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Yielding Mechanism and Seismic Performance of Frame Structure with
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Abstract: To control the failure mechanism and seismic performance of reinforced concrete (RC)
frame structures,our proposed system used ultra-high-strength (UHS) reinforcement in a column
and had the option of using fiber-reinforced concrete (FRC) in a frame where damage is expected
to occur. Disaster investigations revealed that reinforced concrete frame structures account for a
high proportion of buildings destroyed. The use of UHS reinforcement was expected to result in
only minimal residual deformations and a low degree of hysteretic energy dissipation.FRC was ex-
pected to facilitate hysteretic energy dissipation and increase the system’s damage tolerance. Using
nonlinear time history analysis,we investigated three frame structures using ABAQUS finite ele-
ment software,a large universal finite element software widely used in the nonlinear analysis of
RC structures.In particular, we used the concrete-damaged plasticity model, which is one of the
most important concrete constitutive models in ABAQUS.Based on our analysis results, we dis-
cussed the seismic behavior of structures at different seismic intensities. To determine the seismic
capacity of each structure, we selected the following parameters: maximum deformation, story
drift,residual deformation, and energy dissipation. We found that the use of UHS reinforcement

provided the system with relatively greater resistance against lateral seismic loads and resulted in

O WHREH:2015-05-05
EEWE  HFARBEILSTH (51278402,51078305)
EZ B I (1983 —) &, TEARN 28 N s 54540 LU PR REWF5¥ . E-mail: lutingbstu@126.com.,
WSS 430952, 5 Bepife B, #4%Z . 8+ . 1%, E-mail:liangxingwen2000@163.com.,



438 % 2 Ml

I 0, 262 O 0 1 0 EE T 90 4 S U6 - HE A 5 44 10 IR L A R 7 P 167

less residual deformation while preventing the critical column from yielding until the drift reached

3% ~4%.Thus, UHS frames should be used in columns designed for a "strong column-weak

beam" failure mechanism.As the drift increased,differences in residual deformation between spec-

imens decreased.These research results suggest that the proposed system may be promising for

improving the damage tolerance of structures in seismic regions.

Key words: frame structure; fiber-reinforced concrete (FRC) ; high-strength bars; yielding mech-

anism; seismic performance; time-history analysis
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Fig.1 The damage model for concrete
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Fig.2 Geometric parameters of the structure (Unit: mm)
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Table 1 Mechanical properties of steel bars Table 2 Mechanical properties of concrete and FRC

W i A fy/ MPa WEAE LN AE €, W BRI AE €y SZRCFE) TR BE + FRC
HRB400 432 0.002 0 0.01 W PRI E £/ MPa 3.01 4.1
LI 1860 0.009 3 - R R e 0.000 1 0.009 7
WA 4 FE 3 £/ MPa 32.01 38.5

- - A ki 3 0.002 0.005

O3B = ASHELREE R #4738l Ty i R A A . HA E{EL 22 e o 0
LR E/GPa 31.5 20
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Table 3 Reinforcement area of the structure

JZ FERSF /mm

HEC A7 CR3 E 57D / mm?

9 i e 77 / mom?

I . T i

! drkk AL ik Pk L f T il T
1 4 010 650 X650 600 X600 1 520(1 540) 1 389(1 400) 2 149 1520 3 041 1 900
2 3 600 600X 600 1 389(1 400) 1 258(1 260) 2 149 1520 3041 1 900
3 3 600 600X 600 1 258(1 260) 1 258(1 260) 2 149 1 389 3041 1 900
4 3 600 600X 600 1 258(1 260) 1 258(1 260) 1520 1 258 2661 2 200
5 3 600 500 X500 1 258(1 260) 1 258(1 260) 1520 1 258 2 281 2 200
6 3 600 500 X500 1 258(1 260) 1 258(1 260) 760 943 2 149 1520
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Table 4 The maximum tensile strain of steel bars at the control section of frame

W/ I K2 A £ e AR 37 B A iz AR
RC RC-UHS FRC-UHS RC RC-UHS FRC-UHS

M1 0.002 7 <ey <e,

0.4 0.007 0.007 0.009 fz 0.0025 e <&
215 0.002 7 0.002 7 0.002 2
218 0.002 3 0.002 3 <ey
FE 1 0.014 0 <ey ey
2 0.011 7 e, <e,
M5 0.004 3 <ey <e,
6 0.003 7 e, e,
R 7 0.002 6 <e, <e,
1% 8 0.004 6 e, <e,
FE 11 0.002 3 ey <e,
12 0.004 8 e, e,

0.6 0.021 0.021 0.023 715 0.011 1 0.010 8 0.011 0
216 0.007 6 0.007 0 0.010 0
%17 0.004 6 0.004 2 0.002 7
218 0.010 1 0.010 5 0.0117
219 0.006 1 0.006 2 0.009 5
220 0.004 9 0.004 9 0.004 3
721 0.008 8 0.008 6 0.007 5
722 0.004 3 0.004 4 0.005 3
223 0.003 0 0.003 0 0.002 6
FE1 0.020 3 0.010 1 0.009 3
FE 2 0.014 5 0.009 6 0.009 4
3 0.002 5 <ey <e,
4 0.004 7 <y e,
FE5 0.005 ey <v,
FE 6 0.007 5 <ey <ey
7 0.003 3 <ey <ey
8 0.008 8 <y <,
FE9 0.003 3 e, e,
1 10 0.005 2 ey e,

0.7 0.034 0.033 0.034 He 0-0041 e <&
12 0.009 1 <ley <ley
HE 14 0.002 8 e, < e,
215 0.015 6 0.018 1 0.018 1
16 0.013 0 0.012 3 0.015 2
%17 0.008 6 0.008 8 0.004 6
#18 0.013 1 0.016 3 0.021 1
219 0.009 6 0.007 8 0.014 2
220 0.005 2 0.007 0 0.008 6
7221 0.010 5 0.012 0 0.015 0
722 0.006 3 0.006 8 0.009 5
723 0.005 9 0.006 3 0.004 9

FRC-UHS HEZE5# . B 0.7¢ W, RCHEZREE M S ARSI AAE vl 2 O Rl
— LRSS R S AT R T T (2) FREE
{B/& RC-UHS il FRC-UHS HE 4225 HE iR 42 1 B A9 A9 1) S AR S A P T R /N 5 A ) 5 A AR
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Fig.8 Energy dissipation curves
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