8).

5.2.4.1 Load Duration Factor (Cp)

Lumber strength is affected by the cumulative duration of maximum
variable loads experienced during the life of the structure. In other words, strength
is affected by both the load intensity and its duration (i.e., the load history).
Because of its natural composition, wood is better able to resist higher short-term
loads (i.e., transient live loads or impact loads) than long-term loads (i.e., dead
loads and sustained live loads). Under impact loading, wood can resist about
twice as much stress as the standard 10-year load duration (i.e., "normal
duration") to which wood bending stress properties are normalized in the NDS.

When other loads with different duration characteristics are considered, it
is necessary to modify certain tabulated stresses by a load duration factor (Cp) as
shown in Table 5.3. Values of the load duration factor, Cp, for various load types
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are based on the total accumulated time effects of a given type of load during the
useful life of a structure. C)p increases with decreasing load duration.

Where more than one load type is specified in a design analysis, the load
duration factor associated with the shortest duration load is applied to the entire
combination of loads. For example, for the load combination, Dead Load + Snow
Load + Wind Load, the load duration factor, Cp, is equal to 1.6.

TABLE 5.3 Recommended Load Duration Factors for ASD

Load Type Load Duration Recommended Cp Value

|Permanent (dead load) Lifetime 0.9
|Norma1 Ten years 1.0
Occupancy (live load)' Ten years to seven days 1.0to 1.25
Snow’ One month to seven days 1.15to 1.25
|Temporary construction Seven days 1.25

Wind and seismic® Ten minutes to one minute 1.6t0o 1.8
I Impact One second 2.0

| —— N

Source: Based on NDSe2.3.2 and NDSeAppendix B (AF&PA, 1997).

Notes:

'"The NDS uses a live load duration of ten years (Cp = 1.0). The factor of 1.25 is consistent with the time effect factor for live load used
in the new wood LRFD provisions (AF&AP, 1996a).

>The NDS uses a snow load duration of one month (Cp = 1.15). The factor of 1.25 is consistent with the time effect factor for snow load
used in the new wood LRFD provisions (AF&PA, 1996a).

*The NDS uses a wind and seismic load duration of ten minutes (Cp = 1.6). The factor may be as high as 1.8 for earthquake loads which
generally have a duration of less than 1 minute with a much shorter duration for ground motions in the design level range.

5.2.4.2 Repetitive Member Factor (C,)

When three or more parallel dimension lumber members are spaced a
maximum of 24 inches on center and connected with structural sheathing, they
comprise a structural “system” with more bending capacity than the sum of the
single members acting individually. Therefore, most elements in a house structure
benefit from an adjustment for the system strength effects inherent in repetitive
members.

The tabulated design values given in the NDS are based on single
members; thus, an increase in allowable stress is permitted in order to account for
repetitive members. While the NDS recommends a repetitive member factor of
1.15 or a 15 percent increase in bending strength, system assembly tests have
demonstrated that the NDS repetitive member factor is conservative for certain
conditions. In fact, test results from several studies support the range of repetitive
member factors shown in Table 5.4 for certain design applications. As shown in
Table 5.2, the adjustment factor applies only to extreme fiber in bending, F}.
Later sections of Chapter 5 cover other system adjustments related to
concentrated loads, header framing assemblies, and deflection (stiffness)
considerations.
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