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Abstract - According to the capacity design concept underlying current steel seimsic provisions, the braces in concentrically
braced frames should dissipate seismic energy through cyclic tension yielding and compression buckling. On the other hand, the
beams and the columns in the braced bay should remain elastic for gravity load actions and additional column axial forces
resulting from the brace buckling and yielding. However, due to the difficulty in accumulating the yielding and buckling-induced
column forces from different stories, empirical and often conservative approaches have been used in design practice. Recently a
totally different approach was proposed by Cho, Lee, and Kim (2011) for the prediction of column axial forces in inverted
V-braced frames by explicitly considering brace buckling. The idea proposed in their study is extended to X-braced seismic
frames which have structural member configurations and load transfer mechanism different from those of inverted V-braced
frames. Especially, a more efficient rule is proposed in combining multi-mode effects on the column axial forces by using the
modal-mass based weighting factor. The four methods proposed in this study are evaluated based on extensive inelastic dynamic

analysis results.
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Fig. 7. Elevation of 9-story model braced frame

Table 1. Frame design conditions

Newmark median design spectrum

Seismic Load (Design PGA=0.4g, 5% damping)

Response modification

factor (R) 6
Important factor (I) 1
3-story 2,290 kN (0.141w)
4 6-story | 4,579 kN (0.141w)
{; isﬁg?nf;:le shear of [y ory | 5,803 kN (0.119w)
12-story | 6,237 kN (0.098w)
15-story | 6,594 kN (0.081w)
Dead Load 5kN/m?
Live Load 2.5kN/m’

* Braces only resist the lateral loading.

* All models were designed as special CBF according to
the 2005
AISC-LRFD Seismic Provisons.

* PGA = Peak ground acceleration, W= Weight of the
building
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Fig. 8. Physical brace model : (a) initial imperfection adjustment
for buckling strength; (b) spring stiffness adjustment for
pos-buckling residual strength
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Fig. 10. Combination example of additional axial forces based
on first-mode pushover
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Table 2. Natural periods and mass participation ratios

Ist mode 2nd mode 3rd mode
Story Nau.lral Nau.lral Nau.lral
period oy period Qy period Qg
(sec) (sec) (sec)

0.57 |87.92%| 0.19 |10.81% - -

6 092 |78.11%| 0.31 |15.76% - -

1.36 |74.11% | 0.46 |17.28% - -
12 1.81 |70.34% | 0.58 [19.22% | 0.31 | 5.07%
15 241 |69.08% | 0.73 |19.65% | 0.39 | 5.24%

o, : mode mass participation ratio of n-th mode
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Table 3. Example of detecting critical story (for second mode
of 9-Story model)

Relative story |Story buckling Rglcagve

Story| 6 | shear foree: | srength(N) | | 5 7

D6 Vo

J: I/;r
9 1-0.410 -0.410 1360 0.000301
8 |-0.193| -0.603 1360 0.000443*
7 10050 | -0.553 2583 0.000214
6 [0207| -0.346 2583 0.000134
5 10309 | -0.037 3256 0.000011
4 10345 0.308 3256 0.000095
3 (0320 0.628 3256 0.000193
2 | 0.243 0.871 3256 0.000268
1 0.130 1.000 3256 0.000307

* Buckled story
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Table 4. Story shear demand profile of first mode when first
story reaches peak lateral resistance (9-Story model)

Relative Story Story shear demand
; when the first story
Story | ¢;1 storfy shear | buckling reaches its peak
; orce strength .
E¢;1 V. (kN) laterlil resistance
: e (KN)
9 (0.217 0.217 1360 720.22
8 10.191 0.408 1360 1354.15
7 10.160 0.568 2583 1885.19
6 10.133 0.701 2583 2326.62
5 10.106 0.807 3256 2678.43
4 (0.081 0.888 3256 2947.27
3 10.058 0.946 3256 3139.77
2 (0.036 0.982 3256 3259.26*
1 (0.017 1.000 3256 3319.00*

* Buckled story
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Fig. 18. Comparison of predicted axial force distibutions
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