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Influence of correlations between loads in failure function on
design reliability of seismic capacity for columns
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Abstract: The concrete and steel columns subjected to a combination of vertical load and horizontal earthquake
action are used to study the influence of correlations between loads in failure function on design reliability of seismic
capacity of columns. According to the current Code for Design of Concrete Structures and Code for Design of
Steel Structures, the correlations between moment and axial force are analyzed for different columns. Through

comparisons of different columns in several frame structures, the similarities and differences are investigated
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between the load interaction curves and those considered in codes. It is indicated that the load interaction curves
under this combination match well with those considered in codes for RC columns with compression failure and steel
columns with I-shaped section, and they are all negatively correlated straight lines approximately; the load
interaction curve of RC column with tension failure is largely different from that considered in codes, and obviously
has some positive correlation parts. Based the complex failure function, reliability of columns under this
combination is analyzed with the Monte Carlo method and current statistics of load and resistance. The results show
that: (1)the reliability indexes of seismic capacity vary lightly with different load effect ratios based on axial force
for steel columns and RC columns with compression failure, and are close to those based on the codes; (2)the
reliability indexes vary greatly with different load effect ratios based on axial force for RC columns with tension
failure, and are also largely different from those based on the codes; (3)the reliability indexes are lower than those
based on the codes for RC columns with tension failure when the load effect ratio based on axial force is negative, as
a consequence, the current reliability-based design method of columns may be unsafe in this case.

Keywords: structural design; reliability; seismic capacity of column; interaction curve of loads; load
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with a rectangular section
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Fig.3 MEN interaction curves for RC columns and steel columns
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Fig. 4 A model of RC frame with rectangular section
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Fig.5 g-q interaction curves for RC frame

columns with rectangular section
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Table 2 Design parameters of the frames with I section
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Fig. 10 Flowchart of reliability analysis for columns

with a complex failure function
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Table 3  Statistics of random variables for reliability
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analysis of RC column
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Table 4 Design reliability indexes of a RC column with tension failure with different values of py, py and 7
A S PRI
7 om=1.5 om=5.0 ) _
=03 =005 =008 =0 pv=0.08 pn=015 =03 =03 =005 pv==0.08 av=0 on=0.08 pn=015 pn=03 pul-d o0
1.2 1.57 1.72 1. 81 1. 90 1. 96 2.01 2.13 1. 36 1.49 1.57 1.58 1. 60 1. 68 1.75 1. 83 1.63
1.3 1.78 2.03 2.12 2.22 2. 30 2.39 2.54 1.59 1.77 1.79 1. 84 1.92 2.00 2.07 2.13 1. 88
1.5 2.15 2.58 2.67 2. 80 2.91 3.07 3.25 1.95 2.15 2.26 2.38 2.41 2.57 2.64 2.64 2.35
1.7 2.51 2.91 3. 10 3.32 3.53 3. 60 3.77 2.27 2.49 2.60 2.76 2.95 2.95 3.11 3.11 2.73
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Table S Design reliability indexes of a RC column with compression failure with different values of py, py and g
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{o,w:lj {OMZS‘ 0
=03 o= =015 pv==008 =0 pv=0.08 p= 015 =03 =03 p= =015 pv==0.08 =0 pn=008 p=015 en=0
1.2 2.64 2.63 2.64 2.63 2.60 2.59 2.56 2.49 2.51 2.49 2.45 2.44 2.43 2. 40 2.56 2.30
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Table 6 Statistics of random variables for

reliability analysis of steel column

AL HE SR K B b3

g/ ex IE2 1.08 0.10 k13 ]
q/ q. Wfl 17 1. 06 0. 30 SCHik[9520]
I/ fx E2 1. 08 0.08 SCHRL9, 18]
Qv EX 1.12 0.10 SCHRL9, 18]

7 N 4 A A — i O 52 He AN AT L R T B
A 524 mm X 320 mm X 12 mm X 10 mm, Q235
B9 T BHE S 1100 kNG AR B IHE A 339.5
kN » m, ¥ H] Monte Carlo J7 #3415, [8 3 v] 5k 15
Hoal SRR PR W2 7.
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Table 7 Design reliability indexes of a steel column with different values of py, py and g
A U AL
7 om=1.5 oM=5.0

om=L15 pv=5.0

oN=70.3 p=—0.15 p,y:*0.0S =0 pn=0.08 p=0.15  pn=0.3 on=703 p=—015 /J\v:*0.0S oN=0 p,w:0.08 =015 pn=0.3

1.0 1.10 1. 14 1. 14 1. 14 1. 14 1.13 1. 11
1.05 1.26 1. 30 1. 30 1.29 1.28 1.28 1. 26
1.10  1.42 1. 45 1. 46 1. 45 1.42 1.41 1.39

1.15 1.56 1. 60 1.57 1.56 1.56 1.53 1. 50

1.15 1. 14 1.15 1.12 1.14 1.15 1.04  0.99
1. 30 1.29 1.28 1. 24 1.28 1.31 1.21 1.16
1. 46 1. 45 1. 43 1.37 1.41 1. 46 1.39 1. 26

1.60 1.58 1.57 1.49 1.53 1. 60 1.55 1.43
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