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Static performance of high-strength steel composite
Y-shaped eccentrically braced steel frames
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2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To study the bearing capacity, lateral stiffness, ductility, and failure mode of high-strength steel
composite Y-shaped eccentrically braced steel frames under horizontal loads, pushover tests were conducted on a
half-scale three-story specimen. The test adopted three-mass inverted triangle proportional loading, and used
OpenSees software to establish a corresponding numerical model for simulation. The results show that under the
action of horizontal load, the link begins to yield, and the stiffness of the structure gradually decreases as the load
gradually increases. During the test, the plasticity of the link on the second floor of the structure is the most
obvious, the inter-story drift is the largest, and the inter-story drift ratio reaches 0.043 3 rad. When the structure is
finally damaged, it is manifested as the failure of the joints between frame beam and link, and the frame beams and
columns are still in an elastic state. When modeling in OpenSees, the connection between the link and the frame
beam is adopted using the method of rigid link and rigid section. The pushover curve simulation results obtained by
this modeling method are in good agreement with the test results, indicating that the numerical model can be used
for the simulation analysis of the seismic performance of the global structure. The parametric analysis results show
that the lateral stiffness and bearing capacity of the shear link are better than those of the shear-flexural link.

Key words: Y-shaped eccentrically braced steel frame; high-strength steel; static pushover test; OpenSees; rigid
link
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Table 1  Sectional dimension of specimens Table 2 Mechanical properties of steel
M3 WS AR E RS/ mm . AR Jeb R W R P hram i Sy
MR /mm 105 MPa) f,/MPa f/MPa SRR 5/%
e
HEAAE Q460 HI45x145x8x10 Q460-8 2.120 473.500 635.100 25.360
HEZR G Q460 H140x100x8x10 Q460-10 2.060 516.000 691.970 23.510
S p 0355 H100x100X6x 10 0355-6 2.110 414.700 542.030 28.290
| RHERRE 0235 H125x70x4%8 0355-10 2.010 363.800 545.800 28.740
" 0235-3 2.140 283.100 397.100 31.570
2 EHERE B Q235 H100x70x4x8
0235-4 2.170 271.900 402.100 31.830
3EFERERB Q235 HB0X70x3x8 0235-8 2.180 276.700 421.100 32.180
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Fig.5 Curve of base shear force and drift Fig.6  Curve of story shear force and drift
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Fig.8 Simplified model of the energy dissipation link
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Table 3 Parameter of the spring

%fﬁ%i%ﬁfﬁ IS Steel02 i
12 22 32
350 YY) Jit ISR BE f, /KN 78.667 61.328 37.373
AR E/ (KN/mm) 208.418 160.616 91.148
o5 il PR E/ (KN + mm) 2647753.400 1595 545.200 939927.085
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Fig.9 Comparison of curves
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Table 4 Comparison of performance indicators

. JeE R A5 R A BRI K,
20 YEPE 1
A,/mm F,/kN A,/mm F,/kN 7/ (kN/mm)
R 42.208 323.967 92.017 468.789 11.181 2.180
HIRT 43.200 298.078 87.500 445.016 10.213 2.025
TRZE/ % 2.350 -7.990 -4.910 -5.070 -8.670 -6.880

R = (PRIl /i85 x 100%
3 SHSH
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Table 5 Parameters of the spring of energy dissipation link
E%ﬁfﬁ RS Steel02 AR
12 22 32
300 FERERL B AL LIRoIEA] LRIk LiRlbi
)RR e 35 E f, /RN 78.818 61.469 38.580
MR E/(KN/mm) 232.532 179.200 102.400
o5 i PR R E/ (KN + mm) 3089 045.633 1861469.400 1096 581.600
400 FERE B A EUpI | SR LRk
BT JE IR f, /KN 71.275 59.924 37.165
PR E/(KN/mm) 174.400 134.400 76.800
25 i FMERLE E/ (KN - mm) 2316784.225 1396 102.050 822436.200
450 FERBREB 2 IReIRY gl LUR7) ki)
IRAIEE Jet M58 E £, /KN 76.689 59.342 36.652
FPERE £/ (KN/mm) 155.022 119.466 68.266
BT JE RBRE f,/ (KN/mm) — 13994.475 —
FPERE E/(KN © mm) 2059363.756 1240979.600 731 054.400
500 FERERRBLT Ly Ly By
YY) JEMRBRSE £, /kN 76.178 58.829 36.218
MR E/(KN/mm) 139.520 107.520 61.40
25 i Jei M55 5 f, / (kN mm) 18578.687 13994.475 —
WA E/ (KN - mm) 1827 803.960 1116881.640 657 948.960
550 FERERRBL Ly Ly EiRvIEL
B e A5 BE f, /RN 75.725 58.374 35.840
MR E/(KN/mm) 126.836 97.746 55.854
75 il 395 JE RS E £,/ (kN/mm) 18578.687 13994.475 —
HpEAE E(KN - mm) 1684933.982 1015346.945 598135.418
L 10 ik 5 TN, 5 HIFERE 2 B Y D1 AR 600
A AL 2 Ak Wl i, dE R 6 Y PERETE bR 500t
X HERTLAE D 3PS ST HERARLE T #HR o o) . |
B SR LRI R TIn# Bttty = 1
HERERECK BN, SR IR A R E s 2 | 7T o 3
RO BRI RUAE S WG, sk oA R ] st
e 0 5 504 2 2454 199 7 2 2 e N
K, Bl 25 By RURERE L BB 3 £ | A5 Mk Re e hn AR Ak 003040 60 80 100 120 140 160 180
B G I3 5 % /mm
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AR ATy AT LA — e R bl VR 2R % o O 52

Fig. 10  Comparison of curve of base shear force and drift
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Table 6 Comparison of performance indicators of parameter analysis

iﬁi%& Tt Bt ORI K, _—
2/ mm A,/mm F,/kN A,/mm F,/kN 7/ (kN/mm)
300 34.000 272.340 87.500 455.833 13.152 2.574
400 52.400 320.185 87.000 429.833 8.161 1.660
450 53.200 277.750 81.500 360.554 6.774 1.532
500 56.200 242.977 83.500 324.733 5.833 1.486
550 61.000 246.871 84.000 316.156 5.162 1.377
O(HTABHELL) 95.600 254.172 119.600 304.718 2.673 1.251
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