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1. Introduction

UCRL-15810 (Ref. 1) provides for a graded approach for the seismic design and
evaluation of DOE structures, systems, and components (SSC). By this graded
approach, each SSC is assigned to a Performance Category (PC) with a
performance description and at. approximate annual probability of seismic-induced
unacceptabie performance, Pg. Table 1 presents the seismic annual probability
performance goals for PC #1 through #4 for which specific seismic design and
evalua.ion criteriz are presented in UCRL-15810. In addition, UCRL-15810 aiso
provides a seismic design and evaluation procedure applicable to achieve any
seismic performance goal annual probability of unacceptable performance specified
by the user.

The desired seismic performance goal is achieved by defining the seismic hazard in
térms of 3 site-specified design/eveluation response spectrum {called herein, the
Design/Evaluation Basis Earthquake, DBE). Probabilistic seismic hazard estimates
are used to establish the DBE. These seismic hazard curves define the amplitude of
the grounc motion as & function of the annual probability of exceedance Py of the
specified seismic hazerd. Once the DBE is defined, the SSC is designed or
evaluated for this DBE using an adequately conservative deterministic acceptance
criteria. To be adequately conservative, the acceptance criteria must introduce an
additional reduction in the risk of unacceptable performance below the annual risk
of exceeding-the DBE. The ratio of the seismic hazard exceedance probability Py to
the performance goal probability Pg is defined herein as the risk reduction ratio, Rp,
1.e.:

Ra = i (1)
P
The required degree of consen.: in the deterministic acceptance criteria is 2
function of the specified risk on ratio.

The seismic design or evsluation criteria for 8 specific SSC is es ‘ablished in three
steps:

Step 1: Establish an acceptable approximate seismic performance goal for the
components being designed or evaluated.

H1125nblusdoscht 1-1




e R LT T, — LB sl i =R b e A bl | Rt e L S i A e T o el e g
R —— | A e s A Lo1omad 5 1 ;

Step 2: Establish a2 set of conservative seismic acceptance criteria which
introduce a significant reduction in the risk of unacceptable seismic
performance below the annual frequency of exceedance of the DBE.

Step 3: Establish the DBE at an annuai frequency of exceedance, PH. equal to
Rp (trom Step 2) times Pg (from Step 1), i.e..:

Pu = Ra{Pr) (2)

Table 2 provides & set of seismic hazard exceedance probabilities Py, and risk
reduction ratios Rg for Performance Categories, 1 thru 4 required to achieve the
seismic performance goals specified in Table 1. Sufficient conservation must be
embedded into the specified seismic acceptance criteria for each performance
category to achieve the desired risk reduction rativ, Rg. The next section defines . :
the required degree of conservation 1o achieve risk reduction ratios of 2, 5, 10 and
20. Subsequent sections then define conservative deterministic seismic evaluation
and design criteria which are aimed toward achieving this required cdegree of
conservatism,

H1123nblusdnechl 1-2 ‘



2. Required Level of Seismic Design Conservatism to
Achieve a Specified Seismic Risk Reduction Ratio

2.1 Derivation

Figure 1 presents two representative probabilistic seismic hazard curves expressed
in terms of mean annual probability of exceedance versus peak ground acceleration.
Curve A represents 2 hazard estimate for @ western higher seismicity site. Curve B
represents a typical hazard estimate for an eastern lower seismicity site.

Over any ten-fold difference in exceedance probabilities, such hazard curves may be
approximated by:

Hyg) = Kqa (3)
where Ha) is the annual frequency of exceedance of ground motion level “a," Kqis
an appropriate constant, and Ky is 2 slope parameter definec by:

1

AT {4)
"7 loglAg)

in which Ag is the ratio of ground motions corresponding to @ ten-fold reduction in
exceedance probability. The use of Equation (3) is squested in Ref. 3. From
Figure 1 comes the ground motion ratics and hazard slope parameters shown in
Tabie 3. These results are typical. For western higher seismicity sites, the Ag
ratios for mesn hazard curves will range from sbout 2.0 to 2s low as about 1.5
within the probability range from 10°3 10 10", For eastern lower seismicity sites,
the corresponding Ap ratios will range from about 2.0 to as high as about 3.75.
Furthermore, AR is not constant over prouability ranges that differ by an order of
magnitude, with Ag always reducing as the exceedance probability is lowered.

In order to compute the risk reduction ratio, Ry, corresponding to any specified
seismic design/evaluation criteria, one must alse define a mean seismic fragility
curve for 8 component resulting from the usage of these seismic criteria. This

mean seismic fiagility curve describes the probability of an unacceptable

H1123nb/usdoech? 2-1



performance versus the ground motion level, This fragility curve is defined as being
lognormally distributed and is expressed in zemm.q’-'i of two parameters: a median &
capacity level and a composite leganthmic standard dewiation P (see Ref. 2 for

] further amplification). To estimate this composite logarithmic standard deviation, it
is sufficient to estimate the 50% failure probability capacity Cgg and the capacity
associated with any one of the following failure probabilities: 1%, 2%, 5% or
10%. Then, the composite logarithmic standard deviation can be computed from
the ratio of these two capacity estimates. The standard deviation will generally lie
within the range of 0.3 to 0.5.

The probability, Pg of unacceptable performances is obtained by a convolution of
the seismic hazard and fragility curves. This convelution can be expressed by

either:
P | i SSALR P 3
= - 8 e
F 0 da Fla
Oi
- P
PF = H(a) g_F_/l da £b &
.l 0 de
where Prs is the conditional probability of failure given the ground motion level “g"
which is defined by the SSC fragility curve. Assuming & lognormally distributed
fragility curve with median capacity, Cso. and logarithmic standard deviation 8. and
defining the hazard exceedance probability Ha; by Equation (3], from Equation (5b)
cne obtains:
r b -
_Jne-m? ;
te 2
~K 1 2B
P =J {Kya ™™™} e da S¢
F 0 aBJZn ‘ ‘
M = inCgp
%
i
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(x-Mlz

-0 Kix .'{ 2}
PF=K‘I [e"]e 2p dx 5d

Then, solving this definite integral by the approach shown in Appendix A of
Reference 4 or other probability textbook ong obtains:

. 2
kM 1/ 2(K )

P = K1 Se
F
or from the previous definitions of M.
2
Ky W 2K 4B)
Pr = KiCgo 'He i 5¢

Defining Hp as the annua! frequency of exceedance of the DBE ground motion level,
from Equation (3): '

K. v
Ky = Hp [DBE) M 5S¢
fromm which:
2
Ho o 11 2Ky B)

Pe = g
F |
(Cgg /DBE)H -

Equation (5) is exact 50 long as the fragility is lognormally distributed and the
hazard curve is defined by Equation (3), {i.e., is linear-on 2 log-log plot). Equation
(8) will be used to derive the required level of seismic design conservatism to
achigve any specified seismic risk reduction ratio Rp.

H1123nbiusdosch2 2-3
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In order to accommodate ground motion, Ag, ratios ranging from 1.5 to 3.75 while
achieving 3 given required risk reduction ratio Rp by a specified degree of seismic

design conservatism, it has been found that the DBE must be defined as the larger
of:

DBE 2 apy (6a)

DBE 2 fyap¢ i6b)

where apy and apg are the mean ground motions at the seismic hazard probability,
Py, and probability performance goal, Pg, respectively, and f, is an empirically
derived factor to enable the reguired risk reduction ratio, R to be approximately

achieved over the wide range of Ag values. When the DBE is defined by Equation
(6a):

Hp = Py 7z

and thus the risk reduction réxio, RR. between the annual frequency of exceedance
of the DBE and the probability of an unacceptable performance is given b /:

2
; Rp = gf— = (Cgo /DBE) W g~ V2Ku P T

Alternatively, when the DEBE is defined by Equsation (6b):

’KH
HD = PP[DBEJ = PF (fa)-KH 7h

dpe

Substituting Equation (7b) into Equation (5) leads to:

i 2
() H = (Cgp /pBENH 1/ 2KKB) Bb

a

The required ratio (C5p/DBC) is given by Equation (Ba) when Equation (72) produces
a lower exceedance probability, Hp. than does Equation {7b). When (7b) produces
the lower, Hp, then (C5/DBE] is controlled by Equation (8b).

H1123nblusdoech? 2-4
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As an example, for Rg = 20, f; = 0.45, and a 10% failure probability, the
maximum Fpg occurs when Ag = 1.847 (i.e., Ky = 3.752) and B = 0.5. Thus,
NUM = 2.222 from Equation (12) and DEN = 1.188 from Equation (13) which
leads to the maximum Fpg of 1.87 shown in Table 42 for this case. Similarly, for
this same case the minimum Fpg occurs when Ag = 3.75 fi.e., Ky = 1.742) and
B = 0.5 for which NUM = 2.222, DEN = 1.527 and the minimum Fpp = 1.48
also shown in Table 4a.

As another example, for Rg = 20, f; = 0.5, and a 20% failure probability, the
minimum Fpg occurs when Ag = 3.75 (i.e.. Ky = 1.742) and p = 0.4833 for
which NUM = 2.0, DEN = 1.226 and the minimum Fpr = 1.63. However, when
this case is slightly changed to Rr = 20, {3 = 0.45 and & 20% failure probability,
the minimum Fpg ocours when Ag = 1.5 (i.e., Ky = 5.678) and B = 0.3 for which
NUM = 1.685, DEN = 0.997 and the minimum Fpg = 1.70.

Thus, the maximum and minimum Fpp values shown in 7 sbles 42 through 4d come
from differing combinations of Ap and p for the cases considered. In general, the
entire sample space of 1.5 < AR £ 3.75 and 0.3 < B £ 0.5 must be searched to fmd
the maximum and minimum Fpg values for each case.

From Tables 4a through 4d, note that for each RR ratio, the maximum to minimum
range on Fpg is minimum when the 10% failure capacity is used. This range is not
significantly increased when 5% or 15% failure capacities are used. However,
when either the median failure capacity Cs09% or the very low 1% failure capacity
C1% is used, the scatter range on Fpr becomes much larger which indicates that it
's much less desirable to define the required factor of conservatism Fpg in terms of
these failure probabilities insiead of the 1% failure pro'babiiity capacity.

In 2ddition, the meximum to minimum kg ratio is aiso miimum for each Ry ratio
when the f, values listed in Table 5 are used to define the DBE in Equauon (Eb).
Note for Ag ratios of 3.75 or less that for Rg = 2 Equatinn {6b) with fa £0.85

never ccmrols the DBE. Therefore, for Rg = 2, the DBE can always be defined by
Equation (Sa) and f4 is not applicable.

In conclusion, it is recommended that the DBE level be defined by the larger of

Equations (62a) or (6b) using f5 from Table 5, and the minimum required 10%
probability of failure capacity Cqpo be given' by:

H1123nbjusdoech? 2-6
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Cio% 2 Fg (DBE) (14)

Table € shows the required Fg .\ values to achieve the desired Rp ratio for various A
and § values. The required factors of safety Fg provided in Table S are roughly the
midpaint values shown in Table 6 with greatest weight being placed are the 1.65 s

Ag .£ 3.25 ratios within which the vast majority of probabilistic seismic hazard

curves are expected to lie. The Fnlxalues in Table 6 range from B6% to 110% of‘.___

very steep hazard curve [Ag = 1.5) combined with an unlikely high logarithmic

the required FR values listed in Table S except for the Rg = 2 case with an unlikely

t standard deviation (B = 0.5) for which F_R\exceeds the value in Table § by 21%. ¢—
’)

\

|

Equation (14) may be alternately written as: F&
Cio% =15Lg (DBE) ' (15)
Ls zFR/lS (15a)

where Lg is the seismic load factor defined in Tabie 5 for the specified risk
reduction ratic Rg. This alternate format is used in subsequent sections and in
UCRL-15910 (Ref. 1).

2.2 Validation

| However, actual hazard curves are not perfectly linear when plotted on 2 log-log
‘ scale (for example, see Figure 1). Therefore, Equation (3) which was used to derive
Eguation (8), and thus the resuits of the previous subsections, is only an
| approximation of an actual hazard curve. Essentizlly all hazard curves have
reduction in Ag (i.e., increasing Ky values) s the exceedance probability is
lowered, which shows up as & slightly concave downward hazard curve in Figure 1.
The combined eh‘eér of using Equation (3) to define the hazard curve, and the ¢re @& {7744:-
1 required factor of safety Fg values defined in Table 5 which approximate the values

- given in Table € will be shown in this section using both hazard curves A and B
from Figure 1.

For any shape hazard curve, the probability Pg of unacceptable performance may be
obtained by numerically integrating either Equation (52) or (Sb). From Equation (5a):

|
i
|
|
:
1
i
!
|
|
1
\
|
.a
|
!
1
!
a
i
!
i
|
|
i
|

|
|
|
|
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) i=1

wherez g is the center-of-g-avity ground motion ‘evel between 8j and a; 4. 1 defined

by:

ai+1

P ||
acgi = -fi:-i——-—- (16a)

JH(a) da
ai
and P-,-;aw_ is the conditional failure probability at ground motion level a &g -
]
Assuming a piecewise linear nazard curve defined locally by Equation (3) between 2;

and g; 4. 1and defining the local slope parameter K, by:

v % ]DQ(H‘ai) IH(ai-ﬂ’)
B~ Tloglla joq) /12)) (16b)

then Equation (16a) gives:

(16c)

H1123nblusdoech? 2-8
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The use of Equation (16¢) to define acq, improves the accuracy of Equation (16)

over that obtained using the midpoint acceleration and thus permits larger
acceleration steps to be used.

The hazard exceedance values versus peak ground acceleration from Figure 1 are
tabulated in Table 7 for seismic hazard curves A and B. Table 8a presents for
seismic hazard curve A (Figure 1) and performance categories 2, 3 and 4 tha
required DBE level (from Equation (6a) and (Eb)), the required 10% probability of
tailure capacity Cype (from Equation (14) and Table 5)), the resultant 50% failure
probability capacity Cgq for several logarithmic standard deviations {from Equation
10}, and the resulting unacceptable performance probability Pg obtained from
Equation (16) using these capacities. Table 8b presents similar results for seismic
hazard curve B {Figure 1). Table @ presents an example solution of Equation {16)
for the case of seismic hazard curve B, performance category 3, and logarithmic
standard deviation, R, of 0 4 to illustrate how the resu!.ting Pg resuits given in
Tables 82 and 8b were obtained.

For the 18 cases presented in Tables 83 and 8b, the basic criteria of the previous
subsection leads to probabflities of unacceptable performance which range from
72% to 119% of the desired performance goal probabilities. This excellent
prediction of failure probatilities validates the basic criteria of the previous section.

2.3 Conclusion

The performance goals are eccurately achieved over a wide range of hazard curves
and fragility curves when:

1. The DBE is defined from probabilistic hazard curves by Equations (6a)
and (6b) where 1, is defined as a function of Ry in Table §.

2. The required 10% probability of failure seismic capacity Cio% is
defined by Equation (14) wtiere Fg is also defined as a function of Ry
in Table 5.

H1123nbjusdoech? 2-9
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These two steps represent the basic seismic acceptance criteria.

The most general approach to demonstrate compliance with the above basic
seismic criteria is as follows:

Establish the DBE ground inotion.

2. Define a Scaled Design Basis Earthquake (SDBE) ground motion by
increasing the DBE ground motion by the required safety factor Fgr.
i.e.:

SDBE = Fg (DBE) ‘ (17)

3 Perform suffic‘iem linear analyses, nonlinear analyses, testing, etc., to
reasonably determine that for the combination of the SDBE with the
best-estimate of the concurrent non-seismic loads there is less than
about 8 10% probability of unacceptable performance.

Any seismic evaluation approach which is consistent with the above three steps is
an acceptable agproach to approximate the desired performance goal and is thus
permitted in UCRL-15910 (Ref. 1). However, most seismic design and evaluation
engineers prefer to work with a deterministic evaluation procedure based on elastic
analysis and code capacities in lieu of the quasi-probabilistic approach defined
above. Therefore, UCRL-15810 provides deterministic seismic evaluation
procedures which are aimed toward achieving the basic seismic acceptance criteria
defined above. The basis for these deterministic seismic evaluation procedures is
presented in Section 3 for Performance Categories #1 and #2. (Rg = 2} and in
Section 4 for Performance Categories #3 (Rg = 10) and #4 (Rg = 20).

H1123nblusdoech? 2-10
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3. Deterministic Seismic Acceptance Criteria
for Performance Categories # 1 and #2

For Performance Categories (PC) #1 and #2, the risk reduction ratio, Ry, is 2 as
specified in Table 2. For Rg = 2, from Teble 5, Fg = 1.0. Thus, to achieve a risk
reduction ratio of 2, there needs to be about @ 10% probability of unacceptable
performance when a SSC is subjected to the DBE. Based on experience from past
earthquakes, normal building codes such as the Uniform Building Code

(Reference &) result in less than a 10% probability of unacceptable performance
when a8 SEC is subjected to the DBE which corresponds to Z for the Uniform
suilding Code.

Therefore UCRL-15810 specifies that the Uniform Building Code provisions be used
for the seismic evaluation of PC #1 and #2 SSC, except that the DBE specified by
Equation (Ba) be used for Z in the code equations.

H1123nbluedoech3 3-1
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4. Deterministic Seismic Acceptance Criteria
for Performance Category #3 and Higher

4.7 OQverview of Deterministic Seismic Criteria

UCRL-15210 specifies for PC #3 and higher that the seismic evaluation must be performed
by a dynamic analysis approach. By this approach, an elastic response analysis to
determine the elastic-computed seismic demand Dg from the DBE is first performed. The
elastic seismic demand is computed in accordance with the seismic analysis requirements
of ASCE Standard 4-86 (Ref. 6) with one exception. ASCE Standard 4-86 requires that
the design response snectrum be defined using mean-plus-one-standarg-deviation-level
amplification factors. Unfortunately, this requirement is not compatible with the DBE being
defined at @ specified mean annual probability of exceedance, s is required in UCRL-
15910. Mixing these two requirements wc;uid lead to & DBE response spectrum which has
a variable mean annual probability of exceedance over the natural frequency range of
interest, ranging from the specified mean annual probability at high natura’ “;equencies
{above about 33 Hz) to substantiaily less than the specified mean annual probability at
natural frequencies of © Hz and lower. The resulting variable conservatism cannot be
easily accommodated in probabilistic performance goal-based criteria. Therefore, in UCRL-
159189 a mean (or median) site-specific response spectrum shape is used s0 as to maintain
a consistent mean annual probability of exceedance over the entire natural frequency range
of interest. Even with the above exception, elastic seismic demands are slightly
conservatively computed.

Next, thiz elastic computed seismic demand Dg is factored by dividing it by a permissible
inelastic demandicaparity factor, Fy (slso oiten called an inelastic energy absorption factor

or ductility factor) and muitiplying by an appropriate seismic load factor, Lg, to obtain an
inelastic-factored estimate of the seismic demand Dg;, i.e.:

D
Dg ZLS?& (18)

where L must correspond to the desired Rp ratio, as given in Table 5. The F}i values
given in UCRL-15810 are simed at achieving a Ry ratic of 10. The Lg factor in Table 5
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are used to adjust the risk reduction ratios to other vai.es as previously shown in
Section 2.1. The establishment of Fy, values is further discussed in Section 5.

The total inelastic-factored demand Dty is then given by:

where Dyg represents the best-estimate of all non-seismic demands expected to occur
concurrent with the DBE. This total inelastic-factored demand D is held less than the
code-specified minimum ultimate or limit-state capacity C, i.e.:

Cc 2 Dy (20)

Eqguations (18) and (20) represent the DBE load-combination. and seismic acceptance
criteria appropriate for the DBE, respectively. For use in Equation (20), C. must include
the code specified capacity reduction factor, $.

The deterministic seismic acceptance criteria summarized above and defined in detail in
UCRL-15810 is aimed toward gpproximately satisfying Equation (14) and thus achieving
the desired risk reduction Ry ratio as is demonstrated in the next subsection. However,
considerable judgment and use of estimated factors of conservatism and variabilities from
past seismic probabilistic risk assessment studies (e.g., Ref. 7) is necessary. Therefore,
great rigor or guantitative accuracy in achieving these seismic risk reduction factors should
not be implied. The factors merely served as target goals in developing the criteria. It is
expectec that the specified risk reduction Rp ratio is achieved by the above deterministic
seismic acceptance criteria at least within a factor of two accuracy, which should be
adequate.

4.2 Bench Marking Studies for Deterministic Seismic Acceptance
Critesia . ‘

4.2.1 Basic Derivation

IF Fg is defined as the median seismic factor of safety. then

Fe = =50 -Onsso tulo . 213
Dsso

H1122nblusdoechd 4-2
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where Cg0. Dng50. 2nd Fug0 are median estimates of the capacity, non-seismic demand,
seismic demand. and inelastic energy absorption factor, rpspectivﬂy. In turn,

Cgo = FcC¢
Dysso = FnsDns
Dgso = Dg /Fg
F;&SO o Fle

{22}

where Cq, Dyg, and Fy are the capacity, non-seismic demand, seismiz demand, and

inelastic energy absorption factor, respectively, computed in accordance with the guidance
of UCRL-18510 as summarized in Subsection 4.1 and Fg, Fys, and Fr and F; are the
estimated median factors of conservatism associated with this guidance for each of these
terms. Combining Equations (21) and (22) and rearranging:

D
Fr Fi [Fc *Fws(“lﬂiJ]

c
it (23)

()

The variability of this factor of safety may be defined in terms of its logarithmic standard
deviation Bgg given by:

FS=

112
Prs = (Bé +B,2+ﬂés) T

where g, Bj and frg are the logarithmic standard deviations for the respense, inelastic
energy absorption, and seismic capacity, respectively. In turn, Bcs may be approximated
by:

{(Fcﬁc )2) + [FnsPns(Ons /Cc)lz}uz

Fec - Fys (Ons /Cc)

Bes = (25)

-
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where B and Byg are the logerithmic standard deviations for capacity and non-seismic
demand, respectively.

Based upon combining Eguation (10} and (185), the required median factor of safety FS.R o

needed to achieve the desired risk reduction ratio is:

1.282B¢g
= 26)
Fsﬂqd 1.5L {
The ratio of Fg from Equation (23) to Fgpqq from Equation (26);
F
Rpg = =9 (27)
Fsrqd

defines the adeguacy of the deterministic seismic criteria. Th: value of Rgg should be
close to unity. If it is substantially less than unity, the criter a are nonconservative. If it
substantially exceeds unity, the criteria are more conservativy than necessary.

In order to evaluate Rgg, factors of conservatism and variabilities must be estimated for
seismic demand (response), non-seismic demand, capacity and inelastic energy absorption
{ductility). Such estimates are made in the following subsections.

4.2.2 Seismic Demand (Response)

As summarized in Section 4.1, in UCRL-159210 the elastic-computeé seismic demand is to
be cobtained in accordance with the requirements of ASCE 4-86, except that mean input
spectral amplifications ere to be used instead of mean-plus-one-standard-deviation
amplifications factors. Based upon Reference B, the ratio of mean-plus-one-standard-
deviation to mean spectral acceleration amplification factor averages about 1.22 over the
7% to 12% damping range applicable for most structures. In addition, as noted in its
foreword, ASCE 4-88 is simed at achieving about 2 10% probability of the actual seismic
response exceeding the computed response, given the occ_rrence of the DBE. Thus. the
median response factor of safety Fp can be estimated from:

e 2820

M . St i (28)
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2.084p
FC = 82'05‘”5(; FC ,1.33e i
Fo = 1.5 Fe = 2.0 (31)
Pc = 02 Pe = 0.2

The following low-ductility example of a longitudinal shear failure of 2 fillet weld
connection is illustrative of the evaluations which have led to the estimates given in
Equation (31). Note that the transverse shear capacity of a fillet weld exceeds the
longitudinal shear capacity, yet tt code capacity is the same in both directions.
Therefore, basing this example on ¢ longitudinal shear failure mode produces & lower
estimated capacity factor of safety Fp than for a transverse shear failure mode.

Based upon extensive testing of fillet welds under longitudinal shear reported in Reference

A
g and 13, the median shear strength, T\, of the fillet weid can be defined in terms of the

"
median uitimate strength, ¢y, of the electrode by:

N N
 }

= 0.840y (32)

with an equation logarithm:= standard deviation, Bgan. ©f 0.11. The median ultimate
strength is defined in terms of the minimum code nominal tensile strength, Fgxx. by:

g
o = *WFexx (33

with a logarithmic standard deviation, Bppat. of 0.05. In addition, 8 logarithmic standard
deviation, Brag, of 0.15 due to fabrication tolerances should be considered for normal
weiding practice. The code shear capacity 1, specified in AISC-_RFD {Ref. C.2) for the
limit state strength approach for design is:

e = 0.75(0.8)Fgxx (34)

Thus the median capacity factor of safety Fp is :

F11Z3nblusdoechs 4-8
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tc 0.75(0.6)

Fe= = 2.05 (35)

with the capacity logarithmic standard deviation, .. estimated to be:

BC )1!2

2 2 2
(BEQN + Puar * Prag

2
[(0.11)2 + 10.05)2 (0.15)2] = 0.19

Many other ductile and low-ductility failure mode capacity examples which also support
the reasonableness of the estimates presented in Equation (31) are available in reported
seismic probabilistic risk assessment studies such as Reference 7 and in Reference 13.

4. Inelasti Absorption Fa

Based upon the seismic demand conservation estimated in Equation (2%) of Subsection
4.2.2 and the capacity conservation estimated in Equation (31) of Subsection 4.2.5, it has

been found that to obtain a ratio Reg for obtained to required median factors of safety of
about one or more, the inelastic energy absorptiun factor, F"l should be defined by:

Fy = Fuse (37)

where F5¢;, is the estimated inelastic energy absorption factor associated with 2

permissidle level of inelastic distortions specified at about the 5% fzilure probability level,
The adequacy of Equation (37) will be illustrated in the rexs subsection,

With the inelastic factored seismic demand, Dg;, defined by Equation (18) and
Fu defined by Equation (37), the resulting median inelastic factor of safety, Fj jg.

F
F = Ls[—“-“‘% * Lse"55‘3' (38)
Fus%
H1122nblusdoschd 4.7
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The inelastic variability logarithmic standard deviation B will increase with increasing
Fus9. For a low-ductility failure mode where Fug o is conservatively specified to be 1.0,
in order to be consistent By must be set to zero since Fu cannot drop below 1.0, However,
for 2 ductile failure mode for which Fuge, = 1.75, B is estimated to be about 0.20. This
estimate corresponds tc @ median Fugge, = 2.4 and 2 1% failure probability estimate of F
H19 = 1.5 which are reasonable for Fuge, = 1.75. For this demonstration, both ductile
and low-ductility failure modes will be investigated with the following F; and B, factors

being used:
Low Ductility Case Ductile Case
Fus% = 1.0 1.75
Fl = LS 1.4 Ls

The individual median factors of conservatism Fg, Fyg. Fe and F; and corresponding

logarithmic standard deviations estimated in Sections 4.2.2 through 4.2.5 are summarized
in Table 10. Using these estimates, the seismic criteria factor of safety Fg (from Equation
(23) and the required factor of safety Fgrqg (from Equation 28) are shown in Tables 11
and 12 for the low-ductility and ductile failure cases, respectively, for (Dyg/Ce) from O to
0.6. In order to satisfy non-seismic load combinations and acceptance criteria, the
expected non-seismic demand Dyg should not exceed 60% of the code strength capacity
Cc. Therefore, Tables 11 and 12 cover the full expected range of {Dyg/Cc). Both the
required safety factor, Fgpqqd. and Fj used in Equation 22 to define the achieved safety
foctor Fg are proportional to the seismic load factor Lg. Therefore, Lg may be dropped out
of the comparisons. Tables 11 and 12 are for Lg = 1.0, but the resulting ratio Rgg of Fg
to FSqu is also applicable at pther seismic !oéd factors.

For the ductile fail.re mode (Table 12), the achieved factor of safety and required factor of
safety are in close agreement over the entire range of {Dyg/Cc). Similar close agreement
exists for the low-ductility failure mode (Table 11) up to a (Dyyg/Cc) value of 0.4. For
{Dng/Cl velues beyond 0.4 and low-ductility failure modes, the seismic criteriz become
more conservative than desired. However, the conservatism cannot be removed without
becoming nonconservative in other cases if simple deterministic seismic criteria are to be
maintained.

HM1123nblusdoeché 4-8
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In order 10 study the sensitivity of these conclusions to the assumed value of Byg = 0.20
shown in Tebie 10, the iow ductility and ductile failure mode cases shown in Tables 11
anc 12, respectively, were repeated for Biyg = 0.40 with all other parameters held at the
values shown in Table 10. The achieved safety factors Fg shown in tables 11 and 12 are
not influenced by Bpyg so that they remain unchanged. At (Dys/Ce) = C, the required
safety factors FSRrqd are alsc not infiuenced by Bng so that they also remain unchanged.
The largest change occurs for Fgpaqd 2t (Dyg/Ce) = 0.6. At this value, for the ductility
failure mode, Fgrag is increased to 2.67 for Byg = 0.4 versus 2.58 shown in Table 11
for Byc = 0.2. Similarly, for the ductile failure mode, FSRqd is increased to 3.07 versus
2.88 shown in Table 12. In both cases, FSRqd remains below the achieved safety factor
Fg and the conclusions of the previcus paragraph remain unaitered. In fact, the agreement
between Fg and Fgpqg is improved over the entire range of {Dng/Ce) ratios. Therefore,
even when the non-seismic demand is highly uncertain, only the best-estimate (no
intentional conservatism) non-seismic demand should be combined with the seismic

demanc.

Thus, the deterministic seismic acceptance criteria defined in UCRL-15810 for PC#3 and
higher categories either achieves or exceeds the required degree of conservatism defined
by Equation (14).

4.3 Minimum Required Ratio of TRS To RRS for Equipment
Qualified by Test

For equipment quaiified by test, the minimum ratic of the TRS to the RRS needed to
achieve the seismic margin specified by Equation (15) is defined by:

151 282Prs

(TRS /RRS) = (40)

Fr F¢

where Pgg is defined by Equatien 24 znd Fg 8nd Fp are defined in Equation {22).
Estimates of the median response factor of safety Fp and veriability for equipment are
presented in Equation (29).

An estimate of the medier capacity factor of safety Fe is impossible to make for
equipment qualified by test. All that can be estimated from such 2 test is 2 lower bound
on Fc, and even this estimate is difficult. Standard test procedures use broader frequency

H1123nblusdoechd 4.9
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content and longer duration input than is likely from an actual earthquake; and to pass the
test, the equipment must function during and after such input. Therefore, Fe must
substantially exceed unity. However, such tests do not typically address the possibie
sample-to-sampie variability in the seismic capacity of the tested equipment, because it is
typical to test three or fewer samples of a component. Based upon Appendices J and Q of
Reference 13, it is judged that such qualification testing provides scmewhere between
80% and 58% confidence of acceptable equipment performance at the TRS levei, or
failure probabilities for equipment that passed such a3 test between 2% and 10%. Thus:

Fc 2 eXpPc (41

Where Xp is the standard normal distribution factor associated with an assumed failure
probability. Based upon a review of fragility resulits presented in Bandyopachyay et &l.
(Reference 14), B is estimated to be about 0.20 for equipment qualified by test.

Fer equipment qualified by test:

% . %
Brs = (82 +82)" = ((0.35)*+(0.20)*) " = 0.40 (32)

Thus, from Equation (40) with Fg = 1.28 from Equation (29):

Assumed Failure Lower Bound
Probability P Xp Fe (TRSIRRS)ILS
{Eq. 41)
2% 2.084 1.5 1.3
8% 7.645 1.4 1.4
10% 1.282 13 1.5

Using the midpoint velve within this range:
(TRS/RRS) = 1.4 Lg (43)

and:

H1123nbiusdoncha 4-10
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Rn Le (TRS / RRS)
20 1.15 1.6
10 1.0 1.4
5 0.87 1.2
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DAFge, = Dynamic amplification factor from the 5 percent ground
response spectium at the natural period of ths facility

W =  Tota! weight of the facility

Rw =  Reduction coefficient accounting for available energy absorption
{Reference 5)

Expressed in & similar manner, the PC#3 required seismic demand can be
approximated as:

D3 = (DBE) (m) (DAFz9) (W) [ Fy {4%)

Where:

m = A factor accounting for the difference in spectral
amplification from 5 percent to the damping appropriate
for the facility in accordance with UCRL-15810 a.g..

m = 0.8 for 7 percent damping

m = 0.8 for 10 percent damping

m = 0.7 for 15 percent damping
Fu = Inelastic energy absorption factor

However, D3 must exceed Dy by the ratios of the required factor of safety in Table
§ for PC#3 (Rg = 10) versus PC#2 (Rg = 2) and by the ratio of PC#3 to PC#2
importance factors (I3 / 12) required because of the more stringent performance
goal! description for PC#3. Thus:

D2 \Fr2/\l2

From Table 5:

Hi123nbusdoschs 5-2
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(-—'13-) =15 @7
Fr2

and from judgment:

: (EJ =133 (48
._ In

Combining Equation (44), (45), and (46):

Fu = : . {42)
(21123 (r) ('2)
I2) \Fr2
Substituting in the appropriate values of | 2 = 1.28, (':1) = 133,
3
(73]
and = 15
Fr2
m
F, /Rw = 5
w/fW= e =

| where:
|
t
m = 0.8 for steel (7% damping)
. m = 0.8 for concrete (10% damping)
( m = 0.75 for masonry (12% damping)
| m = 0.7 for wood (15% damping)

LF = 1.3 for steel

LF ™ 1.4 for concrete and masonry
| H1123nblusdoschs 5-3
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Values of inelastic demand-capacity ratio, FP' from Equation {50) along with values

from the DOD essential facilities seismic provisions (Ref. 15), are presented in Table
14 for many structural systems, materials, and construction. Note that these
values are used differently in that the Fy value in UCRL-15810 is appiied to
response due to seismic loads only; while, by Reference 15, the inelastic demand-
capacity ratio is applied to response due 1o total load. Thus, the Ref. 15 results
must be somewhat increased to be comparable.

The inelastic demand-capacity ratios from Equation (50} are based on the structurel
systems for which reduction coefficients, Ry, are given in the UBC provisions.
These provisions give different reduction coefficients for bearing wall systems and
for building frame systems in which gravity loads are carried by structural .nembers
that are different from the lateral force resisting system. In addition, the UBC
provisions distinguish between different levels of detailing for moment resisting
space frames, between eccentric and concentric braced frames, and between single
and dual lateral load resisting systems. Consequently, Eguation (50) results in more
inelastic demand-capacity ratios than Reference 15, which does not make the
above distinctions. On the othei hand, DOD provisions give different inelastic
demand-capacity ratios for ‘individual members of the lateral load-resisting system,
while UBC reduction coefficients refer to all members of the lateral load resisting
system.

In general, there is reasoﬁable agreement between the inelastic demand-capacity
ratios from Reference 15 and those computed from Equation {50). For example,
the DOD inelastic demand-capacity ratio for concrete shear walls is between the
vaiues for bearing and non-bearing walls from the equations. The DOD values are
much lower than the values computed when shear walls act as a ducl system with
ductile moment-resisting space frames to resist seismic loads. The inelastic
demand-capacity ratios for braced frames agree fzairly well when the bracing carries
no gravity loads. When bracing carries gravity loads, values for steel braced frames
are in good agreement, but based on Equation {50). no inelastic behavior would be
permitted for concrete braced frames or wood trusses. The DOD inelastic demand-
capacity ratio for beams in 2 ductile moment-resisting frame fall between values
from the equations for special and intermediate moment-resisting space frames
(SMRF and IMRF as defined in Reference 5). However, the DOD values for
columns are iow compared 1o vailues derived from the code reduction coefficients.

H1123nblusdoechs 5-4
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Based upon the data presented in Table 14, the inelastic demand-capacity ratios for
seismic design and analysis of PC#3 on higher SSC presented in Table 13 have
been selected. Because of the reasonable agreement with the DOD values from
Reference 15 combined with the capability to distinguish between a greater number
of structural systems, the values derived from Equation (50) have been given
somewhat more weight for Table 13 than Reference 15 values. The only major
exception is that Reference 15 values for columns have been utilized. Increased
conservatism for columns as recommended in the DOD manual is retained. in
addition, Reference 15 provides slightly different values for different members
making up braced frames, and these differences are retained.
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Table 5-1

Structure, System, or Component ($SC) Seismic
Performance Goals for Various Performance Categories

Performance
Category

Performance Goal
Description

Seismic Performance
Goal Annual Probability of
Unacceptable
Performance

Maintain Occupant
Safety

= 1073 of the Onset of
ssc!l) pamage to the
Extent that Ozcupants
Are Endangered

Occupant Safety, '
Continued Operation with
Minimal Interuuption

" 5x10"¢ of SSC Damage
to the Extent that the
Component Cannot
Perform its Function

Occupant Safety.
Continued Function,
Hezard Confinement

-10"4 of SSC Damegs 10
the Extent that the
Component Cannot
Perform its Function

Occupant Safety,
Continued Function,
Hazard Confinement

“10°5 of SSC Damage to
the Extent that the
Component Cannot
Perform its Function.

(1) SSC Refers 1o Structure, Distribution System or Components (Equipment)
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Table 5-2

Seismic Performance Goals & Recommended
Seismic Hazard Probabilities

ST Seismic Hazarg Ratio of Hazard
Performance | Seismic Performance Exceedance te Performance
Category Goal, Pe Probability, P,, Probability, R
1 1210-3 2x10-3 ..
2 5x10-3 1x10-3 2
3 1x10-3 1x10-3 10
4 1x10-5 2x10-4 20
H1123nbjusdoschs 5-8
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Table 5-3

Typical Ground Motion Ratios and Hazard Slope Parameters

Hazard curve Prot.ability Range AR KH

A {Western) 10°3 10 10°4 2.0 3.32

A (Western) 10°% 10 10°° 1.67 4,49

B (Eastern) 10-3 to 1074 2.31 2.75

B (Eastern) 1074 10 1079 2.13 3.05
H1123nblusdo:oh’ 5-9




Table 5-4a

Maximum and Minimum Required Safety Factors Fpr To Achisve a
Risk Reduction Ratio of Rn = 20 For Capacities C o Defined at

Various Failure Probabilities and Various fa Vaiues

H1123nb/usdoschs

MinFre

Lowest ratio case

5-10

Parameter Range: 1.5 € Ag < 3.25 0.3 £ P s 05
Cepacity Cp .
Fpr Range
Probability oy T

" 4 1.62
121 qss | 13 s | 188 148 | 18244

78 86 0,97 1.0

b 6 177 1.98
LIRS B DO I TR B PP

1.09 121 134 134

0%

182 130 | P87 _jog | 1% s | 221,

131 1 46 149 1.49

b 2.05 224 2.43
30 | 2l | 22 10 | 2810

14 1.60 1.60 1.60

it 47 2.68
226 q30 | 2B a7 | 247 a5 | 268,

1.63 170 1.70 1.70

ko 1.45 5 3.76 4.08
220160 | 2816 | 2. 0m 1A i

2.16 219 219 219

* Key to read table: MaxFen Ratio
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Table 5-4b

Maximum and Minimum Reqguired Safety Factors pr to Achieve 2 Risk
Reduction Ratio Of RR = 10 for Capacities C 0 Defined at

Various Failure Probabilities And Various f' Values

H1123nblusdoochS

MinF e

Lowest ratio case

5-11

Parameter Range: 1.5 € Ag s 3.25 0.3 sps0O5
Capacity Cp .
F Range
Probability Fé "

f, = 0.55 i, = 0.5 f, = 0.45 fa = 0.4

i 6 1.26 1.39
108 v | 18 16 | B | 2L
0.71 0.78 86 0.92

e 4 1.54 7
s | A% s == i3] 17 4

99 1.09 1.18 118

10% | . :
.l_;ﬁ.l.zl‘:ag .l_é_l.=]2_3] LZ 130 3—?13145
119 [1.31 | 132 1.32

15%
183 o138 | BMaip | Maun ] £eia
1.35 1.42 1.42 1.42

. 00 2.09 2.25
20 a3 | 2o | 2 | 2 aise
1.4 1.50 1.50 1.50

50% e .
305 L1587 30 e 242 « 154 282 Lk
1.94 1.94 1.94 1.94

* Key to read table: MaxFr Ratio



Table 5-4c

Maximum and Minimum Required Safety Factors Fpr to Achieve A Risk

Reduction Ratio of R

Failure Probabilities and Various f 3 Values

= 5 for Capacities C 5 Defined at Various

H1123nblusdoecht

MinF s

Lowest ratio case

Parameter Range: 1.5 £ Ag € 3.25 0.3 sP <05
Capacity Cp .
F Range
Probability ey c
fa = 0,65 fa = 0.6 fa = 0.55 fa = 0.5
1% ) :
Qil =152 9-—9-6- = 1.48 L—z- = 1,44 ..l_.l_.. = 1.43
0.6 0.65 0.7 0.77
5% ‘ : '
119 e 1Y e in 12 - 136 136 .40
84 0.91 0.99 1.05
sy 4 1.51
4 : ‘ .
L4z _ 4 142 130 | %20 e 2 1,29
1.0 1.09 117 117
15% ) ) N
181 e 18 s | Bllin | 184
11 173 1.26 1.26
20% .
L0 ere0 | 28 oo L 28 s b LT iy
1.26 13 1.33 1.33
50% > )
23016 1 010 | Rl | 2B
1.66 .71 L71 .71
* Key to read table: MaxFm Ratio
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Table 5-40

Maximum and Minimum Required Safety Factors pr to Achieve & Risk
Reduction Ratio of HR = 2 for Capacities C 5 Defined at Various
Failure Probabilities and Varicus fa Values

H1123nblusdoechS

Lowest ratio case

5-13

Parameier Ran 1.6 £ AR £ 3.25 0.3 £ B s 05
Capacity Cp .
F Range
Probability T .
o 78 0.80
D72 cqae | BT yan | 078 i3 | 280 a
0.49 0.52 056 0.56
o 0 0 1.01 1.01
-!—'-1-=149 ~]—’-—1-=138 —z 1.29 — = .28
0.68 0.73 .:78 0.79
10% . -
121 e | 221 qep ! 121 a0 |2
82 0.87 .94 0.95
Hew 7 7 7 G |
237 a7 | 137 _yag | 137 050 | B3 im
0.93 0.99 1.0 1.04
20% s
13 crae | 1Bl iae 131 136 LT
1.02 1.09 L1 1.11
- 0 2.30
230 190 | 2016 | 2016 | 23,6
1.35 1.42 1.42 1.42
* Key to read table: M?'XF" = Ratio
PR 4
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Table 5-5

T S SR SN L B R Py T8

DBE Factors, Factors of Safety, and Seiémic Load Factors
Required to Achieve Various Risk Reduction Ratios

Risk Reduction Required Factor of Seismic Load
Ratio, RR DBE Factor, ’a Safety, FR Factor, le

20 0.45 1.7 1.18
10 0.5 1.8 1.0
5 0.55 1.3 0.87
2 N.A.2 1.0 0.87

‘ L¢ = Frirs

2 N.A. = Not Applicable

H1123nbusdoschs 5-14
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Table 5-6

of 20,10,5

Required Gafety Factors Fpr to Achieve Risk Reduction Ratios RR

x and 2 Corresponding to 10% Failure Probability Capacities C10% andfa
g Values from Table 5-5 for Various A and B Values
<
a
s
w
FpR
Ap KH R = 20 R = 10 Reb R-2
B=30|08«.40|6=50]08=~.30{0=40 0«50 0=30!0=.40|08=.50)8=.30|0 =408« 50
3.75 1.74 1.64 1.53 1.46 1.43 1.38 .3 1.34 1.25 1.19 1.10 1.03 n.98
3.25 1.95 1.65 1.56 1.49 1.49 1.40 1.34 1.35 1.27 1.22 1.06 1.00 0.96
w .
o 2.75 2.28 1.68 1.60 1.56 1.51 1.44 1.40 1.37 1.31 1.27 1.02 0.97 0.95
2.2% 2.84 1.72 1.67 1.67 1.5% 1.50 1.50 1.36 1.32 1.32 0.99 0.96 0.96
2.05 aNn 1.76 1.72 1.75 1.57 1.65 1.57 1.30 1.28 1.3C 0.98 0.96 0.98
| 1.85% 3.74 1.79 1.79 1.87 1.49 1.49 1.56 1.24 1.24 1.29 0.97 0.97 1.01
|
; 1.65 4.60 1.61 1.66 1.80 1.38 | 5% = 1.54 L9 1.23 1.33 0.87 1.01 1.09
!
| 1.50 5.68 1.49 1.60 1.82 1.32 1.41 1.61 117 1.25 1.42 0.99 1.07 .21
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Table 5-7
Probabilities for Hazard Curve A and B from Figure 1
Curve A Curve B
Acceleration Exceedance Probability Acceleration Exceedance Probability
a (g) Hiel %(10"3) a g Hia) ;(10-5]
14 500 0.07 500
225 200 0.10 200
.30 100 0.13 100
.38 50 0.17 50
.50 20 0.24 20
.60 10 0.30 10
W& 2] 0.38 5
87 2 0.51 2
1.00 i 0.64 1
1.14 0.5 0.775 0.5
1.33 0.2 0.87 0.2
) 1.48 1 1.12 0.1
J
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Table 5-8a

Minimum Acceptable Fragility Factor & Resulting Annual

Probability of Unacceptable Performance PF for Hazard Curve A

Performance DBE (g) Eqn's C10% (g) Ean Logarithmic Cs0% ‘g) PE
Category Goals (6a) & (6b) {14) & Tabie 5- Std. Dev. Ean (10)
5
Py = 2x104 0.50 0.85 0.3 1.249 0.88 x 10°5
24 Rg = 20 (6a) 0.4 1.42 0.84 10°5
P = 1x105 0.5 1.614 1.13x 10°5
Py = 1x103 0.30 0.45 0.3 0.661 1.19 x 1074
#3 Rg = 10 (6a) 0.4 0.752 1.10x 104
P = 1x10° 0.5 o.és4 1.09 x 104
Py = 1x10°3 0.30 0.30 0.3 0.441 4.4 x 104
#2 Rg = 2 {6a) 0.4 0.501 3.9 x104
Pp = 5x10°4 0.5 0.570 3.6 x 1074
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“Fable 5-8b

Minimum Acceptable Fragility Factor & Resulting Annual

Probability of Unacceptable Performance PF for Hazard Curve B

Performance

DBE (g) Eqn's C10% tg) Eqn Logarithmic Csoo (g) Pg
Category Goals (6a) & {6b) (14) & Table &- Std. Dev. Eqn (10)
5
Py = 2x104 0.238 0.49 0.3 0.72 1.02 x 10°5
#4 Rp = 20 (6b) 0.4 0.818 0.94 10°5
P = 1x10°5 0.5 0.93 0.96 x 10°5
Py = 1x10°3 0.1 0.225 0.2 0.330 1.10 x 1074
82 Rp = 10 (6b) 0.4 0.376 1.00 x 104
Pe = 1x10-4 0.5 0.427 0.98 x 10-4
Py = 1x10°3 0.13 0.13 0.3 0.191 5.0 x 104
#2 Ry = 2 (6b) 0.4 0.217 4.5 x 104
Pg = 6x10°4 0.5 0.247 43 x104




Table 5-¢

Example Solution of Equation (16} for Hazard Curve B,
= 0.376g.8 = 0.40

Performance Category 3. C

i

Acceleration | Exceedance C.G. (1) (2)
a Probability Acceleration Conditional Probability {1) x (2)
(g) Hia) 8cq Failure | Hazard Within | {10°
:& 10-5) (g) Frobability Range
Prliacg Hisi = His.g
{10%)
.07 500
.0828 0000775 300 .02
10 200
333 00133 - 100 13,
13 100 2
.148 00888 5C A9
17 50
.200 0873 30 7R
24 20
.266 183 10 1.83
.30 10
.335 .3886 <] 1.83
38 5
435 842 3 1.83
e 3 2
568 849 1 .85
.64 1
700 .940 X A7
I7S 5
858 .88B0 3 =
87 2
1.036 .894 o3 10
1.12 N
= 10 .10
Pe = T(1) x(2) = .96 x 10™°
H1123nb/uedoschs 5-19



Table 5-10

Estimated Factors of Conservatism and Variability

Low Ductility Mode

Ductile Mode

Factor Fus% = 1.0 Fus% = 1,75
Seis:mic Demand (Response)
Fr 1.2 1.2
Bp 0.3 0.3
Non-Seismic Demand
FNS 1.0 1.0
Bns 0.2 0.2
Capacity
Fe 2.0 1.5
B 0.2 0.2
Inelastic Energy Absorption
F Le 1.4L4
By 0 0.2
5-20

H1123nblusdoechs







Table 5-12

Comparison of Achieved Safety Factor to Required
Safety Factor for Ductile Failure Mode

(F

=175 L = 1.0)
s

15 %
r Reouired Achieved
Safety Factor | Safety Factor Rrs
DNS /1C = Fg lFs
¢ Bcs BFs £ Fg Rqd
SRad
0 0.20 0.41 2.54 252 0.88
0.1 0..1 0.42 2.57 2.61% 1.02
0.2 0.23 0.43 2.60 2.73 1.05
0.3 0.25 0.44 2.64 2.88 1.08
0.4 0.28 0.48 2.70 3.08 1.14
) 0.5 0.32 0.48 2.77 3.286 1.21
0.6 0.36 0.51 2.B8 4,78 1.31
H1123nbjusdoschs 5-22
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Table 5-13

Code Reduction Coefficients, RW and Inelastic Demand Capacity Ratios, F’_t

Structurel System (tarminiclogy is identicel 1o Ref, 1) Ry ;:“
MOMENT RESISTING FRAME SYSTEMS -Beems
Steei Special Moment Resisting Spsce Frame (SMRAF| 12 3.c
Concrete SMRF 12 2.76
Concrete intermediate Moment Freme [IMRF) 7 1.6
S1esi Ordinery Moment Resisting Space Frame 8 1.6
Concrete Ordinary Moment Resisting Spece Freme 5 1.26
SHEAR WALLS
Concrete or Mssonry Walls 8 (6)
in-plene Flexure 1.78
in-piane Shear 1.8
Gut-of-plane Flexure 1.78
Out-gof-plane Shear 1.0
Plywood Walls g8} 1.76
Dua! System, Cancrete with SMRF 12 286
Dual System, Concrete with Concrete IMRF 8 2.0
Dua! System, Masonry with SMRF 8 1.E
Dual System, Masonry with Concrete IMRF 7 1.4
STEFL ECCENTRIC BRACED FRAMES (EBF)
Beems and Disgonai Breces 10 2.78
Bearns and Diagonal Braces Dusl Svstern with Stesl SMRF 12 3.0
CONCENTRIC BRACED FRAMES .
Steel Boams 8ie) 2.0
Steel Diagonal Braces 818 1.78
Concrete Beams 8 {4) 1.76
Cencrote Disgonea! Braces 84 1.6
Wood Trusses . 8 (&) 1.78
Beams snd Disgona! Braces, Duesl Systems
Stesl with Stee! SMRF 10 2.76
Concreis with Concrete SMRF 8 2.0
Concrete with Concrete IMRF 8 1.4
METAL LIQUID STORAGE TANKS
Mement snd Shear Capscity 1.26
Hoop Ceapescity 1.8

Note: Values herein sssume good seismic detsiling prectice siong with ressonably uniform ineiestic behavior, Otherwise,
lower values should be used, Vsiues in perentheses epply to bearing wall systems or systems in which bracing
zerries gravity loeds.

F“ for columns of all structural systems is 1.0 for axial compression and 1.5 for flexure,
Connections for steel concentric braced frames should be designed for the lesser of:
the tensile strength of the bracing
the force in the brece corresponding 10 F” of unity.

the meximum force thet cen be tranferred 1o the brace by the structurai system
Connections for steel moment fremes and eccentric braced frames and connections for concrete, mesonry, and

wood structurel systems should feliow Reference 1 provisions utilizing the prescribed seismic ioads from these
guidslines and the strength of the connecting members. in genersl, connections should develop the strength of the
connecting members or be Sesigned for member forces corresponding to F“ of unity, whichever is less.

;b:ov chevron, vee, and K bracing is 1.5. K brecing requires specie! considerstion for any buiiding if Z is 0.28g or
e.

H1123nbAusdonchS 5-23
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Table 5-14
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Iinelastic Energy Absorption Factors from Equation 50 and Reference 15

Structurs) Syetem Rﬂ— R16 Eani50)
MOMENT RESISTING FRAME SYSTEMS
Columns " 1.6 ”
Beams
Stesl Speciel Moment Resisting Frems (SMRF) 12 2.6 3.32
Concrete SMRF 12 2.6 2.74
Concrete intermediste Moment Frame [IMRF) 7 - 1.80
Steel Ordinary Moment Resisting Frame [ - 1.68
Concrete Ordinery Moment Resisting Frame B - 1.14
SHEAR WALLS
Concrete Besring Walls & 1.6 1.37
Concrate Non-Besring Walls 8 1.6 1.83
Mesonry Bearing Wells e 1.26 1.28
Masorry Non-Beering Walls 8 1.26 1.71
Piywood Bearing Walls B 2.6 1.48
Plywood Non-Beering Walle 8 2.6 1.68
Due! System, Concrate with SMRF 12 1.6 2.74
Due! System, Concrete with Concrete IMRF ] 1.6 2.08
Dual Systam, Masonry with SMRF ] 1.26 1.71
Dual System, Masonry with Concrete IMRF 7 1.26 1.50
CONCENTRIC BRACED FRAMES (Brecing Carries Gravity Loads).
Steel Beams 8 1.78 1.88
Steel Disgone! Breces 8 1.6 1.86
Stesl Diegonal Columns [ 1.6 1.88
Connavtions of Stesl Members -] 1.26 1.68
Concrate Beams 4 .76 <1
Concrete Disgonel Braces “ 1.8 <1
Congcrete Columns “ 1.8 <
Connections of Concrete Members - 1.26 <1
Wood Trusses 4 1.76 <1
Wood Columns - 1.6 <i
Connections in Wood {vther than nails) 1.6 <
CONCENTRIC BRACED FRAMES [No Gravity Loeds)
Steel Heams 8 1.76 222
Steel Disgonel Breces 8 1.5 2.22
Steul Diegons! Columne g 1.5 2.22
Connections of Steel Members -] 1.26 2.22
Concrets Beams 8 1.76 1.83
Concrete Dingonal Braces 8 ‘1.6 1.83
Cencrete Columns 8 1.5 1.83
Connections ¢f Concrate Membere g 1.28 1.83
Wood Trusses 8 1.76 1.48
Wood Columns 8 1.6 1.48
Cennections in Wood (other then nails) 8 1.6 1.48
Besms end Disgonel Braces, Dusl Systems
Steel with Stesl SMRF 10 - 277
Concrete with Concrete SMRF 9 - 2.08
Concrate with Concrate IMRF 8 - 1,37
STEEL ECCENTRIC BRACED FRAMES (EBF)
Columns . 1.6 »
Beems snd Disgonal Braces 10 . 2.77
Beame and Disgons! Braces, Dusl System witt Stee! SMRF 12 . 3.33__

Note: R1E values are inslestic energy ebsorption fectors from Ref. 16..Eqn (60) vaiues sre inelsstic energy absorption

factors caiculeted from Eq. B0.

® Veiues sre the seme s for beams and braces in this structursl system
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