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Abstract: Load and resistance factor design (LRFD) is widely used in building codes for reliability
design. In the calculation of load and resistance factors, the third-moment method (3M) has been
proposed to overcome the shortcomings (e.g., inevitable iterative computation, requirement of
probability density functions (PDFs) of random variables) of other methods. With the existing 3M
method, the iterative is simplified to one computation, and the PDFs of random variables are not
required. In this paper, the computation of load and resistance factors is further simplified to no
iterations. Furthermore, the accuracy of the proposed method is proved to be higher than the exist-
ing 3M methods. Additionally, with the proposed method, the limitations regarding applicable
range in the existing 3M methods are avoided. With several examples, the comparison of the exist-
ing 3M method, the ASCE method, the Mori method, and the proposed method is given. The results
show that the proposed method is accurate, simple, safe, and saves material.

Keywords: load and resistance factors; third-moment method; reliability; iteration computation

1. Introduction

Load and resistance factor design (LRFD), as a rational probabilistic approach based
on reliability to manage uncertainties in the building process, is widely employed in struc-
tural engineering [1-7]. In the past three decades, several methods for determining load
and resistance factors have been developed, of which the first order reliability method
(FORM) [8] was frequently used to account for stochastic fracture problems [9-11]. FORM
is suggested to observe reliability accurately and generally. However, the design point
must be firstly determined, and derivative-based iterations have to be used. Furthermore,
the probability density functions (PDFs) of random variables are required. Thus, reliabil-
ity calculated based on FORM is inefficient.

In order to improve the computational efficiency and simultaneously guarantee ac-
curate results, several simplified methods were proposed. According to the Mori method
[12], all random variables are assumed to have known PDFs and are transferred into
lognormal random variables. The results calculated by applying the Mori method were
proved to be highly accurate. In the ASCE method [13], the load factors are well approxi-
mated by a simple function, which is valid for a broad range of common probability dis-
tributions used to model structural loads. Moment-based methods, being sufficiently ac-
curate and efficient, have been widely used to assess the reliability analytically [14-18].
For example, the existing third-moment (3M) method [19] shows no need for the design
point or any assumption of the PDFs of random variables. In this method, the iterative
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computation of the target mean resistance is simplified to one computation. Then, the load
and resistance factors can be easily calculated.

In this paper, the applications of the existing methods (including the ASCE method,
the existing 3M method, and the Mori method) are inspected, and a simpler method is
proposed. Compared with the existing 3M method [19], in which iterative-based compu-
tation is still inevitable, this paper provides a simplified method for the computation of
target mean resistance without iteration, by improving the accuracy of computing the
mean target resistance. Besides, the comparison of the ASCE method, the existing 3M
method, and the proposed method is obtained by employing the load combination and
example in the ASCE Standard 7-10 (2.3.2) [13]. The result shows that the ASCE method
is easy and safe, but a waste of material.

Generally, the difficulties with the existing methods can be summarized as: (1) for
the existing 3M method, iterative-based computation is required. (2) There is a mathemat-
ical limitation for the existing 3M method, and its calculation formula is complicated. (3)
For the ASCE method, the accuracy of calculation needs to be improved. (4) For the Mori
method, the PDFs of some random variables are not always provided, resulting in calcu-
lation difficulties. Additionally, the random variables of the Mori method are required to
be independent and obey the lognormal distribution.

In light of the aforementioned analysis, it is necessary to develop a simple and accu-
rate method. Therefore, in this paper, a new method for the calculation of load and re-
sistance factors is proposed. The contribution of this paper is mainly reflected in the fol-
lowing points: (1) the calculation processes of three existing methods are summarized. (2)
A new model is proposed to avoid the mathematical limitation and to overcome the short-
coming of iterative computation. (3) The feasibility of calculating target mean resistance
without iteration of the proposed method is investigated. (4) Based on an example (ASCE
7-10, C2.3.6), the accuracy of the proposed method is investigated. (5) Nine cases with
different distribution types are applied to verify the precision of the proposed method.

2. Computation Procedure of Load and Resistance Factors
2.1. Determination of Load and Resistance Factors

Based on the LRFD format, the performance function in structural design can be ex-
pressed as:

IR, =70, M
where ¢ is the resistance factor, yiis the partial load factor applied to load, Rx is the nom-
inal value of the resistance, and Qi is the nominal value of the load.

In reliability-based design, the load and resistance factors ¢ and y: should be deter-
mined with a specified reliability, namely target reliability. Therefore, the computation of
Equation (1) should be achieved by a performance function, as presented below:

G(X)=R->.0, 2)

where R and Qi are random variables representing uncertainty in the resistance and load
effects, respectively.

For a given target reliability, i , or target failure probability, PfT, Equation (2) can
be expressed as:

B=pfror P,<P, 3)

where B and Prare the reliability and the failure probability, respectively.
If R and Qi are mutually independent normal random variables, the second-moment
(2M) method is correct and the design formula is expressed as:

Bow 2 Br (4)
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By = & (5a)

Hy = Hg — Z:ugt 10z =+ 0-123 + Zo-é, (5b)

where Bo is the 2M reliability index; Hz and 97 are the mean value and standard
deviation of the performance function G(X), respectively; Hr and P are the mean

value and standard deviation of R, respectively; Hoi and 9 are the mean value and
standard deviation of Q;, respectively.

Substituting Equation (5a,b) in Equation (4), the load and resistance factors can be
expressed as:

u (- V. B)2xu,(+a,V,B) (©)
Comparing Equation (6) with Equation (1), the load and resistance factors can be ex-
pressed as:
U
o=(1=-a Vo) (72)

Ho,
Qm'

where Vr and Vi are the coefficient of variation for R and Q;, respectively; g and %o
are the sensitivity coefficients of R and Q;, respectively, where:
O{QKZ&, CL'R:& 8
0y 0y

As introduced above, the 2M method is based on the assumption that all of the vari-
ables obey normal distribution and are independent of each other. When R and Qi are
other random variables, the 2M reliability computed by Equation (5a) is inaccurate. There-
fore, other methods were proposed. Typically, the FORM is widely implemented, in
which the load and resistance factors can be obtained as:

* *

R 9
¢_Rnl % Qni (9)

where R" and Qi are the values of the variables R and Q;, respectively, at the design point
of the FORM.

Vi= (1 T, VQ, IBT) (7b)

2.2. Existing 3M Method for the Computation of Load and Resistance Factors

R and Qi are obtained using derivative-based iterations, but explicit expressions of
R and Q" are not available. Some simplifications have been provided to simplify iterative
computations. In the existing 3M method based on 3P-lognormal distribution [19], the
two-step recursive optimization is used to avoid iterative computation. The process of
calculation is presented as follows.

In the existing paper, the third-moment (3M) reliability index is employed as the re-
liability index for the performance function of Equation (3). Substituting the 3M reliability
index in the design format obtains:

B.z2B (10)

where the 3M reliability index, B M, is expressed as [19]:

a, 3
ﬂ}M =——t——

. In(l —% a,,B,.,) 11)

3z

1
a,= g(amo-; - z azgo-; ) (12)
z
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where %z , X , and &, are the skewness of G(X), R, and S;, respectively.
The skewness of random variable can be calculated by:

E(X-u,)
o =E 3ux) 13
o

X

where #+ and 9+ are the mean value and standard deviation of random variable X,
respectively.
Substituting Equation (11) into Equation (10), one obtains:

3 Oy p Oy
Bou 20{32{1—37@[3( Br 6 ﬂ} (14)

Denoting the right-hand side of Equation (14) as B , one obtains:

Boi Z By (15)

_i —ex a, _ _0(31
IB”_O{n {1 € p|: 3 ( IBT 6 ):|} (16)

Equation (15) is equivalent to Equation (10). It indicates that if Bou is at least equal

to Bor , Bos will be at least equal to B , and the reliability-based design conditions will

be satisfied. Hence, Bor and B can be regarded as the target values of B and Pou
, respectively.
Since Equation (15) is equivalent to Equation (10), except that the right-hand side is

Bor , the load and resistance factors can be easily obtained by substituting B in Equa-

tion (6) with Bor . The design formula becomes:

ML=V Bor) 2 Xty 1+ oV Bor) (17)
and the load and resistance factors are obtained as:
¢=( —aRVRﬂzr)g—R (18a)
vi=+a,V,, ﬂzr)ﬂ—g (18b)
At the limit state, according ton]lEquation (5a,b), one obtains:
Upr =2ty + 10, (19)

The initial value, Ha, , is expressed as [19]:

He, = Dt + B0, (20)

Based on the discussion above, the target mean resistance calculated using two-step
iteration is expressed as:

IURT = zlug, + ZT(,O-ZO (21)
o)
where “# is the target mean resistance; Por, is the original target 2M reliability; ~* is

the original standard deviation of G(X); T2 and Por are obtained using Equations (5a,b)
and (16).

The steps for determining the load and resistance factors using this method are
shown below:

Calculate urousing Equation (20).

Calculate GZ", aszo, and Biro using Equations (5a,b), (12), and (16), respectively.
u

Calculate ™ # with Equation (21).
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Repeat step b with Hi to determine the values of 7 , a3z, and Bor , which are used

to calculate % and %0 with Equation (8).

Determine the load and resistance factors with Equation (18a,b).

The shortcomings of steps a—e is that the iterative calculation of %z, a5z, and Bor is
inevitable. In addition, Equation (16) is complicated. When Equation (11) is used for the
calculation of 3M reliability, there is a mathematical limitation, presented as:

1

1- §a32ﬂ2M >0 (22)
where:
3
asz < (23)
2M
2.3. ASCE Method for the Computation of Load and Resistance Factors
In the ASCE method, load factors are well approximated by:
Yo =y ! Q)+, pV,) (24)

where B is the reliability index; % isa sensitivity coefficient that is approximately

equal to 0.8 when Q isa principal action and 0.4 when Q isa companion action. This
approximation is valid for a broad range of common probability distributions used to
model structural loads. The load factor is an increasing function of the bias in the estima-
tion of the nominal load, the variability in the load, and the target reliability index.

Similarly, the resistance factor that is consistent with the aforementioned load factors
are well approximated for most materials by:

@=(Uy/R,)exp(=0, V) (25)

where %* is the sensitivity coefficient equal approximately to 0.7.

2.4. Mori Method for the Computation of Load and Resistance Factors

When R and < are independent and the lognormal distribution is used to de-
scribe all random variables, the performance function is expressed as:

g(X)=InR-InQ, (26)
The function of reliability index can be interpreted as:
A= 4
B ==
T @
A

where “® and /19 are the mean of InR and 1nQ, respectively; Sk and é:Q are the

variance of InR and 1nQ, respectively.

Using the coefficient of variation (V), Aand 4 can be calculated from the following
formula:

2 =In(1+77) (28)

A=ln—H
VI+77 @)
Substituting Equation (27) into Equation (4), the load and resistance factors can be
expressed as:
/11? - akgkﬁr > Z (/1Q[ + agiggiﬁr) (30)
Substituting Equations (28) into (30), the load and resistance factors can be expressed
as:

1 My
exp(@y,6 o.0;)
1+VQ21’ Q;QIBT 0, (31)

}/‘_:
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¢= exp(—a, Rﬁf)% (32)

1+V?

R

a,
¢ and %r are determined by the iteration computation, as shown by the calcula-
tion steps below.

a,.
9 and ?® are the relative weight coefficient of the corresponding loads and re-
sistance, which are expressed as:

a,=a, 4 (33)
=y (34)
P ,%  and “ are determined by the following functions:

(04 .* = Ci.gQi
’ Jf,f 0,6, 35)
a = §R
\/ G+, 6 (36)

1.05

2 . m_axVQ[ -0.6 (37)
1=(1= o +(maxar, J (= )

where @ denotes the cumulative distribution function of the standard normal variable.

u=

% is the ratio of the average of the sum of 0 to the average of 9 , which is ex-
pressed as:
* 1 2 Qni ‘Ll i
eXP(Z’Qi + 0i ) L= 2
2 Gn Qm'
c.= (38)
2 Gn Qy@/’

s

In(Q,/ ). G 0

the nominal value of load 9, .

where ~ ¢ is the mean of n is the nominal value of resistance; =" is

When R and € are independent but do not follow the lognormal distribution, the
distribution types are first required to be transformed into lognormal ones. Then, the cal-
culated results can be acquired based on Equations (26)—(38).

3. Proposition of the New Method
3.1. Computation Process of the Proposed Method

In order to avoid the mathematical limitation of Equation (11), a new model is pro-
posed [20] as:

B 1 %a32<ﬂ2M —ﬁ)
Birionew = gﬂZM 2+e (39)

Obviously, Equation (39) is simpler than Equation (11) without the limitation of ap-
plicable range. Since the mathematical inverse function of Equation (39) is nonexistent, an
approximate function for Bor is proposed as:

—037Br
ﬂfﬁ[l—e e } (40)

aSZ
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In order to investigate the relativity of Equations (39) and (40), the inverse function
of Equation (39) is introduced as:

_ a3Z ﬁ 2T 3 N 8
B, =-In(l 13 )X(x;z (41)

Only when the results of Equations (39) and (41) are similar, can Equation (40) be
assigned as the inverse function of Equation (39). Figure 1 shows the calculated results of
Equations (39) and (41), indicating that Equation (39) is in great agreement with Equation
(41), with errors certified to be below 7%. Therefore, Equation (40) can be employed as the
inverse function of Equation (39).

5 T T T T i B B T
N Vi 7 //
[ — Eq.(39) )/ i L7 ]
- / 4 s .
ME oo Eq ) A
I 30:0.6 // /' // 2
4 7 // e /' .
) ", s _z
F ’ 4 /, P c
35 L G3G:0.3 4 // ,/ P~ /’_‘
T 4 // e A ]
=~ [ 4 A . =z
S SE A A N 3
E E e 7 (XsG*-O.6
< f
252_ .7 O‘za_'03 E
N . /’,
L V.,
2+ Vi /, ]
: 7 7
: /,/,///
15 F //,’/’ ]
W 4
1; Ciiidiiwis L sus Lrig i ig L ig i imy Liiven figa
1 1.5 2 2.5 3 3.5 4 4.5 5
ﬂZM(ﬂZT)

Figure 1. Precision testing of Equation (39).

To overcome the shortcoming of iterative computation, the following formula, with
better convergence, is proposed to replace Equations (19) and (20):

1 17 .
Hrrnew = z:usi + [ﬁr + 2,3] Y ZO-S, (42)

The steps for determining the load and resistance factors using the new method are
shown below:

1. Calculate # using Equation (42).
2. Calculate °Z, a3z, and Br using Equations (5a,b), (12) and (40), respectively.

Then, calculate #* and %o with Equation (8).

3. Determine the load and resistance factors with Equation (18a,b).

In the proposed method, there is no need for step c and d in the existing 3M method,
that is, iterative calculation is unnecessary. Besides, there is no mathematical limitation in
Equation (39).

3.2. Accuracy of the Zero-Iterative-Based Calculation

In order to investigate the feasibility of calculating target resistance without iteration,
the following performance function is applied:

G(X)=R-(D+L+S) (43)
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where R, D, L, and S are the resistance, dead load, live load, and snow load, respectively.
Y7,

The details (the mean value, “ %, coefficient of variation, v , and skewness, & ) of the
basic variables are shown in Table 1.
Table 1. Basic random variables for Equation (43).
RVs Ky v, Q;

R - 0.2 0.608

G 1 0.1 0

Q 0.5 0.59 1.18

S 0.47 0.21 1.14

#% can be computed using either the proposed method or the existing method in-

troduced in this paper, but with different convergence speeds to obtain Hr7_The conver-
gence rates of two methods are shown in Table 2. As presented in Table 2, it is evident
that the convergence rate of the proposed formula is faster than the existing one. Besides,

compared with Hro computed by Equation (20), the other computed by Equation (42)
with the value of 3.27 is far closer to the convergence value of 3.32. In order to simplify

the calculated process, ##70 calculated by Equation (42) is directly regarded as the target
mean resistance, which means iteration is not required in the proposed method.

Table 2. Convergence of the existing formula and the proposed formula.

Method Hrro Hpri Hrrs Hrrs Hrrs Hrrs
Existing formula 3.07 3.25 3.30 3.31 3.32 3.32
Proposed formula 3.27 3.31 3.32 3.32 3.32 3.32

#rn means the kth iteration value of the target mean resistance.

To investigate the feasibility of the simplified process, Hrr was obtained by apply-
ing the proposed method and the existing methods were used to compare to the conver-
gence value, which served as an accurately calculated result, as shown in Figure 2. In the
case of the target reliability index being less than 2.5, the calculated result of the proposed
method is slightly less than the convergence value and extremely close to that of the ex-

isting method, indicating that the accuracy is acceptable. When fr is greater than 2.5, Hrr
computed by the proposed method is greater than the existing method and the conver-
gence value, but with errors in the acceptable range, which implies that buildings de-
signed with the proposed method are relatively safer. Therefore, the proposed zero-itera-
tive-based calculation is feasible along with the acceptable calculated results.
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Figure 2. Target mean resistance.

4. Comparison of the ASCE Method, the Existing 3M Method, the Proposed Method,
and the Mori Method

In order to investigate the accuracy of the proposed method further, the following

example is considered (ASCE 7-10, C2.3.6) [13]:
G(X)=R-D-L-S (44)

where R, D, L, and S are the resistance, dead load, live load, and snow load, respectively.

The load combination is the same as ASCE 7-10 (combination 2 in 2.3.2). The details
(the mean value, coefficient of variation, and skewness) of the basic variables are shown
in Table 3. The distribution types are also provided in Table 3 for the Monte-Carlo (MC)
simulation in Section 4.

Table 3. Basic random variables for Equation (44).

= R
RVs K, ID, v Op, = Hy, /D" (129 K R, or Qin/D» Distribution
l Hoi ! Qs
R B 0.09 B 0.27 1.06 B Lognormal
D 1 0.25 0.25 0 1.0 1 Normal
L 0.175  0.59 0.103 1.18 0.35 0.5 Gamma
S 0.6874 0.21 0.144 1.14 0.982 0.7 Gumbel

Results Comparison of Four Methods

The results of load and resistance factors obtained using different methods are listed
in Table 4. The results show that the resistance factors, ¢, are in great agreement. The

results of the dead load factor, 7D, are similar, while the live load factor, 7L, determined
using the Mori method is obviously greater than those determined using the other meth-

ods, and the snow load factor, 7s , obtained using the Mori method is the smallest one
compared to the results obtained using other methods.

Table 4. Results of load and resistance factors calculated using different methods.

@ ¥p V. Vs
ASCE method 0.877 1.600 0.598 1.229
Existing 3M method 0.865 1.439 0.500 1.191
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Proposed method 0.848 1.383 0.481 1.164
Mori method 0.924 1.328 1.352 0.444

In order to compare the accuracy of the four methods, the MC simulation (100,000

times when by =4 and 1,000,000 times when B> 4) is used to calculate the reliability

index. For the MC simulation, the calculation of e/ D,y i necessary (e.g., the proposed

method):

D, R D, R ¢

n

U M, R u, 1 D, L, S,
IR _ TR =R (}/17.Fn+7L.F+}/S -F :305

With the values of & /D, ", Hp!D ", /D, » and s /D, n, the results of the MC simulation
are shown in Table 5; reliability of 3.01 of the proposed method is closest to the target
reliability of 3.0. Therefore, the proposed method is considered accurate enough. The ex-
isting method is also accurate and safe, but with some limitations, and iterative computa-
tion is inevitable. The ASCE method is simpler, but the reliability computed by this
method is much greater than the target reliability, which is safe but wastes a lot of struc-
tural materials. Conversely, the reliability calculated by the Mori method is much smaller
than the target reliability, indicating that the design is not safe.

Table 5. Reliability of MC simulation with different methods.

Existing 3M .
ASCE Method Method Proposed Method Mori Method
B 3.53 3.08 3.01 2.656

In ASCE 7-10 (1.5.1), structures are classified into four different risk categories. For
different risk categories and damage types, the acceptable reliability indexes (fr =2.5-4.5)
are provided in ASCE 7-10 C1.3.1 for a 50-year service period. In this paper, fr=1.0-4.5 is
chosen to analyze the application of four different methods.

As shown in Figure 3, load and resistance factors calculated using the existing
method, the ASCE method, the proposed method, and the Mori method are inconsistent.
In addition, the difference increases with the increase in the target reliability, fr. For re-
sistance factor, the difference among the four methods is slight.
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Figure 3. Load and resistance factors calculated using different methods for fr=1.0-4.0.

Figure 4 displays the comparison of reliability calculated by different methods for fr
=1.0-4.5. The result of the ASCE method is obviously greater than the other three methods
and much greater than the target reliability, while the results of the existing method and
the proposed method are close to the target reliability. The reliability calculated with the
proposed method is closest to the 1, although it is a little smaller than fr when fris great.

ST T T T Ty T
Q [ ,', / /:
r g / . :
4 '/' / ot /'/ -
I L S
[ ) Ry Lid
i PRy S
35 F P . A
L 7 /
/7 -
S
3+ R /- o
/s’ z
. 7
[ 7 < ]
25 R ]
5 ',' ‘.'
L A ---=- ASCE method ]
i R - — —Mori method
4 . .
S S Existing method
15F 7 74 —-—- Proposed method
Y //
ey e g e e i ]
1 5 2 275 3 3.5 4 4.5
Br

Figure 4. Reliability calculated with different methods for fr=1.0—4.5.

In order to investigate the sensitivity of load in the four methods, the influence of the
snow load (5+/D» = 0.5-2.5) and dead load (L+/D» = 0.5-2.5) is considered. As shown in
Figure 5, the results of the Mori method are greater than fr when S+/D» = 0.5-2.2 and the
error is stable. When S./D»=2.3-2.5, the results become much smaller than fr. The results
of the other three methods are much greater than the target reliability 3.0, in which the
result of the proposed method is relatively close to 3.0.
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Figure 5. Reliability calculated by different methods for Su/Dn = 0.5-2.5 (Br=3).

In Figure 6, the results of the existing method and the proposed method are much
closer to 1, compared to the other two methods. In the case of L+/D»=0.5-1.4, the reliabil-
ity calculated using both methods are greater than fr, and the error of the proposed
method is relatively smaller than that of the existing method. In the case of L»/D»=1.5-2.5,
the results of the proposed method are slightly smaller than 7, while the reliability calcu-
lated using the existing method is slightly greater than Sr. For the ASCE method, the reli-
ability increases to a peak when L./Dn reaches 0.6, then falls as L./D» increases, especially
from 0.6-0.7. The results of the Mori method increase initially in the case of L+/D»=0.5-1.2,
and then drop gently until L./D»=2.2. Afterwards, the reliability inclines sharply from 2.2—
2.3, but keeps close to fr from 2.4-fig2.5.
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Figure 6. Reliability calculated by different methods for Ln/Dn = 0.5-2.5 (Br=2).

In light of Figures 4-6, 3M methods achieve higher precision compared to the ASCE
method and the Mori method. In Figure 4, it can be seen that the reliabilities calculated by
the proposed method and the existing 3M method are close to frwhen fr=1.0-4.5. In Fig-
ures 5 and 6, considering the effect of L+/D» and S»/Ds, the reliability obtained using the
existing method is moderately greater than 7, but with the inevitable iterative computa-
tion for the target mean resistance. Moreover, the existing method cannot be universally
deployed due to the limitation of Equation (11). Although reliability computation based
on the proposed method might be slightly smaller than frin some cases, it has two intrin-
sic advantages: (1) No mathematical limitation; (2) No iteration calculation. Particularly,
higher efficiency can be achieved when employing the proposed method for system reli-
ability, and the error is also acceptable. Therefore, the proposed method is considered the
most applicable for practical structural reliability design.

5. Influence of Distribution Type on the Result of the Proposed Method

In this example, several distribution types are assigned to observe their influence on
the precision of the proposed method. Nine cases with different distribution types are
applied, as presented in Table 6, along with different presumed resistances and loads

listed in Table 7. Considering B =1.0,2.0, 3.0, 4.0, the reliability indices calculated using
the proposed method are illustrated in Figure 7.

According to Figure 7a-i, it can be clearly seen that the reliability index  increases
with the increase in fr. For fr=1.0-2.0, the results are close to the target reliability in case
1 to 9. For pr=3.0—4.0, the results become smaller than r except case 7. It shows that a
change in distribution type has a moderate effect on the accuracy of the proposed method
when fris great, which needs to be further refined and perfected in future studies.

Table 6. Distribution types of the random variables.

R 51 S2 S3
Case 1 Lognormal Lognormal Lognormal Lognormal
Case 2 Lognormal Normal Lognormal Lognormal
Case 3 Lognormal Gamma Lognormal Lognormal
Case 4 Lognormal Normal Normal Normal
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Case 5 Lognormal Gamma Gamma Gamma
Case 6 Lognormal Gumbel Lognormal Lognormal
Case 7 Lognormal Gumbel Gumbel Gumbel
Case 8 Lognormal Weibull Lognormal Lognormal
Case 9 Lognormal Weibull Weibull Weibull
Table 7. Basic random variable.

My Hs Hs, Hss Vi Vi Vs Vss
A - 10 10 10 0.15 0.35 04 0.1
B - 10 6 0.15 0.35 04 0.1
C - 10 9 1 0.15 0.35 04 0.1
D - 10 4.6 0.8 0.15 0.35 04 0.1
E - 10 3.6 0.7 0.15 0.35 0.4 0.1
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Figure 7. Reliability index (’H ) computed using the proposed method.

6. Conclusions

In this paper, a simplified third-moment method for determining the load and re-

sistance factors is proposed. The following conclusions can be drawn:

1.

The iteration calculation used in the existing 3M methods is cancelled. A new 3M
method for the calculation of load and resistance factors is proposed with acceptable
accuracy and applicable range. Different from other 3M methods, there is no mathe-
matical limitation in the calculation process.

To investigate the accuracy of the proposed method, an example from ASCE 7-10
(C2.3.6) is considered. Comparing the results of four different methods with MC sim-
ulation (100,000 times), it can be concluded that the proposed method is considered
accurate enough.

In order to verify the application of the new method, fr=1.0-4.5 is adopted. The result
shows that the reliability index calculated by the proposed method is closest to the fr,
while the ASCE method and Mori method are much greater than the fr.

The sensitivity of load in the new method is investigated (with snow load Sn/Dn =
0.5-2.5 and dead load Ln/Dn = 0.5-2.5). The result shows that the proposed method is
the most accurate among all methods examined in this paper.

The influence of distribution type of variables is verified by nine cases. For fr=1.0-
2.0, the reliability index calculated by the new method is very consistent with the tar-
get reliability. With the increase in the reliability index, the calculation error increases.
Thus, further research is expected.
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