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2
Tab.2 Calculation model of elastic lateral stiffness
/mm /m /m
1 500 3.6 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20 H200%200x10%20
2 600 3.6 5.7 H300%150x10%20 H250%x250x10%x20 H300x150%x10x20 H200%x200x10%20
3 700 3.6 5.7 H300%150x10%20 H250%x250x10%x20 H300x150%10x20 H200%x200x10%20
4 800 3.6 5.7 H300%150x10%20 H250%x250x10%x20 H300x150%x10x20 H200%x200x10%20
5 1 000 3.6 5.7  H300x150x10x20 H250x250x10x20 H300x150x10x20 H200%200x10%20
6 800 2.7 5.7  H300x150x10x20 H250x250x10x20 H300x150x10x20 H200%200x10%20
7 800 3.0 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20 H200%200x10%20
8 800 3.3 5.7  H300x150x10x20 H250x250x10x20 H300x150x10x20 H200%200x10%20
9 800 4.2 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20 H200%200x10%20
10 800 4.5 5.7  H300x150x10x20 H250x250x10x20 H300x150x10x20 H200%200x10%20
11 800 3.6 5.7 H250%150x10%20 H250%x250x10%x20 H250x150%x10x20 H200%x200x10x%20
12 800 3.6 5.7 H350%150x10%20 H250%x250x10%x20 H350x150%x10x20 H200%x200x10x20
13 800 3.6 5.7  H400x150x10x20 H250x250x10x20 H400x150x10x20 H200%200x10%20
14 800 3.6 5.7  H450x150x10x20 H250x250x10x20 H450x150x10x20 H200%200x10%20
15 800 3.6 5.7  H450x200x10x20 H250x250x10x20 H450x200x10x20 H100x100x10%20
16 800 3.6 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20  HI100x100x8x12
17 800 3.6 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20  HI100x150x8x12
18 800 3.6 5.7  H300x150x10x20 H250%250x10x20 H300x150x10x20 H150%200x10%16
19 800 3.6 5.7 H300%150x10%20 H250%x250x10%x20 H300x150%x10x20 H200%x250x10%20
20 800 3.6 5.7 H300%150x10%20 H250%x250x10%x20 H300x150%x10x20 H250%x250x%10x%20
21 800 3.6 5.7  H300x150x10x20 HI150x150x10x12  H300x150x10x20 H200%200x10%20
22 800 3.6 5.7  H300x150x10x20 H200x200x10x16 H300x150x10x20 H200%200x10%20
23 800 3.6 5.7  H300x150x10x20 H300x300x10x20 H300x150x10x20 H200%200x10%20
24 800 3.6 5.7  H300x150x10x20 H350x350x10x20 H300x150x10x20 H200%200x10%20
25 800 3.6 5.7  H300x150x10x20 H400x400x10x20 H300x150x10x20 H200%200x10%20
26 800 3.6 6.3  H300x150x10x20 H250%250x10x20 H300x150x10x20 H200%200x10%20
27 800 3.6 6.9 H300%150x10x20 H250%x250x10%x20 H300x150%x10x20 H200%x200x10x20
28 800 3.6 7.2 H300%150x10%20 H250%x250x10%x20 H300x150%x10x20 H200%x200x10x%20
29 800 3.6 8.1  H300x150x10x20 H250%x250x10x20 H300x150x10x20 H200x200x10x20
30 800 3.6 8.7  H300x150x10x20 H250x250x10x20 H300x150x10x20 H200x200x10x20
3
Tab.3 Comparison between formula values and model values

/ 1%

[7]K1 51.32 55.8 -8.02

[7]K2 50.51 40.7 24.11

1 156.55 170.97 -9.30

2 137.97 152.13 -10.04

3 121.74 135.22 -10.59

4 107.72 120.25 -10.96

5 85.34 95.72 -11.28

6 180.36 203.05 -12.12

7 150.44 169.08 -11.80

8 126.72 142.11 -11.47

9 79.74 88.24 -10.03

10 69.36 76.38 -9.55

11 87.52 104.58 -17.04

12 125.19 134.72 -7.30

13 140.00 147.89 -5.17

14 152.44 159.73 -3.96

15 160.11 169.41 -3.36

16 54.09 60.77 -4.07

17 68.19 73.13 -1.68

18 96.13 101.33 -4.09

19 116.83 131.82 -13.06

20 118.83 144.94 -19.81

21 108.23 116.93 -8.11

22 107.74 118.12 -9.38

23 108.55 122.97 -12.28

24 110.37 126.71 -13.53

25 113.27 131.57 -14.69

26 119.53 133.18 -10.92

27 129.98 144.55 -10.90

28 134.68 149.60 -10.87

29 146.75 162.31 -10.72

30 153.17 168.81 -10.57

kN/mm

— /

x100%
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Tab.5 Member sizes of a 10-story model
R ] PLE ] - ) i
= oA VER G i
ST T e LB TR XREE R/
10 0350x350x20  0450x450x20 H400x150x8%16 H350%150x8x16 H230x230x10x18 900
9 0400x400x20  ©500x500%20 H500x200x8x%16 H460x200%8%16 H230%230x10x18 900
8 0450x450x20 055055025 H500x240x10x18  H490x240x10x18  H260x260x10x18 900
7 0450x450x20  0550%550%25 H560x250x10x18  H580x280x10x18  H260x260x10x18 900
6 0500%500x20 065065025 H570x280x10x18  H550x270%12x20  H280x280x10x18 900
5 0500%500x20  0650%650%25 H600x290x10x18  H600x300x12x20  H280x280x10x18 900
4 0550%550x20  0700x700%30 H620x300x10x18  H630x300%12x20  H300x300x10x18 900
3 0550%x550x20  0700x700%30 H640x300x10x18  H660x330x12x20  H300x300x10x18 900
2 0600x600x20  1750x750x30 H660x300x10x18  H680x330x12x20  H300x300x10x18 900
1 0600x600x20 075075030 H670x300x10x18  H690x330%12x20  H300x300x10x18 900
V
. NJ il I
N e
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Fig.12 Attribute of nonlinear shear

link with model SAP2000
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Tab.6 Comparison between 10-story
model and formula

L HER] IRER
RV AN WD) AN

ol AN FHHE ASE
I 13831 16378 14409 16378
2 14598 16132 14815 16132
3 14871 15642 14887 15642
4 14467 14850 14483 1485.0
5 13844 14114 13850 14114
6 12385 12830 12609 1283.0
7 10602 11407 10832 1140.7
8 8516 9504 8835  950.4
9 6012 7137 6286 7137
10 4384 5267 4544 5267




6 K 799

, 10%

References

[1] , Y [31. ,2012,29(10): 129-136.
YANG Wenxia, GU Qiang, SONG Zhensen, et al. Response modification factor R and overstrength factor Q of Y-eccentric
braced steel frame [J]. Engineering mechanics, 2012, 29(10): 129-136.

[2] JGJ 99-98, [S]. : , 1998.

The Ministry of Housing and Urban-rural Development of the People's Republic of China. JGJ 99-98, Technical specification
for steel structure of tall buildings [S]. Beijing: China Architecture Industry Press, 1998.

[3] AISC341-10. Seismic Provision for Structure Steel Buildings [S]. Chicago: American Institute of Steel Construction, 2010.

[4] GB50011-2010, [S]. : ,2010.

The Ministry of Housing and Urban-rural development of the People's Republic of China. GB50011-2010, Code for seismic
design of buildings [S]. Beijing: China Architecture Industry Press, 2010.

[5] RICHARDS P W. Estimating the stiffness of eccentrically braced frames [J]. Practice Periodical on Structural Design and
Construction, 2010, 15(1): 91-95.

[6] ROBERT E. Controlling behavior through design. Steel structures [M]. America: Wiley, 1994: 481-484.

[7] , , 1. , 2010, 31(2): 29-34.

SHI Yongjiu, XIONG Jun WANG Yuanging et al. Experimental studies on seismic performance of multi-storey steel frame
with eccentric brace [J]. Journal of Building Structure, 2010, 31(2): 29-34.

[8] MASTRANDREA L, PILUSO V. Plastic design of eccentrically braced frames, I: Moment—shear interaction [J]. Journal of
Constructional Steel Research, 2009, 65(5):1007-1014.

[9] MASTRANDREA L, PILUSO V. Plastic design of eccentrically braced frames, II: Failure mode control [J]. Journal of
Constructional Steel Research, 2009, 65(5): 1015-1028.

[10] RICHARDS P W. Cyclic stability and capacity design of steel eccentrically braced frames [D]. San Diego: University of
California, 2004.

[11] RICLESJ. M, POPOV E P. Inelastic link element for EBF seismic analysis [J]. Structural Engineering, 1994, 120(2): 441-463.

[12] RAMADAN T, GHOBARAH A. Analytical model for shear-link behavior [J]. Structural Engineering, 1995, 121(11):
1574-1580.

[13] , Y SAP2000 [J], 2010, 36(5): 111-114.
YANG Wenx1a LI Chunyan, GU Qiang. Nonlinear analysis model SAPZOOO for eccentrically braced steel frames with Y-links
[J]. Journal of Lanzhou University of Technology, 2010, 36(5): 111-114.

[14] FEMA. NEHRP recommended provisions for seismic regulations for new buildings and other structures [S]. FEMA-450,
Federal Emergency Management Agency, Washington, 2003.

The elastic lateral stiffness and ultimate capacity of
K-eccentric braced steel frames

SU Mingzhou , LI Shen , LIAN Ming , LI Lei

(Key Laboratory of Structural Engineering and Earthquake Resistance of the Ministry of Education,
Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: In order to identify the loading path and internal force distribution of K-eccentric braced steel frames, and compute story
drift and link rotation conveniently, based on the fundamental assumption of structural mechanics, the formulas of elastic internal
forces of K-eccentric braced steel frames subjected to lateral loads have been proposed. The elastic lateral stiffness approximate
formula of K-eccentric braced steel frames is then derived, and the formulas are well-supported by the experimental data and finite
element analysis. Simple and convenient design method of K-eccentric braced frames is proposed. When lateral load distribution was
known, the formula of ultimate capacity of K-eccentric braced steel frames is derived based on virtual work principle, small
deformation assumption and typical yielding mechanism of ultimate state. Pushover analysis of 10-storey K-eccentric braced steel
frame is conducted by finite element software SAP2000, and the analysis result confirmed well with the calculation of formula. The
formula of ultimate capacity can provide a reference for structure design of K-eccentric braced steel frames.

Key words: elastic lateral stiffness; K-eccentric braced frame; link; ultimate bearing capacity; yielding mechanism





